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NOTE.: For detailed topographic information the reader is referred to the new standard
maps issued by the Surveys and Mapping Branch of the Departmenf of Mines
and Technical Surveys. Maps on a scale of either 1:250,000 or 1 inch to 4 miles
are available for much of the Yukon and, for a few parts, on scales of 1:50,000
or 1 inch to 1 mlle.

Although in general the original names are retained on the new maps, in a
few instances new names have been substituted. For instance, the name Yukon
River is now applied to the entire course of the main stream to its head above
Whitehorse whereas earlier maps and reports called the part above the junction
with Pelly River, Lewes River.



PREFACE

This compilation of Yukon Territory reports has been prepared in
response to a continuing and increasing demand for information contained
in early, out-of-print accounts of the Territory. Such information is not now
readily available to the mining industry or to modern scientific libraries
and educational institutions. Much of this compilation deals with early
geological explorations, some in regions not since visited and but little
known to the public. In part, too, it includes accounts at first hand of the
initial operations in mining camps or on properties where much work was
being done and in which continuous or intermittent interest has since been
maintained. Here, for example, are reprinted the original accounts of the
Klondike placer fields, the Whitehorse copper belt, the Windy Arm and
Wheaton River silver and antimony ores, the Mayo and Beaver River
silver-lead camps, the Carmacks coal deposits and many other districts
and areas where indications of mineral wealth have been explored. These
accounts form an enlightening historical background to more recent mining
operations in the same or neighbouring areas that are becoming increasingly

. known through modern transportation facilities and reconnaissance surveys.
The volume covers the period from 1876 to 1933 inclusive, and is

arranged chronologically with an introductory note or notes summarizing
the field work accomplished each year and followed, in most instances, by
complete texts of the published reports for that year. Page numbers of the
original reports are indicated in the Contents pages and introductory notes
of this report.

None of the original maps is reproduced with this compilation, partly
because of the cost involved and partly because most of them have been
superseded by more recent maps. The accompanying geological map of
Yukon Territory includes essentially all known geological information and
is prepared on a modern base on which the names of the main geographical
features referred to in the volume appear.

GEORGE HANSON,
Director, Geological Survey of Canada

OTTAWA,1956



YUKON TERRITORY

Summary for 1376-97

The first reference in publications of the Geological Survey of ~anada

to the geology and minerals of Yukon is made in Or. G. M. Dawson 's General
.votes on the Mines and Minerals of Economic Value of British Columbia,
with a List of Localities, published in 1878 in the Report of Progress for
1876-77. On page 140, Oawson supplies notes on the reported discovery of
placer gold on "Sayyea Creek", "DeLiard River" and" Rapid River", and
advances the view that the geological and mineral belts founel to that date
in British Columbia and the western C"nited States would continue north
west into the unexplored areas of the north. In the Annual Report for 1886,
part R, Dawson presents the data available at that time on the Arctic Coast
west of Mackenzie River.

Geological field work began in Yukon with the "Yukon Expedition of
1887-88" of the Department of the Interior, which was organized under the
leadership of Dawson, and comprised three parties, headed by G. M.
Dawson and R. G. .\1cConnell of the Geological Survey and \iVilliam
Ogilvie of the Dominion Land Survey. The three parties Idt Victoria ,to
gether on :Vlay 12, 1887. Dawson and McConnell parted company with
Ogilvie at Wrangell, and commenced their journey up Stikine River.
Ogilvie continued up the coast to the head of Lynn Canal. From there he
traversed over the Chilkoot Pass and down Lcwes and Yukon Rivers to the
International Boundary at the 141st Meridian. On the way he met Dawson
at the mouth of Pelly River, in August. Ogilvie wintered at the Boundary,
and after establishing its position, crossed from Yukon River to the head
of the Porcupine in the spring of 1888. He descended the Porcupine to Bell
River, and traversed up the Bell and over Richardson Mountains to Fort
McPherson, near which place he met McC'onnell on his way to Yukon
River, on the evening of June 23. Ogilvie then ascended Mackenzie River
and returned to Ottawa.

Dawson and McConnelJ ascended Stikine River and crossed the conti
nental divide to the mouth of Dease River, where they separated. Dawson
followed the upper Liard and Frances Rivers, crossed the divine again to
Pelly River, and descended it to meet Ogilvie at its mouth. From there
Dawson returned up Lewes River and over Chi/koot Pass to Lynn Canal by
the route Ogilvie had used, reaching the sea on September 20, 1887.

McConnell, on parting with Dawson at the mouth of Dease River,
explored the lower Liard and :Vlackenzie Rivers and the west end of Great
Slave Lake. He wintered at Fort Providence at the west end of Great Slave
Lake. In the following spring, he descended the Mackenzie to its junction
with Peel River at the head of the :vIackenzie delta, and visited with Ogilvie
at Fort McPherson on the Peel. He then crossed Richardson ~Vlountains to
Porcupine River and followed that stream down to Fort Yukon in Alaska.
From there he ascended Yukon and Lewes Rivers, and crossed the divide
to Lynn ~anal, following the same route as Dawson and Ogilvie, and
reached tidewater within a few clays of a year later than Dawson.

The results of the threefold expedition have been published in differenl
reports, Dawson's account, the first printed, appearing as part B of the
Annual Report of the Geological Survey of Canada for 1887; I\jJc~onnell's,
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part D of the Annual Report for 1888-89; and Ogilvie's as part 8 of the
Annual Report of the Department of the Interior for the year 1889.

With the discovery, in August 1896, of the rich Klondike gold placer
field, the demand for information on the Yukon was so great that before the
close of 1897 the supply of reports and maps of the "Yukon Expedition of
1887-88" was exhausted, and Dawson's report of 1887, together with the
parts of McConnell's report of 1888 that related to Yukon, was reprinted
as publication :-Jo. 629 of the Geological Survey of Canada. This report
carries the same title as Dawson's original report, of which it is an exact
copy except for the omission of the appendices and the addition of part of
McConnell's report. A considerable stock of this reprint with its maps is
still available.

Most of the territory traversed by the parties of this expedition are
shown on the new geological map of Yukon (Map No. 1048A) and British
Columbia (Map No. 932A). The reports of this expedition remain the only
source of authentic geological information for much of northern and south
eastern Yukon.

No further field work was done in Yukon until 1898, when the territory
was visited by J. B. Tyrrell and R. G. McConnelJ. Since then, with the
exception of 1910, the Geological Survey of Canada has maintained at least
one party in Yukon each year. The early reports were published in the
Annual Reports (New series) of the Geological Survey of Canada, and also
issued separately. Later, in 1905, reports were issued in the annual Sum
mary Reports of the Geological Survey, and, from 1917 to 1933 inclusive,
in separate parts of these Summaries together with reports on areas in
British Columbia. Since 1904 many separate publications have been issued,
including twenty memoirs dealing in part with specific map-areas and in
part with the mining industry of the territory. Most of these publications
are still available.



1898
Introductory l'Ilote

Geological Survey field parties commenced work annually in Yukon
in 1898. An account of investigations for the first year is contained in the
Summary Report for 1898. In the Director's letter, which introduces the
work of his field officers, Or. Dawson writes (p. 24A) :

"To Mr. J. B. Tyrrell was assigned the preliminary examination of a
portion of the Yukon district, to the west of the line of the Lewes River
and sou th of Fort Selkirk. ~onsiderable difficulty was experienced in this
wurk, on account of the failure of the horses depended upon for transport,
but about 300 miles of new surveys were made and geolugical and other
facts noted respecting the vicinity of the Dalton trail which had previously
been mapped by McArthur of the Dominion Land Survey. Mr. Tyrrell also
joins with Mr. McConnell in a short report, giving the results of their united
observations on the actual mode of occurrence and methods of working the
gold placers of the Klondike region.

"To R. G. McConnel1 was entrusted the task of making a geological
reconnaissance and exploration of part of the Yukon district to the east
of the Lewes and south of the latitude of Fort Selkirk, together with the line
of route from Teslin Lake to Stikine River in the northern part of British
Columbia. He was also requested to make, if possible, a preliminary study
of the mode of occurrence of gold in the Klondike region itself, where such
important mining operations are already in progress. In the course of these
operations the Big Salmon and ~isutlin Rivers were ascended to their
sources, and surveyed wherever necessary, and Teslin River and the borders
of Teslin Lake were examined. The results indicate the existence of several
new tracts of country whirh appear to warrant close examination on the
part of prospectors, besides affording approximate outlines for the geological
formations over a large region in which these had previously remained
unknown. "

Tyrrell's report then begins on page 37A, followed directly by that of
\!IcConnell on page 46A.

DALTON TRAIL, FROM HAINES, ALASKA, TO
CARMACKS, ON LEWES RIVER, AND EXPLORATION

OF NISLING RIVER

by J. B. Tyrrell

On the 9th of May I received from you instructions for the season's
work in the field, of which the material part was as follows:

"The principal object of your exploration will be to obtain as much
geological and general information as possible respecting that part of
the Yukon district between the line of the Lewes River and the 141st
meridian, and to the south of the latitude of Fort Selkirk. The so-called
Dalton trail will probably prove to be your most convenient base of opera
tions, more particularly as it has already been mapped with some accuracy
by Mr. McArthur of the Dominion Lands Survey.

"Should good geological sections be met with, it may be well to devote
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some time to their particular examination, but, generally speaking, the
work will require to be of a reconnaissance character, with the main purpose
of ascertaining in what parts of the region the formations and conditions
are such as to encourage search for payable gold deposits, ores and coal.
Information of this nature will undoubtedly possess great value in directing
the operations of prospectors in the season of 1899, by which time entrance
to the entire Yukon District will probably have become comparatively easy.

"The glacial and other superficial deposits will not escape your atten
tion as these are likely to have intimate relations to the occurrence of
placer gold.

"If found to be convenient, at some time during the season it might
be advisable to pay a briei visit to the Klondike region, for the purpose of
comparing conditions there with those in the region more particularly
under examination; but it would be unwise to allow this to materially
interrupt the main work, in view of the shortness of the season, the necessary
cost of the outfit for the expedition, and the probability that the horses, etc.,
may not be available for further operations in a following year. The same
circumstances will render it proper to continue work in the autumn as late
as the conditions remain reasonauly favourable."

J. J. :VIcArthur, D.L.S., of the Topographical Branch of the Depart
ment of the Interior, had travelled over part of the Dalton trail last year,
and was going over it again this year on his way to Stewart River. He
kindly offered to purchase horses for me and to take them to Pyramid
Harbour with his own; as he was acquainted with the district, and where
feed, if any, could be obtained, this was a favour which would assist me very
materially at the beginning of the exploration.

J. F. Shaw, of Ottawa, was employed to look after the horses, and on the
26th of April 1 sent him west to join Mr. :vIcArthur in Vancouver, with
instructions to render any assistance in his power in the purchase and care
of the horses. On the 12th of :vIay I left Ottawa and proceeded to Kam
loops, where I obtained some saddles and blankets belonging to the Survey
that had been stored there some years before.

Thence I went to Vemon, and there employed two men, Cameron
and Redmond, the former as packer, and the latter as cook. With these
men I went to Vancouver, where I found that NIr. McArthur had gone
on wi th the horses on the steamer Islander a few days before. After obtain
ing the supplies necessary for the summer, we followed in the steamer
City of SeattLe, and on 28th May arrived at Mr. :'1cArthur's camp on the
bank of the Chilkat River, not far from Haines Mission. As yet the grass
had scarcely began to grow, and the country afforded very little feed for
the horses, so that it was necessary to supply them with feed brought from
the south. Dalton's new trail was not yet cut out on the west side of the
river, and the flats by the river were so wet that they were scarcely passable.

Mr. McArthur obligingly agreed to continue in charge of both parties
until the 12th of June, during which time he ,"vas able to move about twenty
five miles up the Chilkat River to the crossing of Salmon River. From here
he was obliged to return to Dyea, while I pu!)hed on to the camp of the
North-west Mounted Police at Pleasant ('amp, and then over the summit
to Rainy Hollow, being the first to reach there with horses this summer. At
the Mounted Police station, Inspector Jarvis kindly had all our horses
shod, for many of them had dropped their shoes among the stones in the beds
of the streams that had been followed or crossed. Our party, on leaving
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Pleasant Camp, consisted of myself, three men, and fourteen horses. On
account of the scarcity of food the horses had failed in Aesh very considerably.

The hill just west of Pleasant Camp, forming the high land known as
"The Summit", is a spur of gray hornblende-granite projecting out into the
valley. I t is 1700 feet in height and rises with a slope of 22° from a small
grassy plain surrounded by dense coniferous forest, to a barren alpine
plateau, entirely devoid of trees. The luxuriant flora of the Pacific Slope
extends up the Klaehini valley to this hill, and to some extent around it,
and up the valley to Rainy Hollow, but beyond that point the flora of the
drier interior plateau takes its plare.

We continueJ on to Dalton post, on the Tatshenshini River, where we
arrived on June 24th. The Indians of the surrounding country were col
lected in the adjacent village of Wesketahin to await the arrival of the sal
mon up the stream.

On the way, I had made as careful an examination as possible of the
general geology of the region, but since the sides of the wide valley were
covered with glacial detritus up to height of from two to three thousand
feet, it often required the expenditure of a great amount of time to see the
underlying rock at all. As a general rule, however, the valley was found to
run between a range of granite mountains to the north-east, and a range of
mountains of schist, quartzite, etc., to the south-west.

The main branch of the valley, which we had been following, continues
on towards the north-west from Daltun post, but we turned northward up
the valley of Unahini River, and followed the banks of this stream, or
climbed along the slopes of the mountains, to Klukshu Lake. Here a trail
turns westward towards Shorty, Roberts and Alder creeks, but the Dalton
trail, which we were following, continued northward, up the east side of the
lake, and then across the wide Shakwak valley, through which Messrs.
Glave and Dalton first reached this country in 1890. Lake Dezadeash lies in
the angle where the two valleys cross, and from it flows one of the longest
branches of the Alsek, at first northward, then westward and afterwards
southward to the Pacific. After leaving Lake Dezadeash it flows through a
deep and comparatively narrow valley, between Mount Kelvin, a magnifi
cent granite mass that rises to a height of 5000 feet above the river on the
east, and Mount Bratnober, about a thousand feet lower, on the west; this
latter mountain appearing to be composed chiefly of dark mica-schists.
~ear Hutshi, the sources of the Nordenskiold River, one of the tributaries
of the Yukon, were reached. Up to this time no attempt at a survey had
been made, but at Mr. VIcArthur's request I had taken a few observations
for latitude .

.\t Hutshi I began a compass and paced survey of the trail down the
:'\Tordenskiold lZiver, and continued this survey down to the Lewes River,
where we arrived on July 12th.

Although the greatest possible carp had been taken of the horses they
were now very much run down. I therefore left them here in charge of the
men and in good pasture, and descended the river to Dawson, where I ar
rived on the 16th of July. Mr. McConnell, of this Department, had arrived
there the day before, and together we examined Bonanza, Eldorado and part
of Dominion creeks. Our report on this work is given on another page.

On the 7th of August, I again reached my camp at the mouth of the
='Jordenskiold River, but unfortunately some inflammatory disease had
broken out among all the horses there, Mr. Dalton's as well as mine, and
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instead of being in good condition for the work of the rest of the season
they were lean and weak.

At Dawson Mr. S. N. C. Treadgold, who was visiting the country in the
capacity of a special correspondent of the .'dining Journal, offered to ac
company mt> for the rest of the season, and being rather short of men I was
glad to avail myself of his services.

Acting on a suggestion made by M r. McArth ur, we returned up the
Nordenskiold River for a short distance, and then turned westward up the
west branch of that stream, for which I would suggest the name Wright
River, after Professor R. Ramsay 'vVright of Toronto l'niversity. We
ascended the valley of this stream for most of its length, and then turned
south-westward, through a ridge of rounded granite mountains, to a valley
in which is a stream flowing towards the west. This valley was descended to
the point where it is crossed by a trail from Hutshi to Fort Selkirk, and here
the stream was recognized as that which had been called the Tahte by Mr.
McArthur. We then travelled south to the Indian villagt> of Aishihik, hoping
to meet some Indians who would indicate to us the most feasible route into
the country further west, but the place was found to be entirely deserted,
so that we were thrown back on our own resources.

Finding a foot-trail leading to the west, we decided to follow it. It led
us into a mountainous country underlain by mica-schist, limestone, etc.
The second day we came to a creek flowing westward, but after following it,
it turned to the north, and three days afterwards brought us to a wide valley
which was evidently that of the Tahte River, and not Ltr from the place
where we had left that river a week before.

We descended this magnificen t wide vallL:y, which has finely terraced
sides, for five days, until we found it opening out into the valley of V/hite
River·. 'vVe thus found that the stream which we had been following was the
01isling River, which had been crossed by Dr. Hayes in 1889, on his over
land journey from Fort Selkirk to the Copper River.

I t was now the 29th of August, and a hard frost on the night of the
27th had begun to strip the leaves from the poplars, warning us that the
summer was over, and that the Chilkat Mountains, near the coast, would
soon be covered with snow. We therefore turned back up the Nisling River,
followed it up to the crossing of the Selkirk trail, and then followed that trail
southward to Aishihik. From Aishihik we followed the high ridge west of
Aishihik Lake, crossed the Aishihik River, and reached the west side of
Hutshi Lake, just as :VIr. Hanley camped on its eastern side with a large
band of horses.

The next morning, Sept. 12, we came up with Mr. Hanley, and as
most of the horses that we had left were about used up, we hired three fresh
ones to help us out to Pyramid Harbour. On September 17th, we reached
Dalton post, and on the 21st the post of the Torth-west Mounted Police at
Pleasant Camp. Besides the horses that we had hired from :VIr. Hanley,
there were six of our own remaining. 'vVe had spared them all summer as
much as possible, by carrying just what was absolutely necessary for the
work in hand, and by walking almost all the time ourselves, but the change
in their conditions of liff' from southern British Columbia to the Yukon
district, had proved too much for them, and they had dropped off one by

* In 1898 it was not known where Donjek River entered White River, and here, judg
ing by C. W. Hayes' map, which was incorrect on this point, Tyrrell thought Nisling River
ran into White River, and mistook Donjek River for the White. CH.S.B., 1956.)



7

one. Three of the six could go no farther, and Inspector Jarvis kindly loaned
us three others in their place to take us down to the coast. Pyramid Harbour
was reached on September 25th, Skagway on the 26th, and Ottawa on the
13th of October.

During the season, from the time of leaving Pyramid Harbour until
my return to the same place, I travelled about 1300 miles. A geological
examination of the country was made throughout most of this distance,
and new surveys were made aggregating 300 miles in length. A large number
of photographs were also taken, showing the general character of the
country traversed, the appearance of the rocks underlying the country, the
gravel terraces, the hill and valley gold-claims, the mode of sinking shafts,
of making open cuttings, of rocking and sluicing gold, etc.

Fifty-one species of plants wc-re collected, and these have since been
determined by Mr. J. M. Macoun. Of these (1) Parrya macrocarpa, (2) Phlox
Richardsonii, and (3) Gentiana frigida had not before been found in the
Yukon district, and the last-named not before in any part of Canada. The
localities at which they were found were, respectively: (1) summit of Father
Mountain, about 6000 feet, (2) Selkirk Trail, and (3) tributary of ~isling

River, above the tree-line.

The Dalton Trail and its Vicinity

The country in the vicinity of the Dalton trail, may be divided into
two parts, with topographical characters sufficiently distinct and persistent
to be almost everywhere recognizable, viz.:-The Chilkat Ranges, a name
here proposed for the high range of mountains extending north-westward
and westward from the Lynn Canal and the table-land of the interior.

The ChiJkat Mountains form a rough irregular range, extending
inland for about a hundred miles from the main coast-line of the Pacific
Ocean, which coast-line stretches south-eastward from Yakutat Bay to
Cross Sound, and thence onward along the outer side of the Alaskan
Archipelago.

In the district at present under consideration, which lies north-west
of the head of Lynn Canal, these mountains form an elevated region whose
outer side descends more or less steeply towards the ocean, while many
jagged, rocky peaks rise to heights of 6000 to 8000 feet above the sea.

The mountains are intersected by deep valleys, of which the higher
parts, lying at some distance back from the coast, are for the most part
filled with vast fields of snow and ice, from which glaciers radiate in all
directions, some descending steeply towards the coast, while others move
landwards and give rise to some of thp largest streams draining the country,
notably to White River, and to many of the tributaries of Alsek River. The
ice has, however, withdrawll or melted away from some of the valleys, and
has left their sides with beautiful smooth well-rounded slopes. Of these ice
free valleys, none is more conspicuous or persistent than that which, in its
outer coastal portion, is drained by the Chilkat and Klehini rivers; while
farther inland its waters are collected into the Talshenshini, or most
easterly branch of the Alsek River.

In this valley, the Chilkat Indians of the village of Klukwan, and of
the other villages on the banks of the Chilkat River, have for ages had a
foot-path by which they travelled between the coast and the interior, ill
order to trade with the more remote tril>es living on the upper waters of
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the Alsek River. This path has been cut out and improved by Mr. J. Daltoll,
until there is now an excellent trail for pack-horses from the coast into the
interior, appropriately known as the Dalton trail.

This trail follows the above-mentioned valley from Pyramid Harbour
to Klukshu Lake, a distance of about 120 miles, running in a general
northwesterly direction diagonally through the Chilkat Mountains. In
this valley the height of land, whirh is at a distance of seventy miles from
Pyramid Harbour, has an approximate elevation of 2650 feet above the sea,
being more than 200 feet lower than the summit of the White Pass, and
850 feet lower than the summit of the Chilkoot Pass, while at the same time,
being more distant from the coast, the approach to it is much more gradual.

The height of land, or water-parting, is hardly recognizable as such,
being only a wide, flat, swampy portion of the bottom of the valley. Beyond
it, the valley declines gradually north-westward, with a slope of about
twenty-five feet to a mile, without any abrupt break or dip of any kind.
Its bottom varies from half a mile to a milE' or more in width, and its sides
rise in gentle grassy slopes and terraces for a couple of thousand feet, above
which tower mural precipices, and broken rocky cliffs.

For about fifty miles from Pyramid Harbour, the valley is everywhere,
except on the flooded land besides the streams, wooded with a dense coni
ferous forest; but on the upland country, for the next fifty miles, very little
timber is any".. here to be seen, the lower lands and the moun tain sides being
alike covered with short grass, or a dense growth of dwarf birch and willow.

The interior table-land is also a decidedly mountainous country, but
the slopes are more gradual. Vlost of the peaks are gently rounded, and
there are no glaciers or permanent snow-fields, so that while a great number
of peaks may be in view at one time, and though these peaks may in some
cases rise as high as from three to four thousand feet above the bottoms of
the adjoining and intervening valleys, the whole landscape has the appear
ance of a hilly or lumpy upland, the higher portions covered with grass or
scrub, while groves of dark, green spruce may partly cover the bottom
lands. In many places, level terraces follow along the sides of the mountains,
forming wide and easy steps, which are usually thinly wooded with poplar,
or covered by a rich grassy turf. These dry, thinly wooded terraces, and in
fact much of this inland region, reminds one strongly of parts of the at
tractive country near the banks of the Saskatchewan River, east of the
Rocky Mountains.

The wide valley mentioned above, continues northward through this
interior table-land. :North of Dalton post, it is drained by the L'nahini
River, beyond which lies Lake Dezadeash, and that branch of the Alsek
River which flows from it. From the north* bend of the Alsek, one branch
of it continues across to the Mendenhall, and thence down the Nordenskiold
to the Lewes, but another branch would appear to turn northward* down
the Alsek, then northward up the Aishihik River to Aishihik Lake, over
Aishihik Lake, and along the wide flat valley north of it to 1 isling River,
down Nisling River to \iVhite River, and down White River to the Yukon
River; having a remarkably dirert course throughout the whole distance.
This valley, whether entered at Pyramid Harbour, or at some point which
may be easily reached by the White Pass, is undoubtedly the shortest and

* It is apparent from the script and maps, that these two words should be 'west' and
'westward' respectively. (H.S.B., 1956.)



easiest known route from the coast to the heart of the gold district of the
Klondike.

Many natural fruits common east of the mountains, here g-row and
ripen in great profusion, and it seems not at all impossible that most, if not
all, the grains, fruits and vegetables that will ripen in the Edmonton
country will also ripen along this portion of the Dalton trail.

\\-ild animals, as a rule, are rather scarce, but one small mammal
proved to be uf more than ordinary interest. This was a ground-squirrel
(Spermophilus empilra) , which was very common on the terraces, everywhere
from Rainy Hollow north to Rink or Five Finger Rapids, its burrows being
conspicuous on all the dry places. In these burrows the animals live and
continue active both in summer and winter, and in order that they may be
warm and comfortable, the burrows invariably descend below the limit of
frost. Consequently, wherever they are found, the frost cannot be more than
a few feet deep, or such a depth as the ground would freeze in winter and
thaw again in summer. Now where the ground is permanently frozen the
frost extends to great depths, and therefore, wherever these ground-squirrels
can burrow and Jive the ground is not permanently frozen. On all the dry
benches and uplands, as far north as Rink at all events, there is no per
manently frozen ground, although many of the boggy places, whether in the
bottoms or on the sides of the valleys, are certainly underlain by frozen
ground throughout the year. The fact that these benches are not per
manen tly frozen, removes one of the strongest objections that has been
raised to successful hydraulic mining in the Yukon District.

The rocks observed in the suuthwestern portion of the Yukon district,
range in age from the Archcean up through the Palceozoic, Mes020ic and
Tertiary to Pleistocene sands and gravels, and in character they include
granite, diorite, porphyry, porphyrite, diabase, trachite, rhyolite, basalt,
lava, volcanic ash, mica-schist, sericite-schist, argillite, marble, quartzite,
conglomerate, sandstone, etc., the last seven being more or less altered
aqueous sediments which had been deposited one above another in the seas
of the different geological epochs.

A massive gray and reddish-gray granite forms the main structural
axis of this country, extending as it does north-westward from the head of
Lynn Canal, past Lake Dezadeash, and away to the westward of Aishihik
Lake. This is doubtless a continuation northward of the granite of the Coast
Range of British Columbia, and like it is very barren of minerals of economic
value.

Resting on or against the granite, and often very much disturbed and
altered by it, is a dark argillite, interstratified with heavy beds of white
crystalline limestone. In many places the argillite passes below into a highly
crystalline mica-schist. These schists and argillites are usually cut by
veins and stringers of quartz. vVherever they underlie the country, gold can
usually be washed out of the sand in the bottoms of the valleys. Thus they
appear to he everywhere, to some slight extent at least, impregnated with
gold. They are very widely distributed, extending from the west side of Lynn
Canal up the west side of the Chilkat and Klehini rivers, along the north
west side of Tatshenshini River, through the Oalton Range, and northward,
past Aishihik Lake to the Nisling or Tahte River, beyond which they are
probably continuous with the schists that outcrop along the banks of the
Yukon, from the mouth of Selwyn River to Oawson.

One of the most conspicuous and wide-spread rocks in the district,
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is a dark-green porphyrite, which has broken through and altered the
argillites and limestones above mentioned. It composes the mass of many
of the highest and most conspicuous mountains in this portion of the
interior, among which are mounts Maloney and Fairview, while the Sifton
Mountains are said to consist largely of the same material.

North-eastward, as far down the Lewes River as Rink Rapids, the
country has been more or less severely glaciated, by an ice-sheet that
extended inwards from the high ranges bordering its coast. This ice-sheet
pared down many of the inequalities of the surface, and deposited a thick
coating of unstratified boulder-studded clay or till in the bottoms of the
valleys. Where the till has been chiefly derived from the argillites or mica
schists, as in parts of the valley of the Kaskawulsh River, it appears to
contain a small amount of fine gold, some of which may eventually be
recovered by inexpensive hydraulic processes.

Terraces of stratified clay, sand or gravel are common on the sides
of some of the valleys, where they have been formed in lakes that existed
at the foot of the great ice-sheet, or by streams that flowed from it. Some
of these contain gold, where the deposits composing them have been derived
from argiJlites or mica-schists.

Specimens of coarse gold were shown to the writer as having been
taken from Alder Creek and other streams in its vicinity. The country
rock is reported to be an argillite or mica-schist, and the gold has doubtless
been derived from it. Whether il occurs in large quantities or not is as yet
uncertain, but the question is deserving of further investigation.

For some years past, it has been reported that native copper was to
be found on some of the upper tributaries of V/hite River. An effort was
made to visit the locality, but the condition of our horses, rendereu our
progress through the country very slow and thwarted this object, though
we reached the valley of White (Donjek) River at the mouth of ::'-Jisling
River. Here some Indians whom we met, and who had some small masses
of native copper in their possession, reported that the copper country was
still six days' journey distant, and that the copper was invariably picked up
in the gravel on the stony flats beside the stream. This report of its mode of
occurrence agrees closely with other accounts which were received. Its
occurrence in situ is not yet known, but quite probably it is associated with
a basic igneous rock such as the porphyrite mentioned above.

Early in the year, fragmen ts of copper-pyri tes were observed among
I-he gravel-wash from a glacier, a short distance south of Glacier Camp_
On my return in the autumn to the camp of the Mounted Police at Pleasant
Camp, I was shown some fine specimens of bOfl1ite and chalcopyrite. with
galena, which were said to have been found near Rainy Hollow_ These
discoveries would appear to indicate the existence of deposits of native
copper or copper ore which may, in the near future, be of great economic
importance. _

After his return from the field in 1897, Mr. R. G_ iVIcConnel1 was
employed during the greater part of the winter and spring in working up
the notes and collections made by him and his assistants in West Kootenay.
When it was determined to undertake explorations in the Yukon District,
part of which he had previously traversed in 1887, he was assigned to this
work_ His instructions were to make a geological reconnaissance by the
chief eastern tributaries of the Lewes River and of the country adjacent
to these, as well as a preliminary examination of the geological features
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of the route between Teslin Lake and the Stikine. He was also to devote
a portion of the season to it general inspection of the geological conditions
on the richly auriferous creeks of the KJondike region. All the main objects
thus outlined were successfully covered during the rather short available
season. The results are given as follows by Mr. McConnel1.

BIG SALMON RIVER, TESLIN RIVER AND LAKE,
NISl'TLIN RIVER, AND ROl'TE FROM TESLIN LAKE

TO TELEGRAPH CREEK

by R. G. NfcConnell

I left Ottawa on fay 13th for the Yukon district, accompanied by two
Indians from Lake Temiscaming, who acted as boat-men and proved to be
both capable and trustworthy. We reached Vancouver on May 19th and
Dyea on May 27th. Our outfit, consisting of four months' supplies for three
men, a Peterborough canoE' and a canvas boat, was taken across the C'hil
koot Pass from Dyea and landed at the head of Lake Bennett by the C'hilkoot
N. & T. Co. in three days. ThE' ice on the lake broke up in the first week in
June, and we were able to proceed immediately down the river. 'Ne left,
the head of Lake Bennett carrying our outfit in the canoe and canvas boat,
and reached the mouth of the Big Salmon without accident on June 12th.
From this point a traverse and geological examination was made up the
Big Salmon to the head of Quiet Lake.

The Big Salmon has an approximate length of 142 miles, to the chain
of lakes at its head, or, including the latter, a length of about 170 miles.
Its width varies from thirty to a hundred yards. [n a few reaches, it is a
smooth, placid stream with an easy current, but for most of its length it is
shallow and rapid, in terrupted by numerous sand-bars and gravel-bars, over
some of which the river has a fait of several feet. Rapids occur at the mouth
of the North Fork and at another point about seventy miles further up, but
can be easily run by small boats, except at low water. The Big Salmon
cannot be considered a navigable stream for steamers, even at high water,
and at low water small boats, when loaded, find difficulty in navigating it.

For forty-five miles above its mouth, the Big Salmon occupies a wide
wooded valley bordered by rounded hills. Above that point it turns to the
east and enters a wide range of mountains, through which its valley runs
from its source in Quiet Lake. The direction of the river for the first thirty
or forty miles above the South Fork, is generally transverse to that of the
mountain ranges, but is parallel to them further up. The valley becomes
much narrower after the mountains are entered, being in some places reduced
to a width of less than a third of a mile, and is bordered by steep-sided
mountains and mountain ranges from 3000 to 4000 feet in height above it,
on some of which patches of snow exist in sheltered nooks throughout the
year. It is terraced up to heights of from two to four hundred feet along its
entire course.

The main tributaries of the Salmon are the North Fork, entering about
twenty-five miles above its mouth, the South Fork, which comes about
twenty miles further lip, and a stream which joins it from the east a short
distance below the lake. Besides these a number of large streams, heading
in the adjoining mountain ranges, join it at various points along its course.

The Salmon River heads in a chain of lakes about twenty-eight miles
in length, connected by short streams with little current. The highest lake
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is the largest and is known as Quiet Lake. It is about nineteen miles in
length with a maximum width of two and a half miles. The depth was not
measured, but the lower, or Island Lake, gave a maximum sounding of
138 feet. Quiet Lake is bordered on the west by high mountains, and on the
east by a rolling plain that extends to the Nisutlin River, four to five miles
distant, and is broken by a number of rocky hills, the highest of which rises
1900 feet above it. The valleys of the Salmon and the Nisutlin are united at
the upper end of Quiet Lake and also at Island Lake. The longer diameter
of the latter is transverse to the general direction of the rivers, and follows
an old valley connecting the two streams, now filled up with glacial deposits.

The valley of the Salmon is generally fairly well forested along the
bottoms and up the mountain slopes to heights of from 1500 to 2000 feet
above the river. The principal forest trees are the white and black spruce,
the former often attaining a diameter o( a foot or more, the black pine, a
variety of fir, birch, aspen and balsam poplar.

The Salmon River valley, except for the first forty miles, affords a
very good geological section. Below the ~orth Fork, the valley is wide and
exposures are infrequent. The rocks seen consist of greenish tu(aceous
sandstones, passing into agglomerates and slates, cut by diabases, and a
whitish porphyritic rock of geologically recent appearance. At the l\iorth
Fork, a range of hills four miles east of the Salmon consists of reddish medium
grained granites, and the same rock is reported to occur eastward along this
stream for a number of miles. Between the l\Jorth and South forks, no out
crops were noticed. Above the South Fork, the valley enters the mountains,
becomes narrower, and exposures are frequent. The rocks above the South
Fork consist of micaceous schists, quartzites, greenish schists and lime
stones, cut by granitic dykes. The dips are vertical or to the west. The green
schists and associated rocks are succeeded, in going up the river, by a wide
band of dark slates and schists interbanded with green schists, and further
on by whitish granular limestones. The limestones are cut by a "vide band
of grayish granite. They dip to the east, except near the granite, where they
are vertical, and are underlain by a great thickness of quartzite and mica
ceous schists alternating with bands of crystalline limestone. These rocks
resemble the Shuswap series of the Selkirk Range. They are bent up into a
great anticline, and are exposed, with little variety in composition, for many
miles along the valley. The axis of the an ticline crosses the Salmon near a
great bend which the latter makes to the north. Above that point the dips
are to the east. The Shuswap schists are overlain about forty miles below
the lakes, by a limestone band similar to that which occurs in the western
limb of the anticline. The limestone is exposed along the river for some
miles and forms conspicuous mountain ranges on both sides of the valley.
It is succeeded, in ascenc:ing the river, by dark slates and schists holding
bands of greenish tufaceous beds and some limestones. The tuffs in places
have been altered into serpentines. The slates and associated green schists
are exposed along the Salmon to the lakes and along the lakes to a point
about half way up Quiet Lake, where they are cut off by a great granite area
which can be traced southward along the Nisutlin River to Teslin Lake.

The rocks of the Salmon River anticline consist, in a general way, of
three great divisions. A basal series of quartzitic and micaceous schists and
crystalline limestones, an intermediate granular limestone, and an upper
division consisting of dark slates, green schists, tuffs, limestones and ser-
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pen tines. No fossils were found and it is impossible to fix the age of these
formations with any certainty.

A number of prospectors ascended the Salmon during the summer, but
most of them were inexperienced, and little effective work was done. Several
shafts were commenced, but the influx of water prevented deep sinking, and
none of them reached bed-rock. Fine gold is found all along the Salmon,
and a number of the bars below the North Fork have been worked success
fully during low water in former years. Coarse gold was stated to have been
found in a couple of places in the lower part of the river, but I was unable
to verify the reports. Fine colours were obtained in the wash of many of the
streams emptying into the Salmon, and on a bar at the mouth of the stream
which joins the latter three to four miles below the lakes, a very good
prospect was obtained. Small quartz veins cut the schists in a number of
places, and at one point west of Island Lake, several large veins cutting a
dolomite band were noticed. Specimens of this quartz were collected but have
not yet been assayed. An angular fragment of drift quartz, holding gold,
was found at the mouth of a stream about twenty miles below the lake. The
country in the neighbourhood of the upper part of the Salmon, based as it is
on old schists cut by great eruptive masses, offers a very favourable field
for prospecting, both for quartz and placer gold. I t was ru n over by a number
of people during the past summer, most of whom, however, had little knowl
edge of any branch of mining, and very little genuine prospecting was
carried ou t.

After finishing the examination of the Salmon, I went down the Yukon
to Dawson, and spent two weeks in a hasty examination of a part of the
Klondike region, some notes on which are given in another part of this
report. From Dawson I came up the Yukon in a steamer to the mouth of
the Salmon, and spent the remainder of the season on Teslin River, Teslin
Lake, the Nisutlin River and the Teslin trail.

The Teslin or Hootalinqua River is one of the main feeders of the
Yukon. It is a large stream, averaging about 125 yards in width when con
fined, but widening out around islands, and with a length, according to
Mr. St. Cyr's survey of 1897, of about 100 miles. The current is pretty
swift for the first seventy miles, running from three to five miles per hour,
with occasional accelerations where bars cross the stream. Thirty miles
below the lake, the grade lessens and the current drops to less than two
miles an hour. No rapids occur on the Teslin, but bars are frequent and on
some of these the water in the autumn is so shallow as to interfere with
navigation. The steamer Anglian which was built on Teslin Lake, descended
without much difficulty in the early summer, but was unable to ascend
again towards the end of August, on accoun t of the shallowness of the water
on the bars. The Teslin differs altogether in character from the Lewes.
The latter is fed largely from the glaciers of the Coast Ranges and remains
fairly high until the cold weather sets in. The Teslin, on the other hand, has
no such reserves to draw upon. 1t rises in May with the melting of the
snows, is in full flood about the first week in June, and then falls steadily,
as the lakes are gradually emptied, throughout the season. The summer of
1898 was an exceptionally dry one, and it is claimed that the Teslin was
lower than usual on this account, and that in ordinary seasons its navigation
is practicable until late in the autumn. This is quite possible, but as no good
records for preceding years exist it is still an open question.

The valley of the Teslin averages about a mile in width, from the
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mouth up to within a few miles of the lake, where it widens out to about
two miles. It is bordered by high lumpy hills and Ivw mountain ranges
throughout its whole length. Between the river and the base of the hills,
is a series of flats, the highest of which has a remarkably uniform elevation
all along the river of from 300 to 320 feet. The immediate banks of the river
are generally terraced, but high cut-banks of white and light-yellowish silts
and boulder-clay occur at the elbows uf some of the bends.

The geological section along the Teslin is not very satisfactory, as the
course of the river is almost parallel to the strike of the rocks. ~ear the
mouth, and for some miles up the river, a recent volcanic rock oLltcrops,
the character of which has not been determined. It incloses fragments of
slate and is succeeded by a band of crushed and altered slates. The slates
are followed by reddish-weathering tuffs and agglomerates, and frequent
exposures of these rocks, alternating with slates, appear along the river or
on the hill-sides nearly all the way to the lake. They inclose occasional
bands of nodular limestone. At the mouth of Boswell River, which enters the
TesJin from the east, a conspicuous range uf bold mountains is built almost
entirely of grayish and reddish-weathering limestone. Above Boswell River,
dark and greenish slates and schists, tuffs and other old volcanic fragmental
rocks resume and continue to the head of the river.

Fine gold is found in a number of bars and beaches along the Teslin,
but as a rule in inconsiderable quantities. Some work was done on a few oi
the bars during the past season, but the results were stated to be not very
satisfactory. The streams entering the TesJin are few in number and with
une or two exceptions insignificant in size, and as they do not as a rule
traverse an especially promising gold country, it is probable that the gold in
the Teslin gravels is largely derived, from the washing away and concentra
tion, by the river, of the glacial and stream deposits which floor the valley.

The Nisutlin River was traced into the Pelly Mountains, and the
branch followed was found to head within twenty miles of the Pelly River.
The Nisutlin enters Teslin Lake about thirty miles above its lower end, and
is its principal feeder. It has a width of from 200 to 400 feet. The current is
swift to the first fork (Wolf River), a distance of about three miles, above
which, for many miles it does not exceed two to three miles an hour. The
river winds, in its lower reaches, through a low, alluvial plain, apparently a
filled-up bay of the lake, which gradually narrows to the north. The valley
is wide, often exceeding ten miles, and is bordered by low round-topped
mountains rising from 3000 to 4000 feet above it. A wide forested plain
spreads from the immediate valley of the river to the foot of the mountains.
The river is crossed by numerous shallow sandy bars in this lower part, and
by gravel bars further up where the current is swifter. The water on many
of these was found to be too shallow to allow of the navigation of the river
by steamers of any size, late in the season.

The Nisutlin valley has a nearly Jwrth-and-south direction from Teslin
Lake to a point opposite Quiet Lake on Salmon River, a distance of about
seventy-five miles. The valley still continues to the north above this point,
and is occupied by a fork of the Nisutlin (Rose River), but the main river
bends suddenly to the east and follows a north-easterly course through a
wide range of mountains that extends north-eastward almost to the Pelly.
The Nisutlin, after entering the mountains, becomes narrower and swifter,
steep bars are frequent, and long bouldery rapids render its navigation,
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even with small boats, difficult and dangerous. Vile cached our canoe at the
foot of one of these rapids and continued the exploration on foot.

About twenty-five miles from the point at which the mountains are
entered, the river again forks. The main branch comes from the east and
appears to head in a wide lake-dotted plain, a view of which was obtained
from the summit of a high mountain at the forks. The route from the Liard
leads down this branch. The left fork, which was the one followed, as it
promised a better geological section, breaks through the range in a north
easterly direction. Above the forks just mentioned, the branch we ascended
dwindles rapidly in size as numerous feeders from both sides are passed.
About twenty miles from the forks we turned up a small stream flowing
from the summit range, and five miles further on reached the Nisutlin
Pelly watershed. This was crossed by a good pass about 4000 feet above the
sea, flanked by rugged mountains about 3000 feet higher. 'vVe continued
on down a stream to the north, for about seven miles, and then returned.
From the summit of a mountain opposite our last camp, the Pelly was seen
flowing in a wide valley, at a distance of about twenty miles. The Pelly
Range, where crossed, runs nearly east-and-west. South of the divide, it
consists of a number of well-defined subordinate ranges striking east-and
west. North of the watershed, it has been carved into a confused mass of
mountains and mountain groups by a number of branching streams tributary
to the Pelly. Some of the peaks in the watershed and adjoining ranges exceed
7000 feet in height. The valley and lower slopes of the mountains are general
ly wholly or partially wooded up to a height of about 3000 feet above the
sea. Above that point, grassed and moss-covered slopes and bare peaks and
ridges prevail.

The Nisutlin River, until it leaves the main valley east of the Salmon
lakes, does not afford a good geological section. The valley is wide, and the
river is bordered by wide wooded flats composed of alluvial or glacial
materials. Occasional traverses were made to the mountain ranges, on both
sides, on the way up, and some data were collected, but the section is in
complete. Greenish volcanic rocks, usually more or less schistose, occur
along Nisutlin Bay. At the head of the bay, a wide band of granite crosses
the valley. In the lower reaches of the river, green schists outcrop in a few
places along the valley, and then exposures cease. The mountains west of
the valley are composed principally of grayish granite and form part of
the great granite area, mentioned before, that stretches from Quiet Lake
south, to, and along Teslin Lake. The granite crosses the valley and outcrops
in the mountains east of the Nisutlin above the first fork, and extends north
about half way to Quiet Lake. Above that point, green schists interbanded
with limestone come in, and ar{' exposed in the ridges east of the river for
many miles to the north. Greenish schists, cut by granite dykes from the
Quiet Lake granite area, also outcrop in some small hills on the portage
from the Nisutlin River to Quiet Lake .

.'\bove the point at which the Nisutlin hends to the north-east and cuts
across the mountain ranges, exposures become more frequent. Green schists
and dark slates, interbanded with some limestone or dolomite, outcrop for
several miles, and are succeecled by a coarse-grained, reddish porphyri tic
granite which continues almost to the upper forks. Beyond the granite,
green schists resume, and are succeeded by lead-coloured and black slates
and schists and then by Quartzites and dolomites. The dip is to the west
and the section is a descending one. The quartzites and associated rocks
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are followed by a band of heavy limestone beds that forms a conspicuous
range, and then by dark slates and schists, and green schists and limestones
which continue to the summit of the Pelly Rang-e. At the summit, the beds
have an anticlined attitude. They consist there mostly of dark slates and
schists, with some agglomerates, succeeded, on the north slope of the range,
by green schists and limestones. A band of limestone three miles east of the
summit contained some Corals and fragments of other fossils which are
probably of Carboniferous age. Olcl Cambrian schists such as occur on the
upper part of the Big Salmon River, were not found on the Nisutlin, and the
stratified rocks seem to belong mostly to the TIpper Palreozoic, while some
may even be of Mesozoic age.

Mining operations on the Nisutlin, so far, have been confined to
prospecting. Fine gold occurs along it at various points, but up to the
present has not been fOUlld in paying quantities..\ great development of
quartz veins occurs south of the summit on the branch ascended. The veins
are small but exceedingly numerous. They occur mostly in the dark slates,
and schists ano greenish schists. Quartz boulders and pebbles form the
principal constituents of the gravels in the streams flowing from the range.
The streams and mountains in this vicinity seem well worth prospecting.

The shores of Teslin Lake were hastily examined on the way out. This
lake was surveyed by :.vIr. St. Cyr, D.L.S., of the Dominion Lands Branch,
in 1897. It is a long, narrow sheet of darkish water, from one to two miles
wide, and with a length, according to survey, of about sixty miles. A line
of soundings across the lake north of Dawson Peaks gave a maximum depth
of 435 feet. The bottom of the lake, outside the steep shore-slope, is a nearly
level plain covered by about 400 feet of water. The lake is almost completely
encircled by medium-sized mountains ancl mountain ranges, the most promi
nent of which are the Dawson Peaks, known locally as the 'Three Aces'
which are situated about half way up the lake, on the west shore, and have
an elevation of 3800 feet above the lake. The mountains are separated from
the shore of the lake by a wooded plain of varying width, and at Hall River
a lake-sprinkled area of rolling country extends some distance to the south
west.

The rocks along Teslin Lake are very similar to those on the Nisutlin
River. They consist of green schists, tuffs, agglomerates and limestones.
Grayish granite, somewhat similar to the gray granite of the Kootenay
country, occurs along the east shore of the lake, south of Nisutlin Bay, and
a spur crosses the lake and is exposed opposite to and in the Dawson Peaks.
Granite also comes in on the west shore of the Jake two miles below the
l\arrows and extends south to near lIayes River. Above Hayes River, dark
slaty rocks, tuffs and limestones resume, and con tinue to the head of the lake.

From the head of Teslin Lake we came out by the Teslin-Stikine trail
to Telegraph f:reek. This trail has a length of about 151 miles, and with the
exception of about fifteen miles in the vicinity of Spruce ::VIountain, has heen
well graded and corduroyed throughout during the past summer, and is now
in excellent condition. A partial examination was made of the rocks along
the trail. From the head of Teslin Lake to the Naylin River, a distance of
about fifty-seven miles, the beds consist of a succession of rusty-weathering,
dark, slaty rocks, tuffs, green schists and grayish limestones. The Naylin
River valley, at the trail-crossing, cuts into yellowish-weathering, soft
sandstones of Tertiary age. Drift lignite occurs on the bars, but no beds were
seen. South of the Naylin River, the Tertiary sedimentaries are succeeded
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by dark and greenish massive volcanic rocks, often slightly schistose and
occasionally partly serpentinized, and further on by dark slates and greenish
tuffs and conglomerates. At the 'Hudson's Bay' summit and for some miles
to the north, the surface is covered by comparatively recent sheets of vol
canic rocks. Three distinct flows are represented by an older compact basalt,
a light-coloured acidic rock, probably a rhyolite, and a younger vesicular
basalt. The wide plateaux of Level Mountain on the east and the Heart
Mountains on the west of the trail are composed, in part at least, of similar
rocks. East of the Hudson's Bay post, the valley of Hacket Creek is bordered
above by oasaltic cliffs on the north side, and by andesites and other
porphyritic volcanics below. Pyrite, pyrrhotite and chalcopyrite are found
in small quantities in these rocks. Farther to the east, tuffs, agglomerates
and allied rocks partly replace the massive volcanics. At the 3D-mile post,
a band of yellowish-weathering dolomite crosses the trail. From the Tahltan
River across the Telegraph summit to the Stikine, the rocks consist prin
cipally of fine-grained greenish tuffs, agglomerates and conglomerates, cut
in places by augite-porphyrites and other massive volcanics of greater
antiquity than those above referred to.

While delayed at Telegraph Creek, an examination was made of some
claims on Nine-mile Creek, nine miles above Telegraph Creek, that have
excited considerable interest. These claims have been staked out on a boss
of eruptive rock, probably a diorite, about a third of a mile in width. The
diorite varies from fine to coarse-grained in texture, is very basic and is fillecl
in places with magnetic iron. It is bordered by greenish volcanic rocks,
probably altered tuffs, on the west, and by a syenitic or granitic area on the
east. Dykes of the last-named rocks penetrate the diorite in all directions,
and occasionally carry small pockets of bornite and other copper minerals.
A few small quartz veins also occur, but are unimportant. A number of spe
cimens of the diorite, collected at different points along the face of the
exposure, have been assayed, and are stated to have yielded from traces up
to over a hundred dollars in gold to the ton. A further examination of a larger
quantity of the gold-bearing rocks is now being made by Mr. J. C. Field,
M.E., for the Korth American Exploration Company, and if the results of
the previous assays are borne out, it will have an important bearing on the
district, as the supply of material is almost unlimited. Assays of the speci
mens collected by myself wiJl also be made in the Survey laboratory.

Work for the season was finished at Telegraph Creek. From that point
we came down the Stikine in a small boat to VVrangd, and returned to
Ottawa.

PRELIMINARY ~OTE ON THE GOLD DEPOSITS AND GOLD
MINING IN THE KLONDIKE REGION

by R. G. Jv[cConnell and 1. B. Tyrrell

Messrs. R. G. McConnel1 and J. B. Tyrrell are jointly responsible for
the following memoranda and observations bearing more directly on the
question of the gold deposits and connected matters, the principal gold
bearing creeks of the Klondike having been visited by these gentlemen in
company.

The productive part of the Klondike Gold District, as at present
known, covers an area of 1000 square miles, and is situated between the
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Klondike and Jndian rivers, tributaries of the Yukon, and east of the latter
river. The region is traversed by a multitude of streams, flowing for the most
part in deep trough-like valleys, among the most important of which are
Bonanza Creek (with its rich tributary Eldorado), Bear, Hunker, Too
Much Gold, and All Gold creeks, flowing into the Klondike; and Dominion,
Sulphur and Quartz creeks, branches of lndian river. The larger creeks
are separated by long ridges gashed by the smaller streams and terminating
upwards in even slopes or lines of rounded hills. The general aspect of the
district, viewed from one of the higher elevations, is hilly, owing to the fact
that the main ridges and creeks radiate out in a general way from a central
poin t known as the Dome. The main ridges rise above the valleys from 1,200
to 1,500 feet, and in places are somewhat higher. The Dome, a name given
to the prominent hill surmounting thr ridge separating the tributaries of
Jndian river from the Klondike, and one of the highest points in the region,
has an elevation above the Yukon river of about 3,000 feet. East of the hilly
region centring in the Dome, at a distance of eight to ten miles, is a wide
plain drained by a branch of the Klondike, beyond which, and closing in
the horizon, runs a high range of rugged peaks. The district, with the
exception of the higher peaks and ridges and occasional flats along the
streams, is covered with a fairly heavy forest growth, consisting principally
of the whi te and black spruce with some birch and poplar.

Pl'oductive Area

The approximate area of 1000 square miles, given above as the probable
exten t of the known golcl field, refers to the district traversed by the gold
bearing creeks, and not to the actual area of pay gravels. The latter are con
fined to the bottoms of a few of the valleys and the lower slopes of the ad
joining ridges and occupy a much smaller area. The rich creeks, so far, are
only four in number, viz.: Elclorado, Bonanza, H unker and Dominion, and
by far the greater proportion of the remarkable yield of the last two years
has come from Eldorado and Bonanza. The proved portions of the four
producing creeks have an aggregate length of about thirty miles. A number
of tributaries of the producing creeks, and other streams such as Bear,
Sulphur, Too .M uch Gold, All Gold and many more, have yielded small
amounts, and it is confidently expected that the prospecting work now in
progress will result in large additions to the producing area.

:Mode of Occurrence of Gold

The gold occurs in the gravels flooring the bottom of the valleys, ill
stream-terraces lining the lower slopes of the valleys and in a remarkable
moraine or glacial deposit that occurs along the southern slopes of Eldorado
and Bonanza creeks for some miles, and was also found north of the latter
creek for some distance above its junction with Eldorado.

The stream-gravels are very uniform in character throughout the dis
trict. They consist mainly of flattened sub-angular schist pebbles, ranging
in size from small scales up to rounded or elliptical plates a foot or more in
width, coarse round pebbles and boulders of quartz and occasional layers
of clayey vegetable mould. The gravels rest on a slightly irregular floor of
decomposed mica-schist and quartz-schist. They have a thickness of from
two to eight feet and a width alung the most productive portions of Eldorado
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and Bonanza creeks of from one hundred to four hundred IE'2t. They extend
across the valley-bottoms and increase in width with the gradual enlarge
ment of the la tter towards their mou ths.

The gravels are overlain in all cases by a layer of black argillaceous
vegetable matter 01 three feet or more in thickness.

The gravels are everywhere more or less auriferous, but, as in other
placer camps, the concentration is very irregular, and the gold increases in
quantity towards the bottom of the section, the greater part of the pay
being found usually within eighteen inches or two leet 01 bed-rock..\
considerable portion of the gold is also found ill the soft decomposed and
shattered country-rock on which the gravels rest, into which it has sunk
often to a depth of two feet. The pay-streaks range in width from Cl few feet
to a hundred feet or more. They are interrupted along the length of the
creek by comparatively barren stretches, and in places more than one pay
streak is found in prospecting across the rorky bottom. The minimum
richness of the gravels considered as 'pay' by the miners, on an average
claim, isgiven atabout~5 to the cubic yarcl, but varied according to different
informants from M to $7.

The bench-gravels are of less importance than the stream-gravels alld
so far are only worked to an inconsielerable extent along Bonanza and the
lower part of Eldorado ('reek. The benches only occur a.t intervals along the
sides of the valley and as a rule are rock-cut and not built up by stream
deposits. They are found at varying heights lip to an elevation of seventy
five feel or more above the bottom of the valley.

In ascending Bonanza Creek the first bench claims were fOUlld opposile
No. 60 below Discovery, on the south side of the valley. The bench has all
elevation of seventy-five feet above the bottom of the valley and consists
of sixty-seven feet of schists of various kinds terminating upwards in a Hat
surface and overJain by eight feet of gravels. The bench is wide, as it occurs
on a projecting point, but does not extend far along the valley. The gravels
are mixed with sand and consist CJf Hat and sub-angular pebbles of schist
often a foot or more across and rounder quartz pebhles. The gold is fine,
but nuggets up to a value of $1.35 are reported to have been found. The
average yield of the gravels is stated to vary from 5 cents to 20 cents to the
pan. Several bench claims similar in character to the one just described, but
at lower elevations, were being worked further up on Bonanza Creek and Oil

the lower part of Eldorado. On Hunker Creek, only one claim of the kind
was being worked at the time of our visit, and on Dominion Creek none
were in operation.

Hill claims, situated on the 1110raines mentioned dbove as occUlTillg
along Bonanza and Eldorado creeks, are being extensively worked and in
some cases have proved extremely rich. The moraines are si tuated at an
elevation of from 150 to 200 feet above the bottom oi the valley, have a
width of from 200 to 300 feet or more and a thickness in the centre of 50 feet
or more. The most productive claims occur along the lowest edge of the
deposit and are worked by open cuts. The gravels are washed in rockers as
the water supply is insuffirient for sluicing. The morainic material is auri
ferous throughout, Gut the greater part of the gold is found at or near the
sloping surface of the bed-rock at the bottom of a bed of coarse gravel,
which consists of rock-Hour, sand, pebbles and boulders. The gold, which is
often in large nuggets, usually includes much quartz, and is rough and
uIlrounded.
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Conditions of Worldng

As stated above, the stream deposits consist of beds of gravel varying
from two or three to fifteen or twenty feet in thickness, overJain by a mass of
vegetable material, locally known as 'muck', from four to eight feet or more
in thickness. This muck is chieRy sphagnum bog, or peat, which has suffered
little decay since it grew where it now rests. Both the peat and the gravel
are permanently frozen, and as the peat is an excellent non-conductor of
heat, the gravel continues frozen as 10llg as it remains covered by even a
thill coating o[ peat.

After the prospector has fou nd ilid ications favourable enough to induce
him to stake off a claim, he can readily prospect it thoroughly in winter by
building a fire on the surface, removing the thawed earth, building another
fire on the same srot, agaill removing the ground that has been thawed, and
so on down to bed-rock. The sides of tilt' shaft so sunk remain firm and solid.
In summer, however, it is difficult to sink a shaft in this way, as the sides are
likely to cave in, so that prospectors then build a fire upon the open ground,
heat stones very hot and throw them down the shaft, covering them with
brush or anything else that "viii prevent the heat from ascending. These
stones will, in a night, thaw the ground to a depth of from 6 to 9 inches.
This thawed ground is taken out, and thE' process is repeated until bed-rock
is reached. If pay gravel is struck it may be thawed and removed from
around the bottom of the shaft until a large rirrular 'room' is formed in the
gravel. The gravel raised is afterwards sluiced, and the gold extracted
from it.

The most economic method of working creek claims is by open cuts.
The barren muck overlying the gravel is got rid of early in the season by the
simple device' of damming up the stream and leading it by several channels
across the claim. The frozen murk dissolves readily and is usually completely
removed by the stream in the course of a few weeks. The underlying auri
ferous gravels, as they become gradually thawed out and loosened by the
sun and the various atmospheric agencies are shovelled into sluice boxes
and washed in the ordinary way. \\Then the surface is kept clean thawing
proceE'ds at the rate of from two to four inches a day and bed-rock is reached
before the season closes.

On the dry benches ill the northern part of the Yukon district, the
ground was [ound nol to be frozen in summer, and probably some of the
drier and more open trans in the Klondike district are not permanently
frozen.

On the hill-sides, as well as in the bottoms of many of the valleys, there
are large quantities of earth and gravel that are too poor to admit of being
worked by the ordinary method of sluicing or rocking now in use, and to
yield good results will require to be worked on a larger scale and by more
economical methods.

The clays and gravels when exposed in SUlllmer in the creek beds and
on the hill-sides, thaw very quickly leaving them loose and friable and in a
favourable condition to b~ acted on by water. The available water in the
Klondike creeks is however too limited [or work on a larO"e scale and the
problem of obtaining a supply from other :;ources has not yet been solved.
The grade of the Klondike River is fairly steep and it is possible that water
might be f1umed from it. This could only be done at a great cost, as the river
would have' to be tapped fm up. The gravels are, however, exceptionally
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rich even in many portions of the creeks too lean to pay by present methods
of wurking and would justify a heavy expenditure in tfwir exploitation.

To install extensive plants either for hydraulicking or sluicing blocks
of ground, large sLIms of money will be needed, and in order to encourage the
inAuxof this capital intotlw country it will be necessary to offer every facility
to investors. I t should thus be not only possible but reasonably easy for them
to consolidate groups of claims or to obtain blo,ks of land of sufficient size
to make it probable that they would receive a fair return for their invest
ment, especially in the case of lands not sufficiently rich to be profitably
worked by band.

Gradients

As the valleys are wide and C-shaped, the grades of their beds are not
at all steep. The Forks of Bonanza and EIJoradu creeks, abuut 12 miles
from Dawson, is about 500 feet above the Yukon River at that place, giving
lower Bonanza and the Klondike River combined an average grade for that
distance of something over 40 feet to tht' mile. Bonanza Creek, from the
mouth of Cormacks Creek to the Forks, has a drop of about 500 feet, giving
a fall of a little less than 100 feet to the mile. The grade of Eldorado Creek is
somewhat steeper, the descent from the mouth of Chief Gulch to the Forks,
a distance of about four and a-half miles, being about 700 feet, or an average
of about 150 feet to the mile.

Above these points, the grades become rapidly steeper and the streams
art' narrower, so that it might be possible to build dams across them and
construct largf' reservoirs, from which a supply of water could be obtained
to serve for washing the lower parts of the hill-sides further down.

Source or Sources of the Placer Gold

As has been pointed out by iVfr. J. E. Spurr of the Cnited States Geo
logical Survey, in the case of the country of Forty-mile Creek and iurther
north and west, the gold in. the KJondike has certainly been derived from
the rocks of the immediate vicini ty, for there is no evidence of the transporta
tion. of material of any kind from a distance. The ruck underlying the district
is a quartzose, micaceous and sericitic schist, in which many lenticular
stringers of quartz lie parallel to the bedding, and through which some large
veins of quartz run in other directions. 1n a few places dikes of dark-green
basic rocks as well, as lighter coloured porphyries cut through the schist, but
it is not probable that these intrusives have any influence on its gold-bearing
character.

On Bonanza and Elclorado creeks, one hand of the s,hists is highly
graphitic, while near the mouth of Hunker Creek there is a heavy band
of granular limestone.

Granite was reported to occur a short distance up the Klondike but the
outcrop was not sef'n.

The schists are sedimen tary or crushed massive volcanic rocks of early
Palceozoic, probably Cambrian age, which have been highly altered by
dynamic agencies, the quartz veins having doubtless been formed in them
while they were underguing this metamorphism.

The rocks of this group have been traced northward and westward
by the geologists of the United States Geological Survey into the Forty
mile and Sixty-mik district. Southward they have not as yet been exactly
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correlated with any of the rorks known to occur in Canada, though they
may be of the same age as the schists and limestones on :'-Jisling River and
along other portions of the Dalton Trail.

That the gold in its original habitat has been associated with quartz
there can be no doubt, for many masses of gold-bearing quartz have been
found, and many of the nuggets of gold contain particles of quartz. \Vhether
the gold is chiefly derived from thE' heavy veins or from the narrow stringers
has not yet been determined, but it is probable that in places both are auri
ferous. We found particles of gold in a thick quartz vein north of Eldorado
Creek, but as the abundance or scarcity of the placer gold did not appear
to depend on the size or number of these heavy veins, it is probable that the
precious metal has been chiefly derived from the narrow stringers or leaves
of quartz interbedded in the schist.

The great ice-sheet of the Glacial period which covered much of British
Columbia, did not reach as far north as the Klondike district, so that ever
since the land was elevated above the sea, perhaps in the Miocene or Plio
cene epoch, it has been cut down continuously by atmospheric and stream
agencies forming deep valleys, with intervening rounded hills still covered
by a varying thickness of decomposed rock. There is no doubt that much
of this decomposed rock, in the Klondike area, contains a small amount of
gold, and by constant washing for ages, much of this has become concen
trated in the beds of the streams. On Bonanza and Eldorado creeks, and
doubtless also on a number of the other creeks that rise in the high land near
the Dome, the work of concentration has been greatly expedited by small
local glaciers*, which, at a period not very remote, have originated at the
heads of these creeks, and have filled the bottoms of their valleys through
parts at least of their lengths. Thus the Eldorado glacier would appear to
have had a greatest thickness of about 200 feet at French Gulch, and to have
joined the Bonanza glacier at the Forks, below which both continued on
some distance together. The gravel that fills the bottom of the valley from
side to side is a typical glacier-wash, having been deposited by the stream
which flowed from the face of the glacier. The lower benches on Bonanza
Creek were also deposited in a similar way, but the higher so-called benches
have been formed either as lateral moraines along the sides of the glacier or
by streams which flowed between the side of the glacier and the bounding
slope of the valley.

The great richness of the Klonclike placer ground c1ept:nds, therefore,
first on the presence of a highly gold-bearing rock, ancl, secondly, on the
occurrence of a set of conditions peculiarly favourable to the concentration
of the pre,ious metal.

COInmunica tion

Last summer it was necessary to transport proVISions and supplies
from Dawson to the various creeks on the backs of men or horses by trails
through swamps and along stony hill-sides which were about as bad as they
could be. Good wagon roads could, however, readily be built from Da"vson
up the various creeks tributary to the Klondike River and thence possibly
across to Dominion Creek, and tnus to tht:' tributaries of Indian River.
From the Yukon River a good wagon road could in all probability he easily
built from the mouth of Indian River up to the very sources of most of the

* Later, the idea that these glacier,; had existed was abandoned by McConnell.
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tributaries. In fact, good and direct roads could easily be built through that
whole country, for the hill-slopes are everywhere light and the bogs in the
bottoms of the valleys arf' nowhere very deep, while Irtkes are conspicuously
ahsent.

Fuel

The country is more or less thickly wooded with white and black spruce,
white and black poplar, and canoe birch. The largest timber is in the bottom
of the valleys, some of the white spruce on the flat near the mouth of
Bonanza Creek forming a forest of fine tal] trees fourteen to eighteen inches
in diameter. Excellent timber also extends in places up the sides of the hills
to a height of several hundred feet above the level of the Yukon at Dawson,
the spruce being mixed with large white poplars. At higher elevations the
rore~t becomes thinner and the trees smaller, until at an elevation of about
2500 feet above Dawson, the timber limit is reached, the higher crests and
summits in the vicinity of the Dome bC'ing devoid of timber and clothed only
with small hardy alpine and arctic plants. If used with reasonable care, there
is an abundance of wood in the country to supply the wants of the people
for a number of years both in fuel and building timber. The greatest care,
however, should be exercised to prevent forest fires which might in a very
short time deprive those who are attempting to develop tl1<' resources of
that country of one of their most valuable assets.

Lignitic coal or lignite is reported to have been found on Klondike
River about forty miles above Dawson, but no definite information has
been obtained about it. It is possible that there may be coal seams here
which will furnish a valuable local supply of fue!.

\.ost of Living

During the past year the expenses of working mines have been ab
normally high on account of the scarcity of labour, and the very high prices
of machinery and provisions, these prices being due not so much to the
inherent difficulty and expense of transporting provisions into the country
as to the fact that the means of transport into the country were quite inade
quate to supply the people who swarmed into the Yukon district. This sum
mer, however, wages had fallen to abollt a half of what was paid last winter,
and it was found quite possible to purchase provisions at retail prices at the
stores, for the maintenance of a party, at less than Cl dollar a day per man.
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1899
Introductory Note

Dr. G. M. Dawson, Director, introduces the section of his Summary
Report on "Yukon District" for 1899, page 16A, with the folluwing
paragraph.

"Mr. R. G. McConnell, during the summer of 1899, continued his
examination of the richly auriferous territory in the Klondike division of
the Yukon district. He was assisted by Mr. J. F. E. Johnston, who under
took the topographical work necessary for the mapping of thr rock forma
tions and gold-bearing gravels. Because of the amount of inquiry directed
to this region, Mr. McConnell has been requested to fUl"l1ish a somewhat
full preliminary report upon it, which follows."

The report that followed had already been printed in advance as a
separate pamphlet (No. 687, 44 pages) entitled 'Preliminary Report on the
Klondike Gold Fields, Yukon District, Canada'. Though out of print, the
report is not included in this volume, as the contained information is revised
and enlarged upon in McConnell's later and more complete report on the
Klondike gold fields following his investigation in the same area in 1903.
This later report is reproduced here (see 1903) in full.



25

1900
Introductory Note

In the summer of 1900, R, G, iVkConnell returned to the Klondike
district and made an examination of Tintina Vallev from Klondike River
to the mouth of ('Iear Creek 011 Stewart River. He~ then ascended Stewart
River to Frazer Falls, and explored the geology from there down the Stewart
to its moutb and thence down the Yukon to a point about 11 miles below
Cliff Creek, He visited the prospects in the Tertiary lignite areas nearest
to Dawson, and while on his way through \Vhitehorse made his first examina
tion of the nearby copper prospects in what was later to be known as the
Whitehorse Copper Belt, His report on the summer's field work was pub
lished in the Summary Report for 1900, and is referred to as a preliminary
report by Dawson in his introductory paragraph, given below. Later, follow
ing more field work, McConnell wrote complC'te reports on the Klondike
mining district and the Whitehorse Copper Belt, but the report of 1900
remains his only account of the geology of Stewart and Yukon River
Valleys and of the lignite occurrences near Dawson,

Mr. R. G. :VIc('onnell was occupied during the winter of 1900 exclu
sively in work connected with the elaboration of his observations in the
KJondike region, During the past summer he was again occupied in the
exploration of this and other parts of the Yukon district, with interesting
results, of which a pretty fu]1 preliminary account is given by him in the
following report.

EXPLORATIO~OF TINTIl\A VALLEY
FROM THE KLONDIKE TO STEWART RIVER

by R. G. Jl!cConnell

I left Ottawa on May 27th, but was delayed at Skagway and White
Horse for some days by the lowness of the water at the head of Lake
Laberge, and did not reach Dawson until June 20th. 1 was accompanied
by Mr. J. F. E. Johnson, who acted as topographical assistant.

;\ few days were spent in the vicinity of Dawson, completing the
geological mapping of the surrounding district, and in making a hasty
examination of the principal producing creeks. On July 13th, 1 started with
one man and a pack-horse, for the mou th of Clear creek, a tribu tary of the
Stewart, examining on the way the great gravel plain east of the Klondike
hills, commonly described as the old beel of the Stewart, The mouth of
Clear creek was reached on July 21st, and on thf' 25th Mr. Johnson, who
had ascended the Yukon to the mouth of the Stf'wart in a steamer, and the
latter river in a canoe, making Cl track-survey on the way, joined me.
Mr. Johnson returned overland while I continued up the Stewart to the
Frazer falls, which were reached on .\ugust 3rd. On the return journey, a
geological examination of tIlE' Stewart valley was made from the Frazer falls
down to its mouth, and a few days were also spent on the Yukon between
the mouth of the Stewart river and Dawson.

After returning to Dawson, trips were made to the Indian river for
tht> purpose of examining the reported gold-bearing conglomerates opposite
the mouth of Quartz creek, and to thf' Coal creek and rliff creek coal mines.
The Yukon valley was also examined from DCilVson down to the mouth of
('Iiff creek. On the way out a stop was made al 'vVhitE' Horse, and a pre-
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liminan' examination was made of the important cupper belt recently
discove~ed we::;t of that point.

The Klondike gold-bearing gravels were described in last year's Sum
mary Report, and as no important discoveries of new creeks were made
during the season, it will be unnecessary to dwell on them here. The produc
tion of the old creeks and benches has been large and is expected to exceed
the great yield (£16,000,000) of the preceding year, but as the full returns
have not been received it is impossible to give the exact figures, The in
creased use of machinery, more especially steam hoists and thawing ma
chines, has largely contributed to the result. No attempt has yet been made
to work any of the concessions on a large scale, and very little preparatory
work is being done on them.

The gravel basin east of the' Klondike hills, extending north-west of
the Stewart to the Klondike river, was prosperted in a couple of places
during the season, but so far as could be learned with indifferent results.
This great body of gravel, measuring from ten to fifteen miles in width
and in places exceeding 600 feet in thickness, carries fine colours nearly
everywhere, and there is a possibility that in places the gold may be found
concentrated in paying quantities. The extent and thickness of the gravel
deposit will however necessitate expensive prospecting work. The gravel
consists principally of quartzites, hard schists and various kind::; of eruptive
rocks, among which granite is conspicuous, and has been derived principally
from the east and south-east. The sources of the contained gold must also
be looked for in the same direction.

Stewart River, from Frazer Falls lo its Mouth

The Stewart is one of the main tributaries of the Yukon. It rises in the
unexplored Pacific-Arctic watershed ranges lying between the heads of the
Peel and Pelly rivers, and Rows in a general westerly direction towards
the Yukon valley. From Frazer falls to its mouth, a distance of nearly
200 miles, it is a large stream, seldom less than 150 yards in width and often
more than double this breadth. It is navigable throughout the season hy
ordinary shallow-draught river steamers all the way to the Frazer falls.
FrGm the Mayo to its mouth, the current Rows from three to five miles an
hour with occasional accelerations on the bars. Above Mayo river, the
current decreases tu a rate of from two to three miles an hour and bars are
almost entirely absent. At the Frazer falls, the Stewart Rows for a third of
a mile with great velocity through a narrow canon bounded by vertical
walls of bard quartzose schist. The word falls is a misnomer, as the grade in
the canon is fairly uniform and the total descent was estimated to be only
thirty feet. Above the falls the river is interrupted by occasional short
riffles for several miles, but, farther up, it::; course is reported to be clear to
the main forks, a distance of about sixty miles, and up the north branch for a
considerable stretch beyond. The east branch is reported to be a rapid stream
constan tly in terru pted by rapids and canons. The principal tribu taries of
the Stewart below Frazer falls are th~ YIcQuesten and Mayo rivers, both
fair sized streams, and ~Iear creek from the north, and Crooked river, Lake
creek and Scroggie creek from the sou th.

The coulltry bordering the lower part of the Stewart river is nearly
everywhere of a mountainous character, and may be described as a high
plateau deeply dissected by a multitude of wide and often interlocking
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valleys. The hills project above the vaJleys in isolated masses, in irregular
shaped groups, and in well defined ranges. The outlines are generally rounded
and the elevations range from about 2,500 feet to 4,000 feet above the main
valleys. The lower slopes are clothed with a forest of spruce, poplar, birch,
willow and alder. Above a height of about 2,500 feet the surfaces are usually
bare. The bottom-lands of the Stewart often exceed two miles in width and
are seldom less than a mile, and those of many of the tributaries, notably
Crooked river and Lake creek are even wider. Below the mouth of Clear
creek, the Stewart has cut a comparatively narrow rock-walled channel
through the bottom of the older valley. The deepening of the valley is
evidently due to the same elevatory movement that affected the KlonJike
region and gives evidence of the wide extent of that uplift.

The Stewart River valley affords a good geological section, but as
the rock-specimens have not yet been examined, this can only be briefly
described here. At. the Frazer falls the river cuts through hard, quartzose,
greenish schists, apparently partly crushed eruptives, alternating with
bands of softer green chloritic schists and dark argillites. These schists,
including in places beds and bands of quartzites, are exposed along the
valley all the way down to a point five miles above Moose creek. At Canyon
creek a hard slightly squeezed basic eruptive is included in the sl:ries, or
overlies it. The dips as a rule are not high, seldom exceeding 45°, and the
general strike is to the south-east.

Above Moose creek, the schists are cut by granite, and along the
valley down almost to Lake creek, granit.oid rucks of various kinds occur.
The principal variety is a coarse-grained grayish granular rock consisting
principally of orthoclase, a plagioclase felspar (probably oligoclase) quartz
and biotite. A reddish variety occurring above the mouth of the McQuesten
contains a good deal of hornblende in addition to the biotite. At many points
the granite becomes strongly porphyritic. The gray granite alternates with,
and in many places appears to cut a dark eruptive of a dioritic character,
but it is probable that the latter simply represents et more basic phase of the
same magma. Both the dark-coloured and gray rocks are cut by a system of
dark diorite dykes. The granites are massive in character and do not exhihit
evidence of much squeezing.

At the mouth of Lake creek, the granitoid rocks are replaced in the
valley by a series of old looking schists, largely of the character of granite
gneisses. They vary in texture from fine- to coarse-grained and often pass
into augen-gneisses. They are associated with coarse mica-schists, green
chloritic schists and dark hornblende-schists. The beds dip at high angles
and usually exhibit the short sharp foldings characteristic of the old ,\rchcean
gneisses. They have a width in the Stewart valley of about nineteen miles,
and are probably a continuation to the south of the band of augen-gneisses
described in last year's report as occurring on the upper part of Australia
creek, but they have not been traced across the interval. Similar granite
gneisses have been observed by Mr. Spurr* in the Forty-mile region, and by
Mr. Brooks** on vVhite river, and are descrihed by them as being prubably
the otdest rocks in the district. The evidence 011 this point is not clear in
the Stewart River valley, and there is a possibility that they represent a
great intrusive mass older than the massive granites described above, but

• VS Geological Survey, Eighteenth Annual Report, Part Ill, p. 134.
··V.S. Geological Survey, Twentieth .'\nnual Report, Part VII, p. 460.
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younger than the highly altered rocks exposed along the lower part of the
Stewart valley.

The granite-gneisses are succeeded by a group of rocks which, so far
as known, include the oldest sedimentaries of the district. The characteristic
variety is a gray fine-grained glleissic-Iooking schist consisting largely of
angular quartz grai ns wi th somt' felspar. Bioti te is nearly always presen t,
but in variable quantities. In many sertions the schists have a banded
appearance, due to the alternation in thin beds of a light-gray quartz-schist,
carrying a few scattered biotite scales arranged parallel to the bedding,
with a dark-gray more micaceous variety of the same rock. These schists art'
everywhere highly altered and in Illany instances are so completely re
crystallized that their origin is doubtful. A preliminary examination of a
few thin sertions, shows that both clastic and igneolls rocks are present, the
former probably preponderating. The metamorphism has, however, been
so complete over large areas that the two kinds are often indistinguishable
in the field. In addition to the gray schists, the series includes bands of dark
diorite-schists, green chloritic and actinolitic schists, bright lustrous mica
schists and numerous beds of white crystalline limestone. The strata just
described occupy the Stewart valley clown to its junction with the Yukon
and are also found west of the Yukon on the lower part of White river where
schists of an almost identical character have been described by Mr. Brooks*
under the name of the Nasina series. This name will be employed by the
writer in referring to these rorks. fn the Forty-mile district the Birch Creek
series and the Forty-mile series of Mr. Spurr probably represent the samt'
group, but no such line of division as that assumed LJy him could he drawn
in the Stewart River section. The schists of the i\asi na series apparen tly
overlie the granite-gneisses which horder them on the east. The dips are
usually moderate, seldom exceeding 40°, and there is a marked absence
of the sharp folclings so prevalent in the granite-gneiss area. The apparent
superior position of the Nasin;-t series and the small amount of deformation
its rocks have suffered as compared with tht' granite-gneisses, leads to the
inference that they are younger than the latter, but is not conclusive proof.
The contact of the two formations was nowhere seen, and bosses of sheared
granite, similar to and possibly of the same age as the granite-gneiss, cut the
Nasina series at several points.

The Nasina schists arE' cut in all dirertions by numerous dykes and
stocks belonging to several distinct periods of eruption. The oldest are the
sheared granites referred to above. A younger looking gray massive granite
also occurs in dykes and considerable :Jreas all along the lower part of the
valley. A group of acid dykes, probably mostly rhyolites, crosses the valley
a few miles below tht' eastern boundarv of the Nasina schists. Thev have
been silicifiecl and mineralized to some ~xtellt and form conspicuous 'yellow
and red bluffs along the north bank of the river for some distance. Dark
andesitic dykes werE' also noticed in a number of the exposures.

The glacial features of the Stewart valley are interesting, as the upper
part is in a glaciated and the lowrr in an unglaciated region. At Frazer
falls the rocks are strongly glaciated in a direction nearly parallel to that of
the valley and groovings also occur at several points lower down. Typical
boulder-clay occurs in banks at intervals down to a point about ten miles
below Mayo river. Below Vlayo river a wide ridge 200 feet in height crosses

* Ibid., p. 465.
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the valley. The ridge is several miles in width and is built of silt, sand and
gravel alternating with and often capped by bands of boulder-clay. A narrow
depression bordered by steep scarped banks has been cut through it by the
river. This ridge must have formed at one period a great dam across the
valley, as above it the flats bordering the river are low and the drift deposits
occur only in narrow terraces along the sides of the valley. I t still acts as a
dam to some extent, as the Stewart is sluggish above the Mayo river almost
to Frazer falls. Below the ridge, the boulder-clay and accompanying glaciat
ed boulders soon disappear, but high terraces of silt, sand and gravel continue
along both sides of the valley down to the McQuesten and are occasionally
cut by the river at the elbows of the bends. A high cut-bank two miles and
a half below the mouth of '.\IIoose creek includes a thick bed of hard sandy
clay resembling boulder-clay but containing rolled, instead of glaciated
pebbles. In thE' [oweI' part of the valley the gravel banks consist entirely
of ordinary stream wash.

The Stewart River bars were found to be auriferous as early as 1~85,

and in that and the two succeeding years it is estimated the yield amounted
to about S100,000. Prospecting has been carried on to some extent ever since,
but the production has been small. Bars have been worked from the Mayo
forks down almost to the mouth of the river. In most of the bars which were
worked, the auriferous deposit was less than a foot in thickness, and was
confined to a small area near the head of each oar. The extreme shallowness
of the gold-bearing gravels accounts for the rapid exhaustion of the Stewart
River diggings. During the past season no work of any kind was being done
on the main stream below the Frazer falls. On the tributaries, some work
was done on Scroggie creek, on some creeks near the heael of the McQuesten,
where some gold was taken out, and, latE' in the season, a strike was reported
on Clear creek. A number of prospectors are wintering above Frazer falls
and a good deal of prospecting will be carried out, on the upper waters of
the river, during the coming season.

The gold on the Stewart River bars is line, and there is every reason
to believe that it has been conrentrated from the high gravel and sand
banks described above as occurring along the valley from the Mayo down
to the "YfcQuesten. ThE' gravels nearly everywhere contain scattered colours,
and they are constantly being undermined and carried away by the river.
During the past season a prospecting party under Mr. Morley Ogilvie,
examined the lower part of the river for dredging purposes and the results
are reported to be very favourable. The gold in the bed of the river proved
to be coarser than on the bars and was found in encouraging quantities. ThE'
conditions on the river are favourable for dredging as the current, except
in a few places, is not swift and the gravel is comparatively line with few
large boulders.

The Yukon River Section, from Stewart Rivet·
to Eleven Miles below Cliff Creek

The rocks outcropping along the Yukon river werE' examined with some
care from the mouth of the Stewart down to Cliff creek, eleven miles below
Forty-mile river. It was intended to continue the examination to the
boundary but time did not permit. Below the Stewart the quartz-schists,
crystalline limestones, hornblende-schists and other schists of the Nasina
series, undulate in broad folds along the valley down to a point about four
miles above I ndian river, when they are overlain by the dark siliceous slates
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described in the Summary keport of 1899 as the Jndian River series. The
Indian River beds occupy the same position as the )l isconlith slates of south
ern British Columbia. They rest, apparently, conformably on the schists of
the Nasina series and differ from them principally in being less completely
altered and in their darker coloration. They include occasional bands of
limestone and green schist.

Two miles below Ensley creek, the Indian River slates are cut off and
replaced by the light coloured sericitic schists or squeezed quartz-porphyries
of the Klondike series. The latter, holding in places irregular-shaped inclu
sions of the older slates outcrop, in continuous sections along the valley down
almost to the Klondike river. They extend in a wide band south-easterly to
Australia creek, and constitute, as stated in last year's report, the gold
bearing rocks of the KJondike district. Thr Klondike schists are succeeded
by a set of green, mostly diabasic rocks which the writer, for purposes of
local description, has called the lVIoosehicle group, and which are apparently
older than the quartz-porphyries of the Klondike series. They occur both
in a massive and schistose condition and are often altered into serpentine.
Below Mooschide mountain, the section down nearly to Forty-mile river
consists principally of thick bands of green schists and dark lead-coloured
argillites alternating above with gray limestones. A few miles above Forty
mile river, the upper part of the Nasina schists and overlying Indian River
slates are exposed for some distance in the axis of a broad anticline which
crosses the valley in a diagonal direction. Below Forty-mile river the upper
and less altered green and dark schists resume and continue down to Cliff
creek, where the examination ended.

In addition to the bedded or shistose rocks described above, igneous
rocks, in great variety, are displayed along the Yukon Valley section.
Sheared and massive granites occur in considerable areas at many points
and granitic and pegmatite veins are seldom absent. Effusive rocks are
represented by an area of andesite below Indian river and a basaltic area
a few miles above Forty-mile river. Dykes of andesite, basalt, quartz
porphyry and allied rocks are also common, especially between Indian river
and Forty-mile river.

Lignite Areas

Lignite-bearing beds outcrop on the Klonclike river six miles below
Flat r.reek and extend in a north north-westerly direction in a long narrow
basin or series of basins to Cliff creek a distance of sixty miles and probably
for some miles beyond. They follow in a general way the course of the Yukon
valley, from which they are separated by a narrow strip of the older rocks.
Wide valleys are cu t across them by all the streams en tering th is portion of
the Yukon from the north-east, but owing to their soft character exposures
are infrequent. In their normal condition the beds consist of soft slightly
coheren t sandstones and conglomerates,. alternating wi th ligh t- and dark
coloured clays and shales. j n places where the beels have been strongly
folded, the clays and sands are altered into sandstones and shales. The age
of the lignite beds is uncertain as no fossils were found in them, but they
probably belong to the Tertiary.

A lignite horizon, with one or more seams, occurs in this formation
at a number of widely separated points, anti apparently accompanies it
throughout its whole extent. Seams of lignite outcrop on Rock creek and
itB tributary C:oal <.reek at the southern end of the area, on Cliff creek at the
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Lignite from lower seam Coal Creek mine:
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Volatile combustible matter, , , , . , ,
Fixed carbon, .
Ash. " """,.,.'.,' ..

northern end, and on Twelve-mile creek, Fifteen-mile creek and Coal creek
at intermediate points, and it is reported from a number of other localities.
The total area underlain by lignite is estimated to considerably exceed
200 square miles.

The Alaska Exploration ('0. has taken up a block of coal lands on Coal
creek, and has commenced mining operations at a point a little over seven
miles from the Klondike river following Coal Creek and Rock Creek valleys,
and about twenty miles from Dawson. Lignite outcrops at this point in the
face of a low rounded hill, part of which has been cut ;lway by the stream.
The hill seems to be due to a recent uplift, as the dips of the strata approxi
mately follow its slopes. The section 011 the exposed face of the hill is of soft,
slightly coherent micaceous sandstones and brownish clays, holding a
broken bed of lignite. The workings of the mine consist of an incline about
400 feet in length, descending in a south-easterly direction at an average
angle of about 25° for the first 200 feet, beyond which the angle gradually
decreases to about 4°. A short drift has been driven in a north-easterly
direction, following the seam, at a point 225 feet from the mouth of the
incline. The seam dips to the north-east in the drift at angles of from
3° to 10°.

The strata in the upper part of the incline have been disturbed and
faulted to some extent, and the lignite ueds occur in a broken condition.
In the lower part of the incline and in tlw drifts, the beds are continuous
although the dips are still irregular. The disturbance appears to have been
quite local and will probably not affect the beds for any considerable
distance. It is impossible, however, to speak definitely on this point, as no
surface sections are available for study. Two seams of lignite are present
in the lower part of the incline and in the drifts. The upper seam has three
feet of hard lignite, and the lower from two to three feet. The two seams are
separated by a clay parting about a foot thick and are roofed and Aoored
with clay. The lignite is hard ancl compact and shows no traces of the woody
fibre so common in lignites. It is prohable, as suggested by Dr. Hoffmann,
that it originated largely from mosses ancl other low forms of vegetable
growth. It is of good quality, burns freely and can be used both for heating
and steam purposes.

The following analyses of the two seams have been furnished by Dr.
Hoffmann:

Lignite from upper seam Coal Creek mine:
Hygroscopic water. . . . ' '
Volatile combustible matter, ,
Fixed carbon, , , , . ' . , , , , , . , , . ' .. ' .. '
Ash. ' .. " .. ', , '
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In working Tertiary lignites it is well to bear in mind that the seams
as a rule are not so regular or so persisten t as in the older formations
and the use of the diamond drill for exploratory purposes is strongly rec
ommended before commencing operations on a large scale. I n the case of
the Coal Creek mine the precaution is rendered all the more necessary by
the almost complete absence of surface sections in the neighbourhood.

The North American Trading and Transportation Co. has opened up
a group of lignite seams at Cliff creek, a small stream which enters the Yukon
from the right, fifty-five miles below Dawson. The workings are situated
about a mile and three-quarters from the mouth of the creek and consist
of two long tunnels with a number of drifts and 'upraises'. The lower
tunnel is on the right side of the creek and the upper a short distanre farther
up the creek on the left side. The distance along the zone from the mouth
of the first tunnel to the end of the seconu is 2,800 feet, and the seams appear
to be continuous for this distance and probably extend much farther.

The tunnel at the upper workings has been driven mostly along the
lignite zone, for a distance of 800 feet. At one puint, 225 feet from the mouth
of the tunnel, the coal seams are bent to one side and probably faulted. The
lignite zone, consisting of alternating beds of lignite, clay and carbonaceous
shale, measures over forty feet in thickness in places. The included lignite
seams vary in thickness from a few inches up to five feet. A section 300 feet
from the mouth of the tunnel showed over eleven feet of coal, in seams sepa
rated by clay partings and beds. as follows:

Lignite . ....
Thin parting
Lignite . ....
Carbonaceous shale.
Lignite .
Shale .
Lignite ..
Clay.
Lignite.
Clay ....
Lignite ..

The beds have a nearly east-and-west strike
direction at angles of from 50° to 75°.

A section in the lower workings showed:
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Lignite, one thin parting ..
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White clay ..
Alternating clays and shales .
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The percentage of ash in the specimen assayed is high, but it is possible
that a purer variety may be discovered in the course of the exploration now
In progress.

White Horse Copper Deposits

The 'A'hite Horse mineral area is situated west of the White Horse

The clip of the beds in the lower workings is much less than in the upper,
and in places they are almost horizontal.

The Cliff t.reek lignite is very similar ill appl:arance to the Rock Creek
variety. 1t is dark in colour, compact, and probably somewhat harder than
the latter, as the inclosing rocks are more indurated. Dr. Hoffmann describes
it as a lignite of superior quality closely approaching to a lignitic coal. The
following analyses were made in the laboratury of the Survey:

Lignite from upper and lower workings, Cliff creek.

An analysis by fast coking gave: Upper Working Lower Working

H ygroscopic water. . . 8· 57 10·58
Volatile combustible matter 42·04 40'10
Fixed carbon. . 45 . 77 46' 74
Ash. 3·62 2'58

---- -----
100·00 100'00

Coke per cent. 49· 39 49·32

Coke of lignite from upper working,-feebly coherent, tender.
" " lower working,-non-coherel1t.

A considerable quantity of coal from the Cliff creek mines was shipped
to Dawson during the past season for heating purposes, and it is also used
by a number of the river steamers with satisfactory results. The coal is sold
on the wharf at the mouth of Cliff creek for $10 a ton, and in Dawson for
$20 a ton, and upwards. A narrow gauge railway has been built from the
workings to the river, and the mine is now in a condition to supply a large
demand.

The coal outcrops on Coal creek and Fifteen-mile Creek were not exam
ined. The Tertiary area on Indian river, opposite the mouth of Quartz creek
is also reported to contain coal. The beds in this area are rut and hardened
by igneous intrusions, and jf they carry coal, it is likely to be harder and of a
better quality than in the less disturbed districts.

Lignite seams occur on the Lewes above Rink rapid, and during the last
season a possibly important discovery of anthracite coal was made west
of Dugdale station on the White Pass railway and only a few miles from the
\i\.'hite Horse copper district. The specimens sent in for examination are
crushed and coarsely foliated. The following is the result of an analysis
made in the laboratory of the Survey:

Hygroscopic water. . .
Volatile combustible matter ..
Fixed carbon. . .
Ash. . . .
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rapids on the Lewes river. The principal discoveries have been made along
a belt about ten miles in length, running in a north-westerly and south
easterly direction or nearly parallel to the ('ourse of the Lewes and from
two to four miles distant from it. The Lewes is bordered at this point, on
the left, by a strip of rough plateau country closed in on the south-west by
a range of mountains. The portion of the plateau adjoining the mountains
may be said to ronstitute the mineralized district so far as known at present.

The geology of the district is simple, in its main features at least. \Vest
of the river and occupying the greater portion of the plateau is a lenticular
area of gray often hornl>lendic granite. The eastern edge of the granite is
mostly covered by drift, but on the west it cuts and often holds inclusions
of gray crystalline limestone of unknown age. The limestones alternate with,
and at one point are underlain by, hard flaggy ferruginous slates. Both the
granites and limestones are rut by numerous dykes, which appear to belong'
to one period of eruption, but range from typical andesites and augite
porphyrites to a dark-green almost purely augite rock. A white or light
green dyke-rock is also common, composed almost entirely of epidote,
zoisi te, chlori te, secondary felspar and other al tera tion products. The
granites opposite the upper end of Miles canyon are covered in places with
basalts of the same age as those at the canyon and at v\"hite Horse rapids.

All the rocks mentioned above, except the basalts, have been affected
in the mineralization of the distrirt. The ore is seldom contained in well
defined veins, but occurs as a rule scattered irregularly through wide zones
and patches. These are often situated at the con tart of the limestones and
the granites, but are not confined to this position, as they occur frequently
in the dyke-rock and occasionally also in both the granite and limestone.
The most striking feature of the district is the great scale on which altera
tion of the cou ntry rocks has been carried on. In many places zones or
irregular patches a hundred yards or more in width have been almost com
pletely al terecl, usually into a garnet-rock holding bunches of epidote,
actinolite and tremolite and ores of iron and copIJer. Some quartz is also
usually present, but this mineral is not prominent. The alteration and
replacemen t of the coun try rock and the a ttendan t mi neralization are
evidently parts of the same process and have probably been produced in
most cases by ascending heated waters charged with the required materials.
Subsequent surface alterations of the ores from sulphides to carbonates
and oxides, cl ue to a tmospheric agencies, are also conspicuous at most of
the openings.

:\mong the prospects visited and hastily examined, are the Puebla,
Rabbits Foot, Anaconda, Copper King and Carlyle near the northern end
of the belt, the Valerie at the southern end, and the :\rctic Chief, 'vYhite
Horse, Empress of India and Spring Creek claims at intermediate points.

The Puebla consists of a great mass of h~matite of the specular variety,
nearly fifty yards across, situated at the contact of the granite with the
limestones and slates. The h~matite is flecked all through with green copper
carbonate and in places with grains of bornite and grains and small bunches
of chalcopyrite. The claim is opened up by a tihaft 62 feet deep, and a drift
from the bottom of the shaft 123 feet ill length. The upper part of the shaft
is in ore and the lower 32 feet in country rock. The drift reaches the ore 23
feet from the foot of the shaft, and is continued from that point through
almost pure h~matite. :\fear the end of the drift a second shaft has been
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sunk to a further depth of 2S feet, also through h<£matite. The lode at the
shaft dips away from the granite at an angle of about 45°.

The origin of this great mass of h<£matite and included copper minerals
is somewhat obscure, but it appears to belong to the class of replacement
lodes. ~o well-defined walls, marked by fissures were anywhere noticed. On
the contrary the ore passes gradually into the inclosing country rocks,
although the latter are of spveral kinds. ()n the foot-wall the transition is
from ore to altered granite, and on the hanging-wall from ore to slates and
limestone. The replacement has been very complete, as only traces of the
original rock remain in the main mass of the lode.

The Copper King lead follows a wide fine-grained dyke, the character
of which has not been determined, traversing the granite in a northerly
and southerly direction. The dyke contains a number of small limestone
inclusions and is filled with secondary minerals, among which garnet and
epidote are conspicuous. The lead has been opened up by a number of shal
low pits, all of which show more or less ore, for a distance of 200 yards. The
ore is not continuous on the surface and appears to be concentrated at
points where cross fractures intercept the main lead, and at the limestone
inclusions. At the principal workings a shaft 18 feet in depth has been sunk
near the contact of one of those inclusions. The dyke-rock at this point is
almost completely replaced by garnet and quartz impregnated with grains
and bunches of bornite and chalcopyrite and occasionally with stibnite.
The limestone to the east has also been well mineralized to a distance of
twenty feet or more. A shipment of several car loads of ore which it is
expected will run 14 per cent in copper will be made from this mine during
the present winter. In addition to the copper contents, the ore is stated to
carry some values in gold.

The Carlyle lead is situated about 300 yards east from the Copper
King and is of a somewhat similar character. The workings consist of a
shaft 50 feet in depth and a short drift along the lead. The ore consists prin
cipally of grains and bunches of bornite and chalcopyrite distributed through
a gangue of garnet, quartz and country rock. The ore is banded in places.

The Anaconda and Rabbits Foot to the north of the Copper King have
both been developed to some extent. The workings on the Anaconda consist
of an open cut and a short tunnel. The lead cuts through granite, limestone
and a fine-grained light-coloured dyke-rock, and is fairly well defined. It
carries green carbonate of copper, bornite and chalcopyrite and is reported
to yield fair values in gold. The Rabbits Foot follows along a fine-grained
dyke cutting the granite and holding some limestone inclusions. The dyke
has been altered in places into a mass of garnet, epidote, hornblende, etc.,
usually carrying more or less green carbonate of copper, bornite and chaIco
pyrite. In addition to the copper minerals erythrite or cobalt bloom was
found at one of the openings. The workings consist of a number of shallow
pits.

The Valerie is situated west of the head of Miles canyon. The lead
occurs in a green basic dyke, consisting largely of augite, cutting limestone.
The dyke has been mineralized in places for some width principally with
magnetite and chalcopyrite. The chalcopyrite often occurs in bunches in
the magnetite. A couple of surface openings and a shaft a few feet in depth
consti tu te the workings.

The Arctic Chief, a couple of miles north of the Yalerie, is situated in
a wide porphyrite dyke cutting limestonp and granite. The dyke-rock has
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been greatly altered and is now largely replaced by garnet, epidote, horn
blende and other secondary minerals. Lenses of magnetite occur at several
points. The largest of these has a width of fully 20 feet and carries chalco
pyrite in grains, bunches and small veins. The workings consist of surface
openings only.

The White Horse, to the south-west of the Ar,tic Chief, shows a fairly
well defined lead 6 to 8 feet in width cutting granite. The gangue is more
siliceous than usual and is heavily copper stained. The workings are confined
to a sing-le small surface cut.

The Empress of India is situated about a mile north of the Arctic Chief
in a confused area of limestone, porphyrite and granite now altered and
largely replaced by garnet, epidotc quartz, calcite, hornblende and tremo
lite. The altered area is fully 150 feet in width and carries in places grains
and bunches, some of considerahle size, of bornite and chalcopyrite. The
Spring Creek claim adjoining the Empress of India is similar in character.
The work done on both claims is conftned to surface openings.

In addition to the claims referred to alJove, a large number of others
have been staked along the mineral belt, and on a few of them a small
amount of development work, usually in the form oi shallow surface cuts,
has been done.

The district taken as a whole may be characterized as one of con
siderable promise, and as being well worth the attention of mining men.
It is situated only 110 miles from the sea with which it is now connected by
rail, and the expenses of mining need not be much greater than in the camps
of southern British Columbia.
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1901
Introductory ~ote

In 1901, the Director, Dr. Robert Bell, notes in his Summary Report
for that year (page 6A):

"Mr. K G. McConnell, assisted by Mr. Joseph Keele, worked in the
Yukon district. Mr. McConnell's investigations were connected with the
mode of occurrence of gold, both alluvial and in veins, and the investigation
of new districts as well as those which he had visited in previous years.
VIr. Keele was engaged during part of the time on an investigation of the
copper deposits of the White Horse district, which were also visited by
Mr. McConnell."

The following is iVlcConnell's report on field work accomplished in
1901.

SALMON RIVER GOLD FIELD, I~CLPDI~G LIVINGSTONE
AND NEIGHBOURING PLACER CREEKS

by R. C. McConnell

During the past season the writer, assisted by Mr. Joseph Keele, who
acted as topographer and geological assistant, was occupied principally
in an examination of some of the smaller placer camps in the Yukon Ter
ritory. I Jeft Ottawa on June 16, joined Mr. Keele, who had preceded me a
few days, at White Horse on June 26, and after outfitting there, we pro
..eeded at once to the Salmon river gold field. The party consisted, besides
Mr. Keele and myself, of two camp hands, who were engaged at Sault
Ste. Marie.

The Salmon river gold field is si,tuated east of the South fork of the
Big Salmon river. It can be reached by ascencling the Big Salmon river to
the South fork, a distance of about forty miles, and then continuing up the
latter to the mouth of Livingstone creek, a rurther distance of about twenty
five miles. These streams are, however, swift and difficult to ascend, and the
route generally adopted is to descend the Lewes to the mouth of the Teslin,
and ascend the latter to Mason's Landing, a distance of about twenty miles.
From Mason's Landing, a pack trail, fifteen miles in length, has been con
structed across the ridge bounding the Teslin valley on the east, to the
valley of the South fork of the Salmun, and branch trails continue on to the
various creeks. The trail follows a wide depression in the ridge mentioned
above, at the summit of which it reaches an elevation uf about 1,700 feet
above the Teslin valky. A wagon road, following nearly the same course
across the ridge, could easily be constructed and would be a great buon
to the district.

Topography

The tupography of the district is simple. A ridge about five miles in
width where crossed by the trail, separates the Teslin river at this point from
the valley of the South fork of the Salmon. The ridge is traversed by several
deep depressions and is fairly regular in outline as a rule, but in places is
surrounded by rocky peaks, some of which attain an elevation of 5,000 feet.

East of the Teslin ridge is the great valley of the South fork of the
Salmon, a huge depression some thousands of feet in depth, and where
crossed by the trail, nearly two miJes in width. The valley-bottom consists
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of a wide, partly forested gravel plain, broken in places by low benches and
terraced along the sides up to an elevation of about 500 feet. The South
fork itself is a shallow stream, seldom exceeding thirty yards in width,
flowing rapidly along a boulder-paved channel. It rises in a range of granite
mountains to the south and has a length, measured along the valley, of about
sixty miles. Its grade at the mouth of Livingstone creek averages forty-five
feet to the mile.

The valley of the South fork is bordered on the east by a steep slope,
about 2,000 feet in height, beyond which is a strip of plateau-like country,
four to five miles in width, surmounted by low rounded hills, the summits
of which have an elevation of from 2,000 feet to 2,500 feet above the valley.
The plateau-strip is terminated on the east by a high mountainous district,
worn into sharp peaks and bold projections, on some of which the snow lies
throughou t the season. The plateau-strip bordering the valley consti tu tes
the gold field of the district. The larger creeks cu t back through it into the
high mountain region beyond; the smaHer ones rise in the lower foreground
and descend rapidly, often in a series of cascades, to the level of the valley
of the Sou th fork,

The valleys and the slopes of the plateau, up to a height of about 2,000
feet above the valley of the Sou th fork, are partially forested. The principal
trees noted were the Banksi<Jn pine, the white and black spruces, the aspen,
the rough-barked poplar, the balsam fir and a species of birch. The trees,
as a rule, are small and the C\uantity of serviceable timber in the immediate
vicinity is limited. A few groves of white spruce were noted, some individuals
of which attained a diameter of fully eighteen inches, but trees of this size
are rare.

Geology

The geology of the district can only be briefly referred to here as the
rocks have not been studied. The oldest beds in the district consist of hard
micaceous quartzites, passing into mica-schists. These rocks are exposed
along the eastern slope of the mountains referred to above, as bounding
the auriferous plateau on the east. They are interbanded towards the top
with crystalline limestones and are overlaid by green chloritic schists, prob
ably representing crushed diorites or diabases. The green schists are followed
in ascending order by gray quartz-biotite schists, white and light gray
sericite schists, resembling the gold-bearing schists of the Klondike series
and probably like them of igneous origin, lead-coloured argillites, a second
series of green rocks, mostly tuft',;, above which is a wide band of hard
cherty limestone forming the western edge of the plateau. The schists and
associated quartzites and limestones have a nearly north and south strike
and dip steadily to the west at angles of from 20° to 50°.

The high narrow plateau bordering the valley of the South fork on the
east, in which most of the gold streams of the district have their sources
and which aH of them traverse, is thus seen to be built almost en tirely of
micaceous schists of various kinds, and from these rocks the gold of the
district undoubtedly originated. The schists are partly of igneous and partly
of clastic origin and resemble in a general way the gold-bearing schists of the
Klondike district.

The ridge between the South fork of the Salmon and the Teslin rivers
is built of comparative recent volcanic rocks consisting largely of andesites,
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augite-porphyrites and allied varieties. Basalt occurs at the base of the
western slope, and tuffs and agglomerates on the eastern slope.

The schists east of the South fork are cut, south of :vIendocina creek,
by some dykes and a couple of small bosses of gray biotite granite. This
rock is not conspicuous in the district, bu t is apparen tly widely distribu ted
further to the south, as the wash in the South fork is largely granitic.

Gold-bearing Streams

Gold has been found in some quantity on all the streams traversing the
high plateau, previously described as occurring east of the South fork,
along a stretch about twelve miles in length extending from Sylvia creek to
Mendocina creek. The schists which underlie this portion of the plateau
continue on both to the south and to the north and it is probable that the
field will be extended as prospecting continues.

The most productive stream so far discovered is Livingstone creek. This
creek has a total length of ten miles. 1ts general course is westerly, but four
miles above its mouth it enters ;.In old longitudinal valley which cuts off a
segmen t of the plateau, ann turns abru ptly north for two miles before
crossing the flats to join the South fork. It is a fair-sized stream, measuring
about fifteen fet>t in width at ordinary stages of the water, where it leaves
the hills. The current is very swift, as the grade is steep, exceeding 400 feet
to the mile in somt> places.

The valley of Livingstone creek differs considerably in character from
that of the Klondike creeks. I n its upper part, it is a deep, rounded de
pression, evidently modified by glacial action, terminating in a steep
sided amphitheatrical basin. Farther down, the valley narrows in and
becomes a canyon bounded by steep rocky walls separated at their bases
by a narrow flat from 50 to 100 feet in width. The canyon portion of the
valley has a length of about three-quarters of a mile and ends abruptly at
the old valley previously referred to, which the creek C'nters after leaving
the plateau.

The working-s on Livingstone creek so far have been confined principally
to the canyon portion of the valley. Discovery claim, on which the most
work has been done, is situated near the head of the canyon. The gravels
here and along the canyon generally are quite shallow, seldom exceeding
three feet in depth, and in places the bed-rock is bare. They are, unlike
the Klondike g-ravels, only partially derived from the rock exposed along the
valley, and include much foreign glacier-borne material, largely of a granitic
character. Boulders are numerous and are often of large size, some of them
measuring six to eight feet or more in diameter. The heavy grade of the
valley renders hydraulicking practicable, and on Discovery claim the water
is flumed along the bank until a head of about fifty feet is gained and it is
then used to ground-sluice the Jight wash in the bed of the stream. The
heavy boulders are removed, when necessary, with a derrick.

The gold is found principally on bed-rock or in the crevices of the rock
and as a rule is very coarse. A third of the gold obtained from Discovery
claim consisted of nuggets over an ounce in weight, and none of it, 1 was
informed by the manager, could be called fine gold. The largest nugget
obtained was valued at ~304, and the second largest at :il295, assuming the
gold to be worth $;16 to the ounce, the ordinary price. The assay value of
the gold is stated to average 318.20 to the ounce. ,\ few of the nuggets show
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a rough surface and include fragments of quartz, but as a rule they are worn
quite smooth. This is probably Jue largely to the attrition of the sediment
in the stream, as it is impossible that gold of this character could have been
carried for any considerable rlistance.

Discovery claim is stated to have produced $11 ,000 in 1900, and a small
amount in the preceding year. The product of the present season was not
ascertained, but the 'clean up' which was made at the time of my visit
was very satisfactory and the output for the season will probably be con
siderable. The ten claims below Discovery claim and extending from it down
to the foot of the canyon are very similar in character to Discovery rlaim.
They are owned by a company and preparations are being made to work
them all an extensive scale during the coming season.

Very little work has been done on Livingstone creek above the canyon,
as the ground is much more difficult to prospect. The gravel is much deeper,
and as it is not frozen except in sheltered spots, \vork on the shafts has
mostly been stopped bdore bed-rocl< was reached by the inflow of water.
The claims will require to be drained before they can be worked and this can
only be done by a company owning several of them, or by a number of the
claim owners combining and working their properties in common.

Below the canyon, the creek, as stated before, enters an old valley and
runs for some distance at right angles to its former course. The gravel in
this portion of the valley proved to be very deep. A number of shafts have
been sunk, one of them to a depth of over seventy feet, without reaching
bed-rock. \Nork on most of these shafts was stopped by water before any
results were obtained.

Summit creek, two miles north of Livingstone creek, and rUllning
parallel with it, is a much smaller stream, scarcely measuring six to eight feet
in width where it leaves the hills. lt heads in the plateau and, after a course
of less than three miles, cascades down into a longitudinal valley, which here
follows the base of the hills and runs north to C'ottoneva creek. lts valley,
where it leaves the hills, is narrow and canyon-like in character, but above
the cascade it gradually widens out and assumes the form of a broad rounded
anrl comparatively shallow depression.

Discov('ry claim, on this creek, is situated at the foot of the cascade.
The gravels here are shallow and include, as on Livingstone creek, numerous
granitic boulders. The claim is worked by ground-sluicing, water for this
purpose being easily and cheaply obtained from the cascade. About $1,200
was taken out in 1900. The gold is similar in character to that from Living
stone creek. The claims above the cascade have not been prospected,
although some work has been done. The gravels deepen rapidly in ascending
the- valley, and work on the few shafts which have been started, has been
stopped by water before bed-rock was reached.

Lake creek, a mile north of Summit creek, is about equal in size to the
latter and its general chararter is very similar. Discovery claim on this creek,
is situated above a cascade, which occurs, as on Summit creek, near the
brow of the plateau. The gravels at this point, and for a few claims above,
are comparatively shallow, averaging from four to eight feet in depth and
can be easily worked. 'Nark had only begun at the time of my visit, but some
gold was being taken out and the miners appeared to be very hopeful in
regard to the future of the creek.

Cottoneva creek, three miles north of Lake creek, is a much larger and
longer stream and it has cut a more uniform grade down from the plateau.
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,\ canyon, half a mile in length, occurs about a mile from the point at which
it leaves the hills. Above the canyon the valley is wide with gently sloping
banks. The first discovery in the district was made on this creek in 1898,
but the yield has been small and at the time of my visit no work was being
done. The gravels are reported to be deep and difficult to work above and
below the canyon, and in the canyon, where they are shallow, they do not
appear to be productive. Besides the creeks briefly described above, good
prospects h;Jve been obtained from Martin and Sylvia creeks, south of
Livingstone creek, and from Little Violet and Mendocina creeks north of
Cottoneva creek, and on the opposite side of the valley some work was being
done near the mouth of St. Germain creek, a stream heading in the range
west of the South fork.

The total prod union of the Salmon river gold field up to, bu t not
including the present season, was estimated at $20,000, the greater part of
which has been obtained from Discovery claim on Livingstone creek. Work
in the district has, however, barely commenced, notwithstanding the fact
that gold was discovered as early as 1898. The field can only be considered
of moderatE' richness and the fame of the KJondike creeks drew most of the
miners to that section. The outlying camps are now, however, receiving more
attention and it is expected that work in tilE' futurE' will be more vigorously
prosecu ted.

Yukon Rivel', from. F01"t Selkirk to Stewart Rivel'

After leaving the Salmon river gold field we descended the Lewes and
Yukon rivers in a Peterborough canoe, and a few days were spent in mak
ing an examination of the geological section exposed along the Yukon
valley below Fort Selkirk. Only a brief reference to this work will be made
here. The rocks at Fort Selkirk and down the Yukon vallev for fifteen miles
consist mostly of diabases, coarse tuffs and agglomerates~These rocks are
underlaid by a highly altE'red clastic series consisting largely of quartz-mica
schists, quartzites and crystalline limestones. The clastic series, in a more or
less altered condition, occurs at intervals along the valley down to the
mouth of Forty-mile river and probably l>eyond. ft alternates in broad
bands with igneous schists and gneisses, derived mostly from granites,
quartz porphyries and diorites. The granite gneisses have been regarded as
the oldest rocks in the Yukon valley, but positive evidence was obtained
during the course of t.he exploration that. they are really younger than the
altered clastic series and have been intruded through them. The old igneous
schists, and to a less extent the clastic schists, are very important from an
economic standpoint, as they constitute the gold-bearing rocks at all the
camps so far examined. They arC' broken through at numerous points along
the valley by intrusives of various kinds and are overlaid in places by more
recent rocks, but a description of these does not come within the compass
of this report..

Thistle Creek

Thistle creek enters the Yukon from the east about eight miles above
the mout.h of White river. It is about eighteen miles in length and towards
the mouth from fifteen to twenty feet in width. The valley is flat-bottomed
in t.he lower stretches, the flats varying in width from 150 to 400 yards,
but towards the head it narrows into a V-shaped gulch. The bordering hills
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have a general height above the valley of 1,000 feet to 1,500 feet, but in
places slope up to sharp peaks and ridges very much higher. Terraces occur
at intervals, but do not form continuous lines. The grade of the valley in
creases gradually towards the head. Six miles above the mouth it amounts
to 50 feet to the mile, and at twelve miles to 100 feet to the mile.

Discovery claim on Thistle creek is situated about six miles above the
mouth. The creek was staked in 1898, but the work done on it up to the
present has been inconsiderable. At the time of my visit some work, chieAy
of a prospecting character was being done on claims 17 and 19 below and 9
above Discovery on a terrace opposite 9 above, and at the mou th of Edas
gulch which comes in opposite 12 below. The gravels on Thistle creek re
semble those on the Klondike creek. They consist principally of Aat schistose
pebbles, imbedded in coarse sand, and include occasional boulders of quartz
and granite. They have a thickness in the vicinity of Discovery claim of
from four to six feet and are overlaid by a layer of muck, usually from 8
to 10 feet in thickness. The terrace gravels are coarser than those in the creek
and have a thickness at the rim of the bench opposite Discovery claim
of 25 feet.

None of the Thistle creek claims yet worked have proved very rirh.
The gold is irregular in its distribution and so far has been found principally
along the left limit of the valley close to a well defined terrace which extends
from claim No. 9 above Discovery down stream about three miles. The gold
is found principally on or in bed-rock and occurs in coarse grains and
nuggets. The largest nugget reported came from claim 1'0.1 above Discovery
and was valued at $96. The total product ol the creek is estimated at
~10,000.

Henderson Creel<

Henderson creek enters the Yukon from the east about three miles
below the mouth of the Stewart. It is a longer stream than Thistle creek and
carries considerably more water, but is very similar in general character.
I t occupies a Aat-bottomed valley of the usual type, bordered by fairly
steep, mostly wooded, banks which are, in places, interrupted by irregular
disconnected benches, but the banks are not conspicuously terraced.

The rocks exposed along the valley consist, as on Thistle creek, mainly
of granite-gneisses and other igneous schists. At the Forks, three miles above
the mouth, inliers of white crystalline limestone associated with quartz
mica-schists and quartzite were noticed, and :lndesites occur in a group of
high rounded hills near the head of the creek.

Only one claim was being worked on Hendersun creek at the time of
my visit. The creek was hurriedly and inadequately prospected in 1898
and since then has been practically abandoned. The claim which is being
worked is situated about fourteen miles above the mouth uf the creek and
just below the junction of the main branch with Sixty-mile creek. lt is owned
by two Australian miners who have worked it partly by drifting and partly
by the open-cut method for several seasons, and are apparently quite
satisfied with the result. The gold is finer than on Thistle creek and is not
concentrated near bed-rock, as is the case on that creek, but extends, like
the Bonanza creek gold, upwards into the gravels for several feet. 1t is un
likely that this claim is the only one containing pay gravel in this portion
of the valley and systematic prospecting on some of the adjoining claims
would probably lead to equally good results.
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Sixty-Mile Dish'iet

The gold creeks of the Sixty-mile district are situated near the :\laskan
boundary, about forty miles directly west from Dawson. They can be
reached by ascending Forty-mile river, a western tributary of the Yukon,
to the mouth of Moose creek a couple of miles west of the International
boundary, from which point a good trail about twenty miles long leads to
the principal creeks; or by a pack trail from Dawson, 56 miles long which
follows the divide between Swede creek and the Yukon, or by ascending
Sixty-mile river. The latter route is seldom used, owing to the shallowness
of the stream, and the numerous bars and rapids which interrupt its course.
A.l1 these routes were traversed in the course of the present exploration. The
writer reached the district by Forty-mile river and the Moose creek trail,
and descended Sixty-mile river on the way back in a small canvas boat which
was portaged across from Forty-mile river for the purpose, while :\1r. Keele
travelled by the overland route and made as careful a survey of it as time
permitted.
Geology

The rocks in the Sixty-mile district are similar to those occurring on
the Yukon valley above Dawson. The beds have a general east and west
strike, and a section across them from Forty-mile river south to the Sixty
mile shows two broad bands of dark quartz-mica schists, quartzites and
crystalline limestones, similar to the rocks described by me in a former
report as the Indian river series, separated by a band of igneous schists four
to five miles in width. The latter consist partly of gray granite-gneiss, and
partly of light-coloured seri,ite schists derived mostly from quartz-por
phyries. The schists are replaced near Sixty-mile river by andesites and are
overlaid on Moose creek by a small area of conglomerates, probably of
Cretaceous age.
Gold-bearing Creeks

Coarse gold was discovered in the Sixty-mile district ill 1893, and from
that time up to the discovery of the Klondike creeks in 1896, it was one of
the principal producing camps in the Yukon country. It was practically
abandoned in 1897, but lately the miners have been returninp; to it. At the
time of my visit, about forty men were at work.

The principal creeks are Miller and Glacier* creeks on the Sixty-mile
slope, and IVloose creek, a tributary of Forty-mile. Moose creek is a large
stream, about twenty feet wide at its mouth, and about fifteen miles in
length. ] ts valley is about 200 yards wide in the lower reaches, but gradually
contracts towards its head into a narrow gulch. Gold in small quantities is
found all along the valley, but only a short stretch, barely a mile in length,
commencing about ten miles above its mouth, contained claims rich enough
to work. The gravels had a depth of from two to four feet, and the gold oc
curred in a narrow pay streak in the centre of the valley. The total amount
produced is given at $5,000 only.

Glacier creek is a tributary of Gold creek, and joins the latter a mile
above its mouth. It is a small stream, from two to three yards in width, and
less than seven miles in length. The grade is steep, amounting to about 100
feet per mile in the lower part of the valley, whilr further up it becomes

* A detailed description of Miller and Glacier creeks, by J. E. Spurr, is published in
the eighteenth Annual Report of the C.S. Geological Survey, pp. 320-326.
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much steeper. The valley conforms to the usual typf'. The upper part is a
narrow gulch, but in descending, it gradually widens, and towards its mouth
has a breadth of 200 yards. It has been worked from claim "\Jo. 28, above
Discovery, down almost to its mouth, a distance of about five miles. The
pay streak from No. 21 abow, down to No. 17 above, is reported to have
been very continuous but quite narrow, less than twenty feet in width.
Farther down it widened out and became more spotty. Claim )[0. 18 below
is stated to have been the best claim on the creek. The valley gravels have a
thickness of from six to ten feet and are overlaid, as on the Klondike creeks,
by a varying thickness of black muck. They have heen mostly worked over,
but a few claims, too Jow in grade to pay in the early days, still remain, and
some gold was also being obtained from a few of the richer claims which had
been imperfectly or only partially worked.

The terraces 011 Glacier creek were neglerted up to the last year or
two, but are now being worked at several points. \Nell defined benC'hes occur
on the left limit, opposite claims 10 and 12 above, and on the right limit
opposite No. 6 below and duwn the valley for some distance farther. The
bench opposite No. 10 above, is interesting in as much as the workings,
consisting of three shafts, one 62 feet deep, prove the existence of an old
channel, separated from the present creek channel by a rock ridge 27 feet
high and about 200 feet in width. The old channel has an elevation of 75
feet above the present one. Pay was found in one of the shafts, and the
owners expect to work the claim from a tunnel which they are driving
through the rock ridge. At claim ~o. 6 below, good pay has been struck on
a terrace on the right limit 40 feet above the valley bottom. The gravels
here have a thickness of about SO feet.

The terrace graveb of Glacier creek are ordinary stream wash, deposited
before the valley had been sunk to its present depth, and they have no re
semblance to the enigmatical quartz drift or white wash of Bonanza and
H unker creeks.

Miller creek, west of Glacier creek, empties into Sixty-mile river. It is
somewhat shorter than Glacier creek, about equal to it in size, and its general
character is very similar. ]V[ iller creek was considered a very rich stream in
early days, and for two or three years after its discovery, it ranked as the
chief producer in the Yukon coulltry; but it is now nearly exhausted so far
as the valley gravels are concerned. Terraces occur on the left limit from
No. 2 below, down to about No. 20 below. They were only discovered re
cently and are still practically unworked. A terrace claim opposite creek
claim No. 17 below, is stated to have yielded $18,000 during the past season.
The terrace here has an elevation of fifty feet above the creek hottom and
the gravels have a thickness of about fifteen feet near the rim, but evidently
deepen considerably, farther back.

Other creeks in the district are Poker and Davis, both of which head
in the Yukon territory, but have their principal productive portions in
Alaska; and Gold creek, Twelve-mile creek and \'alifornia creek, trihutaries
of Sixty-mile river from the north, all of which show prospects, but up to
the present have afforded no paying claims. The total production of the
Sixty-mile creeks is diffllu!t to estimate at this late date, but was probably
less than half a million dollars.

The gold on Miller and Glacier creeks is derived, in large measure,
directly from the quartz veins and silicified schists of the district, but
some evidence was obtained in the course of the exploration, serving to show
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that some of it has been deposited from solution. A boulder was found in
one of the workings on Miller creek, the upper surface of which was partially
covered with specks and scales of crystalline gold. The crystals were arranged
in dendritic forms, and while some of them were firmly attached to the rock,
others separated easily from it. The angles of the crystals were sharp and
showed no wear of any kind, while the boulder itself, an autoclastic quartz
mica schist, was wel I rou nded. The gold eviden tly d id not belong to the rock
originally, and the only explanation of its occurrence under the peculiar
conditions stated, seems to be, that it was taken up by some solvent and
redeposited on the surface of the boulder in the position in which it was
found. A number of specimens of unworn crystalline gold in filiform and
dendritic shapes have been found on Eldorado and other Klondike creeks,
which were probably formed in the S<1me way, <llthough 110 direct evidence
of this has hitherto been obtained.

Sixty-Mile River

A track-survey was made down Sixty-mile river from the International
boundary to its junction with the Yukon. This stream heads in Alaska and
has a length, after crossi ng in to C'anad ian terri tory, measured along the
valley, of about 70 miles, and following the windings of the stream, of about
125 miles. Its fall, measured roughly with the bmometer, from the boundary
to the Yukon, amounts to 1,425 feet, and the average grade of the valley
to a li ttle over 20 feet to the mi le.

Sixty-mile river, at the Boundary, is a rapid winding stream averaging
about 50 feet in width and interrupted at frequent intervals by steep bars
covered with only a few inches of water. The upper portion of the river
from the Boundary to California creek can hardly be considered a navigable
stream even for small boats. Below California creek the volume of water
increases and the descent becomes less difficult, but bars and rapids continue
almost to the mouth and no part of the river is easy to ascend. The tributary
streams are small, as a rule, but two large streams, one draining the country
to the west and the other to the south, come in within four miles of each
other, nearly opposi te Ind ian river and these branches nearly dou ble the
volume of the main river. Towards its mouth Sixty-mile has an average
width of from 40 to 50 yards.

The valley of Sixty-mile is generally Rat-bottomed, the Rats varying
from a couple of hundred yards to nearly a mile in width. The sides are
usually terraced ann in places, the stream for long distances, has cut a
secondary rock-walled channel, similar to that noticed on Indian river and
the Stewart, through the bottom of its old valley. The country bordering
Sixty-mile river forms part of tll(' Yukon plateau, a highland worn into
rounded hills and long zigzag ridges, but containing no well defined and
continuous mountain ranges..'\t several points, high hills usually built of
andesite, proj<'ct a few hundred feet above the general level.

Sixty-mile river affords a very good geological section, but only the
salient poinb of this can be given here. At the Boundary and clown the valley
to Bed-rock creek, thf rocks consist principally of igneous schists of various
kinds, largely granite-gneisses, with which are associated some quartzites
and other clastic sch ists. These schists consti tu te the gold-beari ng rocks.
They are replaced below Bed-rock creek by undesites which continue down
to a point a mile and a half below the mouth of Gold creek. The andesites
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extend up :Yliller creek nearly three miles and up Gold creek over ~even miles.
Their distribution south of Sixty-mile river is not known, but they apparent
ly cover a considerable tract of country in that direction.

Below Gold creek the granite gneisses and associated igneous and clastic
schists reappear and are exposed along the valley down to a point five miles
below the mouth of Ofa creek. The schists, in this stretch, are cut by numer
ous intrusions of newer granite, ancl quartz veins are fairly abundant. They
are succeeded by andesites, basalts and other volcanics, and these rocks,
alternating with basins of sedimentary strata consisting mostly oi con
glomerates, agglomerates ancl shales, probably of Cretaceous age, continue
down the valley [or twenty miles. Below that point the granite-gneiss and
included clastic schists and crystalline limestones appear again and outcrop
along the valley down to the mouth of the river. The gold-hearing rocks, it
will be seen, occupy the upper and lower parts of the valley but are covered
up along the central portion by more recent and, so far as known, barren
rocks. Some bars were worked in early days on Sixty-mile river, but so iar
as could be learned, none of them proved very rich and at the time of my
visit no work of any kind was being done.

Quartz Veins

Considerable prospecting for quartz has been done in the Klondike
district and in other parts of the Yukon country during the past season,
and numerous discoveries of more or less importance have been reported.
The old igneous and clastic schists reierred to previously as the gold-bearing
rocks and which have such a wide distribution along the Yukon valley,
are cut everywhere by quartz veins and in places these become so abundant
as to constitute a considerable proportion ui the whole rock-mass. The
majority oi the veins iollow the planes of schistosity or cut them at a small
angle. They are narrow and non-persistent as a rule, but occasionally swell
out into lenses of quartz six to eight feet or morc in width. These veins often
give fair assays and in places show free gold, but except in rare instances
they are too small singly to make mines. The discovery of a zone of small
auriferous quartz veins closely grouped together, and capable oi being
worked together, is however possible, and in a region so highly siJicifiec1 as
the Klondike district, even probable.

Before leaving Dawson, a visit was made to the ~ew Bonanza and
Lone Star claims at the head of Victoria gulch, a trihutary of Bonanza
creek. The development work done on these claims consists oi a few shallow
shafts or pits, none of which reach any considerable depth. At one of these
openings on the New Bonanza, a kidney of quartz, over six feet in width
has been uncovered for a few feet, one end of which is studded with grains
and nuggets of gold . .'\ second opening, 200 feet to the south-east, has been
sunk in a smaller quartz vein, also carrying free gold. A specimen of quartz
from this vein, in which no free gold could be detected 'with the naked eye
or an ordinary magnifying glass, was assayed in the laboratory of the
Survey and gave 2·625 ounces of gold and 3·267 ounces of silver to the ton.
The country rock, mostly sericite schi~ts, adjoining the vein, also proved
to be auriferous. Other small veins occur to the north-west, following the
same south-east and north-west strike as those above mentioned. The work
done on these claims is insufficient to base an opinion on as to their ultimate
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value, but the prospects are certainly encouraging enough to warrant
further investigation.

The existence of a group of quartz veins at the head of Victoria gulch,
carrying free gold in such quantitics, is interesting from the fact that the pay
streak on Bonanza creek practically stops at the mouth of this gulch. Vic
toria gulch itself is gold-bearing, and the gold obtained near its head is rough
and unworn and looks as if it had just dropped out of its original matrix.
I t is not in ferred from th is, of course, that all the gold on Bonanza creek
originated from this source, as the coarse gold found along this stream could
not have travelled any distance, but that some of it came from this point
seems beyond question.

Quartz veins are prominent in places along Sixty-mile river and a couple
of specimens collected proved to be auriferous..\ vein about four feet wide
cuts the granite-gneisses about a mile below Twelve-mile creek, in the upper
portion of the river. A sperimen from this vein was assayed in the laboratory
of the Survey and yielded 0·058 ounces of gold to the ton. A vein was also
found about six miles above the mouth of the river, on a bluff 200 feet
above the level of the valley, a specimen from which assayed 0·117 ounces
or nearly ~2.50 to the ton. This vein consisted of light brown drusy quartz
and at the point examined it was fully eight feet in width. It apparently
belongs to a different ,lass from the ordinary small gash veins of the district,
and is worth a closer examination, as the proportion of gold usually varies
along the strike and portions of this vein may be rich enough to work.

Quartz veins occur in the schists of the Salmon river country, but the
only specimens assayed from this district proved to be barren. Specimens
from a vein on Fish creek, a tributarv of the South fork, which carried iron
and copper pyrites and galena were shown to the writer. The vein is stated
to be of large size, but it was not examined.

River Dredging

The dredging operations at Cassiar bar, on the Lewes river, in 1000
proved a failure. i\bout 50,000 cubic yards of gravel were washed, and
the average yield, so I was informed by one of those interested, averaged
only five cents per cubic yard. The bar has been abandoned and the plant
transferred to a claim on Bonanza ,reek, where it is reported to be doing
satisfactory work. C'assiar bar was worked in early days by the miners, and
was supposed to offer exceptional facilities for dredging. The failure there
has, on this account, led to an impressiun that a like result would attend
dredging operations in any part of the district. This opinion, it seems to me,
is not well founded. Cassiar bar is situated a long distance from the source
of supply and, as a consequence, the gold is very light, and is confined, as
is usual in such circumstanres, to a thin tayt'r of gravel immediately beneath
the surface. The conditions are entirely different on streams or portions of
streams, near to, or cutting the rocks from which the gold originates. The
grains in the laun cast' are heavier, are less easily moved, and the gravels
increase in richness, as a rule, towards bed-rock. The bars 011 Forty-mile
river, a stream cutting the gold-bearing schists throughout nearly its whole
course, afford a good example of this. The gold on the auriferous bars on
this stream is much coarser than that obtained from C'assiar bar and the
best pay occurs near bed-rock. The gravels on the Klondike river below the
mouths of the gold-bearing cre('ks has been proved to be auriferous to some
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extent down to bed-rock, and gold, in grains much coarser than the ordinary
flake gold of river-bars, has been found in the bed of the Stewart, and also
on the bars of the Big Salmon. \,\/h('ther dredging would pay on any of the
streams mentioned, is a question which can only be answered by careful
prospecting or actual work, but it is obvious that the result of a single
experiment cannot be accepted as settling the matter in the negative for the
whole district.
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1902
Introductory 1'olote

The following note is by Dr. Robert Bell, Director, on held work
for 1902*:

"The most northerly expedition was that of Mr. R. G. McConnell
who, with lVIr. Joseph Keele as assistant, made an instrumental topographi
cal survey and a geological reronnaissance of Macmillan River, a stream
nearly as large as the Ottawa, which falls into the Pelly from the east, a
short distance above the point where the latter joins the Lewes to form
the Yukon. On reaching the forks of the Macmillan the instrumental survey
was discontinued and lVIcConnell explored the northern branch, while
lVIr. Keele traced the southern. In addition to the work done along the main
river and its branches, the hills and mountains on either side were ascended
at frequent intervals for the purpose of examining the rocks. It was found
that from the mouth of the river to the highest points reached, the main
stream and both its branches flowed over crystalline rocks, mostly altered
sediments. Samples were collected from a number of quartz veins and it
was hoped that some of these would be found to contain gold, but on assay
in the laboratory of the Survey, none was detected. The results of the
above work are, therefore, valuable principally on account of the new
topography and geology acquired, as well as the general information in
regar~, to the nature of the country through which the lVIacmillan River
flows.

THE MACMILLAN RIVER
by R. G. McConnell

The work during the season of 1902, consisted in making an examination
of the lVIacmillan river, one of the principal feeders of the Pelly. I left
Ottawa on the 7th of June, accompanied by lVIr. Joseph Keele, and reached
Whitehorse, where we outhtted, on the 17th of June, and Fort Selkirk at
the mou th of the Pelly, on tJw 22nd. Two days afterwards we proceeded up
the Pelly river, carrying our summer supplies in t\\TO Peterboroug-h canoes
which we had brough t wi th us from On tario.

The party consisted of Mr. Keele, who acted as topographer and as
sistant geologist, the writer, and two canoemen from Sault Ste. Marie.
We were delayed on the Pelly by the flooded condition of the river, the
highest rise of the season occurring on June 29, and did not reach the mouth
of the lVIacmillan until July S.

The early parl of the season was ocrupieJ in making a traverse by
mirrometer up the Macmillan to the forks, a distance of about 150 miles.
The micrometer traverse was afterwards continued by Mr. Keele up the
South fork for a further distance of fifty miles. The North fork proved to
be an exceedingly rapid stream, very difficult to ascend, and as time was
limited and it was important to explore both branches, Mr. Keele was
directed to survey as much ot' the South fork and its tributaries as possible,
while the writer continued on up the North fork. This was ascended to a
point a few miles above Cache creek, and then the latter stream was followed
to its head. Vie had been informed that it headed with Peel river, but this
proved to be incorrect. The valley occupied by Cache creek connects the

*Sum. Rept., 1902, in Ann. Rept., vo!. XV, p. 12A (llJ06).
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Macmillan with the South fork of the Stewart, and from the top of a moun
tain at its head, which was ascended, the valley of the Stewart could be
traced at least thirty miles in a north-easterly dirertion. The head of
Cache creek, the farthest point gained, was reached on August 12, and on the
13th we commenced the return journey. i\ number of mountains had been
selected for climbing on the way up, and stoppages of from one to three days
were made at those points on the way down. A micrometer traverse was
also made of the Pell)' from its junction with the Macmillan to Fort Selkirk
at its mouth.

(;I'nera] Description

The Macmillan river has a total length of about 285 miles. It divides at
150 miles above its mouth into two nearly equal branches, known as the
North and South forks. The :\forth fork carries the most water, and has a
length of about 135 miles. The South fork is probably of nearly equal length.

The main river, in its lower reaches, is a winding stream varying in
width from 300 to 500 feet. The current is sluggish, seldom exceeding, in the
first fifty miles, a rate of three miles an hour. The valley has a width of
from one to five miles or more and is covered with a heavy deposit of clays,
silts, sands, gravels and boulder clav. The river has cut a great trench in
these deposits usually about. 200 feet in depth, and from one mile to two
miles in width, and now winds from side to side of this depression, occasional
ly cutting into and destroying portions of the bordering banks. In the lower
portion of the river the cut banks consist largely of a bluish plastic clay, and
at several points great masses of this material have slidden forward and in
some instances formed barriers extending nearly across tl1f river. The drift
plain bordering the river banks is bounded on both sides by ranges and
groups of hills and mountains, rising from 2,000 feet to nearly 5,000 feet
above the level of the valle\'.

The easy cunen t char-acteristic of thE' lower portion of the ?vIacm ilIan
is interrupted about fifty miles above its mouth, by a stretch of com
paratively rapid water five or six miles in length, above which the current
is again generally slack for a further distance of fifty miles, although a few
riffles occur. In the upper fifty miles, the current becomes much swifter,
flowing at a rate of from three to five miles an hour. The swiftest stretches
occur at places where the stream has reCE'n tly broken through the necks of
ox-bow bends, and so shortened its course. The greater portion of the river
is easily navigable, except at low water, by small steamers.

The principal difficulty occurs at Porphyry bluff_ The river at this point
runs swiftly around a number of sharp bends and the channel is filled with
snags. The latter could easily be removed if necessary. The grade of the
NI acmillan was estimated at from one to two feet per mile in the lower por
tion of the river and from two to four feet in the upper portion. The averagE'
grade throughout, probably amounts to auout three feet to the mile and the
total fall from The Forks to tlw Pellv is estimated at 450 feet.

The principal feeders of the rVIacmilJan below The Forks are Kalzas
river, Moose river and Hussell creek. The streams are all northern tribu
taries, no important keders entering tlw river from the south. Kalzas river,
which joins the Macmillan twenty-seven miles above its mouth, is a large
rapid stream about sixty feet in width. I t forks a short distance above its
mouth, the principal branch occupying a wide terraced valley, which extends
in a north-easterly direction for a distance of about forty miles. The north-
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westerly branch empties Kalzas lake, a sheet oi water about six miles in
length, lying behind the Macmillan mountains. This branch follows part of
an old valley, which has been traced from the Pelly, in a north-westerly
direction to the Klondike and beyond. This valley is occupied in different
parts of its course by a portion of the Pelly, a branch of Kalzas river,
Crooked creek, a portion of the Stewart river, Clear creek, Flat creek, and
the lower part of the ~orth fork of the Klondike river. This ancient drainage
channel is an important topographical feature of the country, and may
prove to be of economic value, as gold may be concentrated in portions of
its course. It runs in a north-westerly direction, crossing the present main
drainage channels diagonally, and has a width of from two to ten miles or
more. In the glaciated area, it is bordered by wide terraces built up of silts,
sands, gravels and boulder clay, and in the unglaciated area, north of the
Stewart, it is filled to a depth of at least 600 feet with sand and gravel.

Moose river, which enters the Macmillan about midway to the Forks,
also occupies an old valley which extends in a north-easterly direction to the
South fork of the Stewart, but has not been traced beyond. Moose river is
a winding stream about 50 feet in width having a length measured along the
valley of about eighteen miles, but following the windings of the stream it is
fully twice this distance. It is the outlet of Moose lake, a body of water
about eight miles in length occupying a depression in the floor of the old
valley.

Russell creek (Red Slate creek) joins the :vIacmillan about four miles
below the Forks and is important as being the only tributary, so far, on which
coarse gold has been found. It heads in a small lake 12 miles north of the
Macmillan, and has a total fall of 1,400 feet. It is a rapid stream about 40
feet in width and is fed by a number of impetuous torrents descending from
the mountains bordering its valley. The valley of Russell creek is from one
to three miles in width and extends through to the Stewart drainage system.

Recent elevation in this valley is shown by the fact that the present
stream has cut in places a canyon in the bottom of the old channel.

Topography

The general character of the country in the vicinity of the Macmillan
is mountainous, although the ranges as a rule are isolated by wide valleys
and depressions. Below Kalzas river the Macmillan is bordered on the north
by the Macmillan mountains; a long ridge with fairly even slopes except
near the centre, where it rises about 1,000 feet above the tree line and is
broken into a number of rocky peaks, the highest of which has an elevation
of about 3,800 feet above the level of the river or 5,600 above the sea.
Opposite the Macmillan mountains the country between the Macmillan and
the Pelly is occupied by a high plateau-like mass with smooth outlines, the
summit of which rises just above the tree line to an elevation of about
2,700 feet over the valley. East of this plateau is a wide depression, extend
ing east to Dromedary mountain and south to the Pelly. This depression is
faced on the north of the Macmillan by Kalzas mountain and the range
connected with it. Kalzas mountain rises 4,300 feet above the valley and
is the highest peak along the main Macmillan river. :'>rortheast from it, at
a distance of ten miles, is Clarks peak, a conspicuous conical mountain,
visible from almost every elevation climbed to, along the river.

The region north of the Macmillan, between the valley of Moose river
and Russell creek, is occupied by a high broken plateau, deeply trenched
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by numerous streams flowing into the surrounding valleys. South of the
Macmillan the country bordering on the valley, with the exception of a
couple of relatively unimportant depressions, is rough and mountainous
from Dromedary mountain east to the Forks. The mountains, mountain
groups, and broken uplands along the Macmillan valley have a common
origin and may be briefly described as representing surviving fragments
of an extensive highland, the major portion of which has been destroyed
by sub-aerial denudation and erosion.

The North Fork

The Macmillan, a few miles above Russell creek, separates into two
branches known as the North and South forks. The two branches are nearly
equal in size, but the former carries a much larger volume of water. The
North fork, although it continues for some miles in the same direction as
the main Macmillan and occupies a similar wide flat bottomed valley,
differs entirely in character.

It is an exceedingly rapid stream and bears more resemblance to a
mountain torrent than to an ordinary river. Between the Forks and Cache
creek, a distance of 45 miles, measured along the valley, and about 70 miles
following the windings of the river, the former has a fall of about 18 feet
to the mile and the river of about 12 feet to the mile. The current is uni
formly swift throughout, running at the rate of from five to eight miles an
hour. The channel in places is filled with boulders, and strong riffles are
frequent, especially for some miles above and below the mouth of Husky
Dog creek, but no strong rapids necessitating portages occur below Cache
creek. Two and a half miles above this is the Big Alec rapid, a rough bed
rock rapid a quarter of a mile in length. Above this rapid the stream con
tinues very swift as far as examined.

The direction of the North fork is generally a few degrees north of east,
except in one stretch 10 miles in length commencing 25 miles above its
mouth measuring along the valley. The river at this point enters an old
valley running nearly magnetic north and south and follows it north to the
mouth of Husky Dog creek, then leaves it abruptly and continues its
easterly course. The old valley just referred to extends south to the South
fork, and north probably to the Stewart and is occupied in turn by a number
of streams along different portions of its course.

The principal tributaries of the )Jorth fork are Ban, Husky Dog and
Cache creeks from the north and C1earwater creek from the south. These
streams all carry considerable volumes of water, and occupy deep, wide
valleys. Cache creek, the only one examined, has a width of about 50 feet,
and a length measured along the valley of 20 miles. The valley of this creek
is wider than that of the main stream and extends through to the South
fork of the Stewart. The summit is close to the Stewart valley and the
drainage is all southward.

Topography

The North fork below Barr creek is bordered on the north by a long
ridge and on the south by a high wooded plateau. Six miles above Barr
creek the river bends suddenly northward, between two lofty mountain
ranges, and for the remainder of its course traverses a continuously moun
tainous country. The name Selwyn range is proposed by the writer for this
group of mountain ranges. The summit range of the Selwyn mountains forms
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the Yukon-Mackenzie watershed-and the whole group may be considered
as one of the sub-ranges of the Rocky mountains. The central portion of
the range is drained on the west by the North fork of the Macmillan and the
South fork of the Stewart and on the east by Gravel river, all large, rapid
streams. The north and south limits of the range have not yet been defined.

Selwyn range differs from the main range of the Rocky mountains
further south in consisting of a number of irregular groups of mountains and
not of a series of parallel longitudinal ridges. This feature is due largely to
the presence in the range of several large granite masses, cutting the argillites
and cherty rocks of which the mountains are mainly formed. The mountain
groups are occasionally separated from each other by wide, low passes
connecting the main drainage line. The mountains have a height of from
3,000 to 5,000 feet above the valley, or from 6,000 to 8,000 feet above the
sea. Their general appearance is rather subdued, as the argillites and cherts
when horizontal, or nearly so, weather into rounded elevations without
marked individuality. The sculpturing in the granite areas is, however,
bolder and more rugged, and the shattered pinnacled crests which often
surmount the ridges of sharply tilted cherts and agglomerates, give variety
to the view.

The South Fork

The South fork at its entrance to the main river is verv unlike the
;\iorth fork. It is rather wider, having a width of 250 feet; the current is
slack for several miles above its mouth, the colour of the water is much
darker and the temperature slightly higher than that of the ;'\Jorth fork.
The stream as far as examined has many of the characteristics of the main
river. For the first twenty-five miles, following the windings of the stream,
the average grade is about three feet to the mile; from this to the canyon
the grade is probably five feet. The speed of the current varies from two to
five miles an hour, with occasional accelerations. Fifty-eight miles from the
Forks is a canyon about half a mile in length, the river breaking into three
rapids on its course through it. Beyond the canyon the valley widens out,
the grade increases and the river runs swiftly around sharp bends and re
sembles the North fork in character during the remainder of its course.

The general upward direction of the South fork is south-easterly, but
toward the head it appears to bend to the north, and one of its upper
branches heads quite close to those of the North fork. The first tributary
stream enters the South fork from the south at a distance of twenty-four
miles from the Forks; beyond this arc several small streams coming in from
both sides. The principal tributary is Riddell river entering from the south,
forty-six miles from the Forks. This river is 125 feet wide, the water is of a
brown colour, and the current is slack, moving at the rate of about two miles
an hour at the lower portion; the grade increases slightly, higher up the
stream, with occasional small riffles.

Tvventy-six miles above its mouth Riddell river divides into two
branches of about equal volume, the one from the south coming in with
the velocity of a torrent. Beyond this the easterly branch is still water for
about a mile, then becomes swift and the river from this part onward is
impassable with canoes.

Topography

The vaJJey of the South fork bears such close resemblance, both lt1
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grade and cross section, to the main river valley, that it may be regarded
as a continuation of the latter.

For about ten miles by the valley above the Forks the South fork is
bordered on the south by long ridges of fairly regular outline rising from
500 to 1,200 feet above the valley; these slope gently back from the river
banks and are thickly covered with moss and small spruce. Beyond this the
ridges become lower and recede from the river, the valley widening out on
both sides. Sixteen miles, by the valley, from the Forks is a very pronounced
depression to the north of the river. This depression runs through to the
North fork, a distance of about eleven miles. The nature of the floor of this
valley is conrealed by a thick growth of small spruce and a deep covering of
moss, but from the absence of rock exposures and the presence of numerous
small lakes it is assumed to be an old valley of erosion, partially filled up by
deposits of loose material of glacial origin. The floor of this valley rises to a
heigh t of 300 feet above the level of the Sou th fork, and to abou t 170 feet
above the North fork.

East of this valley and on both sides of the river are mountain groups,
those to the north rise gradually by a series of ridges and culminate in
several lofty peaks, which form an important spur of the Selwyn range.
The group to the south is known as the South Fork mountain, and bears a
rough resemblance to an elevated table land. The watershed of this group
is close to the South fork and one of its chief features is the deep channels
which the streams have cut in its flanks. Here are seen gorges V-shaped,
with walls sometimes 500 feet in height.

Beyond the canyon the valley opens Ollt again and widely isolated
groups of high mountains are to he seen in the distance to the east and
south, while the intervening country present.::> a succession of low parallel
ridges with even outlines. Riddell river flows through this rolling country,
slowly cutting down it::> bed in sand and gravel deposits.

Terraces, wetl preserved and continuous, are to be seen in this part of
the valley; the highest well marked ones were found at an elevation of 600
feet above the river level, or 3,000 feet above the sea.

Forests

The principal tree found along the valley of the Macmillan is the
white spruce (Pieea alba). This tree is found both in the valley bottoms
and on the mountain sides to a height of 2,800 feet above the valley at the
mouth of the river and 1,800 feet above the valley at Cache creek. Groves
of white spruce with trees measuring from one to two feet in diameter occur
on most of the river flats and alluvial islands, and in a few localities indi
viduals of this species were seen which measured three feet in diameter.
The groves are small as a rule, but the aggregate amount of good spruce
timber in the valley is considerable. Among the other trees noticed may be
mentioned the black spruce (Pieea nigra), tht' aspen (Populus tremuloides),
the balsam poplar (Populus balsamij'era) , the black pine (Pinus Nlurrayana) ,
the balsam fir (Abies subalpina) , and a birch (probably Betula papyrifera).
The black pine occurs in large groves on the benches along the lower part
of the Macmillan valley and was traced eastward for thirty miles beyond
the fork. It seldom exceeds nine inches in diameter. The balsam fir occurs
mostly on the mountain slopes and was seldom seen on the river flats. It is
fOllnd all the way to the tree line, but seems to thrive best at an elevation
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of 1,200 feet above the valley, the trees gradually decreasing in size above
and below this elevation. The birch is usually small and not very abundant.

The forest along the main Macmillan and up both forks for some
distance is fairly luxuriant and very similar to that on the Lewes and Upper
Yukon. On the upper portion of the North fork the trees are much smaller
and more scattered, and the prevalence of white reindeer moss on benches
and mountain slopes contribute a sub-arctic character to the landscape.

Geological Section 011 the '\1acmillan and down PelIy River

The Macmillan valley does not afford Cl good geological section, as it
is filled with glacial drift and bed-rock is seldom exposed. The frequent
long gaps in the valley section, rendered necessary an examination of the
bordering ridges and mountains, 011 all of which good exposures were found.
Some time was spent on the Pelly below the mouth of the Macmillan, as
only a hurried examination of the rocks was made by Dr. Dawson in 1887.

Steep mural cliffs of basalt occur along the right bank of the Pelly
above its mouth and rounded hills of massive gray biotite granite on the
left bank.

The basaltic plateau occupies the angle between the Pelly and the
Yukon and extends down the latter river aboLlt twelve miles. It has a height
of about 520 feet. A typical well-preserved volcanic cone built largely of
vesicular basalt occurs a few miles north of the Pelly. The cone has a height
of 2,570 feet above the river, ancl of about 1,000 feet above the general level
of the country in its vicinity. The crater in the summit of the cone has a
depth of 450 feet and a width at the bottom of 300 feet.

The last lava Aow, now represented by a ridge of basalt fifty feet high,
escaped through a break in the encircling wall of the crater and streamed
to the eastward. The date of this volcanic cone is comparatively recent as
its outlines have not been modified by denudation to any material extent.
lt is unlikely that all the basalts in the vicinity issued from this cone and
it is probable that other vents will be discovered when the country is closely
examined. The basalts are replaced four miles up the valley by grey biotite
granite, and the latter, five miles further on, by crystalline schists.

The schists include several varieties, the principal one being a hard
quartz-mica schist evidently an altered clastic, garnetiferous schists,
chloritic and hornblendic schist, and bands of white crystalline limestone.
These rocks are associated in places with granite-gneisses and evidently
represent the :\fasina series described in previous reports as occurring on the
Yukon and Stewart rivers and in other localities. They have an east and
west strike, and outcrop along the river in frequent exposures up to Willow
creek, a distance of over twenty miles. East of Willow creek the Pelly winds
through a wide depression filled wi th glacial deposi ts, and destitu te of
exposures of older rocks. The depression extends southward along Mica
creek, the outlet of Tatlmain lake and may be underlain by the C'retaceolls
coal-bearing rocks which cross the Lewes at the Five Finger rapids. Drift
lignite was found on Mica creek, and also on the Pelly below the mouth of
this creek.

The hills which border the depression, just mentioned, on the north
east consist of sheared granite-gneisses similar to those along- the Yukon
valley, and evidently like them of eruptive origin. They are concealed along
the river but OlltCrop in Knob Hill, north of Willow creek and Ptarmigan
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mountain, south of Granite canyon and also at one point above Gull rock
in Granite canyon where they project up into the andesites.

The granite-gneisses are overlaid in the valley of the Pelly for some
miles below Granite canyon by andesites, and these rocks form the high
valley walls in the lower portion of the canyon. The andesite is associated
in a couple of places with soft yellowish tuffaceous sandstones and dark
carbonaceous shales. The latter at one point near Gull (Needle) Rock pass
into an impure lignite. These carbonaceous beds are probably of the same
age as the lignite-bearing beds at Five Finger rapid which hold Cretaceous
fossils. (Later work has assigned these beds an early Tertiary age (see
Mem. 189, p. 39).)

East of Gull (Needle) Rock, a name given to a sharp splinter of andesite
forty feet in height in midchannel, the canyon walls consist largely of
volcanic bombs. The upper part of the canyon is cut through coarse gray
massive granite. Between the upper end of Granite canyon and the mouth
of the Macmillan, the rocks exposed in the valley consist of chlorite and
sericite schists, passing in one place, into an augen gneiss. These rocks
resemble the Klondike schists which are known to be, in part at least, of
eruptive origin.

The Macmillan mountains north of the lower part of the YIacmillan
river consist largely of a quartz schist or felspathic quartzite, the precise
character of which has not been determined. This rock is coarsely schistose,
varies in colour from white to black and is jointed at right angles to the
bedding planes. It is interbanded with dark argillites, mica schist and
crystalline limestone.

A couple of rocky bluffs south of the river, one 1,000 feet in height,
are built of white coarsely crystalline limestone containing numerous
fragments of crinoid stems, probably indicating Carboniferous age. The
limestones overlie chlorite and sericite schists, on which they probably rest
unconformably. Several small areas of eruptive rocks, mostly granite and
andesite, occur in the Macmillan mountains.

The Macmillan mountain beds have a general N.v\!. and S.E. strike
and dip to the S.W.

They are succeeded and apparently underlain, ascending the river,
by hard dark argillites, passing in places into quartzite bands and inclosing
occasional beds of limestone. These rocks are well exposed in the southerly
slopes of Kalzas mountain, and farther to the east in Lone mountain and the
summit of Dromedary mountain. They are cut off at the summit of Kalzas
mountain by granite, and are apparently underlain on the north-east by a
band of breccias or agglomerates consisting mostly of angular fragments of
dark and occasionally green and red cherts, imbedded in a siliceous matrix.
The chert breccias form the eastern part of the Kalzas range and also out
crop in the lower slopes of Dromedary mountain south of the river.

The chert breccias are followed, apparently in descending order by
slates, alternating in places with dark cherts, and then by a great series of
tuffs, grits, quartzites, and red, green, gray and striped slates and schists.
The red slates and associated rocks occur along the :vIacmillan from a point
a few miles above the mouth of Moose river up to the Forks and beyond.
They form the greater part of Plateau mountain north of the Macmillan and
the Russell mountains east of Russell creek. A wide band of dark brittle
cherts interbanded with the red slate series crosses Plateau mountain west
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of the summit, and massive amygdaloids, passing in places into a schist,
outcrop north of the valley a few miles below the mouth of Russell creek.

The red slate series, like the beds in the lower part of the river, have
general north-west and south-east strikes and south-west dips. The attitude
of the beds apparently indicate a descending series from the mouth of the
Macmillan to the Forks, but the regularity of the dip is probably due in
large measure to faults and over-turn folds.

The rocks along the main Macmillan may be divided tentatively into
two great groups. One group consists of argillites, quartz-schists, quartzites,
and limestones and the other largely of volcanic fragmental rocks including
tuffs, felspathic grits, and red, green, brown and striped schists. The latter
group are interbanded with and are overlain by cherts and argillites, above
which are chert-breccias.

North Fork Section

Striped and green schists belonging to the red slate series are exposed
on the North fork for some miles above its mouth and are then replaced
by dark argillites holding occasional beds of limestone. The argillites are less
altered than the red schists and associated beds, and the cleavage planes are
subordinate to the bedding planes. They are probably the equivalents of
the argillites and cherts which overlie the red slate series on the main river
above the mouth of Moose river. These argillites have a wide distribution
as they are found all along the ~orth fork up to the mouth of Cache creek
and on the lower part of Cache creek. Above the mouth of Husky Dog creek
they alternate with dark, brittle, flinty beds, which are referred to as cherts,
and are largely due to an infiltration of the argillaceous beds by amorphous
silica. These cherts occur both in thin beds, and in bands up to a thousand
feet or more in thickness. They are the most prominent rocks in the Selwyn
range.

The schists and quartzites of the red slate series were noticed at several
points along the North fork, especially in the vicinity of the eruptive masses
but no large areas were determined.

The argillites and associated cherts are replaced near the head of
Cache creek by an alternating series of chert breccias, shales, and dark
limestones at least 5,000 feet in thickness. The chert breccias resemble those
in the Kalzas range north of the main Macmillan and are apparently a repe
tition of the same series. The angular chert fragments, the principal consti
tuent of the breccia, are precisely similar to the chert beds and bands found
lower down the river and are no doubt derived from them.

The North fork section may be summarized as consisting of three sets
of beds, viz.: a lower series of red, green, and striped schists, with tuffs and
quartzites, a middle series of argillites and cherts, and an upper series of
chert-breccias and shales.

South Fork Section

The rocks on the South fork of the main Macmillan are similar to those
on the North fork. The red and green schists occur near the mouth, but are
soon replaced by argillites and cherts, and the latter twenty miles above
the Forks are followed by chert breccias, shales, sandstones and limestones
which continue as far as the mouth of Riddell river. Beyond this the rock is
principally shale of a compact variety, which becomes hardened and altered
near the intrusive masses. The mountains to the north of the river are com
posed of granite and those to the south of andesite. The latter rock cuts
through the shale of the valley at a height of about 1,500 feet above the river.
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About eleven miles above the mouth of Riddell river several dykes
cut the shales. These dykes harden the latter, which here form the walls of
a narrow canyon about half a mile long. The bedrock of Riddell river is a
soft, crumbling, black shale with occasional harder beds. The age is un
certain as no fossils were found, but they are probably younger than the
chert-breccias.

Granites and allied rocks and andesites occur at several points along
the Macmillan and its tributaries, but as the specimens have not been
examined microscopically, only a brief reference will be made to them here.
A number of irregularly distributed granite areas occur in the Selwyn
range, where they form the central portions of some of the principal moun
tain groups.

The granite is of the usual gray biotite variety, is often strongly jointed
and weathers into conspicuous cliffs and bold rocky summits. Areas of
granite also occur east of Russell creek, on the northern portion of Kalzas
mountain, and crossing the Pelly river a few miles below the mouth of the
Macmillan.

The South Fork mountains were found by Mr. Keele to be built largely
of andesites, and small areas of this rock occur on the Macmillan mountains,
and also at the Granite canyon on the Pelly. The andesites are much younger
than the granites and at the Granite canyon are associated with lignite
bearing beds of probably Cretaceous age*.

General Glacial Features

During the glacial period a glacier descended the Macmillan river
valley from the Selwyn mountains to its mouth and continued down the
Pelly river to a point about 20 miles above Fort Selkirk. Glacial groovings
and stri;:e occur at a number of places along the bottom of the valley, and
on the lower slopes of the mountains bordering the valley up to a height of
1,200 feet. The direction of the ice flow was westerly and coincided very
closely with that of the valley. The thickness of the ice, judging from the
height at which foreign material was found, was 3,000 feet in the western
portion of the Selwyn mountains, 3,300 feet at Dromedary mountain, and
2,000 feet at the MacmiHan mountains. The upper surface of the glacier
appears to have been nearly level from the Selwyn mountains to Dromedary
mountain, the slope being less than that of the present valley, but west
of this point the western declination averaged nearly 200 feet to the mile.

The ice even in the Selwyn mountains did not cover the higher peaks
or, if it did, has left no trace of its presence, and while the valleys and de
pressions in the broken country to the west were deeply submerged all the
principal elevations remained uncovered.

Foreign material in the MacmilIan mountains is found up to a height
of 2,000 feet. Below this elevation the slopes are comparatively smooth,
but above it the harder bands of rock often project above the surface in
crumbling walls and loose rocky points which show no evidence of ever
having been disturbed except by the ordinary agents of sub-aerial denuda
tion.

The deposits of the ice period, consisting of boulder clays, gravels,
sands, silts, and clays, are exceedingly irregular in distribution and sequence

* Now believed to be Tertiary.
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and indicate rapidly changing conditions along the valley. Beds of gravel,
evidently deposited by running water, fine silts which have slowly settled
down in still water, and glacial boulder clays often alternate several times
in the same section.

Boulder clay occurs in disconnected patches all along the Macmillan
valley, and down the Pelly for some distance below the junction of the two
streams. The heaviest and most continuous deposits of this material noticed
occur on the Pelly river above Mica creek, near the western limit of the
glaciated area. Sections at the cut banks along this portion of the river show
a bed of typical boulder clay, filled with glaciated boulders, forty feet in
thickness.

The upper surface of the boulder clay bed is level and is covered with
rolled gravel alternating in places with sand. A layer of large boulders
occasionally occurs at the bottom of the gravels.

Besides the main boulder clay bed at the base of the glacial deposits,
several smaller beds alternating with silts, sands and gravels are exposed
higher up in the face of a steep terrace which follows the river on the north.
The section is concealed in places and a complete record could not be
obtained. Granite boulders foreign to the locality occur on the hill sides at
this point up to a height of 850 feet above the river.

The boulder clay is underlaid in some places by a bed of rolled gravels,
but frequently rests directly on the bed-rock. It is overlaid as a rule by silts,
sands and gravels, inclosing occasional beds of boulder clay. These deposits
are exceedingly irregular and their sequence varies in every section exam
ined. The thin silt beds are often folded around irregular patches of coarse
gravel of from three to six feet in thickness and in places are sharply flexed
and even overthrown.

The reason for this singular attitude of the silt beds is not clearly
understood, as the movement which produced them, if it were movement,
did not affect the associated coarse sands and gravels.

I t is possible that the folding in some instances was caused by the
pressure of ice descending the valley and dragging over the beds, but this
explanation does not appear to be of general application. I n some cases the
appearance of the beds suggested the deposition of the silt beds in quiet
water around masses of gravel brought down into the valley by torrential
side streams. The peculiar folded character of the silt beds overlying the
boulder clay in the Macmillan valley was also noticed in previous explora
tions on the Teslin, the Lewes and the Stewart.

The boulder clay in the lower part of the Macmillan valley is overlaid
by an important clay bed at least 200 feet in thickness. The clay is bluish in
colour, is indistinctly bedded and is very plastic, rendering it peculiarly
liable to slides. The clay is very pure as a rule, but in places appears to pass
upwards into a silt. It is overlaid by sands and gravels. The clay bed was
traced from the mouth of the Macmillan up the valley for sixty miles, but
is not found on the Pelly below the mouth of the Macmillan.

It was evidently deposited in a long narrow lake of considerable depth,
probably held in by an ice dam at the mouth of the Macmillan.

The lower slopes of the mountains where it occurs are faintly terraced
up to a height of at least 1,500 feet.

The alternating and irregular beds of silts, sands, gravel and boulder
clay which form the upper part of the glacial deposits along the Macmillan
valley evidence a period of rapid and complex changes, since quiet water,
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swiftly running streams and ice, are all necessary to explain them. The
surface of the narrow valley-plain built up by these deposits is always more
or less pitted, and in places is formed of a complicated series of interlacing
ridges, some of them evidently of morainic origin inclosing pits and basins
often fifty feet or more in depth. A section of one of those ridges showed it
to consist mainly of coarsely stratified sands and gravels with some soft
boulder c1av.

The s<i'nd and gravel beds possessed a rough anticlinal attitude. cor
responding in a general way with the outline of the ridge, but much flatter.

The thickness of the drift deposits along the Macmillan is variable but
usually measures from 400 to 500 feet. Kalzas river, one of the main tribu
taries is lined with conspicuous terraces up to a height of 900 feet.

Lakes are common throughout the glaciated district. A number of small
lakes occupying shallow rock basins occur in the granite ranges of the Sel
wyn mountains, and the pits and hollows inclosed by the morainic ridges
are often partially filled with water.

The larger lakes like :lVIoose lake and Kalzas lake occupy long depres
sions in the glacial plains, probably produced in some cases at least by the
thawing out of masses of ice left behind on the retreat of the main glacier.

Another class of lakes common in all the valleys simply represents
abandoned portions of old river channels.

Economic Geology

The Macmillan river has not so far produced any gold, although it
has been more or less prospected along its whole course. Fine colours are
present everywhere, but no pay bars, such as have been worked on the
Stewart, PeJJy and other tributaries of the Yukoll, have been discovered.
The old quartz-bearing schist and gneiss which contribute the gold to these
streams are replaced in the valley of the Macmillan by younger formations,
none of which have proved to be notably auriferous.

The most promising formations for minerals of economic value are
the quartz schists and accompanying chlorite, and sericite schists near the
mouth of the river and the wide band of red, green and dark schists and
associated rocks which crosses the valley in a diagonal direction at the Forks
and extends up and down the river for a considerable distance. Both these
formations are cut by occasional quartz veins and silicified zones, but the
few specimens collected proved on analysis to be barren. Argillites heavily
impregnated with pyrite occur in Lone mountain and also in Dromedary
mountain. Specimens were analysed but yielded nothing of value.

The only tributary of the :vIacmillan on which coarse gold has been
definitely reported is Russell creek. This stream enters the Macmillan
from the north, four miles below the Forks, and cuts through the red schist
series referred to above along its whole course. A mining concession embrac
ing the larger part of the main valley has been granted to a company, but
no work was in progress during the past season and no definite information
in regard to values was obtainable. Some prospecting was done above and
below the concession during the season, the results of which were not
considered favourable, although fine colours and an occasional coarse colour
were obtai ned.

Russell creek occupies a wide heavily glaciated valley, floored, especially
in the lower part, with heavy deposits of silts, sands and gravels mostly
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of glacial origin. This drift material thins out gradually ascending the valley,
and near the summit the bare rocky Roor of the old valley bottom is often
uncovered. The present stream occupies a narrow depression sunk through
the drift deposits down into the bed-rock beneath. The grade of the stream
is heavy, averaging 100 feet to the mile, the Row of water in the main stream
and also in some of the steep tributaries is ample for hydraulicking at all
seasons and the conditions are generally favourable for cheap working. The
prospecting done up to the present time has proved the presence of coarse
gold in the creek, but has done little more. The extent of the auriferous
gravels and their average value still remains to be determined.

A small seam of carbonaceous shale or impure lignite, of no value,
occurs at Granite canyon on the Pelly, and drift lignite, as stated on a
previous page, was found on Mica creek. It is highly probable that Iignite
bearing beds underlie the comparatively Jow country along Mica creek, but,
as no surface exposures were seen, definite information on this point can
only be obtained by boring.

A shaft sunk on an easterly branch of Mica creek, about eight miles
from the Pelly, is reported to have passed through several small seams of
lignite.
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1903
Introductory Note

The following note*, by Dr. Robert Bell, Director of the Geological
Survey of Canada, refers to Yukon field work in 1903:

"In the Yukon district, Mr. R. G. McConnell, without a professional
assistant, completed the work which was intended to be done for the
present in the Klondike gold mining area. This consisted in tracing out the
boundaries of the different rock-formations on the ground and laying them
down upon a contoured topographical map which he had prepared in pre
vious years, by the aid of Mr. Frank ]ohnson and :Vlr. ]oseph Keele. Mr.
McConnell, while performing his geological work in this district, also kept
in view the desirability of establishing a water-supply for common use in
placer mining in the future, and he has prepared an elaborate statement
on the subject for the information of the commissioners who were appointed
by the government last summer to investigate this matter. The maintenance
of a large production of gold in this district in years to come depends prin
cipally on obtaining a better supply of water than is procurable at present.
Mr. Mc('onnell's investigations afford further evidence of the local origin
of the gold of the Klondike area."

Introductory Note
by R. G. klcConnell

"The principal work of the season consisted of a somewhat detailed
examination of the geology and mining resources of the Klondike region;
but before proceeding there, a short trip was made to Frank, Alberta, with
]VIr. Brock, for the purpose of pxamining into the causes of the disastrous
landslide which occurred at that place in April. A short report on the slide,
with maps and illustrations, was prepared before leaving for the field.

"I Jeft Ottawa for Dawson on June 12, and arrived there on June the
24th. The three months of open season remaining was spent altogether in
the Klondike gold fields, with the exception of a few days occupied in a trip
to the coal-field recently opened up on Coal creek, and in a hurried examina
tion of the Ogilvie range, at the head of Rock creek.

"A preliminary examination of the Klondike gold fields was made by
the writer in Itl99, and a report of it published the following winter. It is
intended to re-write this report during the coming winter and to add to it
the additional information acquired since. It is unnecessary therefore in
this summary to give any detailed description of the district or do more than
refer to some of the changed conditions."

The summary report that followed has been omitted from this volume
in so far as it dealt with the Klondike district, as this information is con
tained in the subsequent full account of the 'Klondike Gold Fields'. Those
parts of the summary that follow are lVIr. :Vrc~onnell's account of prospect
ing the Ogilvie Rang'e and of lignite areas in the vicinity of the Klondike.

PROSPECTING IN THE OGILVIE RANGE
Considerable prospecting was clone during the season in the Ogilvie

range, north-east of Dawson, ancl a number of claims were located on Rock

*Surn. Rept., 1903, pt. A, pp. 3-4, Ann. Rept., vat. XV (1906).
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creek, a tributary of the Klondike, and on Spotted Fawn creek, a tributary
of Twelve-mile river, but only a few of these were examined. The rocks on
the south-westerly slope of this range consist of cherts, dark slates, shales
and quartzites, with occasional1>ands of tuffs and green schists, a succession
very similar to that on the upper lVIacmillan river. Areas of igneous rocks
also occur, principally syenites and diorites, and on the North Fork of Spot
ted Fawn creek exposures of an interesting leucite rock were found.

A marked feature of the range is the peculiar forms of the mountains
in an area of syenite porphyry, which extends from Spotted Fawn creek
northward across Twelve-mile river. This rock is strongly jointed vertically
and weathers into ruinous, wedge-shaped ridges, surmounted by lines of
sharp pinnacles and lofty tower-shaped peaks. The pillared character of the
region is so remarkable that the prospectors have given it the name of the
tombstone country.

A number of claims have been staked in this syenite area, principally
in small, irregularly shaped inclusions of altered slate. No veins were seen.
The inclusions contain varying quantities of pyrite and weather to a rusty
colour on the surface. They are reported to carry gold. A, small vein, a few
inches in width, carrying galena and pyrite, occurs on the North Fork of
Spotted Fawn creek, in a porphyry dyke cutting slates and quartzites. The
vein is too small to be of value. None of the prospects examined appeared
promising, but they show that the region is metalliferous to some extent and
may therefore contain deposits of value.

Lignite Areas

Various efforts have been made since the Klondike gold fields were
discovered to utilize the lignite seams in the vicinity. A long, narrow area
of lignite-bearing rocks, probably of Tertiary age, occurs along the base of
the Ogilvie range, and has been traced from the Klondike river, in a north
westerly direction, to a point beyond Cliff creek, a distance of over 60 miles.
The streams draining this portion of the Ogilvie range cross the lignite area
on their way to the Yukon, and on most of them outcrops of lignite coal are
found. Some mining has been done on Rock creek and on Cliff creek, a small
stream entering the Yukon from the east a few miles below Forty-mile river,
but work is now stopped at both places.

During the past season considerable work has been done at Coal creek
by the Coal Creek Coal Mining Company. The seam worked occurs on the
South Fork of Coal creek at an elevation of 960 feet above the Yukon, and
the workings are connected with the Yukon by a narrow-gauge railway,
eleven miles and three-quarters in length.

The seam worked, varies in thickness from 4 to 11 feet, and is overlaid
by 3 inches of clay, followed by 12 feet of moderately hard sandstone. The
Robr consists of () feet of clay, resting on 16 feet of sandstone, below which
is a band of black shale. The seam dips to the south-east at an angle of 45
degrees for a distance of 210 feet from the surface, and then bends round
and dips to the south-west. The principal working consists of an incline 490
feet in length. The lignite is hauled to the Yukon over a narrow-gauge railway
just completed, and taken up the river to Dawson, a distance of about 50
miles on barges. Bunkers of 500 tons capacity are in course of construction
at the mine and at the river.

The coal from this seam is of good quality, and is very similar to the
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Cliff creek coal, an analysis of which is published in the 1901 Summary
Report. It is pure for a lignite, and has been used with satisfactory results,
both for steam and heating purposes. I t is sold at Dawson at $16 per ton.
The price of spruce wood-the usual fuel-is generally $7 to $8 per cord
at Dawson, and $8 to $15 on the creeks.

A second lignite area occurs south of the Klondike on Indian river.
A small seam outcropping on Ruby creek, a tributary of Indian river, was
worked to some extent during the winter of 1902, but has since been
abandoned. At the time of my visit the tunnel had fallen in, and nothing
could be learned in regard to either the chara,ter or size of the seam.

REPORT ON THE KLONDIKE GOLD FIELDS
by R. G. McConneU

Historical Notes

An account of the early guld discoveries in the Upper Yukon is given
by Dr. Dawson in the Report of the Geological Survey for 1887-88, pages
178-183 B and also by Mr. Goodrich in the Eighteenth Annual Report
of the Lnited States Geological Survey, 1896-97, part HI, pages 103-124
and need not be repeated here at length. Briefly, the existence of gold on
the Yukon has been known since 1869, at least. The first prospector entered
the country, according to Dawson, in 1878, and to Goodrich, in 1873. Bar
mining commenced on the Big Salmon in 1881 and discoveries of productive
bars on the Lewes, Pelly and Stewart soon followed. The latter stream
proved the more productive and in 1885-86 was actively worked. The first
discovery of coarse gold was announced in 1886. The discovery was made on
Forty-mile river and the greater part of the new field proved to be in
Alaskan Territory. Further discoveries extended the producing area to
streams flowing into Sixty-mile river in Canadian Territory. The Sixty-mile
river streams continued to be the chief producers, until the announcement
in 1896 of the discovery of astonishingly rich creeks in the Klondike district
drew most of the miners away.

Although the Klondike district did not become prominent until 1896,
it was really discovered two years earlier. In 1894 some miners working
on the bars on I ndian river did some prospecting on Quartz creek and in
the following year some gold was taken ou t. Reports differ as to who made
the first discovery on Quartz neek, several persons claiming the honour.
In the winter of 1895, Bob Henderson crossed the ridge separating Quartz
from Hunker creek and found gold on Goldbottom creek, a tributary of
the latter. He did some work on this creek in 1896, and it was while return
ing from a visit to him that Carmack made his famous discovery on Bonanza
creek, which led to the rapid over-running of the whole district. In 1897-98
a stream of adventurers, including people of all trades and callings, from all
parts of the world, poured into the country, all heading for the Klondike.
The population of the camp rose to about 30,000 and the production in
creased rapidly, reaching a maximum in 1900, when it exceeded twenty
two millions of dollars.

The discovery of the Klondike gold fields completely changed condi
tions in the hitherto unorganized and almost unknown Yukon Territory.
The town of Dawson was built at the confluence of the Yukon and Klon-
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dike rivers and sprang rapidly into importance, soon superseding Forty
mile as the chief commercial centre. A local administration, with courts of
Justice and other organizations necessary to government, were quickly
established. The demand for better transportation was met by the con
struction of the White Pass railroad from tide-water at the head of Lynn
canal to the foot of the White Horse rapids on the Lewes river, from which
point communication with Dawson is maintained by a large fleet of well
equipped river steamers. At the present time the trip from Vancouver to
Dawson can be made in comfort in less than a week. Other notable improve
ments in the condition of the camp consist in the establishment of tele
graphic communication with the outside world and in the construction
by the Government of a system of roads from Dawson up all the producing
creeks. These roads have proved a great boon to the camp, as the excessive
rates of early days, now that freight can be moved on wheels, have been
reduced to reasonable figures, and comparatively low-grade gravels on
the distant creeks can be worked at a profit.

Extent and Situation of the Klondike Gold Fields

The Klondike gold fields are situated east of the Yukon river in lati
tude 60° north. They are bounded in a general way by the Yukon river on
the west, by the Klondike river on the north, by Flat creek, a tributary of
the Klondike, and Dominion creek, a tribu tary of Indian river, on the east,
and by Indian river on the south. The area included between these bounda
ries measures about 800 square miles. The streams flowing through the area
described are all gold-bearing to some extent, but only a limited number
have proved remunerative. The most productive streams are Bonanza
creek, with its famous tributary Eldorado creek, Bear creek and Hunker
creek flowing into the Klondike, and Quartz creek and Dominion creek with
Gold-run and Sulphur creek, two tributaries of the latter, flowing into
Indian river. Besides these, claims have been worked at a profit on Allgold
creek, a tributary of Flat creek, and on Eureka, a tributary of Indian river
from the south.

Topography
General Surface Features

The Klondike region is a typical example of the thoroughly dissected
upland. It forms part of the Yukon plateau and old peneplain, elevated at
one period in its history into a high plateau and subsequently deeply
trenched by a multitude of small streams, tributary to the main water
courses. In comparatively recent times, a second elevatory movement has
taken place, resulting in a further deepening of the valleys of from 500 feet
to 700 feet. Portions of the old valley-bottoms, still covered with heavy
accumulations of gravel, occur at many points, forming terraces of varying
width, bordering the newer valleys.

Viewed from a distance, the Klondike district has a hilly, even mon
tainous aspect, but in reality consists of a series of long branching ridges,
the summits of which have been curved irregularly into hill and hollow by
unequal denudation. Most of the ridges originate at or near the Dome, the
topographic centre of the district, and the highest eminence in it.

The Dome is situated nineteen miles south-east of Dawson, about
midway between Indian river and the Klondike. It has a height of about
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4,250 feet above the sea, 3,050 feet above the Yukon at Dawson and about
500 feet above the ridges at the base. I t is not conspicuously higher than the
other hills in the neighbourhood, and the gradual decrease in height out
wards along the ridges radiating from it, is scarcely noticeable to the eye.
The Dome is the principal drainage centre of the district. From it, Allgold
and Dominion creeks flow eastward, Quartz and Sulphur creeks southward,
and Goldbottom and H unker creeks northward. The ridges separating these
streams, although deeply and repeatedly gashed by tributary valleys, are
unbroken, and it is possible, starting from the Dome, to reach any part of
the district without descending into the valleys. Subordinate drainage
centres occur between the sources of Ensley and Nine-mile creek, of Baker
and Boulder creeks, and at other places.

The ridges have an average elevation above the valley-bottoms of
1,500 feet and above the sea of 3,200 feet. They are round-backed, branch
ing elevations with slopes of from 10° to 20°. The crest line usually follows
a zigzag course along the heads of tributary valleys and is broken, at inter
vals, by rounded prominences and bare rocky points.

The valleys are flat and wide in their lower reaches, but gradually
narrow towards their heads into steep-sided narrow gulches, which terminate
abruptly in steep, rounded, cirque-like depressions cut into the sides of the
ridges. The valley-flats are marshy, partly wooded, and wider on the
Indian river than on the Klondike slope. The flats bordering the lower parts
of Dominion creek have a width in places of nearly half a mile.

The lower slopes of the valJeys are often conspicuously terraced. Well
marked rock-cut benches, usually supporting beds of gravel, occur along
the Yukon and Klondike rivers and extend for varying distances up most
of the creeks. The principal rock bench has an elevation near Dawson of
about 300 feet above the Yukon or 1,500 feet above the sea, while smalJer
terraces and rolJed gravels, occur up to a height of 700 feet above the
valley-bottoms. The main terrace decreases in height ascending the Yukon
and disappears near the mouth of the Stewart. It increases in height down
stream as far as the mouth of Forty-mile river, where it has an elevation of
about 700 feet above the valley-bottom.

The Klondike district has not been overridden by ice and the surface
rocks, as is usual in unglaciated regions, are deeply weathered. A thick
covering of decomposed schist, usualJy intermingled with slide rock, mantles
the side hills nearly everywhere. On the ridges the covering is less, and the
schists, often worn into fantastic shapes, occasionally project above the
surface, or outcrop along the sides of the steeper hills.

Another feature which, although not especially connected with the
topography, may be referred to here, is the permanently frozen condition
of the surface. The thickness of the frozen stratum varies considerably,
and is less on the ridges than in the valleys, and on southern than on north
ern exposures. A shaft sunk on the ridge south of Eldorado creek reached
unfrozen ground at a depth of 60 feet, while one in the valley of Eldorado
creek was stopped by running water at a depth of a little over 200 feet.
Another shaft sunk through gravel, on the plateau between Bonanza creek
and the Klondike river, passed through the frost line at a depth of 175 feet.

The summer heat has little effect on the frozen layer except in the few
places where the surface is unprotected by moss. Exposed gravel beds in
favourable positions thaw out to a depth of from six to ten feet, but where
moss is present, frost is always encountered close to the surface.
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Rivers and Strea01S

The drainage of the region empties into the Yukon. This great stream
flows past the district with a width of over four hundred yards. It divides
around numerous low-wooded islands and shifting bars, and runs with a
steady current of about five miles an hour. Its valley is comparatively
narrow, with few flats, and the river, sweeping from bank to bank in easy
curves, washes alternately the bases of the hills on either side.

The Klondike and Indian rivers, which border the district on the north
and south respectively, are comparatively small streams. Indian river,
formed by the junction of the Dominion and Australia streams, has a width
of from twenty to thirty yards but is quite shallow, the water on the bars
at summer line seldom exceeding a few inches in depth. The channel is filled,
for a long distance below Quartz creek, with large angular blocks of schist,
and the navigation of the stream, even with small boats, is difficult. The
grade of the valley averages about eighteen feet to the mile. The Klondike
is a much larger stream, having a width of from 30 to 50 yards. It is inter
rupted by frequent bars and has a fall of from 12 to 15 feet to the mile. The
average flow at mean level is about 120,000 cubic feet per minute. Both
streams are inclosed in wide flat-bottomed valleys.

The streams draining the interior of the district are small, seldom
exceeding fifteen feet in width, even near their mouths, and are very similar
in general character. They rise in a multitude of small branches high up
on the sides of the ridges and descend rapidly for the first few miles. Farther
down, the inclination gradually diminishes and in the lower reaches is
usually very small. The grade of Dominion and other I ndian river streams
does not exceed twenty-five feet to the mile, near their mouths. The Klon
dike streams are somewhat steeper, falling about forty feet to the mile.

The cutting down of the forest which covered the hillsides before min
ing operations began, and the burning away of a portion of the moss has
had considerable effect on the drainage. The snow, as a consequence of this,
melts more rapidly and spring floods result, while, later in the season, the
supply of water is often insufficient for sluicing purposes. Schemes to im
pound the spring flood in the upper unproductive portions of the valleys
have been proposed, but nothing has been done so far in this direction.

Forest

The forest trees consist of white and black spruces, the aspen and balsam
poplars and a species of birch. No pine or fir trees were noticed. The lower
ridges and the slopes of the higher ones up to a height of 3,500 feet above
the sea are generaJly wooded, and stunted spruces occur sparingly on the
highest points in the district. The flat valleys are only partly wooded. Groves
of spruce and poplar occur at intervals, but alternate with bare swamps and
marshes too soft to support a forest growth.

The white spruce is the most important tree for general purposes in the
district. It is usually small on the ridges, seldom exceeding a foot in diameter,
but in the valley-flats occasional specimens attain a diameter of over two
feet, and a large proportion of the logs cut for lumber measure from nine
to fifteen inches across. The supply for the mills at Dawson is mostly ob
tained from the flats and islands along the Upper Yukon and from the
Klondike valley, and is ample for all purposes for many years to come. The
Klondike is bordered at intervals all the way from its mouth to the mountains
by groves and small tracts of spruce forest of surprising size and quality,
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considering the latitude, and supplies of well-grown spruce timber are also
available from all the large tributaries of the Upper Yukon, as well as from
the main valley, and can be easily and cheaply Roated down to Dawson.

Geology*
General Statement

The Klondike district and adjoining region is underlaid by a complex
of rock formations ranging in age through the greater part of the geological
scale and presenting extreme variety in structure and composition. The
region has been repeatedly broken through by igneous intrusions at widely
separated periods, and has been subjected to enormous pressure from earth
movements. Alterations in the character of the rocks induced by dynamic
and associated metamorphic agencies have proceeded to an extreme degree.
Massive igneous rocks have been sheared, granulated and crushed into
finely foliated schists, and the c1astics in many cases recrystallized into the
semblance of igneous rocks.

The oldest and most important formations in the Klondike district
consist of ancien t schists, partly of clastic and partly of igneous origin.

The southern part of the district is underlaid by altered sedimentary
rocks now represented largely by grayish and dark quartz mica-schists
and crystalline limestones. These are bordered on the north by a wide band
of light-coloured, in places almost white, sericite schists alternating occa
sionally with greenish chloritic schists. These schists have been derived
from igneous, and largely from massive igneous rocks. All the principal
producing creeks occur in the area occupied by them. The sericite schists
and associated rocks are replaced near the mouth of the Klondike river by
green diabase rocks usually schistose but in places almost massive. They are
everywhere greatly altered and, in Moosehide mountain, pass into serpen
tines. East of the diabase and serpentines area of Moosehide mountain the
sericite schists alternate on the north with bands of dark quartz mica
schists, very similar to those bordering them on the south.

The old schist floor of the district is penetrated at numerous points
by intrusives belonging to several groups. A massive coarse-grained grayish
granite, resembling the coast granites, cuts the sedimentary schists on the
Yukon river below Indian river. Serpentines, derived in part, at least, from
peridotites, occur at several points on the crest of the ridge separating
Hunker creek from the Klondike, and numerous small, usually oblong, areas
of comparatively recent quartz porphyrites, rhyolites and andesites are
dotted irregularly throughout the district. :YIassive diabases occur on Indian
river below New Zealand creek, and in dikes in the Yukon valley opposite
Indian river and on Eldorado creek. Cnaltered sedimentary rocks, consist
ing of clays, shales, sands, sandstones, tu Ifs and conglomerates nearly
destitute of determinable fossils, but probably Tertiary in age, overlie the
schists in the lower part of the valley of Last Chance creek, and in separated
depressions at several points around the outskirts of the district. They
occur on the Klondike above Rock creek, on Indian river opposite the
mouth of Quartz creek, and the apex of a wide area crosses the Yukon

* I am indebted to Or. A. E. Barlow for detailed petrographical descriptions of the
large suite of specimens collected as representative of the various rock types and formations
noticed in the pre.ent report. This work has been fully quoted throughout that portion of
this report relating to the geology and lithology.
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valley below the mouth of Indian river. These recent sedimentary rocks
are associated in every area with dikes, stocks, and sheets of andesite and,
occasionally, with dikes and small areas of diabase.

The rocks of the district have been separated for purposes of description
in to the following groups:

Schists

Nasina series, Klondike series, Moosehide diabase.

Unaltered sedimentary rocks
Early Tertiary (Renai?), Late Tertiary (Flat creek beds).

Massive igneous rocks

Granite, diabase, andesites, quartz porphyries, serpentine.

Nasina Series

Under this head are included the old altered sedimentary rocks of
the district. These rocks have been described under various names. They
were first studied by Mr. J. E. Spurr of the United States Geological Survey
in the Forty-mile district north-west of Dawson in 1897. Mr. Spurr, in his
excellent and detailed description of the formation, separated it into two
divisions, the lower of which he called the Birch Creek series, and the upper
the Forty-mile series.

The prevalence of marbles in the upper series is given as the principal
reason for the division. In other parts of the Territory where the formation
has since been studied this distinction fails and it has been found impos
sible to apply Spurr's two names with any accuracy. In 1898 Mr. Brooks
described what are evidently the same rocks on White river under the name
of the Nasina series, and in 1899 the writer named them, from their occur
rence on Indian river, the Indian River series. Subsequently, the Indian
River rocks were traced into the Fortv-mile district and found to be an
easterly extension of the clastic series described by Spurr, but whether of
the upper or lower division could not be determined. The name Kotlo
series was proposed by Brooks in 1899 as a general designation for all the
old altered clastics of the Yukon Territory and Alaska. A term of this kind,
embracing a number of similar formations, is useful in the early study of a
district but must eventually be superseded by more specific names. The
name Nasina series has priority over Indian River series and has been
adopted by the writer in preference to the two older names proposed by
Spurr, as the minerological distinction on which these are based is apparently
not persistent.

General Character

The Nasina series consists essentially of ancient siliceous and argillace
ous sediments now altered into quartzites and quartz mica-schists. These
are associated in places with bands of green chlorite and actinolite schists
beds and bands of crystalline limestone. The green schists represent, in
most cases, basic irruptive rocks, principally diabases and diorites intruded
along the bedding planes of the older formation, and subsequently sheared
and altered. The limestone beds formed part of the original deposit.

While the rocks of this series are everywhere altered there is a marked
difference in the degree of alteration. In the least altered portions the consti
tuents have a parallel arrangement, and micas and other minerals have been
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developed, but the original quartz grains are practically unchanged. In the
most altered portions, the rocks have been completely recrystallized into
fine-grained gneisses difficult to distinguish from certain phases of the
sheared granitic rocks of the district. The principal field evidence of their
clastic origin is afforded by their rapid alternation with quartzites and
limestones and their gradual passage in places into the former. With the
microscope, different stages in the recrystallization process can be detected.
The clastic gneisses in some of the sections underlie the less altered quartz
mica-schists and may therefore be much older, but as no unconformity or
abrupt change in character was observed, they have been grouped together
for the present.

Distribution

The rocks assigned to the Nasina series outcrop at intervals along the
Yukon valley from a point a few miles below Selkirk down to Forty-mile
river, and are also found on various tributaries of the Yukon, entering it
both from the east and west. They occur in bands, from a few feet to sev
eral miles in width, separated, as a rule, by areas of granite gneiss* (Pelly
gneiss). They are cut irregularly by the latter. The sections are, on this
account, fragmentary alid neither the top or bottom of the formation has
so far been satisfactorily defined. In the Klondike district, the rocks of the
Nasina series are exposed along the Yukon river from a point two miles
below Ensley creek up to Indian river, and for some distance beyond. They
were traced from the Yukon in a south-easterly direction up Indian river
to Ruby creek where they disappear beneath Tertiary sandstone and con
glomerates. They come to the surface again west of Eureka creek, and con
tinue to the boundary of the district. On the Yukon, the continuity of the
section is interrupted by a granite area and also by an andesite flow of
moderate width. Besides the main occurrence of Nasina schists along the
southern edge of the district, numerous small irregular patches of precisely
similar rocks, often only a few feet in width, occur with the sericite schists
of the Klondike series. One of these, on Dominion creek, has been mapped
approximately but most of them are too small to show on the scale adopted.

An irregular area of dark and gray quartz mica-schists interbanded
with green chloritic schists, occurs on the lower part of the Klondike river
bordering the Klondike series on the north. I n a preliminary report on the
district, published in 1900, these were separated as the Hunker series, but
in the present report they are included with the Nasina series, as the
lithological characters have proved to be very similar.

Structure

The Nasina series include, so far as known, the oldest rocks in the
Yukon Territory. They have a wide distribution but the various areas are
comparatively small and differ greatly in degree of deformation they have
undergone in the course of their long history. I n the least disturbed areas
the alternating shales, flags, quartzites and limestones, which represent the

* Granite gneisses are extensively distributed in numerous areas along the Yukon
valley and adjacent regions from the mouth of the Pelly river down to Fortymile river.
The name 'Pelly gneisses' has been proposed for them by Brooks. They are described
by Spurr under the name of the Basal granites, in the Eighteenth Annual Report of the
United States Geological Survey, Part Ill, pp. 134-137; by Brooks in the Twentieth Annual
Report of the United States Geological Survey, Part VII, pp. 460-463; and by the writer
in the American Geologist, Vo!. XXX, July, 1902.
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series, are bent in easy folds with dips seldom exceeding 30°. In the more
disturbed areas the dips are high, and sharp flexures, often passing into
faults, are frequent. In some of the sections the argillaceous members of
the series are distinctly cleaved, but the principal divisional planes every
where correspond with, or are parallel to, the original lines of bedding.

The principal area in the Klondikc occurs along Indian river and is cut
transversely by the valley of the Yukon. The beds have a general sync!inal
attitude, both limbs of the syncline dipping towards a granite mass situated
above Ensley creek. The beds in the southern limb dip regularly north
ward at angles of from 30° to 50°. The lowest beds brought to the surface
by the sync!ine occur north of Reindeer creek. They are interbanded with
granite gneiss and are themselves altered locally into fine-grained dark mica
gneisses. The northern limb of the sync!ine is less regular than the southern
one. The dips are high, often exceeding 60°, and the beds in many places
are sharply plicated. The strongest crumpling occurs half a mile south of
the northern edge of the formation. The strata here, for a width of several
hundred yards, are bent, twisted and corrugated in an exceedingly com
plicated manner, while the beds above and below are comparatively regular.
Besides the crumpling of the rocks in the northern limb of the sync!ine, they
are also cut by numerous faults produced at different periods and often
intersecting each other. The faults are small, as a rule, and in no place was
any great displacement of the rocks observed. The throw is usually normal,
but in some cases appeared to be reversed.

)Jotwithstanding the more disturbed and broken condition of the rocks
in the northern limb of the syncline, they are less altered than the beds
occupying a corresponding position in the southern limb. This is doubtless
due to the absence of the intrusive sheets of granite gneiss associated with
the latter.

The Nasina schists along the Klondike river are only shown in occa
sional exposures and no details in regard to their structure were obtained.
The small areas inclosed in the igneous schists of the Klondike series con
form in dip and strike very closely to the latter.

The rocks of the Nasina series represent altered argillaceous and
siliceous sediments, the different varieties depending on the varying pro
portions of these originally present. The more siliceous sediments have
hardened into micaceous quartzites and these pass gradually into gray
quartz mica-schists, and, by a further decrease in the amount of silica
present, into dark, glossy mica-schists. The minerals present are very
similar in aIJ the varieties but vary in importance. Quartz is the most
abundant constituent. I n thin sections it appears as a mosaic of small
angular and sub-angular grains pressed closely together and arranged in
narrow bands and areas separated by lines of sericite and biotite. The grains
are occasionaIJy drawn out in the direction of the schistosity. The quartz
is usuaIJy associated with a subordinate quantity of feldspar. Biotite is
conspicuous in most of the sections. The leaves are small and are usually
arranged parallel to the planes of schistosity. Sericite is abundant, and
chlorite calcite, kaolin, magnetite and pyrite are occasionally present, and
more rarely garnet and tourmaline. The dark colouration is due largely to
carbonaceous material disseminated in fine particles through the rock.

The beds and bands of crystallized limestone associated with the sili
ceous and argillaceous schists are usually more or less siliceous and, in places
tremolite, sericite and other secondary minerals are developed in them.
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Green chloritic and actinolitic schists form an important part of the
Nasina series on the Stewart river and other places, but are not prominent
in the main area of these rocks in the Klondike district. A band of green
schists, consisting mostly of chlorite and epidote wi th some unstriated
feldspar, probably a!bite, occurs in the Klondike valley opposite the mouth
of Hunker creek.

Klondike Series
General Remarks

The Klondike series are the principal gold-bearing rocks of the Klon
dike district. They consist mainly of light-coloured sericite schists associated
with a subordinate quantity of greenish chloritic schists. The two varieties
often occur in alternating white and green bands easily distinguished in the
field, but in most cases both sericite and chlorite are present in variable
quantities, and the predominance of one or the other gives character to
the rock.

The schists of these series differ from the Nasina schists in being
mainly, if not altogether, of igneous origin. The original rocks varied widely
in character, as both acid and basic surface and deep-seated varieties were
present, and possibly tuffs as well. The principal types recognized consist of
quartz porphyries, granite porphyries and basic porphyritic rocks. The
former are now represented by sericite schists and ordinary and augen
gneisses, and the latter by chlorite and occasionally amphibolite schists.
All the varieties have a common schistosity which is also conformable, as
a rule, to that of the bordering clastic schists.

The relative ages of the bands of sericite and chlorite schists could not
be determined. The latter, in some instances, suggest dikes, but both sets
are sheared alike and have yielded in equal measure to the dynamic and
other metamorphic agencies which have affected the region. The granite
gneiss probably represents the same magma as the quartz porphyry, cooled
at a greater depth.

The Klondike schists often inclose small irregular areas and short
bands of dark clastic schists identical in character with the rocks of the older
Nasina series and probably representing undissolved portions of this forma
tion. They are also pierced at various points by small stock-like areas or
short oblong dikes of quartz porphyry, rhyolite and andesite. These rocks
are much younger than the schists. They have not been crushed and have
suffered little alteration of any kind.

Distribution and Correlation

The Klondike schists cross the central portion of the Klondike district
in a band varying in width from ten to twenty miles and striking in a
N.W. and S.E. direction. The extension of the band beyond the limits of the
Klondike district has not been traced out. The formation is bordered on
both sides by the dark schists of the Nasina series. The southern contact
follows a nearly straight line. The northern boundary is more intricate, as it
often bends sharply around angular bays of the dark schist and, in places,
the two series of schists occur for some distance in alternating bands.

Sericite schists, identical in character with the Klondike schists, occur
at various points in the Yukon territory, notably in the Forty-mile district,
on Henderson creek, and in the Stewart valley. They are closely associated
everywhere with the Pelly gneisses and in some instances, at least, simply
represent an extreme schistose phase of these rocks. On Henderson creek,
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the schists and gneisses occur in alternating bands manifestly identical in
age and origin, and in the Forty-mile district the gneisses are followed
crossing the strike by sericite schists agreeing with them in dip and strike.
The exposures here are imperfect and the exact contact was not seen.

In the Klondike district the sericite schists of the Klondike series in
their extension eastward pass into or are replaced by granite gneisses, and
gneisses also occur on Indian river along the southern border of the area.
At the latter point, the gneisses pass gradually, going northward, across the
strike in to finely foliated schists.

A portion of the Klondike schists, a least, can therefore be referred
with tolerable certainty to the age of the Pelly gneisses, and it is probable
that the whole series belongs to the same period.

The rocks of the Klondike series are everywhere foliated, but have
suffered unequally in this respect. In the less schistose varieties, the rock
is hard, imperfectly cleavable, and weathers into angular striped blocks, or
flags of moderate thickness. The more schistose varieties are soft and cleave
easily in the direction of the schistosity into thin leaves or plates often an
inch or more in thickness. Crinkled surfaces occur in both the hard and soft
varieties, but are exceptional, and sharp plications are also rare, although
present, at a few points. The planes of schistosity are not influenced in
direction by differences in the character of the rocks, but traverse all kinds
indifferently, and often pass from the sericite to the chlorite schists at angles
to the plane of contact between them.

The strike is generally 1\ .W. and S.E.-that is, parallel to the longest
axis of the area, but to this rule there are many exceptions. On Bonanza
creek the schists follow a serpentine course, and in the Yukon valley, near
Baker creek, and on the ridge between C'armacks fork and Upper Bonanza
creek, they strike almost at right angles to the general direction. The
schistosity is peripheral in character, and the changes in the direction of
the strike are commonly due to corresponding changes in the direction of
the outline of the area. A secondary cleavage, cutting the main schistosity
almost at right angles, was noted at a few points at Bonanza creek, but is
not general.

Small folds in the schists occur at a few points, but over the greater
part of the area the dip is persistently S.W. The low angle of the dip, in
many places, is remarkable in the case of such a highly altered series of
rocks. On Dominion ridge, the Dome ridge, and other places, dips of less
than fifteen degrees are common, and high dips are exceptional throughout
the whole area.

The Klondike schists, like the N asina schists, are cut repeatedly in
places by small faults, the observed displacements ranging from a few
inches to a few feet in extent. A quartz vein, uncovered for sixty feet, in
the Violet group of claims south of Eldorado creek, is broken by several
faults with small throws, and at one point bends suddenly and follows for a
short distance an old cross-fracture plane. The faultings here evidently
belong to two periods, one younger than the quartz vein, and the other
older or contemporaneous with it. The faults are seldom conspicuous, or
even noticeable, except in the few places where the beds have been bared
by mining operations, on account of the depth of the general surface de
composition of the rocks.
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Sericite Schists

The principal rock in the Klondike series consists of a white or light
green sericite schist originating largely from the deformation and alteration
of quartz porphyries or allied rocks. The porphyritic character of the rock
in places is still evident in hand specimens, and in the crushed varieties is
usually easily recognizable in thin sections. The principal minerals of the
sericite schist are sericite, chlorite, quartz, orthoclase and plagioclase.
Biotite is conspicuously absent in most of the sections. Sericite is the most
abundant micaceous mineral. I t is usually associated with chlorite and this
mineral is often present in sufficient quantities to give character to the rock.
The quartz in the less altered varieties occurs in bluish blebs of moderate
size wrapped round by small scales of sericite and chlorite, arranged in
parallel leaves. In some of the specimens the quartz blebs are still unbroken;
in others more or less granulation has occurred, resulting in the production
of short tails. The quartz grains are occasionally accompanied by angular
crystals of feldspar, and in a few sections feldspar is the only porphyritic
mineral recognizable macroscopically. The feldspar is usually in an advanced
state of decomposition and difficult to determine specifically. Both ortho
clase and plagioclase are present, the former predominating.

The schists characterized by uncrushed quartz and feldspar pheno
crysts are exceptional and occur mostly in the western part of the district.
They have an irregular distribution and grade through varieties in which
the porphyritic character can still be detected in thin sections, into schists
similar in mineralogical composition, but so completely altered that their
origin becomes obscure. The latter may possibly be derived, in part at
least, from acid tuffs.

A section from Eldorado creek to Indian river below the mouth of
Quartz creek shows a gradual transition from typical fine-grained sericite
schists to coarse augen gneisses representing deformed granite porphyries.
The gneisses are well foliated and consist of porphyritic individuals of
orthoclase, plagioclase and occasionally quartz, scattered through a ground
mass of the same materials. Sericite, chlorite and biotite are also present,
the latter usually partly chloritized. Epidote and sphene are common
accessory minerals and allanite is occasionally found. Similar gneisses occur
on the lower part of Sulphur creek and also on the crest of the ridge separat
ing Lower Dominion from Flat creek. In the latter locality, they pass into
a coarse-grained augen gneiss, the feldspar lenses often measuring two or
three inches in length. In some of the sections here, hornblende is present
as well as biotite.

The field evidence of a close genetic connection between the schists
and gneisses is confirmed by the microscopic study of thin sections which
show all gradations from typical quartz porphyries to granite porphyries.

The following general description of the microscopic character of the
sericite schists and associated rocks is contributed by Dr. A. E. Barlow.

"The rocks of the Klondike series are shown, by examination of the
thin sections under the microscope, to be altered quartz and granite por
phyries. They usually possess a very marked foliation and schistosity
accentuated by the development of various secondary minerals as a neces
sary accompaniment of the pronounced dynamic action to which they
have been subjected. The altered quartz porphyries are soft, unctuous to
the touch, and have a greenish or yellowish colour and pearly lustre on the
cleavage surface, due to the abundant developmen t of the secondary mica-
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ceous minerals. The granite-porphyries, on the other hand, are more massive,
foliated rather than schistose, are harder and generally vary from grayish
to reddish in colour. From a petrographical point of view, both are extremely
interesting and instructive as furnishing an undoubted transition from the
typical massive types, marking the varieties which have suffered little or
no mechanical deformation or alteration, to a nacreous schist or gneiss in
which the original phenocrysts of quartz and feldspar have been altogether
reduced into lenticular areas, and oiten fairly continuous bands oi granulated
material with the development of sericite, chlorite and other products of
decomposition along the planes of shearing. As a primary result of the
extreme pressure and accompanying stretching to which these rock masses
have been subjected, the remaining ungranulated portions of the original
phenocrysts of quartz and feldspar, and especially the former, show pro
nounced wavy or undulous extinction. \Vith an increase of the dynamic
metamorphism this condition of strain is relieved by the development of
a series of irregular cracks, and the formation of 'tails' of granulated material
in the wake of the fragment of crystal. Still further application of the forces
of stretching causes the complete obliteration of the original phenocrysts
and the production of lenticular areas and broken bands of a comparatively
coarse-grained mosaic of quartz and feldspar. The porphyritic individuals
of quartz are the first to suffer, and many cases were noticed in which
most, if not all of the quartz phenocrysts had undergone advanced granula
tion, while those of feldspar had suffered little or no deformation. Ac
companying such processes of shearing, sericite or hydrous muscovite in
pale yellowish or colourless scales and plates is developed in wide, wavy
approximately parallel bands sweeping gracefully through and among the
individuals of quartz and feldspar. Chlorite, usually accompanied by small
crystals, grains and irregular aggregates of epidote and zoisite, is often
present, and in some of the more basic and feldspathic varieties, replaces,
in large part at least, the sericite. Biotite, either fresh or in the various
stages of decomposition into chlorite, is usually present in considerable
amount in irregular plates and hypidiomorphic individuals in the granite
porphyries. Leucoxene and sometimes the more normal sphene is also very
commonly represented in irregular grains derived doubtless from the alter
ation of ilmenite. Magnetite and pyrite, the latter decomposing to limonite,
also occur more sparingly. Occasional crystals and fragments of apatite,
zircon and hornblende were likewise noticed. Calcite often occurs and is
sometimes abundant in irregular and sharply defined individuals.

"By the failure on the one hand of the quartz phenocrysts and a cor
responding increase in the development of those of feldspathic composition,
the quartz porphyries show an unbroken transition into the granite por
phyries, while on the other hand the frequent abundance of phenocrysts
of plagioclase marks a distinct passage into the porphyrites. Silicification
or the infiltration and deposition of secondary quartz has likewise con
tributed much to the formation and consolidation of the rock masses, in
many cases effectually mask~ng their original structures. So complete has
been this process of hardening that even the most minute cracks and fissures
have been completely occupied by the vein-like quartz. The origin of such
silica is doubtless pegmatitic, representing the latest, and consequently
extremely acid and hydrated, secretions of the magma, evidencing the
expiring efforts of the widespread vulcanism to which the enclosing rocks
owe their formation. This secondary quartz varies very greatly in the
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amount and extent of its development, from the small lenticular bands
(which can only be detected microscopically and are distinguishable with
difficulty from the similar clear areas representing deformed and granulated
phenocrysts) to large veins.

"Rocks almost identical in structure and composition have been
described in detail by Lawson l and Coleman 2 and mentioned by Smith 3

and McI nnes4, as occurring in the district to the northwest of Lake Superior,
while Williams6 , on the south of Lake Superior, gives a very minute recital
of the structural features noticed in the altered quartz and granite prophyries
of the Menominee and Marquette regions of Michigan.

"Similar deformed schistose porphyries have not escaped the attention
of the European geologists, and Prof. C. E. Weiss6 of Berlin in 1884, de
scribes altered quartz porphyries near ThaI in Thuringia while Or. C.
Chelius7, has drawn attention to the very closely related deformed granite
porphyries of the Odenwald (Hesse-Oarmstadt).

"In some of the areas represented by the typical specimens it is certain
that these schistose porphyries are accompanied by acid tuffs, while certain
micaceous schists and quartzites, composed chiefly of interlocking grains
of quartz with a much smaller, though varying proportion of feldspar and
micaceous minerals, may possibly be epiclastic in origin resulting from the
consolidation of truly aqueous sedimen ts. If this latter supposition be
correct, the application and long continuance of the forces of pressure and
stretching, accompanied by complete recrystallization, have produced in all
a complete and perfectly interlocking quartzo-feldspathic mosaic, so that
nothing can now be asserted, with any degree of certainty, in regard to any
structure which they might originally have possessed. The exact diagnosis
and correct interpretation of many of these rocks is thus manifestly ex
tremely difficult and in some cases impossible: and even with the advantage
of critical study and comparison of the numerous and carefully selected
microscopic sections, aided by the detailed field work already undertaken,
it has been found hopeless to pronounce decisively regarding the position
of some of the examples studied."

Chlorite schists occur both as gradual transitions from the sericite
schists and in separate bands alternating with them. In the former case,
they doubtless represent the more basic portions of the same rocks from
which the sericite schists originated. They are similar to the latter in
structural and general character and differ from them, chiefly in containing
a greater proportion of chlorite.

The origin of the bands of chlorite schists is not so clear and it is
possible that some of them represent later basic intrusions. No direct proof
of this is obtainable in the field as both series have been sheared and altered
alike, and all the ordinary marks of eruptive contact have been destroyed.
The mineral constituents have also been so granulated and altered that
little trace of the original structure of the rock remains. Thin sections show
areas made of interlocking mosaics of quartz, orthoclase and plagioclase

I Ann. Rept. Geol. Surv., Canada, 1887-88, Part I, pp. 85-90F.
2 Ann. Rept. Bureau of Mines, Ont., 1894, pp. 84, 87, 88.
3 Ann. Rept. Geol. Surv., Canada, 1890-91. Report G.
• Ann. Rept. Geol. Surv., Canada, 1897. Report H.
6 Bull. D.S.G.S. No. 26, 1890, pp. 148-154.
• Jahrbuch preuss. geol. Landesanstalt fUr 1883, pp. 213-237, Berlin, 1884.
"Notizblatt des Vereins fur Erdkunde zu Darmstadt, 4, Folge, Heft 5, 1885, p. 29.
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with some calcite, separated by matted aggregates of chlorite and schists
arranged in thin curving bands.

Variations from the ordinary type occur in a few places. In the upper
part of Dominion creek the schist has a coarser foliation than usual and
contains large individuals of quartz and plagioclase in addition to the usual
granulated mosaics. Its composition suggests a derivation from a porphyrite.
A band of green schist sprinkled with dark hornblende crystals, probably
a sheared diorite, crosses the Dome ridge near the head of Bonanza creek,
and an actinolite schist occurs 011 Hunker creek above Goldbottom.

Mooschide Diabase

The rocks referred to under this name outcrop along the lower part
of the Klondike valley and on Moosehide mountain, north of the Klondike.
They are also found on the western bank of the Yukon valley, opposite
Moosehide mountain.

The Moosehide diabase is a greenish medium-grained rock usually
sheared. It has yielded less in this respect than the quartz porphyries of the
Klondike series and often appears almost massive. I t is everywhere greatly
altered and in thin sections exhibits great variety. The less altered speci
mens show a well marked ophitic structure, although the original augite
has in most cases disappeared. Secondary hornblende is nearly always
present. Occasional small areas and narrow bands consist almost entirely
of fibrous actinolite, passing in some places into a coarse asbestos. Ser
pentine occurs in all the sections, and an almost pure serpentine now
represents the original rock on both sides of the summit of Moosehide
mountain. Chlorite, calcite and zoisite in varying quantities are common
decomposition products, and epidote and sphene, the former often in con
siderable abundance, are present in most of the sections.

The relationship of Moosehide diabase to the Klondike schists in
regard to age is uncertain but it is probable that they are nearly contem
poraneous and belong to the same ancient period of igneous activity. The
deformation of the diabase is less complete than that of the quartz por
phyries, but the constituent minerals have suffered an equal amount of
alteration, and both rocks are faulted alike and are traversed by similar
small quartz veins.

Unaltered Sedimentary Rocks
Tertiary (Kenai Series?)

Several areas of unaltered sedimentary rocks occur, occupying depres
sions in and around the outskirts of the Klondike district. The largest of
these commences at the Klondike valley above Rock creek and extends in
a W.N.W. direction to Cliff creek, a distance of about seventy miles. The
width of the area has not been determined but probably averages ten miles.
It lies along the base of the Ogilvie range and is separated from the Yukon
by a narrow strip of the older schistose rocks.

The rocks consist mainly of slightly coherent sandstones with con
glomerates alternating with dark and coloured clays and shales, carbona
ceous shales and, occasionally, lignites. No general section has so far been
measured and the thickness is unknown. The sandstones are often arkose
in character, showing in thin sections angular and subangular grains of
quartz, turbid feldspars and colourless micas. Calcite and limonite are also
usually presen t.
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The beds dip, as a rule, at moderate angles but are somewhat irregular
in this respect, the inclination often changing suddenly, both in degree
and in direction. High dips occur occasionally and in places the beds are
broken and faulted.

The age of the lignite-bearing beds in the basin has been determined
by Dr. Knowlton on the evidence of fossil leaves collected by Mr. A. J.
Collier, of the United States Geological Survey, to be Upper Eocene*.
They are, therefore, equivalent or nearly so, to the Kenai series.

A small area of Tertiary rocks occurs in the valley of Last Chance
creek, just above the junction with Hunker creek. Since their deposition,
considerable rock movements have taken place, as they are in folded with
the schists on which they rest. The series here, in addition to the usual
shales, sandstones and conglomerates, include beds of decomposed andesite
tuffs.

Similar beds, cut by andesites and diabases, cover a considerable area
south of Indian river, above and below the mouth of Quartz creek. They
occupy here a remarkable depression, surrounded on all sides, except where
crossed by the Indian river valley, by high ridges built of the older schists.
From the centre of the depression rise Haystack mountain and the Dismal
dome, two prominent andesite cones, and a number of other lower andesite
hills. The origin of the depression is probably due to volcanic action.

The beds in this area are lightly folded and consist of soft light grayish
arkose sandstones, yellowish and dark tufaceous sandstones, light and
dark shales and clays, agglomerates and conglomerates. In addi tion to
these, a small bed of lignite occurs in a branch of Ruby creek, a tributary
of the Indian river. The conglomerate in some places resembles the high
level white channel gravels of Bonanza and other Klondike creeks. It occurs
in heavy bands usually associated with sandstones and is often conspicu
ously white in colour. The pebbles are largely derived from quartz veins
and are embedded in a matrix of quartz grains and sericite. They are smaller
and better-rounded than the pebbles in the white channel gravel. The
conglomerate is usually fairly well indurated, and in places near the andesite
masses has been cemented, probably by infiltrating siliceous water, into an
exceedingly hard rock. It carries small values in gold and some attempts have
been made to mine it.

The shales and sandstone in the Indian River area hold fragments of
fossil plants, but none of these have so far been identified.

A large area covered by beds referred tentatively to the Tertiary,
but which may be older, occurs south of the district along Sixty-mile river.
The apex of this area reaches the Yukon below the mouth of Indian river.
Sandstones and shales and andesite and rhyolite tuffs occur, here associated
with great sheets of andesite.

Flat Creek Beds

The wide depression between the Klondike hills and the Ogilvie range
is covered with alternating beds of silts, sands, days and gravels, for which
the name Flat Creek beds is proposed. These beds have a thickness, on the
lower part of Flat creek, of six hundred feet, and a width of from eight to
fifteen miles. They extend from a point north of Twelve-mile river S. E.
across the Klondike to the Stewart. Between the Stewart and Klondike

* D.S. Geol. Bull. No. 218, p. 25.
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rivers, they rest on the older schists and granites, and, north of the Klondike,
on the older Tertiary.

The Flat Creek beds have been partially destroyed by streams flowing
from the Ogilvie range, and are carved into a series of flat-topped plateaux
often lined with low terraces. The beds are nearly everywhere concealed and
only a couple of small imperfect sections were seen in the locality visited.
These show flat-lying beds of loose gravel alternating with yellowish and
grayish sands, sandy clays and silts. The gravels are well-rounded and
consist of the slates, cherts, quartzites, diabases, and granites occurring in
the Ogilvie range. They are auriferous in places but no pay values have so
far been found in them.

The age of the Flat Creek beds is uncertain; they are referred to late
Tertiary, but it is possible that a portion of them at least may represent
extramorainal material washed out from the Ogilvie range during the
glacial period.

l\fassive Igneous Rocks
Granite

Granite occurs on the Yukon river about three miles below the mouth
of Indian river. The area has a width, where cut by Yukon river, of less than
two miles, but widens out towards the east. The boundaries of the area as
shown on the map are only approximate, as its contact with the surround
ing schists is seldom seen. Good exposures occur on the right bank of the
Yukon, but the area narrows crossing the valley, and is only found at one
point on the left bank.

The granite in this area is grayish in colour when fresh, and coarsely
granular in texture as a rule, although in places it becomes distinctly
porphyritic. It is usually unfoliated but is slightly sheared in places. Micro
scopically, it consists essentially of quartz, orthoclase, plagioclase (mostly
oligoclase), bleached biotite, and some hornblende, mostly altered into
chlorite. The feldspars are usually decomposed and include scales and grains
of sericite, and calcite. Almandine garnet is a frequent accessory mineral.

Diabase

An area of diabase three miles in width is cut by the Indian river valley
above New Zealand creek. The diabase is a dark-coloured, coarse-textured
and quite massive rock. In thin sections it shows a well marked ophitic
structure. The lath-shaped labradorite individuals usually inclose brownish
augite but occasionally the latter is replaced by greenish serpentine which
may have been derived from olivine. Other minerals present include biotite
in small quantities, and grains of pyrite and magnetite.

Wide diabase dikes, similar in character to the rndian river diabase,
occur in the Yukon valley opposite the mouth of Indian river, cutting rocks
referred to the Tertiary, and several small dikes cross Eldorado creek near
its mouth, cutting the Klondike schists. Thin sections of these show, in
addition to the usual minerals, large apatite prisms.

Andesites, etc.

Andesite dikes and stocks are common in the Klondike district, and
rocks representing andesite-f1ows are also prominent. The andesites cut
the old schistose rocks in places, but usually occur in connection with the
Tertiary beds. Some of them are younger than the latter while others
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appear to be contemporaneous with them. Tufaceous beds, usually andesitic
in character, occur on Last Chance creek and other places, interbanded
with the shales and sandstones of the Tertiary series.

The largest andesite area in the district occurs in the Tertiary depres
sion south of Indian river. Two prominent elevations which rise from this
depression, known as Haystack mountain and the Dismal dome are built
entirely of this rock, and it also spreads over a considerable part of the
bordering lowlands. Haystack mountain evidently represents the core of
an old volcanic centre partially destroyed by erosion.

The andesite from Haystack mountain is a grayish, moderately fine
grained, and often distinctly porphyritic rock. In thin sections it shows a
microfelsitic ground mass usually more or less decomposed. In this are
embedded long tabular crystals of plagioclase and large rounded individuals
of greenish hornblende bordered by opaque rings consisting of ilmenite and
leucoxene. Augite is also usually present and, less frequently, scales of
brownish biotite.

A second area of andesites, largely effusive in character, occurs on the
Yukon river opposite and below the mouth of Indian river. The andesites,
associated with Tertiary sedimentary rocks, are exposed along the left
bank for several miles, and at one point, cross the Yukon valley and spread
out along the foot of the slope on the right bank. The rock here is vesicular,
the cavities often containing chalcedonic material. It is a hornblende
augite-biotite andesite very similar to the Indian river variety. The ground
mass is less individualized and includes some glassy matter. The andesites
on the left bank of the Yukon are traversed in places by wide diabase dikes.

A small area of hornblende andesite borders the Tertiary area at the
mouth of Last Chance creek. The andesite here is coarser-grained than
usual and is badly decomposed. In thin sections it shows a felted ground
mass of plagioclase and hornblende, the latter often altered into chlorite.

A light gray medium-grained granular rock occupying a small area on
Whiskey hill on Upper Hunker creek, is very similar in structure and com
position to Richthofen's 'propylite'*. The plagioclase individuals of which
it principally consists have a rude, ophitic structure, the interspaces being
filled largely with unstriated feldspar and quartz, and less frequently with
brown biotite and green hornblende, the latter often in perfect crystals.
Magnetite, apatite and sphene are also present.

A somewhat similar rock was found on Indian river, apparently passing
into the andesites, of which it probably represents a deep-seated phase.

Quartz Porphyries, etc.

The quartz porphyries are the youngest igneous rocks in the district.
They occur in numerous, small, oblong areas, everywhere throughout the
region, both in the valleys and on the ridges. The areas usually measure
from one to two hundred yards in width and from a quarter to half a mile
in length, and might be classed in most cases as wide, short dikes. They
were found to be intrusive through the schists and older rocks in all cases
where contact exposures were available for study.

The quartz porphyry, macroscopically, is a pale yellow compact rock
sprinkled with small phenocrysts of dark quartz and yellowish decomposed
feldspar. In thin sections it shows a microgranitic ground mass through

* Mem. California Acad. of Sci. Vel. I, part II, 1868.
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which individuals of quartz, orthoclase and plagioclase are porphyritically
distributed. Quartz is the most abundant porphyritic mineral, and occurs
both in rounded and corroded forms and in perfect dihexahedral crystals.
The feldspars usually exhibit good crystallographic outlines.

The various dikes and areas of the recent acid volcanic rocks dotted
over the district agree, as a rule, very closely in character, but in a few cases
the microgranitic ground mass is replaced by a glassy base, and the rock
might be classed as a rhyolite rather than as a quartz porphyry. A specimen
from a small area, probably effusive in character, situated on the right bank
of the Klondike river, seven miles above Rock creek, showed, in thin sections,
a glassy ground mass with f1uidal structure, holding microlites and spheru
lites of quartz and feldspar. The porphyritic individuals, in addition to those
in thequartz porphyries, included occasional scales and platesof brown biotite.

Serpentines (Peridotites)

A long narrow band of serpentine occurs on the ridge separating the
upper part of Bunker creek from the Klondike river. At the head of Leotta
Creek it rises into a prominent peak known as Leotta mountain. The
serpentine lies near the northern boundary of the Klondike schists, and cuts
both these and the dark schists of the N asina series.

The serpentine in Leotta mountain is a dark greenish, compact rock,
often weathering into yellow and brown shades. In places the green base is
mottled with yellow, the latter representing the less altered portions. Thin
sections exhibit occasional cores of brownish pyroxene and almost colourless
olivine, showing that the rock originated from a peridotite. Some calcite
is also usually present, and grains of dark iron ore (probably magnetite)
occur in most of the sections.

The intrusion of the peridotite occurred at a comparatively recent
period, as it has not been sheared, and is not traversed by the veins and
dikes which cut all the older rocks.

A second serpentine area occurs on the summit of the Hunker Klondike
ridge, nearly opposite the mouth of Hester creek. The serpentine here is a
harder and much tougher rock than that occurring at Leotta mountain.
In thin sections it is seen to consist of small scales and fibres of greenish
serpentine, matted together in an extremely intricate manner. No cores
of the original minerals were observed. The contact of this mass with the
surrounding schists was not seen.

Gravels of the Klondike Gold Fields

A section across the valley of any of the gold-bearing streams entering
the Klondike shows a comparatively narrow trough-like depression below,
from 150 to 300 feet deep, bordered on one or both sides by wide benches
beyond which the surface rises in easy, fairly regular slopes up to the crests
of the intervening ridges. The benches represent fragments of older valley
bottoms partially destroyed by the excavation of the present valleys.
Narrow, rock-cut terraces occur at intervals between the level of the old
valley-bottoms and the presen t level.

Auriferous gravels occur on the present valley-bottoms, on the portioIls
of the old valley-bottoms still remaining and on the rock terraces cut into
the slopes connecting them. They may be classified as follows, beginning
with the youngest.



River gravels.

White channel gravels.

Low level gravels.

Gravels at inter
mediate levels.

High level gravels.

Low Level Gravels
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(

Gulch gravels.
Creek gravels.
River gravels.

{ Terrace gravels.

( White gravels.

Yellow gravels.

The low level creek gravels are the most important gravels in the
district. These gravels floor the bottoms of all the valleys to a depth of
from four to ten feet. They rest on bedrock usually consisting of decomposed
and broken schists, and are overlaid by a sheet of black frozen muck ranging
in thickness from two to thirty feet or more. They are local in origin and
consist entirely of the schists and other rocks outcropping along the valleys.
The schist pebbles are usually flat round-edged discs measuring one to two
inches in thickness and two to six inches in length. They constitute the
greater part of the deposit, but are associated with a varying proportion
of rounded and subangular quartz pebbles and boulders, and, less fre
quently, with pebbles derived from the later eruptive rocks of the region.
The pebbles are loosely stratified, are usually embedded in a matrix of
coarse reddish sand and alternate in places with thin beds of sand and muck.

The creek gravels frequently inclose leaves, roots and other vegetable
remains and also the bones of various extinct and still existing northern
animals, such as the mammoth, the buffalo, the bear, the musk-ox and the
mountain sheep and goat.

The gulch gravels occupy the upper portions of the main creek valleys
and small tributary valleys. They differ from the creek gravels in being
coarser and more angular. A considerable proportion of their material
consists of almost unworn fragments of schist washed down from the
adjacent slopes. They contain the same vegetable and animal remains as
the creek gravels.

The only river gravels of the district proven, so far, to contain gold
in paying quantities occur in the wide flats bordering the lower portion
of the Klondike river below the mouth of Hunker valley. The river gravels
consist of quartzite, slate, chert, granite and diabase pebbles largely derived
from the western slopes of the Ogilvie range. They are harder and better
rounded than the creek gravels, a necessary result of the greater distance
travelled.

Terrace Gravels

Rock terraces occur at various points cut into the steep slopes of the
present valleys. They were produced during the deepening of the valleys,
and are simply remnants of former valley-bottoms. They are small, seldom
exceeding a few yards in width and a few hundred yards in length, irregular
in distribution, and occur at all elevations up to the bottoms of the old
valleys. The terraces support beds of gravel, usually from six to fifteen feet
in thickness, very similar to those in the creek bottoms, but showing some
what more wear. The terrace gravels, like the creek gravels, are overlaid,
as a rule, with muck, and at one point on Hunker creek were found buried
beneath a hundred feet of this material.
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High Level Gravels

High level river gravels are extensively distributed along Bonanza and
Hunker creeks and some of their tributaries, and also occur on Eldorado,
Bear, Quartz, ~ine Mile, and Allgold creeks. They consist, principally,
of ancient creek deposits, overlaid near the mouths of some of the valleys
by gravels laid down by the Klondike river, when it ran at a much higher
level than at present, and occupied a somewhat wider valley.

These gravels occur at various points along the Klondike river. In the
Klondike district they are found covering the small plateaux in which the
ridges separating Bonanza and Hunker creeks from the Klondike river
terminate. They rest, in both places, on high level creek gravels at an
elevation of about 450 feet above the present valley-bottoms. They have a
thickness of from 150 to 175 feet, and consist principally of well-rolled
pebbles, of quartzite, slate, chert, granite, diabase and conglomerate em
bedded in a matrix of gray sand and derived, like those in the present
stream, from the western part of the Ogilvie range. The high level river
gravels are reported to contain gold in paying quantities at Acklens farm,
a name given to a portion of the bench on the right limit of the Klondike,
two miles above its mouth, but are generally of little economic importance.

The high level creek gravels consist principally of the important
deposit known as the quartz drift white wash or white channel gravels.
The latter name is now generally used by the miners, and is adopted ill
this report.

The white channel gravels are ancient creek deposits laid down in
the wide, flat-bottomed valleys which characterized the region previous
to the last general upraise. After their deposition, the country was elevated
600 to 700 feet, and the increased grades acquired by the streams enabled
them to cut down through their old gravel beds into the bedrock beneath,
and to excavate the steep-sided trough-like valleys in which they now run.
The old gravels now occur on wide benches bordering the present valleys
at elevations of from 150 to ::300 feet above them, the elevation generally
increasing down stream. Their distribution along the valleys is irregular,
as a large portion of the deposit was destroyed during the deepening of the
main valleys and the tributary valleys and gulches.

The general character of the white channel gravels is remarkably
similar ill the various Klondike creeks, but differs considerably from the
ordinary type of stream deposits in other regions. They consist of a compact
matrix of small, clear, little-worn and often sharply angular grains of
quartz and scales of sericite thickly packed with rounded quartz pebbles
and rounded and sub-angular and wedge-shaped quartz boulders often
two to three feet in diameter. Flat and sub-angular pebbles of sericite
schist, the principal rock of the district, are also present, but in much smaller
numbers than the quartz constituents. The schist pebbles are usually
decomposed and crumble rapidly when thawed out. The deposit is always
stratified, but, except in rare instances, there has been no sorting of the
various constituents into separate beds, and the composition is very uni
form throughout. The colour is characteristically white or light gray dup.
to the preponderance of the quartz constituents and the leaching out of
the greater part of the iron. The colour is darker and the sands are noticeably
coarser towards the limit of the deposit on the upper part of the creeks.

The white channel gravels vary in thickness from a few feet to 150 feet
and in width from 100 feet to half a mile or more. The deposit increases
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in volume descending the streams, and attains its greatest development
near their mouths.

The white compact gravel deposit described above is overlaid in places
by loosely stratified gravels known as the yellow gravels. The latter are of a
rusty colour, are more distinctly stratified than the white gravels and con
sist mainly of flat schist pebbles lying loosely in a coarse sandy matrix.
Quartz pebbles and boulders are also present, but are much less abundant
than in the white gravels.

These upper gravels are not so widely distributed as the white gravels
but are present on several of the Bonanza hills and at points along Hunker
creek. At Gold hill, on Bonanza creek, the white gravels occur as a buried
ridge bordering the present valley, and the depression between them and
the southern slope of the old valley is filled with yellow gravels to a depth
of 115 feet. The same relationship between the two deposits obtains at
Adams hill and probably at other places, but is only determinable where
shafts have been sunk to bedrock across the whole width of the old valley.

Unlike the creek gravels, the white channel gravels are destitute, or
nearly so, of vegetable and animal remains. ;'>Jone were found by the writer
and the few reported discoveries of fragments of wood and bone by miners
are all open to question.

On Dominion creek and its tributaries, Sulphur and Gold-run creeks,
white gravels, almost identical in character with the high level white channel
gravels of Bonanza and Hunker creeks, occur in the bottoms of the valleys
underlying the present stream gravels. Their low position is due to the
fact that the present valley of Dominion creek, corresponds, not to the
present valley of Bonanza and Hunker creeks, but to the old valleys cut
through by them.

The peculiar character of the white gravels has led to considerable
diversity of opinion in regard to their origin: they have been attributed to
ice, stream, lake and fiord action. In some of the sections, they bear a close
resemblance to coarsely stratified till, but no evidences of glaciation have
been found in the region. They could not have been deposited in still water,
as they occur following steep valleys, heading closely together and running
in opposite directions, and they differ from ordinary stream deposits in their
compactness, white colouration, and imperfect bedding and differentiation
of material.

They are now regarded by the writer, although a different view was
formerly entertained, as stream gravels deposited under somewhat peculiar
conditions, chief among which was an exceedingly slow accumulation in
streams of easy grades and comparatively slack currents. In the present
streams, the schist pebbles greatly outnumber those derived from the
quartz veins, while in the old streams the proportion is reversed, although
both derived their supply from the same hillsides. The wash of the old
streams is thus, in some respects, a residual deposit composed largely of the
more resistant constituents originally present, the softer rocks having been
eliminated either by abrasion in the bed of the stream or by the slow process
of decomposition.

The white channel gravels are much older than the other gravels in the
district and probably date back to the Pleocene at least. They were almost
certainly deposited when milder climatic conditions than at present pre
vailed, as the leaching out of the greater part of the iron, and the decayed
condition of the schist pebbles must be attributed to surface waters, and no
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circulation of these was possible if the gravels, likp those In the present
streams, had been frozen together as soon as rleposited.

Gold-Bearing Creeks Tributary to Klondil{e River
Bonanza Creek

Bonanza creek is the most important of the gold-bearing creeks of the
Klondike district, and is the one on which gold in large quantities was first
discovered. rt heads in the Dome ridge with branches of Quartz and IIunker
creeks and empties into the Klondike river three quarters of a mile above
Dawson, after a course in a K.W.N. direction of a little over seventen
miles. It has a drainage area of approximately 113 miles. It is a comparative
ly small stream even near its mouth, where it measures, in ordinary stages
of the water, about fifteen feet in width by three or four inches in depth
on the bars. It flows, however, in a steady stream and seldom furnishes less
than one sluice head of water throughout the season, all along the productive
part of the valley. The principal tributaries are Eldorado creek, Aclams creek,
Boulder creek, Forty-nine creek, Sourdough gulch on the left, and Carmacks
fork, Homestake creek, Gauvin creek, Queen gulch awl Mosquito creek
on the righ t.

The vaUey of Bonanza creek is characterized chiefly by its markedly
angular trough-like shape. The present valley has been cut clown in the
floor of an older valley and that rapidly and almost continuously, as shown
by the steep lateral walls and the absence of continuous lines of terraces
in the newer valley. The present valley usually shows a flat bottom of
varying width commonly measuring from 300 to 600 feet, bounded by steep
sides 150 feet high at the Eldorado forks, and gradually increasing in eleva
tion down the valley, or, with a steep wall of the same height on one side
ancl an easier slope on the other. It follows a sinuous line bending with
short curves round points that project alternately from either side. The
present valley is excavated, as a rule, along one side of an older and much
wider valley, and the general effect produced is asymmetrical. On one side
the slope is broken, at an elevation, usually, of from 200 to 300 feet, by a
rough plain of irregular size, but often a third of a mile wide, beyond which
is an easy ascent of a thousand feet or more to the summit of a bordering
ridge, while, on the other side, the slope, though varying in steepness, is
con tinuous throughou t.

The plain of the older valley is not noticeable in the upper part of the
present valley, but becomes a marked feature at McKay creek, three miles
above the mou th of Eldorado creek, ancl is then traceable along the righ t
bank down to the Eldorado forks. At the forks it crosses to the Jeit and
follows the left bank to Sourclough gulch, then re-crosses and continues
on down the right side to the point oi the ridge separating Bonanza creek
from the Klondike river. Above YIcKay creek, the slopes of the valley
become more uniform, but continue, for some distance, steeper on the left
side than on the right.

The grade of the older va Iley is less than that of the modern one. The rim
of the older valley at McKay g-ulch is 110 feet above the present valley
bottom; at the forks it is 150 feet and at the mouth its elevation is increased
to about 300 feet. The grade of the present valley below the forks averages
about fifty feet to the mile, and that of the older valley thirty-three feet
to the mile. Between Eldoraclo forks and the Carmacb forks, the grade of
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the present channel averages one hundred feet to the mile and further up
increases rapidly. Besides the plain of thr older Bonanza valley, a number
of more recent terrares occur at Jower elevations. These terraces are rock-cut
as a rule, are usually quite narrow, are only traceable for short distances,
and recur at irregular distances. They are found at intervals all the way
from Lovett gulch up to Victoria gulch.

(;Oltntry Rocks

The rocks along Bonanza creek consist almost entirely of the light
grayish and greenish sericite schists of the Klondike series, alternating in
the upper parts with bands of green chloritic schists. Narrow bands of dark
graphite schists cross the valley above the mouth of Adams creek and at one
or two other points. The sericite schists are often silirified and inclose
numerous small quartz veins.

Gravels

A.J1 the gravels enumerated on page 82 are represented on Bonanza
creek. In order of economic importance the present valley gravels come
first, then the high level white gravels, followed by the terrace gravels.
The high level river gravels and the yellow gravels have not proved produc
tive.

The valley gravels consist of clean, Rat, fairly well-worn pebbles,
mostly from Oflt' to six inches in length and one to two inches in thickness,
derived from the light-grayish and light-greenish micaceolls schists of the
neighbourhood, associated with rounded and subangular pebbles of quartz
and, occasionally, large quartz boulders usually angular in form. A few
pebbles of dike-rock are generally present. The material is wholly of local
origin and is derived from the rocks outcropping along the valley. The
pebbles are roughly shingled up stream, lie in a matrix of coarse sand and
are occasionally interstratified, especially above, with beds of sand. They
rest on the Roor of broken and decomposed bedrock, into which the gold
has often penetrated to a depth of three or four feet. The gravels form a
fairly uniform covering of from four to eight feet in thickness all across the
Rat bottom of the valley. Their width varies with the enlargements and
constrictions of the valley, but usually measures from :WO to 600 feet, with
occasional enlargemen ts to 900 feet or more. The wid th increases grad uall y
but irregularly down the valley.

They are overlaid everywhere by a bed of black frozen muck from five
to fifteen feet in thickness. The muck occurs in most places in a massive
bed, but is also found interbanded with layers of sand. Small beds of impure
muck occur in places alternating with the gravels almost down to bedrock.

The terrace gravels have a general resrmblance to the stream gravels.
They are formed of the same materials, but the pebbles show, as a rule,
more wear. They are roughly stratified and include beds of small pebbles
and sand, often showing cross-bedding. The terrace gravels have a limited
distribution. They rest Oil short, narrow rock-shelves distributed irregularly
along the valley, on Aat projecting points; or are built up at the mouths of
gulches and streams. They are uncovered at some points, and. in other
places, are deeply buried beneath an accumulation of muck and rocky
debris from the sides of the valley.

The white gravels, which, with the associated yellow gravels, Roor the
older and more elevated Bonanza valley, have been described generally on
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a previous page. This unique and important deposit is extensively, but not
continuously, distributed along Bonanza creek. It is necessarily absent
where the ancient and modern valleys coincide, and has also been swept
away in other places by erosion. It is found descending the creek, covering
small areas below McKay creek and Homestake creek and a much larger
area below Gauvin gulch. At the latter place it rests on a nearly level rock
Aoor at an elevation of abou t LW feet above the presen t valley-bottom. It
occurs uncovered along the edge of the valley, but farther back is buried
beneath an accumulation of loosely stratified gravels and sand. The total
width of both deposits at this point measures approximately 2,000 feet and
the depth ninety feet. A shaft sunk to bedrock, 450 feet back from the rim,
showed fifty-five feet of the loose upper gravels and thirty feet of the
compact white gravels. The gravels of the old valley extend from Gauvin
gulch down Bonanza creek almost to Eldorado forks, but the upper gravels
only are present along part of this distance, and are also traceahle in a
narrow disconnected band up Gauvin gulch for a considerable distance at
an elevation of about 100 feet above the valley-bottom.

At Eldorado forks, the plain of the old valley crosses to the left side
of Bonanza creek. A small patch of gravel has been left on the point of the
ridge separating the two creeks, and, immediately opposite the forks and
extending for some distance up Eldorado creek and down Bonanza creek to
Big Skookum gulch, is the important Gold hill deposit. The gravels here
cover an area about half a mile in length by 2,000 feet in width and have a
maximum thickness of about 116 feet. The white gravels outcrop at an
elevation of 150 feet above the bottom of the valley and appear, so far as
one can judge by the shafts, to form a great ridge following the edge of the
valley, a hundred feet or more in height and 500 to 600 feet in width, with
the hollow behind filled up with the yellow gravels. The rock surface on
which the gravels rest is roughened with small hollows and ridges. 1t extends
back from the river at nearly the same general elevation for several hundred
yards; then it rises somewhat abruptly to the surface.

The white gravels are absent between Big Skookum and Little Skookum
gulches but come in again below the latter on Adams hill and continue to
Adams creek. The gravels on Adams hill have a wid th of 2,000 feet and a
depth, 550 feet back from the rim, of 130 feet. The arrangement of the
white and yellow gravels is similar to that on Gold hill. Below the break
formed by the valley of Adams creek, high level gravels occur pretty
constantly, except where cut away by gulches, all the way down to Forty
nine creek; and at one point below Mosquito creek they cross the valley
and appear in a band 450 feet wide and ten to twen ty feet in thickness on
the right hand side. The thickness of the deposi t on the left limit often
exceeds 125 feet. The width is variable but usually measures from 1,200
to 2,000 feet.

Below Fortynine creek, the deposit becomes less continuous for some
distance, A small patch occurs below the mouth ot' Fortynine creek; a
second opposite claim 57, below Discovery; and another, the last, on the left
limit below Sourdough gulch. At the latter point it crosses the valley to the
right limit above ('ripple creek and continues down, gradually increasing
in width, past Trail and Lovett gulches and across the plateau in which the
ridge separating Bonanza creek from the Klondike river terminates, to the
valley of the latter. TI1(' volume of the deposit becomes greatly increased
after crossing the valley. Its thickness on the hill between Trail and Cripple
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creeks is 225 feet, and on Lovett gulch is not less than 1;;0 feet. The width,
near the mouth of the valley, is ovC'r half a mile.

High level river gravels occur on both sides of Bonanza creek near its
mouth. On the right limit they rest on the white channel gravels and on the
left limit on rock benches. They have a thickness of from 150 to 200 feet
and are found up to an elevation of 700 feet above its present valley
bottom. No gravels of any kind were found above this level. The high level
river gravels differ from the creek gravels in being well-rounded and in
consisting of foreign material, principally slate, quartzite, diabase, etc.,
mostly obtained from the sources of the Klondike river.

Gold Contents of Gravels

The creek gravels of Bonanza valley have proved productive from
Victoria gulch down to the mouth of the creek, a distance of about thirteen
miles. The gold is distributed along the creek in a somewhat erratic manner.
::\lo claims have been worked at a profit from the head of the creek down to
claim No. 43 above Discovery, at the mouth of Victoria gulch. No. 43 and
the succeeding six claims going down stream, were good producers, and the
ten claims following, ::\los. ::l6 to 25, all proved remarkably rich. Some of
these 500-foot claims have yielded upwards of half a million dollars each,
or at the rate of over $1,000 per running foot of valley. The gold tenor of the
gravels decreases approaching Eldorado forks, but increases again helow
the forks. A short stretch of the creek above Discovery claim, half a mile
in length, was exr.eedingly rich and in spots almost fabulously so. A fraction
at the mouth of Little Skookum gulch, about eighty feet in length, com
monly known as Dick Low's fraction, is reported to have yielded over
$300,000. The claims oelow Discovery down into the fifties all yield well.
In the lower part of the creek, the gold in the gravels becomes finer and less
plentiful, but there are few claims, if any, right down to the mouth of the
creek, which cannot be worked at a profit under present conditions.

The Bonanza r.reek stream gravels, below Victoria gulch, are seldom
entirely barren, and along the more productive portions of the creek have
been worked from rim to rim across the whole width of the valley-bottom.
The values are irregular but. are not confined to one particular pay-streak,
and are usually largely dc-pendent on the condition of the bedrock. Where
this is smooth and soft, the gold slips along it, and is collected where the
harder schist::; form natural riffles. The gold occurs both in the gravel and
in the underlying shattered bedrock. From two to four feet of bedrock are
usually mined and washed and from four to six feet of gravel.

The white channel gravels are scarcely inferior in economic importance
to the creek gravels. Claims of varying richness, often several tiers deep,
have been staked on this deposit wherever it occurs, all the way from
\1cKay gulch down to the lower end of the valley. The most productive
part extenos from Elclorado forks clown stream to Boulder creek, a distance
of three miles. III this stretch, a pay-streak nearly 1,000 feet in width in
places, has paid to work by methods entailing an expenditure of from four
to six dollars pE'r cubic y:J.rd of material mined. In the early days of the
camp, when rocking was the only means of working the gravel, the cost was
even greater. In the richest places whole claims are reported to have yielded
over sixty dollars per superficial yard, while values of from twenty to forty
dollars per square yard of surface were common. In the lower part of the
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valley the values are less, but claims have been staked and worked at a
profit as far down as Lovett gulch.

The distribution of the gold in the white channel gravel follows the
usual rule in creek gravels. I t is mostly concentrated in the lower three to
five feet of gravel and the underlying one to two feet of bedrock. The
bedrock, while more decomposed, is not shattered so badly as in the present
creek channel, and the gold has not descended so far. The upper surface of
the pay gravel is irregular, and in some instances the pay has been followed
upward eight to ten feet or more above bedrock. I n places where the bedrock
is uneven, the gravels on the summits of the wavy elevations usually carry
greater values than those in the depressions.

While the greater part of the gold in the white channel gravels is found
close to bedrock, the deposit carries some values throughout and it is this
fact which gives it such great importance in view of future hydraulicking
operations. Less than half per cent of the total volume of the deposit,
estimated at 250,000,000 cubic yards on Bonanza creek alone, has been
worked or is workable by the drifting method.

The terrace gravels of Bonanza creek yielded well while they lasted,
but occurred in small deposits and were soon exhausted. The yellow gravels
associated with the white gravels and the high level river gravels have not
proved remunerative with present methods.

Character of Gold

Bonanza creek gold occurs in coarse, rough, usually flattish grains in
the upper part of the creek and in similar but smaller scales in the lower
part. Nuggets are obtained occasionally from most of the claims but are
not plentiful, except near the mouth of Little Skookum creek. They are
small, as a rule, seldom exceeding half an ounce in weight, and no very large
ones have been found. The nuggets are often crystalline in character and
nearly always inclose grains and fragments of quartz. The value of the
gold above Eldorado creek averages about $16. 7S per ounce. Below Eldorado
creek, the value drops to about $16.00 per ounce and in the lower part of
the creek is about $16.25 per ounce. The gold in the white channel gravel
is lighter in colour than in the creek gravels, is slightly lower in grade and
is more angular and includes a large proportion of nuggets.

The tributaries of Bonanza may be separated into creeks occupying
flat-bottomed valleys and those in V-shaped gulches. None of the larger
creeks, with the exception of Eldorado creek, which is described separately,
have yielded much gold. Adams creek enters Bonanza creek a mile below
Eldorado creek on the same side. It is nearly equal in size to Eldorado creek,
cuts the same rocks, and its valley is almost precisely similar in general
character, yet one creek ranks among the greatest producers ever discovered,
while the others have yielded only insignificant amounts. A few claims have
been worked on Adams creek below the mouth of Stampede gulch, and some
gold has been taken out, but no continuous pay-streak has been discovered.
Boulder creek, two miles below Adams creek, is also similarly barren except
for a short distance near its mouth. In upper Bonanza, Gauvin and Home
stake creeks are both worked to some extent for a couple of miles above
their mouths. The plain of the old valley extends up the former nearly to
its head, and carries pay gravels in places.

Among the more important Bonanza gulches are Victoria, O'Neil and
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Ready Bullion, on upper Bonanza; Big Skookum, Magnet, American, Fox,
Mon te Christo and Lovett gulches on lower Bonanza.

Victoria gulch, the most productive of the upper Bonanza gulches,
enters Bonanza creek from the left, one and three quarter miles below
C'armacks fork and almost at the head of the productive part of the creek.
It heads with Gay gul,h, a gold-bearing tributary of Eldorado creek. It is
about two miles in length and, in character, conforms strictly to the gulch
type. At the head is a steep regular amphitheatrical depression leading
into a narrow angular valley that gradually enlarges down stream. It has a
fall of about nine hundred feet. The narrow gutter-like bottom of the valley
is covered with from two to seven feet of coarse angular gravel and slide
rock, overlaid hy a few feet of muck, The gold from this gulch is coarse,
and in the upper part was exceedingly rough and angular, and looking as if
it had just dropped out of crevices in the quartz.

A small tributary of Victoria gulch, known as :'Jo. 7 pup, has also been
found gold-bearing for a distance of half a mile above its mouth. It joins
Victoria gulch on No, 7 claim and is simply a shallow depression in the hill
side. It has a steep grade rising four hundred feet in the first seventeen
hundred feet of its course. The gravel is angular and consists principally of
almost unworn slide rock. The gold is also coarse and angular and includes
some large nuggets. A. flat, oblong, unworn nugget, found Oll No. 7 claim,
weighed four and a half ounces.

Ready Bullion and 0' :eil gulches are similar in character to Victoria
gulch. Both yielded small amounts of gold.

The productive lower Bonanza gulches, between Adams and Boulder
creeks, differ in some respects from those just described. They cut through
the white channel gravels and have not proved productive, beyond the edge
of this deposit. The rich claims near their mouths have evidently derived
their supply of gold from the older gravels and not from original sources.
Big Skookum gulch, above Adams creek, was similarly enriched near its
mouth with gold concentrated from the white channel gravels, but a few
claims near its head also contain coarse angular gulch gold.

Eldorado Creek

Eldoraclo creek, the most important tributary of the Bonanza creek, is
Cl small stream about seven miles in length and from three to six feet in
width at its mouth, Jt carries, late in the season, barely a sluice head of
water. The valley is flat-bottomed for three or four miles above its mouth,
but narrow, the flats seldom exceeding 300 feet in width. The present valley
is excavated, like Bonanza creek (of which it is a continuation) in an older
and wider one. It shows the same characteristics as Bonanza valley, having
a trough-like depression below, 150 feet deep and from 225 to 450 feet in
\vidth, above which the slope is continuous and fairly steep to the summit of
the ridge on the right limit, but on the left is interrupted by the plain of the
old valley, usually about a quarter of a mile in width. Beyond the plain the
upward slope recommences, but at a lower angle. The plain of the old valley
follows the left bank of Elclorado creek for two miles above its mouth.
Above this it follows the right bank to a point above Oru Grande gulch,
where it disappears. The upper part of the valley, from Chief gulch upward,
is narrow, steep and V-shaped. Narrow terraces occur at intervals in the
lower part of the valley, but do not form a conspicuous feature.
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Country Rocks

A few narrow diabase dikes cross the lower part of Eldorado creek,
and narrow bands of dark graphitic schists were noticed in one or two places,
but with these exceptions the valley is cut altogether out of the light
coloured micaceous schists of the Klondike series. Quartz veins are every
where present, some carrying free gold.

Gravels

The Eldorado creek gravels are precisely similar to thosE' on Bonanza
creek. They consist of from five to nine feet of flat schistose, and angular or
rounded quartz pebbles, covering the bottom of the valley in a fairly
uniform sheet, overlain by a few feet of frozen mucic

The white channel gravels have an elevation above the present valley
bottom, at the mouth of the creek, of 150 feet, and three miles farther up,
where they disappear, of 125 feet. They consist, as on Bonanza creek, of a
white compact deposit below ane! an upper series of stratified flat pebbles
overlying these. Areas of white gravels occur at the mouth of Eldorado creek,
forming part of the Gold hill deposit previuusly described, and un French
hill, immediately below French gulch, while smaller patches occur about
half a mile below French gulch on the same side, and half a mile below Gay
gulch on the right limit. At the latter point, the deposit occurs for the last
time ascending the creek. It is quite narrow and has a thickness of only
eighteen feet. It lies in a shallow-pitted channel-like depression running
parallel to the present valley. At French hill it has a thickness, including
the upper gravels, of over a hundred feet. The occurrences between French
hill and Gold hill are small and unimportant.

Gold Conten ts of Gravels

Eldorado creek has proved the richest creek in the Klondike district
and one of the greatest placer creeks ever discovered. The claims are number
ed from the mouth up, and are approximately 500 feet in length. The first
thirty-seven claims, with a few intervening fractions, have yielded gold of
an estimated value of between twenty and twenty-five million dollars and
several millions will be added to this amount before the creek is exhausted.
The most productive portion of the creek extends from its mouth up the
Gay gulch, a distance of about three and a half miles. The gravels on this
stretch, with the exception of those on claims 34 and 35 and on claims 18
to 21, were all extraordinarily rich. ='Jo. 17, at the mouth of French gulch,
reputed to be the richest claim in the whole district, has yielded nearly a
million and a half dollars worth of gold, and claims .\los. 5,16 and 30 almost
rival it in importance. Above Gay gulch the gold in the gravels diminishes
in quantity and is more erratic in its distribution, but mining has been done
up to the mouth of Chief gulch and a narrow pay-streak, carrying values
in places, has been traced for some distance beyond. The pay gravels of
Eldorado creek, like those on the greater part of Bonanza creek, extend,
although the values vary somewhat, across the whole width of the valley
bottom. They are shallow, seldom exceeding four to six feet in thickness.
A considerable proportion of the gold occurs in the partings of the under
lying schistose bedrock and from two to four feet of this is usual1y mined
and washed. Terrace gravels, often moderately rich, occur along the valley
at intervals from Gay gulch down to the mouth.

The white channel gravels are less important than on Bonanza creek.
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Part of the rich Gold hill occurrence of this deposit, previously described,
extends up the valley of Eldorado creek. A number of the claims on French
hill also proved very rich and fair results have been returned from the
occurrence above Oro Grande gulch.

Eldorado gold is very coarse and is often angular and almost unworn.
Nuggets are more plentiful than on the other creek, and are often crystalline
in form. Several nuggets, valued at from $400 to $1,000, have been obtained
from the upper part of the pay streak. The gold is lighter in colour and of a
somewhat lower grade than on Bonanza creek, the assay value usually
varying from $15.50 to $15.75 per ounce.

Tributaries of the Eldorado

The tributaries of Eldorado creek, like those of Bonanza creek, are
comparatively unimportant. Some gold has been obtained from Gay gulch,
Nugget gulch, the lower part of French gulch, and from claim No. 6, on
Chief gulch. The gulches are steep, and most of the gold received by them
from the hillsides has been carried down into the main valley.

Hunker Creek

Hunker creek is a tributary of the Klondike, into which it empties, six
miles above the mouth of Bonanza. It heads close to the Dome, with Domin
ion creek, and flows in a north-westerly direction. I t has a length of fifteen
miles, and is about equal in size to Bonanza creek. The most important tribu
taries are Last Chance and Goldbottom creeks, both of which come in from
the left.

Valley

The valley of H unker creek is remarkably similar to that of Bonanza
creek, and, like it, its present form is due to a secondary valley sunk in
the floor of an older one. The recent valley, near its mouth, is sunk through
100 feet of gravel and 300 feet of bedrock. It is a steep-sided, flat-bottomed
trough, two to four hundred yards wide near the mouth, but gradually
narrowing up stream. Its width is more irregular than Bonanza valley, and
the basins developed at intervals in the lower part are wider. The plain of
the old valley is a marked feature from the mouth up to a point a mile
above Goldbottom creek, a distance of eight miles. It disappears there, but
comes in again for a short distance a mile and a half farther up.

A few rock-cut terraces occur below the plain of the old valley, but
are seldom very conspicuous. Like those on Bonanza creek, they are narrow,
irregular in height, and usually quite short.

Country Rocks

The rocks along the upper part of Hunker creek consist of the light
coloured sericite schists and the greenish chlorite schists of the Klondike
series, cut in places by small areas of recent volcanic rocks, principally
andesites and quartz porphyries. From Colorado creek down nearly to
Henry gulch, the dark quartz-mica schists of the Nasina series occur most
frequently. An area of Tertiary sedimentary rocks, associated with andesite,
outcrops at the mouth of Last Chance creek. Above Henry gulch, the rocks
of the Klondike series reappear and continue to the mouth of the creek.
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Gravels

The gravels on Hunker creek, like those on Bonanza creek, are of four
different kinds, viz., the present creek gravels, the terrace gravels, the white
channel gravels and a sheet of high level river gravels overlying the white
channel gravels near the mouth of the valley.

The creek gravels are all local in origin, and are similar in character to
the Bonanza creek gravels. They consist of flat schistose gravels, subangular
quartz pebbles and boulders, and occasional pebbles derived from the
newer eruptive rocks. They have a thickness of from four to ten feet, and
are overlain by from five to twenty feet of mur:k or peaty material. At
Discovery claim, the thickness of both muck and gravel is, for a short
distance, less than ten feet.

The terrace gravels are more rounded than the creek gravels, but are
otherwise very similar. They occur in narrow, disconnected strips along
both sides of the valley, at various elevations up to 200 feet above the
present valley-bottum. They have a maximum thickness, in the sections
examined, of seventeen feet, and, in places, are of considerable economic
importance.

The white channel gravels have a wider distribution along Hunker
creek than on any other creek in the district. They commence, descending
the valley, in a comparatively thin narrow band on the right limit opposite
number four below Discovery, ""here they occupy a basin-shaped depression
on both sides of number six gulch. They are absent below this point for some
distance, but reappear on the left limit half a mile above Goldbottom creek,
and continue down on the same side, except when broken through by the
valleys of the larger tributaries, to Henry gulch, near the mouth of the
valley. A few small patches also occur on the right limit between Gold
bottom and Hester creeks. Below Last Chance creek the main deposit
crosses Hun ker valley and con tin ues through in a wide band to the Klondike
valley.

The character of the white channel gravels on Hunker Creek is very
similar to that on Bonanza creek. V/here typically developed they form a
grayish, almost white, compact deposit, consisting mainly of sericite, clear
angular quartz grains, quartz pebbles and boulders and a kw schist pebbles
and boulders. They are also overlain in places as on Bonanza creek, by a
yellowish, loosely stratified deposit of flat pebbles derived mostly from the
Klondike schists. The thickness of the white channel gravels, between
Goldbottom and Last Chance creeks, ranges from 20 to 100 feet and the
width from 500 to 2000 feet. Below Last Chance creek they have a thick
ness of over 100 feet and a width of nearly a mile.

On Paradise hill, below the mouth of Hester creek, the white channel
gravels show some modifications. The lower gravels here, as shown in a
couple of shafts, consist almost entirely of well-rolled quartz pebbles and
boulders embedded in the usual white, fine-grained quartz sericite matrix.
These quartz gravels are barren or nearly so, but are overlaid by auriferous
beds consisting partly of schist and partly of quartz pebbles. The two gravels
are distinctly different in character, and the abrupt passage from one to the
other apparently indicates a break in deposition.

The high level river gravels are confined to the lower part of the valley
where they overly the white channel gravels, on a small plateau separating
Bunker creek from the Klondike above their junction. They also occur on
the left limit resting on a rock-cut terrace.
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Gold Contents of Gravels

Pay gravels occur along Hunker creek from claim )Jo. 46 above
Discovery on the right fork, down to the mouth of the valley, a distance of
over twelve miles. A stretch of the creek about a mile in length, including
Discovery claim and a few claims above and below it, proved very rich, the
yield in places amounting to $1000 per running foot of valley. Another long
stretch of almost continuously rich grave! extends from the mouth of Gold
bottom clmvn stream a distance of a mile and a half. Good pay has also been
found at a number of points below this, notably on claim No. 71 below
Discovery, and near the mouth of Henry gulch, on what is known as the
Anderson concession. On claim No. 71 the gold has mostly sunk down into
the bedrock, consisting here of broken andesite, and the overlying gravels
are almost barren.

The white channel gravels have not proved so rich as on Bonanza
creek, but a number of claims yielding good values have been worked for
some distance above ancl below Golclbottom creek, on Paradise hill, below
Hester creek, and on Last Chance creek and Dago gulch. On Paradise
hill the gravrls on bedrock are barren, and the gold occurs in an upper
layer six to ten feet in thickness. The scarcity of water on the hill sides has
seriously interfered with the working of the high level gravels of Hunker
creek, and the greater part of the deposit is too low grade to bear the
expense of pumping water for sluicing purposes.

Hunker creek gold occurs in bulky rounded grains along the upper
narrow portion of the valley in the usual rough flattish grains and scales
farther down. Nuggets are fairly numerous in the rich stretch near Discovery
claim and also in some of the claims below Goldbottom. They are occa
sionally found as far down as Henry gulch. The gold from about claim
No. 45 to No. 59 below is generally darkened on the surface by iron. The
assay value of Hunker creek gold averages about s17.25 per ounce above
Goldbottom, and from $16.50 to $17.00 per ounce for some distance below.
On the Anderson concession, near the lower part of the valley, the grade is
lower, some of it averaging less than $15.00 per ounce.

The two principal gold bearing tributaries of Hunker creek are Gold
bottom and Last Chance creeks. Gold bottom creek is almost equal in size
to the main stream at their confluence, and has a length of about six miles.
It carries gold almost to its head, but the distribution of values is irregular
and no very rich claims have been found. The best ground occurs near its
mouth.

Last Chance creek, a stream about six miles in length, enters Hunker
creek from the left near the lower end of its valley. It is gold-bearing up to
the forks, a distance of four miles, and a number of the claims, especially
in the first mile, have proved highly profitable. The white channel gravels
follow the left limit up to No. 15 pup, a distancf' of two and a half miles,
and are fairly rich in places. Thf' gold obtained from the upper part of this
occurrence is noted for its crystallized character. Last (,hance gold is low
grade, usually assaying from $14.50 to S1S.00 per ounce.

Other tributaries of Hunker creek that have ueen worked to some
extent are Mint gulch, Rester creek, Eighty pup, Henry and Dago gulches,
on the left limit, and IIattie gulch on the right limit. With the exception
of Mint gulch, the gold in these small gulches has mostly been derived from
the white channel gravels.
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Bear Creek

Bear creek empties into the Klondike two miles below Hunker creek.
It is a much smaller and less important stream than Hunker and Bonanza
creeks. It has a length, including Lindow creek, of about five miles, and
occupies a narrow-bottomed box-shaped valley, which gradually narrows
to a gulch towards its head. Bear creek has not proved particularly rich,
although some good claims have been worked near its mouth, and moderate
pay is found almost up to the head of Liudow creek. The gold is low grade,
usually assaying less than $15.00 per ounce.

The plain of the old valley is conspicuous along the left limit of Bear
creek up to Disr.overy pup. A small patch of the white channel gravels occurs
opposite Discovery pup at a height of 350 feet abovE' the present valley
bottom. The deposit, here has a thickness of eighteen feet and is less com
pact than usual. I t carries pay values in places.

Allgold Creek

Allgold creek heads with Dominion and Hunker creeks near the Dome,
but flows in the opposite direction toward the flat creek depression and is the
only creek draining the eastern and north-eastern slopesof the Klondike hills
on which gold in paying quantities has so far been discovered. It was staked
during the early days and a few holes were sunk to bedrock, but as no
particularly rich spots were found, the claims were all, or nearly all, aban
doned. They have been re-staked during the last two seasons and pay gravels
have been found at a number of points. The longest pay stretch so far
discovered occurs near the mouth of the creek, where several consecutive
claims are being worked. The pay is light, none of the claims yielding much
more than good wages.

The elevated white channel gravels occur in considerable volume on the
left limit of Allgold creek, along the lower portion of the valley, and are
overlaid, as usual, near the mouth of the creek, by rounded high level river
gravels. They rest on a rock bench of varying width cut into the side of the
valley at an elevation of from 150 to 250 feet above the present creek
bottom, the elevation increasing down stream. The Allgold white channel
gravels have not so far yielded gold in paying quantities, but practically
no work has been done on them, owing to the scarcity of water for sluicing
purposes.

Allgold creek gold is high grade, having an assay value of about $17.75
per ounce.

Gold-Bearing Streams Tributary to Indian River
DOlninion C"eek

Dominion creek is the largest and oue of the most important of the
gold-bearing creeks of this district. It heads with Bunker creek near the
Dome, and flows at fir!"t in an easterly direction, !Jut gradually bends round
to the south and then to the west before uniting with ,\ustralia creek to
form the Indian river. Its length, following the valley round its semi
circular course, is abou t thirty miles. The pri ncipal tri bu taries are r:aribou,
Portland, Laura, Hunter, Gold-run and Sulphur creeks from the right, and
Lombarcl, Remington, Champion, :\fevada, jansen, Kentucky, and Rob
Roy from the left.
Valley

Dominion creek valley heads in a steep amphitheatrical depression,
very regular in form, cut into the divide between Dominion and
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Hunker creeks. Lower down a deep narrow valley is developed, with steep
slopes almost meeting below. Still further down, the bottom slowly widens
out; small muck-covered flats, increasing gradually in width, border the
winding stream, the grade diminishes and the slopes up to the high, bound
ing ridges become easier. In the lower part of Dominion creek the flats have
an extraordinary width compared to the size of the stream. From ]ansen
creek to the mouth, they nearly everywhere exceed a third of a mile and, in
places, spread out to half a mile or more. The stream itself, at the mouth,
has a width of about twenty-five feet with an average depth, Oll the bars,
of abou t a foot.

Terraces have been traced along the left limit of Dominion creek from
Lom bard creek to about two miles below Jansen creek. They also occur
along the lower part of the valley, but at wirier intervals. The terraces are
low, seldom exceeding forty feet in height, and in some cases are less than
tell feet above the valley-bottom. They are wider than the Bonanza terraces.

Dominion creek differs from Bonanza creek and other creeks extending
along the Klondike in not possessing a well marked secondary valley. The
present valley-bottom below Burnham creek is supposed to represent the
elevated benches that border thc Klondike streams. The reason for this is
discussed in the description of the gravels.

Country Rocks

The rocks of Dominion creek have a greater variety than on the other
creeks in the district. The upper part of the valley is cut through the grayish
sericite schists of the Klondike series, alternating with bands of greenish
chloritic schist. The lattcr is fairly massive in places, and is often filled with
grains of pyrite and magnetite. In the central part of the creek, the Klon
dike schists are largely replaced by biotite-bearing schists, greenish schists
and hard quartzose schists. Bands of dark graphite schists are also present,
and limestones were found in the right bank opposite claim Ko. 123 below
Discovery. These rocks resemble the schistti on Indian river, and are re
ferred to the Nasina series. The schists of the Klondike series come in again
below Burnham creek, and are exposed down to a point midway between
Gold-run and Sulphur creeks, where they are replaced by sheared granites,
and these continue down to the mouth of the creek.

Gravels

The auriferous gravels of Dominion creek consist of yellowish creek
gravels, white creek gravels underlying these, and terrace gravels.

The creek gravels are altogether of local origin and are formed from the
rocks outcropping along the valley. They are similar to those in the valleys
previously described. Between the two Discoveries, the country rock is
ullusually soft, and the pebbles are consequently small.

The thickness of the gravels and overlying muck varies along different
portions of the creek. Between the two Discovery claims, the most pro
ductive part of the creek, the gravels range in thickness from two to seven
feet, and the overlying muck and associated sediments from five to fifteen
feet. Farther down near the mouth of Laura creek the thickness of muck
and gravel increaties to about forty feet. Between Laura and Sulphur creeks
the depth to bedrock is usually between thirty-five and forty feet. Below
Sulphur cree.k, the depth decreases again to about twenty-seven feet.

The yellow creek gravels, representing the present wash of Dominion
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creek, are underlaid between Burnham and Sulphur creeks and for some
distance farther down by a white compact siliceous deposit, similar in
every way to the high level white channel gravels of Bonanza and other
Klondike creeks, and probably belonging to the same period. At first glance
it appears strange to find these gravels on some creeks resting on high
benches and in others underlying the present valley flats. The explanation
is however simple. The elevated position of these gravels on Bonanza and
Hunker creek is due, as stated before, to a recent general elevation of the
country, which gave the streams increased grades and enabled them to cut
deep, steep-sided secondary valleys in the floors of their old valleys. Both
Bonanza and Hunker creeks empty directly into the master valleys of the
district and were affected immediately by the deepening of these. Dominion
creek, on the other hand, empties into Indian river many miles above the
junction of the latter with the Yukon. Indian river is itself a comparatively
small stream, and any increased cutting power which it acquired in common
with the other streams, after the elevation of the country, has been expended
in the lower portion of the valley and has not, so far, materially affected
the upper portion. A secondary valley, in places narrowed to a canyon, is
traceable from the mouth of Indian river up stream to a point above Quartz
creek, where it merges with the older valley. The wide flats which bottom
the valley of the main stream, and of the large tributaries like Dominion
creek, above this point, correspond therefore in a general way to the old
valleys of Bonanza and Hunker creeks, now represented by high benches,
and not to the present valley-bottoms.

The white gravels on Dominion creek are comparatively thin, seldom
exceeding fifteen feet in thickness, and in the lower portions of the valley,
they occur, in places, as long, buried ridges running parallel to the general
direction of the valley. The intervening spaces are filled with the loose,
yellow wash of the present stream.

The low terraces bordering Dominion creek, above Burnham creek,
indicate a slight deepening of the upper portion of the valley. The gravels on
these terraces are similar to the creek gravels, except at a couple of points
where they consist of angular fragments of bedrock massed confusedly
together.

Gold has been found along the greater part of the whole length of the
Dominion creek. The pay-streak begins about claim No. 22 above upper
Discovery in the narrow gulch part of the valley, and has been followed,
with some blank stretches, down almost to the mouth of the creek. The
most productive part extends from Lombard creek down to lower Discovery
and a couple of miles beyond. A yield of nearly half a million dollars worth
of gold is reported from some of the richer claims in this portion. The schist
bedrock on Dominion creek is softer and less open than on Bonanza creek,
and the gold does not sink in it so readily. On this account an extraordinarily
rich layer of gravel, a few inches in thickness, is often found immediately
overlying bedrock.

Creek claims have been worked at a profit below Lower Discovery,
although the pay streak is often interrupted by barren stretches, down
nearly to Jansen creek, and bench claims for a couple of miles farther. No
pay has been found below this, until the mouth of Gold-run creek is reached.
A second rich stretch commences here and continues down to a point below
Sulphur creek. Wide flats border this portion of the valley and persistent
prospecting was required to discover the pay-streak. The gold occurs mostly
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in the underlying white gravels. The claims are not rich in the Eldorado
meaning of the term, but carry sufficient values in most cases to enable
them to be profitably worked. The pay-streak is reported to be 1,000 feet
or more in wid th in places.

The terrace gravels on the left limit of Cpper Dominion creek proved
very rich, and some of the claims in the vicinity of Lower Discovery and up
the valley to near L'pper Discovery, have yielded large returns for the
amount of work done. Bench claims are being worked at the present time
on the left limit at intervals down to Creek Claim No. 149 below Lower
Discovery.

The gold on Dominion creek presen ts the usual variety. Above Lombard
creek, it occurs in rough rounded grains and small nuggets. Farther down, a
mixture of heavy grains, some well-worn and others quite rough, with a
more flaky variety, and an occasional large, well-worn nugget is found.
Below Lower Discovery the gold becomes finer and more flaky and nuggets
are only occasionally found. The gold on Lower Dominion below the mouth
of Gold-run is coarser than on portions of Ppper Dominion and was prob
ably largely derived from Gold-run creek.

The bench or terrace gold often occurs in fairly large flat grains, more
uniform in size, smoother, and more worn than the creek gold.

The assay value of Dominion creek gold increases slightly but steadily
descending the valley. At Upper Discovery the average value is about
$16.75 per ounce, at Lower Discovery $17.04, and at claim No. 133 below
Lower Discovery $17.26. The gold from the claims below Gold-run is still
higher in grade, averaging about $17.50 per ounce.

Gold has been found on very few of the numerous tributaries of Domin
ion creek. The streams entering it from the left are all barren, so far as
known, and only three producers, Cariboo, Sulphur, and Gold-run creeks
have been found on the right limit, and of these only the last two are
important.

The creek gravels of Cariboo creek have yielded little or no gold, but
some producing claims are being worked on a wide low bench situated on
the left limit, about a mile above its mouth. This bench supports a bed of
gravel ten to twelve feet in thickness, which has, in spots, proved moderately
rich. The gold is coarse and rough.

Gold-Run Creek

Gold-run creek enters Dominion creek from the right, five miles
above its mouth. It has a length of about eight miles and a course nearly
parallel with Dominion creek above its southerly bed. It is a small stream,
from six to eight feet wide at its mouth, but, except in very dry seasons,
gives sufficient water for sluicing purposes.

The valley of Gold-run is a flat-bottomed depression more than a
quarter of a mile wide near its mouth. The bordering ridges are uneven, and
have a height of from 1,200 to 1,500 feet above the valley-bottom. Terraces
occur on the left limit, near its junction with Dominion creek, and on the
right limit, about three miles above its mouth, but no continuous system
exists. The country rocks consist, in the few exposures seen, of the sericite
and chlorite schists of the Klondike series.

The gravels on Gold-run, about claim No. 13 above its mouth, are
similar to those on the creeks already described. They are rather more
qiJartzose than usual and are also irregular in thickness, the muck occa-
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sionally sinking down almost to bedrock. The thickness of gravel and muck
varies from twenty to over thirty feet. Below claim: o. 13, the bedrock
sinks suddenly, and the overlying gravels and muck increase from twenty
five to over fifty feet in thickness. The depression is filled with white silice
ous gravels similar to those on Dominion·creek. They continue down to the
mouth of the valley and out into and down Dominion valley. The cause of
the sudden sinking of the bedrock Aoor of GolJ-run valley is not fully
understood. It is possible that the line of shafts following the pay streak
down the valley may pass at this point over thp edge of a buried terrace, and
that a more graded channel exists in other parts of the wide valley, but this
could not be proved.

The productive part of Gold-run creek, like that of Eldorado creek,
occurs near its mouth. The main pay-streak commences just above the
mouth of No. 43 pup, and has a length of about three and a half miles. A few
claims have been worked above To. 43 pup but the yield has been small.
Below the mouth of this gulch, an almost continuous stretch of pay gravels
has been worked down to, and out into, Dominion valley. Near the mouth,
the pay occurs in the buried white gravels and, farther up, in the yellow
creek gravels. The claims along the lower part of Gold-run creek, while not
equal to those on Eldorado creek, proved exceedingly rich. A number of the
best claims will probably yield considerably over a quarter of a million
dollars worth of gold. The gold is generally rather coarse and angular,
although a few smooth grains are occasionally intermixed. Nuggets are not
plentiful and no very large ones have been found. The grade of the guld is
high, the assay value averaging $17.65 per ounce.

Sulphur Creek

Sulphur creek heads in the Dome, and empties into Dominion creek,
two and a half miles above Australia creek. It has a length of seventeen
miles, measured alung the valley. At its mouth, it is a stream of about
twelve feet wide, with an average depth of about six inches, on the bars. In
the productive part of the creek the water supply is much smaller, but,
except ncar the head, one or more sluice heads are usually available. The
principal tributaries are Green, Friday, Meadow and Brimstone gulches
on the left, and Quinn and Black Diamond gulches on the right.

The valley of Sulphur creek is sunk from 1,000 to 1,500 feet below the
crests of the bordering ridges. The slopes are easy and very uniform, and
are somewhat steeper on the right limit than on the left. In the upper part,
the valley is narrow and gulch-shaped, with a steep grade, but it gradually
widens towards the mouth, and the inclination lessens. For some distance
above the mouth, the grade scarcely exceeds twenty feet to the mile,
measured by the aneroid. The increase in width is fairly uniform, but slight
expansions and contractions occur at intervals all the way down. At the
mouth of Green gulch, about five milt's from the head of the valley, its
bottom is 300 feet wide, and is cut by a narrow muck gorge thirty feet deep,
in which the stream, here only about three feet in width, is confined. Seven
miles farther down, the valley flat has a width of 750 feet, and near the
mouth this increases to nearly il third of a mile. A general cross-section of
the valley shows a flat of varying width bordering the stream, from the
edges of which the surface rises gen tly tu the bases of the main slopes of the
valley; then, a sharp ascen t of from 700 to 1,000 feet, followed by easier slopes
to the crests of the bordering ridges. ,,\ marked peculiarity of Sulphur valley
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is the absence all along its course of well-defined terraces. Sulphur creek is
singular in this respect, as, with the exception of Gold-run creek, where
they are only feebly developed, gold-bearing terraces are prominent along
all the productive creeks of the district.

A second peculiarity of the valley is the continuous rise, referred to
above, between the edge of the flat bordering the creek, and the base of the
hills, amounting in some parts to fifty feet or more. Bench claims have been
staked along this rise, but, where shafts have been sunk through it, bedrock
has been found at about the same level as near the creek, and the rising
surface has been shown to be due to a great accumulation of muck. It is
possible, however, that, in places, terraces may be buried below the muck
so completely that no sign of them appears on the surface.

Bedrock

In the upper part of Sulphur creek and down to about claim No. 50,
below Discovery, the rocks consist principally of the greenish and light
greenish schists of the Klondike series, similar to those found on Upper
Bonanza. The schists are cut by numerous quartz veins and by occasional
bosses and dikes of quartz-porphyry. In the lower part of the valley, the
schists become coarser, more granular, and appear to change gradually to
a granite gneiss. Exposures are scarce along the valley, and the character
of the rocks can only be ascertained from specimens obtained from shafts
sunk to bedrock.

Gravels

The gravels on Sulphur creek are similar to those on Gold-run creek.
The yellow creek gravels are underlaid, descending the valley, on claim
No. 55 below, by white gravels, and these continue down to its mouth. The
gravels are overlaid by an unusually heavy bed of muck. On claim No. 36
above, the muck has a thickness of fifty feet, and on most of the claims the
depth to bedrock is between thirty and forty feet.

Gold Contents of Gravels

Pay gravels occur pretty continuously along Sulphur creek, from a
point a short distance above the mouth of Green gulch down to claim No. 35
below, a distance of about seven miles. The claims along this stretch are
seldom exceptionally rich, and a few are barren or nearly so, but most of
them yield fair returns. Gold in paying quantities is found above Green
gulch for a distance of three miles, but the pay-streak is interrupted by
barren intervals. Some pay has been found in spots in the lower part of the
creek. The white gravels are less productive on Sulphur creek than on Gold
run and Dominion creeks.

Sulphur creek gold is lower grade than Gold-run gold, averaging
about $16.60 per ounce. I t follows the general rule in occurring in large
angular pieces in the upper gulch part of the creek, and in small, flaky rough
grains farther down. With the exception of Green gulch, on which some gold
has been found, none of the tributaries of Sulphur creek have been found
productive.

Quartz Creek

Quartz creek heads in the Dome ridge, where so many of the Klondike
streams originate, and flows southward to Indian river, which it joins
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seventeen miles below the mouth of Dominion creek. It is a short stream,
about nine miles in length, but forks repeatedly along its course, and, with
its numerous branches, has curved out the widest and most conspicuous
basin in the district. The principal tributaries are Calder, Little Blanche,
and Canyon creeks on the right, and Toronto and Mack's fork on the left.

The valleys of the main stream and of the larger tributaries are bot
tomed with the usual wide flats. They have been deepened, resembling the
Klondike rather than the upper Indian river streams in this respect, and
portions of the old valley-bottom occur as wide benches along the right
limit. The benches are everywhere low, and, in places, the ground covering
has been removed. Quartz creek was the first creek in the district on which
gold was discovered, but the production from the creek claims, up to the
present time, has been comparatively insignificant. The leanness of the
creek gravels is somewhat remarkable, as this stream cuts the Klondike
schists (the gold-bearing rocks of the district), and with its tributaries has
carried away and concentrated the metallic contents of an enormous
amount of material.

A few creek claims are being worked at intervals from the mouth of
the creek up to claim No. 18 above Redford's Discovery. At Redford's
Discovery, the creek has been displaced over a hundred feet by the slow
advance of a heavy bed of muck on the left bank. The pay gravels are over
laid by about seventy-five feet of muck, and are reached by inclines from
the present creek channel. A number of the claims above and below Red
ford's Discovery have been worked at a profit.

The bench gravels on Quartz creek are more important than the creek
gravels. A gravel-covered terrace follows the right limit from Canyon creek
down to Calder creek and also extends for a short distance above and below
these creeks. Below Canyon creek, the terrace is a third of a mile wide and
110 feet high, but decreases both in height and width, descending the valley.
It is built principally of gravel, the underlying bedrock having an elevation
of only a few feet above the present valley-bottom. The shafts to bedrock
on the various claims vary in depth from 100 feet to sixty feet or less. Near
CaIder creek the pay-streak approaches the edge of the valley, and the
deposit is worked by open cuts.

The Quartz creek bench gravels consist of compact grayish gravels
below, and looser yellowish gravels above. They are darker in colour and less
siliceous than the white channel gravels of Bonanza creek, but are very
similar in other respects, and are referred to the same period. They are
moderately rich, the pay occurring as usual in the lower few feet of the
deposit, and a large number of claims are being worked.

The tributaries of Quartz creek are not important, although a few
claims have been worked with success on Little Blanche and Canyon creeks.

Eureka Creek

Eureka creek flows into the Indian river from the south, five miles
below Dominion creek. It is a small stream, about eight feet in width, where
it enters Indian River valley, and about ten miles long. It divides, three
miles above its mouth, into two nearly equal branches, both of which
head in a range of high hills that border this part of Indian River valley
on the south.

The valley of Eureka conforms to the general type of the district. In
the lower part, the muck-covered flats bordering the stream are from 300
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to 900 feet wide. A well-defined bench, fifty feet in height, occurs on the left
limit opposite the forks, and continues up the creek for a couple of miles.
At ::-.ro. 4 above Discovery, the bench is ninety feet in height.

Country Rocks

The rocks on Eureka creek differ from those on the other gold-bearing
creeks in the district. The Klondike series occur near its mou th bu t is soon
replaced by the slates, quartzites and dark and green schists of the Nasina
series, and these continue to the head of the stream. The discovery of gold
in streams cutting these rocks is important, as they have a wide distribution
th roughou t the terri tory.

Gravels

The Eureka stream-gravels consist, mainly, of imperfectly rounded
pebbles of dark and green schists. Quartz pebbles and boulders, sometimes
of large size, are also present, and granite occurs occasionally. In the upper
part of the valley, the gravels, as usual, become coarse and angular. The
creek gravels are from four to eight feet in thickness, and are overlain by
from ten to twenty feet of muclc The terrace gravels consist of the same
materials as the stream gravels, but are rounder and more worn. Quartz
pebbles are also rather more abundant. Eureka creek is not a rich creek,
but a number of claims have been worked at a profit, both in the main
valley and on both forks. On the left fork, the pay-streak follows what is
known as ~o. 18 pup, and up to the mouth of No. 13 pup continues up the
latter for a few claims. The gold from the right fork is very coarse, and
nuggets worth from twenty to fifty dollars are reported. The grade of the
gold is low, averaging about $14.59 per ounce. The Eureka creek terrace
gravels contain some gold, and a couple of claims are being worked on them.

:Wining :vIethods in the Klondike

Creek claims are worked, with few exceptions, either by sinking and
drifting, or by open-cut work. A description of these two methods is given
by the writer in the Summary Report for 1900 and the following account
is partly a repetition of that.

The greater part of the claims are worked by the first method. A shaft
is sunk to bedrock, and the pay gravels around the foot of the shaft are
thawed out and hoisted to the surface. If the work is done in the winter,
the material is piled up in great dumps and sluiced in the early spring; if in
the summer time, the two operations are carried on simultaneously. In the
better-worked claims, a system of drifts is extended from the shaft or
shafts to the edge of the claim, or of the pay, as the case may be. The drifts
are connected by cross-cuts, and the farther blocks are worked first.

The gravels are everywhere frozen, and require to be thawed before
they can be extracted. This was done in early days by wood fires, or by
heating the water at the foot of the shafts with hot stones, but now, except
in remote districts, is done altogether with steam thawers or pumps.

Thawing by steam is a simple operation. The steam is usually obtained
from the boiler that furnishes power for hoisting and other mining opera
tions. It is passed through rubber hose, to the ends of which pointed steel
tubes, four or five feet in length, are attached. The latter are driven into the
frozen gravel and steam is forced through them for a period of from six to
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twelve hours. They are then withdrawn and the thawed material is removed.
The poinb require steam equal to about one horse power each, and thaw
from one to three cubic yards of gravels at a shift. .'\ny number can be used.

In thawing with water, a small 'vVorthington pump with a three-inch
discharge, and three quarters of an inch or inch nozzle is usually employed.
Only a small amount of water is required, as the stream played against the
gravel face is collected in a sump and used again repeatedly. The relative
merit of steam and water thawing is still an open question among the
miners. The size of the excavation can be more easily regulated with water,
as the steam, especially in the summer time, heats the air in the chamber,
and portions of the waste in the roofs thaws out and falls. Steam is used on
the majority of the claims.

Timbering is seldom required, as the bed of frozen muck which overlies
the gravels forms an extremely tenacious roof, and chambers of astonishing
size can be excavated beneath it, in the winter time, without danger. In one
case, on Dominion Creek, a muck roof, unsupported by pillars, covered a
vault said to measure 110 feet by 230 feet, and remained unbroken until
midsummer. Examples of muck roofs spanning vaults over 100 feet in
width are common.

In working claims by the second method, that of open-cuts, the first
object is to get rid of the muck covering. This is easily none in early spring
by taking advantage of the spring Roods and leading the water by several
channels across the claim. The muck thaws easilv and the streams soon cut
down to the gravel, and then gradually widen'their channels until they
meet. I n some cases, the process is hastened by blasting out the walls of the
muck channel with slow explosives. \iVhen the muck covering is removed,
the gravels usually thaw to bedrock in a single season. The upper portion,
if barren, is removed and piled up where most convenient, and the under
lying pay gravels are shovelled up or hoisted in buckets, and sluiced in the
ordinary way. The open-cut method of mining leads to a more complete
recovery of the gold, but is too expensive to be used where the barren over
burden of muck and gravel exceeds ten to fifteen feet in thickness.

While the general system of mining creek claims has changed very
little since the early days of the camp, there has been a great improvement
in the plant employed. Vvood fires, for thawing, as stated before, are now
altogether superseded by steam thawers and pumps. The hand windlass has
been replaced by steam hoists working with self-dumping buckets, and steam
scrapers are used, instead of the shovel and wheel-barrow of early days, to
remove the waste in open-cuts. On many of the claims the water for sluicing
purposes, instead of being Rumed from a point up the creek distant enough
to give the required grade, is now pumped up, and the sluice boxes are
placed high enough to carry the tailings where required. The employment of
steam po\ver and machinery, in place of hand labour, has reduced the ordi
nary expenses of mining by nearly one-half, and has given value to long
stretches of gravel on the various creeks formerly too low grade to work.

The equipment required to work a creek placer claim at the present
time by the drifting method, where the water for sluicing is pumped up,
consists of a 35 to 50 H.P. boiler for furnishing power, a hoist and sdf
dumping bucket worked by an 8 to 10 H.P. engine, a centrifugal pump with
a 6-inch discharge for elevating water for sluicing (driven by a 15 H.P.
engine), and a small \iVorthington pump with thre(' inch discharge, an inch
nozzle for thawing or a set of points when the thawing is done by steam. The
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installation of the plant on one of the distant creeks usually cost from
$5,000 to $7,000. The operating expenses on an ordinary claim, with one
shift and night thawing, amount to about $100.00 per day, and from 50 to
60 cubic yards of material are mined and sluiced daily.

On a few claims in the district, the mining methods are different from
those described above. A dredge, originally intended for work on the bars
of the Lewes river, has been operating on Bonanza creek for the last three
seasons. The work done has shown that, where the gravels are completely
thawed, they can be worked very cheaply by dredging, but where frost is
encountered, thawing, as in the other methods, must be resorted to. In
dredging, also, the bedrock is not seen, and there is always some uncertainty
in regard to the completeness of the recovery of the gold. Where the bed
rock is hard and blocky, the gold often sinks down along the jointage and
bedding plane to a depth of from three to five feet, and part of it must
almost necessarily be left behind. In soft bedrock, it is probable that the
recovery of the gold is nearly complete, as it does not sink so deep, and the
material containing it is easily removed.

Steam shovels are being used on several claims in the district, and where
the conditions are suitable they handle the gravels and certain kinds of beds
cheaply and effectively. The overlying muck requires to be sluiced off in
the usual way, and the gravels must be thawed out.

Another attempt, worth mentioning, at cheap mining on the creeks,
introduces the hydraulicking principle, but is still only in the experimental
stage. On the Gold-run creek, a couple of claims have been equipped with
long China pumps and bucket elevators. The pump and gravel elevator,
each about seventy feet in height, rest in a sump excavated twelve to
fourteen feet deep in bedrock. The gravels are washed into the sump by a
stream of water under a small pressure, and are carried up by the bucket
elevator and dumped into the sluice boxes. The China pump elevates the
water used in hydraulicking, and it serves again to wash the gravels. If this
method proves successful, a number of other claims in Gold-run creek will be
equipped in a similar manner.

The pay-streak in the elevated white channel gravel is worked from
drifts along bedrock starting at the rim, or, when the deposit is wide, from
the foot of the shafts, often over a hundred feet in depth, sunk to bedrock.
A small amount of open-cut work is usually done along the rim.

The scarcity and, in places, almost complete absence of water has
greatly hampered mining operations on the benches. In early days the pay
gravels were largely washed in rockers or trammed down to the creeks, and
sluiced there. Ditches have now been constructed to the heads of some of
the creeks and gulches tributary to the main valleys. The supply from these
is, however, usually small, and only available for a portion of the season.

Numerous attempts have been made to pump water up from the creeks
to sluice the hill gravels, but in most cases, with indifferent success. The
Electric Power Co. of Dawson is now operating several small pumping
stations along the Bonanza creek, but the price charged, $7 to $8, per sluice
head per hour, is prohibitive, except on the richer claims.

A few hydraulic plants, some using water pumped up from the creeks,
and others gravity water, have been installed at various points to work the
hill gravels. The pumping plants have not proved successful in the past, but
experiments in this direction are still being tried. The installation of the
largest pumping plant in the district was commenced and nearly completed
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during the past season by the Pacific Coast Mining- Co. The plant is situated
at the mouth of Adams creek, and is intended to work a group of claims
owned by the Company on Chechaco hill, originally one of the richest on
Bonanza creek, but now largely drifted out. Two pumping engines will be
employed when the plant is in full running order, the main one having a
capacity of 3,000 gallons per minute against a head of 350 feet, and the
auxiliary one of 1,500 gallons per minute. Power is furnished by two Cahall
water-tube boilers, giving, together, 528 H.P. It is intended to force the
water through two twelve-inch discharge pipes up to a reservoir on the hill
350 feet above the pumping station. This will give a head of 150 feet at the
base of the gravel deposit, where the monitors will be stationed. This com
pany has shown great enterprise in undertaking a costly scheme of this
kind, and it is hoped that their operations will meet with success. A Riedler
pumping engine, with a nominal capacity of 1,500 gallons per minute, was
also installed during the past season, by Alex. McDonald, at the mouth of
Dago gulch, on Hunker creek, for use on Dago gulch.

When the water used is obtained by gravity, hydraulicking operations
have shown good results. The Anglo-Klondike Company, under the man
agement of Mr. Coffey, have been operating successfully, for a couple of
seasons, two small hydraulic plants, one on Fox gulch and the other above
Boulder creek. The water is flumed and siphoned from a point on Boulder
creek about three miles above its mouth. A supply of 200 inches is avail
able for a few weeks in the spring and fall, and is delivered under a head
of about 200 feet. In :vIr. Coffey's report to his Company, in 1902, it is
stated that in a run of twenty-two days 29,000 cubic yards were sluiced,
and that the actual hydraulicking cost was under fifteen cents per yard. The
total operating expenses, including cost of plant and cleaning bedrock,
were thirty-five cents to the cubic yard, or $1.96 per square yard of bedrock.
In the same report it is stated that the actual average cost of mining and
sluicing by the ordinary drifting method amounted to $5.85 per square
yard of surface. No allowance is apparently made in the statement for the
original cost of the water-right and flume. This comparison in cost between
the two methods is, however, scarcely fair to the latter, as the hydraulicking
operations were carried on around the rim where the gravels are thin, and
the tailings easily disposed of. When the deeper portions of the deposit
are attacked the cost per square yard of surface will necessarily be greater.
The increased cost may, however, be compensated for by the greater
amount of gold recovered, as it is known that the gravels contain some
values throughout.

The demonstration by Mr. C:offey of the feasibility of hydraulicking
successfully the frozen hill gravels is important, but in the present circum
stances can only be taken advantage of to a very limited extent, as the local
supply of water is small and intermittent and only obtainable at a few points.

Origin of the Placer Gold

There is little doubt that the Klondike gold, or the greater part of it,
at least, is detrital in origin, and has been largely derived from the auri
ferous quartz veins cutting- the older schists and especially the igneous
schists of the Klondike series. The veins are small and the number destroyed
and concentrated as pebbles and boulders in the valley-bottoms is almost
incalculable. The high level white channel gravels have a volume, on
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Bonanza and Hunker creeks alone, of nearly 500,000,000 cubic yards, and
nearly, if not quite, half the whole deposit consists of quartz grains, pebbles
and boulders derived from veins. This figure, large as it is, represents only a
fraction of the vein material destroyed, as the volume of the white channel
gravels was originally at least a third, and possibly a half, greater and a
further allowance must be made for the large percentage of quartz ground
up and carried away. The total production of the Camp will probably
approach $200,000,000; the average gold tenor of the quartz was not,
therefore, large, and probably did not exceed a few cents to the ton.

The derivation of the placer gold from quartz veins, as pointed out
by Spurr in regard to the Fortymile district, is evident from the character
of the grains. The greater part of the golrl occurs in irregular flattened discs
and bulbs very similar, when unWOrll, to those in the veins. Many of the
grains and most of the nuggets inclose quartz, and a few are themselves
inclosed in quartz. Pebbles and boulders speck'd with gold are also occa
sionally found. A boulder from Bonanza creek, near Discovery, weighing
sixty ounces, con tai ned twen ty ounces of gold. Add i tional evidence of the
detrital origin of the gold is afforded by its worn character in the creeks,
while the younger grains and nuggets found in the gulches are always rough
and angular. The richest quartz, so far discovered. occurs near the head of
Victoria gulch a tributary of Bonanza creek. The partially decomposed slide
rock, which covers the surface of the hill side below the quartz outcroppings,
contains colours of gold, and it is significant that Bonanza creek is rich
below the mou th of Victoria gulch, and practically barren above. Victoria
gulch is itself gold-bearing, and the gold obtained from near its head is
sharply angular. I t is not inferred from this that all the gold in Bonanza
creek came from Victoria gulch, as none of the heavy gold has travelled far,
and the valley was probably repeatedly enriched from veins along its
course, and from the older gravels, but that some of it was so derived
seems certain.

\iVhi le the grea ter part of the placer gold has been deri ved from broken
quartz veins, a small percentage may have been precipitated from water
carrying gold in solution. A boulder was found on one of the workings on
Miller Creek, the upper surface of which was partially covered with thin
specks and scales of crystalline gold. The crystals were arranged in a den
dritic manner. Some of them were firmly attached to the rock, and others
separated easily from it. The angles of the crystals were sharp and showed
no wear of any kind, while the boulcler itself, an autoclastic quartz-mica
schist, was well-rounded. The gold evidently did not belong to the rork
originally, and the only explanation of its occurrence under the peculiar
conditions stated seems to be that it was taken up by some solvent and
re-deposited on the surface of the boulder. A number of thin specimens of
nearly unworn crystalline gold, often dendritic in structure, have been
found on Eldorado and other Klondike creeks, and they may have orig
inated in this manner. The bulky, octahedral crystals (the common crystal
line variety), were probably derived, like the nuggets, from veins. Several
specimens of these, identical in character with those in the gravels, have
been obtained from the Victoria gulch quartz.

Quartz Veins

Quartz veins are exceedingly abundant in the schists of the Klondike
series, and also occur, but more sparingly, in the r1astic Nasina schists, and
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in the Moosehide diabase. The veins, as a rule, are small and non-persistent,
varying in size from mere threads up to masses of quartz one to two hundred
feet in length and from four to six feet in wid th. Large veins occur occa
sionally, one on the Yukon river, below the mouth of Cariboo creek, measur
ing over thirty feet in width.

The common vein of the district is generally lenticular in outline, the
lenticles, in the majority of cases, measuring only a few inches in width, and
a few feet in length. The larger veins swell out, in places, to a width of from
four to six feet, but are seldom traceable for any considerable distance.
They follow the planes of schistosity, as a rule, or cut them at a small
a.ngle. In some instances, while the strikes of the vein and the enclosing
schist nearly coincided, the dips proved to be in opposite directions. Branch
ing veins are not uncommon, the branches often cutting directly across
the schists.

Besides the common lenticular variety, what might be called sheeted
veins occur conspicuously in some of the sections, in terleaved with the
folire of the schists. These veins are seldom more than three or four inches,
and are usually less than half an inch, in thickness. They differ from the
lenticular veins in their more uniform thickness, and in their strict con
formity to the inclosing schists, even when the latter are sharply bent.

The quartz veins are usually milk white or light grayish in coluur,
and, when much weathered, have a granular appearance. They inclose
fragments of schist similar to that in the walls, are distinctly crystalline
and occasionally show lines of interlocking, flattened quartz crystals. A
notable feature of the veins is the presence in them of occasional feldspar
crystals indicating a relationship to the pegmatites. A few examples of
typical pegmatite veins or dikes occur in the district, and, in one case, a
coarse-grained pegmatite vein was observed to pass along its strike into a
purely siliceous rock. The aqueo-igneous origin of the pegmatites, and their
close genetic connection wi th certai n classes of quartz veins, main tained
by various writers, is supported by the facts observed in the Klondike
district. In the neighbouring Fortymile district, Spurr has described a
transition of similar quartz veins into pegmatites, and through the latter
in to apli tes.

The lenticular quartz veins are much younger than the schists, and are
older than the massive andesites and quartz porphyries. They were probably
formed during, or, a:; a consequence of, the intrusion of the granite mass
south of Indian river.

The metallic contents of the quartz veins present little variety. Iron is
usually present in the form of pyrites and, less frequently, magnetite, often
in sufficient quantities to give the vein a rusty colour when weathered.
Copper pyrites and galena, the latter sometimes argentiferous, occur less
frequently, and free gold has been found in a number of veins, occasionally
in considerable quantities. A short lens of quartz found near the head of
Victoria gulch was studded at one end with llumerous grains and small
nuggets of gold, some or them well crystallized. The gold occurred mostly
at or near the sudace, very little being found in the interior of the vein.
Small veins carrying grains of gold have been discov('[ed on nearly all the
producing creeks.

Cassiterite (stream tin) has been obtained from the sluice boxes 011

Hunker, Bonanza and Sulphur creeks, but has not, so far, been found in
veins. It occurs in smooth rounded or mammilated pebbles up to an inch
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in diameter. The presence of osmoridium with Klondike gold has also been
detected by Mr. Carmichael of the Department of Mines, Victoria, B.C.

Lode Mining

Lode mining has, so far, made little progress in the Klondike district,
although a great number of claims have been staked, and some develop
ment work has been done on a few of them. The veins, as already pointed
out, are usually small and non-persistent, although they occasionally swell
out into considerable lenses of quartz. They often give fair assays, and, in
places, show free gold but, except in rare instances, are too small individually
to make mines. They occur in great abundance and in some sections con
stitute a considerable proportion of the whole rock mass. The discovery of a
zone of small auriferous quartz veins closely grouped and capable of being
worked together is by no means impossible. The region is difficult to pros
pect, as the slopes of all the ridges are covered with a sheet of partially
decomposed slide rock, blanketed in places with moss, and the valley
bottoms are buried beneath muck. Bedrock is seldom exposed except along
the summits of the ridges and the sides of the secondary valleys.

The most interesting group of quartz veins in the district is those
referred to before as occurring near the head of Victoria gulch. The develop
ment work done on these consists of a few shallow shafts or pits, none of
which reach any considerable depth, and a short tunnel. At one of the
openings on the New Bonanza claim a short rich kidney of quartz, nearly
six feet in width, was uncovered. A second opening, 200 feet to the south
east, has been sunk, following a smaller quartz vein in which no free gold
could be detected with the naked eye, or an ordinary magnifying glass.
A sample was assayed in the laboratory of the Survey and gave 2,625 ozs.
of gold and 3,267 ozs. of silver to the ton. The silicified country rock, mostly
sericite schists, adjoining the vein also proved to be auriferous. Other small
quartz veins occur in the vicinity, all striking in a N.E. and S.W. direction.
The coarse angular gold in Victoria gulch and No. 7 pup must have been
obtained from these veins, or from neighbouring ones concealed beneath
the surface covering, or wholly destroyed by erosion. \iVork on them is now
temporarily stopped, but the prospects are certainly encouraging and
warrant further investigation.

A claim in the Violet group, situated on the summit of the ridge
separating Eldorado creek from Ophir creek, a tributary of Indian river,
was worked during the past season, and is the only claim on which any
considerable amount of development was done. The works consist of an
open-cut about sixty feet in length, and a couple of shafts. The open-cut
follows a quartz vein that swells out, in places, to a width of five or six feet.
The vein is broken by several small faults, and follows, at one point, for a
few feet, a cross-fracture plane, running at right angles to the general course.
It strikes with the inclosing schists in a S.E. direction, but dips across
them. A shaft is now being sunk a short distance north of the vein to inter
cept it in depth. The quartz is crystalline and, like many of the veins in the
district, is dotted in places with reddish feldspars giving it a pegmatitic
character. It holds a considerable amount of iron and, near the surface,
weathers to a rusty colour. Some galena is also present. The gold values
are variable, but are stated to average S10.50 to $11.00 per ton.

A large number of claims have been staked on Lepine creek, north of
the Klondike river. The claims are staked on a wide band of sericite schist,
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the ordinary country rock of the district. The schist is often somewhat
silicified and, in places, is impregnated with iron. Only one claim, the Great
Eastern, was worked during the past season. This claim is situated south
of the deep valley of Ruiter creek, a tributary of Lepine creek. The schists
here are traversed by a wide dike belonging to the recent quartz-porphyry
group, and both schists and dike rock are completely decomposed to a
depth of at least fifteen feet. This decomposed material constitutes the ore.
A tramway, half a mile in length, has been built, and the ore is trammed
down to Ruiter creek, and treated in a small cyanide plant. The result of
the season's operations is not known. Specimens of the ore, collected by the
writer, and assayed in the laboratory of the Survey, showed only traces of
gold.

The Tertiary rocks south of Indian river include large bands of con
glomerates, some of which are auriferous, and numerous claims have been
staked on them. Very little development work has, so far, been done. At the
Britannia claim, situated on McKinnon creek, a few miles south of Indian
river, a shaft sixty feet deep has been sunk, and a short tunnel has been
driven into the side hill. The shaft penetrates through a peculiar, white,
moderately hard cong-lomerate, discoloured in places with iron. The con
glomerate consists mostly of small well-rolled pebbles of vein quartz im
bedded in a siliceous matrix. Assays of several dollars to the ton are reported
from this conglomerate and a mill test of two tons, at the government
stamp-mill, at Dawson, gave $2.24 per ton. The gold is detrital, occurring
in the matrix, and the deposit may be considered an ancient placer, probably
of beach origin.

The conglomerates in the Tertiary basin are well worth investigating.
They were brought down by streams traversing rocks, and by auriferous
quartz veins; some gold must almost certainly have been deposited with
them, especially near the mouths of the old valleys. Unfortunately, all
traces of these have disappeared in the general erosion of the district, and a
large amount of expensive exploratory work will be necessary to prove or
disprove the existence of pay ore.

Present Condition and Future of Catnp

The gold production of the Yukon Territory, since the discovery of
the KJondike gold fields in 1896 is estimated by the statistical branch of
this Department at over $96,000,000. The annual production has been as
follows:

1896 , $ 300,000
1897. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,500,000
1898. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10,000,000
1899. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16,000,000
1900 , 22,275,000
1901. . . . . . . . . . . . . . . . . . . . . . . .. . . . .. 18,000,000
1902. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14,500,000
1903 , 12,500,000

The whole of this immense amount, with the exception of about
$1,000,000 credited to the smaller camps, was obtained from the various
Klondike creeks and benches and principally from the Bonanza, Eldorado,
Hunker and Dominion creeks, and the Bonanza benches. The dwindling
production since 1900, in spite of the increasing use of machinery is largely
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due to the gradual exhaustion of the phenomenally rich portions of Eldorado
and Bonanza creeks, and of the richer Bonanza benches, and does not mark
a corresponding derline in the mining industry of the region. The number of
creek claims worked, and the amount of gravel handled, has increased, if
anything, in recent years, and the decrease in production must be attributed
to the lower grade of the gravels mined.

The centre of mining activity on the various creeks has moved steadily
downward towards the wider and leaner gravel beds in the lower portions
of the valleys but none of the principal creeks have been abandoned, nor
will be for some years yet. Eldorado creek shows the effect of seven years
work in an almost continuous line of dumps, from the mouth up to Gay
gulch, but even in this rich creek some virgin ground still remains and many
old claims are being, or will be, reworked. Claims completely drifted out
have a value, on the richer portion of the creek, of from $10,000 to $15,000
each. J\"one are being abandoned, as it is generally believed by the miners
that the whole creek from Gay gulch downward will pay to be reworked.

Bonanza creek has heen largely worked over from the head of the
pay-streak at Victoria gulch down into the fifties below Discovery. A few
rlaims and a number of partly worked claims still remain, and it is probable
that portions of the valley will be reworked. In the lower part of the valley
there are still considerable stretches of low and medium grade gravels
practically un touched.

The Eldorado and Bonanza benches are rapidly approaching exhaus
tion, so far as ordinary placer mining is concerned. Very little drifting
ground is now left on the rich hills above Adams creek. A considerable
amount of work is still being clone between Adams and Boulder creeks and
also on Lovett and other gulches in the lower part of the valley.

The greater part of Hunker creek, above Goldbottom, has been worked
over. A fair proportion of the claims below this point are unworked or only
partially worked. Goldbottom, ancl Last Chance creeks, the two principal
gold-bearing tributaries, also still possess considerable areas of unworked
gravel. Good drifting ground has recently been discovered on the Hunker
benches below Hester creek, ancl further discoveries are probable. The hill
gravels are not so high grade as on Bonanza creek and have not been
so fully prospected.

Dominion creek is in about the same condition as Hunker creek. The
narrow, rich portion of the valley, above Lower Discovery, is largely
exhausted, although a few claims are still working. Below Lower Discovery,
the proportion of unworked ground rapidly increases. Dominion creek,
except on a few benches, has not, up to the present, proved productive
between Jansen and Gold-run creek. Discoveries of value in this stretch are
possible. Numerous claims are being worked below Gold-run creek, and the
large area of gravel already proved to contain moderate pay ensures con
tinued mining activity here for some years.

The short rich pay-streak on Gold-run creek has been partially mined
on every claim and, in places, is completely drifted out. Sulphur creek has
not been worked so energetically as the richer creeks, and, in consequence,
still possesses a considerable number of only partially worked, and un
worked claims, and Eureka, Allgold, and Quartz creeks, all comparatively
low grade creeks, are in a similar condition.

It will be seen, from this brief survey of the condition of the camp,
that, while the richer portions of the principal creeks show signs of ex-
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haustion, there still remain considerable stretches of unworked gravel, on all
the producing creeks, rich enough to work under present conditions by
ordinary placer methods. This industry, therefore, although it is bound to
dwindle, will last for a number of years; exactly how long, it is impossible
to say, but probably for a decade at least, even if no further important
discoveries are made.

Placer mining in the future will, undoubtedly, be supplemented in the
Klondike, sooner or later, by hydraulic mining on a large scale. The white
channel gravels along Bonanza and Hunker creeks are ideally situated for
work by this method, as they rest on comparatively narrow benches, at
considerable elevations above the present valleys.

The volume of this deposit cannot be given precisely, but, from such
measurements as were taken, is estimated at about 250,000,000 cubic
yards on Bonanza and its tributaries, and at about 200,000,000 cubic yards
on Hunker creek and its tributaries. About 15,000,000 cubic yards occur on
a low bench on Quart;;: creek, and a smaller quantity on Bear creek. The
AlIgold creek occurrence of the deposit is extensive, but is lower grade than
on the other creeks, and has not, so far, proved rich enough to drift.

While the principal values in the white channel gravels are obtained
near bedrock, the deposit is auriferous throughout, and it is this fact that
gives it such great importance. The cost of mining by the drifting method
generally exceeds three dollars per cu bic yard, and the proportion of the
deposit rich enough to be profitably worked by this method measures less
than half per cent of its total volume. The great uulk of the deposil, if
worked at all, must therefore be exploited by a much cheaper method.

The small amoun t of hydraulicking already done has proved the existence
of pay in the upper gravels, in places at least, and has also shown that, with
a long exposed face, no great difficulty need be apprehended from the frozen
condition of the deposit. The great drawback to hydraulicking is the absence
of local water in sufficient quantities, and the necessity of bringing it, at
great expense, from a distance, or pumping it up from the Klondike river.

Water Supply

The Klondike creeks are all small, and the available local supply of
water is scarcely sufficient for sluicing purposes, and is quite inadequate
under present conditions to furnish the amount required for hydraulicking
on a large or even moderate scale. An additional water supply would benefit
mining in the creek bottoms, but is chieRy required for the high level gravels,
as, without it, only a small proportion of the great volume of these deposits
can be worked at all.

The pri ncipaJ schemes proposed for augmenti ng the presen t su pply in
clude damming tht' valleys at certain points, and impounding the spring
Roods, pumping water from the Klondike, and bringing it by gravity from
the Klondike and Twelve-Mile rivers or their tributaries.

The plan of damming the valleys, if successfully carried Ollt, would
add largely to the present supply, but it is doubtful if a sufficient volume
needed for continuous hydraulicking on a large scale throughout the season
coulcl be obtained in this way. The valleys are all steep and comparatively
narrow in their upper reaches, and high expensive dams would be required
to impound any considerable quantity of water.

The establishment of a large pumping plant is only possible if water
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power be used, as the price of fuel for generating steam is prohibitive. The
Klondike river could be used for this purpose. This stream has a fall of
about fifteen feet to the mile, and a head of forty feet could easily be ob
tained in a distance of five miles. The flow, at ordinary summer level,
averages about 80,000 miners' inches. Sufficient power could be obtained,
by using the whole stream, to elevate about 2,000 miners' inches to the
height required, to hydraulic the benches at Bonanza forks, and the plant,
if necessary, could be duplicated higher up the river.

The installation of a gravity supply system is rendered difficult hy the ir
regular topography of the country. The Klondike district, a high ridgy
region, is separated from the surrounding country, except in the south
east corner, by wide valleys. It is bounded on the south by the valley of
the Indian river, on the west by the Yukon, on the north by the Klondike,
and on the east by the Flat Creek plain, a depression ten to fifteen miles
in width, which extends from Stewart north-westward to the Klondike, and
continues on past Twelve-Mile river. The Flat Creek plain separates the
Klondike hills from the Ogilvie range (in which the streams it is proposed
to tap originate), and must be crossed. It is underlaid by soft Tertiary
deposits, is easily eroded, and, except at the summits, is trenched with
great valleys, the bottoms of which are usually below the level at which
water is required. The elevation of the plain, at the summit between the
Klondike and Stewart rivers, is about 2,500 feet, and at the summit between
Klondike and Twelve-Mile river, the first parallel stream at the north, is
about 2,500 feet.

Schemes have been proposed for supplying the camp with water from
the main Klondike or one of its upper southern tributaries, from Rock
creek, one of its lower northern tributaries, and from Twelve-Mile river,
the first large stream entering the Yukon, north of the Klondike.

The Klondike river, after issuing from the Ogilvie range, flows west
ward across the Flat Creek plain, and then skirts the Klondike hills to its
junction with the Yukon at Dawson. The grade of the main valley up to
Flat Creek, a distance of twenty-seven miles, averages about sixteen feet
to the mile, and from Flat creek to the Ogilvie range is nearly the same,
but increases after entering the mountains. Assuming the elevation of
Dawson, at the mouth of the Klondike, to be 1,200 feet, water to hydraulic
the hill gravels at the mouth of Hunker creek and Bonanza creek requires
to be furnished at an elevation of 1,800 feet, and at Bonanza forks, 2,100
feet. To obtain this elevation with the water from the Upper Klondike, or
its upper southern tributaries, the intake must necessarily be situated
deep in the Ogilvie range, and the supply must be carried in pipes, flumes or
ditches across a long stretch of broken mountainous country, and then
siphoned across a part, at least, of the Flat creek depression before the
border of the Klondike hills is reached. Afterwards, it could be led along
the ridge separating the Klondike from Hunker creek until a favourable
point be reached for piercing this ridge with a long tunnel. To supply
Bonanza creek from the same source, many additional miles of piping and
fluming, or a second long tunnel, would be necessary. The total length of a
supply system from the upper Klondike cannot be given, as the contours of
the Ogilvie range are only imperfectly known, but would probably approx
imate 100 miles, and inverted siphons would be necessary for a not in
considerable portion of the whole distance. The feasibility of this plan seems
doubtful on account of the great expense involved.
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The Rock creek scheme, although also expensive, appears to present
fewer difficulties. This stream enters into the Klondike from the north,
four miles above the mouth of Hunker creek. Its grade is steep, amounting
to 60 or 70 feet to the mile, and the necessary elevation is attained in about
twenty miles, before the stream reaches the mountains, but above its forks.
About thirty miles of piping, fluming and ditching and at least one long
tunnel are required to bring the water from the intake to the northern bank
of the Klondike valley opposite the mouth of Bonanza creek, and an in
verted siphon, a mile and a half to two miles in length, would be necessary
to bring it across the valley to a distributing point. The branch of Rock
creek which it is proposed to divert is small, and cannot be depended upon
to give a steady supply of more than 1,000 to 1,500 miners' inches. To obtain
a larger supply it would be necessary to collect, by flumes or ditches, the
water from its two other main branches. Water can also be turned into
Rock creek above the proposed intake, from Spotted Fawn creek, a tributary
of Twelve-Mile river, and also possibly from the north fork of the Klon
dike: 4,000 to 5,000 inches could be obtained from Rock creek and Spotted
Fawn during low water and much more in the spring and fall. An additional
supply, it is claimed, can also be obtained from the north fork of the Klon
dike.

Twelve-Mile river, like the Klondike, heads in the Ogilvie range, and
crosses the northern continuation of the Flat creek depression on its way
to the Yukon. Water can be obtained from the upper tributaries of this
stream at a sufficient height to place it on the divide between Twelve-Mile
and Klondike, from which point it would follow the same course as the
Rock creek supply.

While it is possible, therefore, to obtain water for hydraulicking the
Klondike gravels, both by pumping it up from the Klondike river and by
gravity from streams flowing from the Ogilvie range, the installation of a
large supply system flowing from 3,000 to 5,000 inches must necessarily be
a costly undertaking and if, in addition to the high initial expense, the
shortness of the working season be taken into consideration, it follows that
cheap water, as it is understood in more southerly regions, can hardly be
expected in the Klondike.
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1904
Introductory ::"olote

Dr. Robert Bell, Director, inlludes the following in his Summary
Report for 1904* with reference to field work that year in the Yukon:

"Mr. R. G. McConnell, assisted by Mr. F. H. Maclaren was engaged
in the new gold field of the Kluane district, westward of Whitehorse, in the
Yukon territory. It embraces Alsek River, Kluane Lake and the north
eastern slope of the St. Elias Range. The copper deposits of the \iVhitehorse
district were likewise further examined. Much topographical surveying in
other parts of the region was accomplished by Mr. Maclaren.

"Mr. Joseph Keele investigated the recent discoveries of gold on the
Stewart River and several of its branches, including Duncan Creek and
vicinity. His labours embraced the examination of alluvial mining along
severa I creeks."

THE KLUANE MINING DISTRICT
by R. G. NIcConnel1

The Kl uane mi ning district is si tuated a long the north-eastern slopes
of the St. Elias range, in the vicinity of Kluane lake, Yukon. It includes
creeks such as Bullion creek and Burwash creek, draining the north-eastern
slopes of this range, and also creeks such as Ruby and the Fourth of July
which traverse and obtain their auriferous supplies from the bordering
ranges on the north.

I ndians reported the presence of gold, on streams tribu tary to the
Alsek, early in the summer of 1903, and on July 4 of that year Discovery
claim, on Fourth of July creek, was staked by Dawson Charlie, a well
known Indian from Cariboo Crossing. Two days later Discovery claim on
Ruby creek was staked by \71/. H. Weisdepp, and discoveries on other
creeks in the vicinity quickly fulluwed. In the tiame season coarse gold was
found on a number of the smaller streams draining the north-eastern slopes
of the St. Elias range. Bullion creek, a tributary of Slims river, was staked
on September 28 by a party of miners consisting of Messrs. Altamose, Ater,
Smith and Bones; members of the same party staked discoveries on Sheep
creek, near the head of Kluane lake, in October, and on Burwash and Arch
creeks in May, 1904. The former flows into the Klu<lne river a short distance
below Kluane lake and the latter into tht> Donjek river..'\11 the streams
draining this portion of the St. Elias range are tributary to White river.
Besides the streams mentioned, discoveries have been staked on Kimberley,
Telluride, Canada, Vulcan and other streams of the St. Elias range, and on
McKinley, Dixie, :\Ilarshall, Gladstone and other streams draining the
Ruby range. The area of coarse gold discovery extends along the base of
the St. Elias range for a distance of over seventy-live miles, and has it

maximum width of about thirty miles.
The district is reached by wagon road from Whitehorse, the terminus

of the \Nhitehorse railway. TIH' road from Whitehorse follows a rolling plain
bordering the left bank of the Lewes river to the crossing of the Takhini
river, from which point a wide, continuous valley, occupied successively by
the Takhini river, the Dezadeash river, Bear creek and Christmas creek,
extendti through the Kluane lake. Between Bear creek and Christmas creek

'Ann. Rept., vo!. XVI, p. iv:\ (1906).
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a summit about 900 feet in height is crossed. The road from Whitehorse
to Kluane lake has a total length of 143 miles. The Takhini river is navigable
for light draught steamers, and the haulage of freight can be reduced about
fifty miles by bringing it up this river on boats to Mendenhalllanding, the
point at which the road leaves it.

Previous explorations in the district are limited to the expedition of
Messrs. \71/. J. Peters and A. H. Brooks of the U.S. Geological Survey in
1899 from Pyramid harbour by way of Kluane lake to Eagle city, on the
Yukon, and the topographic work of :vIr. J. J. McArthur, Department of
the Interior, Canada, in 1900. A report on the principal features of the
geology and topography of :vIr. Brooks' route is published by him in the
twenty-first annual report of the US Geological Survey 1899-1900.

The district is varied in its topographic features; it includes a portion
of the St. Elias range and extends north-eastward across the Shakwak
valley into the flanking ridges and mountain groups.

The St. Elias range is exceedingly rugged in character. Viewed from the
hills on the north it presents a complex of sharp, broken crest lines irregular
in direction and rising in places into bold, rocky projections, some of which
reach a height of over 10,000 feet above the sea. The numerous small streams
which drain the northern slopes of the range in the vicinity of KJuane lake
occupy deep, rock-walled valleys, scarcely wide enough in places to permit
the passage of the streams. The larger drainage channels, on the other hand,
such as Duke and Slims rivers, possess large valleys and are bordered by
wide flats, which extend back into the range for many miles. The central
part of the St. Elias range is covered with almost continuous snow fields,
pierced in places by dark rocky points; smaller snow fields survive the
summer on all the principal mountain groups and ridges. Glaciers occur at
the heads of all the principal streams. The great Kaskawulsh glacier, the
largest in the district visited, descends from the central neve, and has a
length of over twenty miles. Two large rivers issue close together from
beneath this glacier, the Kaskawulsh, one of the main branches of the Alsek,
and Slims river, one of the sources of the Yukon.

The country stretching northward and eastward from the St. Elias
range is characterized by broad interlocking valleys enclosing mountain
groups and ridges usually from 3,000 to 5,000 feet in height. The valleys
are much older than the present drainage system. They have a width of
from two to five miles or more, are flat-bottomed, and are floored with
glacial deposits. The rivers which occupy them at present flow in narrow
secondary valleys seldom excavated to sufficient depth to reach bedrock.

The great Shakwak valley at the foot of the 51. Elias range is an im
portant topographic feature. Its origin is unknown. I t is now occupied by a
number of different streams and lakes and is crossed transversely by the
valley of the Dezadeash. Kluane lake, a large sheet of water forty miles
long and three miles wide, with two arms, one twenty-seven miles in length,
is situated in this depression. North-east of the upper end of Kluane lake
are the Kluane hills, a worn ridge with an elevation of about 5,000 feet above
the sea. These hills are bordered on the north by the wide valley of Upper
Jarvis river, Kloo lake and Cultus creek, beyond which the country rises
again into the Ruby range. Farther to the south a prominent elevated mass
is enclosed by the Shakwak valley, Dezadeash lake and the great bow which
the Dezadeash river makes to the east. The name Dezadeash mountain is
proposed for these elevations. The summits of these mountains and the
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Ruby range reach elevations of about 7,000 feet above the sea. They prob
ably represent erosion remnants of an old low level plain, since elevated
some thousands of feet and partly destroyed.

The drainage of the district flows partly north by way of White river
to the Yukon and partly south by the .!\Isek to the Pacific. Dezadeash river
heads in Dezadeash lake. and after making a great bend to the east, turns
westward towards the St. Elias, and through it to the sea. It is joined,
after entering the mountains, by the Kaskawulsh river, heading in the
Kaskawulsh glacier, the two streams forming the Alsek river. Jarvis river,
like the Dezadeash, also enters the St. Elias range from the lower region
bordering it on the north. It is tributary to the Kaskawulsh river and
drains the southern slopes of the Ruby range and a portion of the Kluane
hills. The White river drainage system is represented by Slims river, the
principal feeder of Kluane lake, and by a number of other smaller streams
flowing from the north and south into Kluane lake and its outlet, Kluane
river. Slims river heads in the same glacier as the Kaskawulsh river, and
the two streams occupy portions of a wide continuous valley connecting
the White river and Alsek drainage systems inside the mountains.

The Alsek river has twice been dammed in comparatively recent times,
probably by the extension of glaciers arross its valley, and long deep lakes
were produced which extended far up the valleys of the Dezadeash and
Kaskawulsh rivers. Fresh lake beaches, cut in loose talus slopes and still
covered in places with drift wood, line the valley of the Dezadeash at the
point where it enters the St. Elias range up to an elevation of 150 feet above
the present water level; older, more worn beaches occur up to an elevation
of 300 feet. The older beaches are covered with the ordinary forest growth
of the region, and probably clate back some hundreds of years, while the
younger ones support only a few young Spl uces, seldom exceeding three
inches in diameter, and groves of willows, small aspen and balsam poplar.
The upper limit of the young beaches is plainly marked all along the valley
of the Dezadeash, up to a point about midway between Marshall river and
Canyon river, by this suclden change in the forest growth. Judging from the
character of the beaches themselves, the undecayed driftwood, the young
vegetation and the stories current among the Indians, it is probable that
the lake which produced these beaches existed less than a hundred years ago.

The forest trees of the district consist only of the white and black
spruces, the aspen, the balsam poplar and an occasional birch. As elsewhere
in the Yukon territory, the white spruce is the most important tree. Con
siderable groves exist along the lower part of Slims river, on Kluane lake,
on Silver creek and other places, but the district, as a whole, cannot be
considered well wooded, and the supply of timber suitable for mining and
building purposes is limited. The tree line in the St. Elias range has an alti
tude of about 4,200 feet above the sea, and the bordering ranges of about
4,700 feet. The upper portion of most of the auriferous streams rises above
the timber-line and much difficulty is experienced in obtaining the fuel
and lumber required.

General Gcology

The district reported on includes two distinct geological provinces,
namely, the St. Elias range and the Ranking ridges and hills which border
it on the north.

The country lying along the northern base of the St. Elias range is
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underlaid by a series of dark gray quartz-mica schists resembling in colour,
composition and oegree of alteration the argillaceous members of the ~asina

series as developed along the Yukon river. These schists will be referred to
as Kluane schists.

The Kluane sch ists ou tcrop over a considerable area; they occur all
along the Kluane hills which border the northern shore of Kluane lake and
they extend eastward across the valley of the J arvis river and Kloo lake
into the Ruby range. The eastern boundary of the formation crosses the
Dezadeash valley at Aishihik river. The Kluane schists have not been
followed south of the Dezadeash valley, but must extend a considerable
distance in this direction as they cross the valley in a band fully twenty
miles wide. They were traced northward to a point near the lower end of
Kluane lake, where they are replaced by gr;1y granites and green schists.

The wide Shakwak valley, at the base of the St. Elias range, is Roored
with gravel, and the junction between the Kluane schists and the rocks
forming the St. Elias range was only seen in one section. North of the point
at which Jarvis river enters the St. Elias range, micaceous schists, which are
referred to the Kluane series, occur at the base uf the range underlying less
altered dark and green slaty rocks and schists. They were not found in the
interior of the range either in place or in the wash of the streams, and it is
doubtful if they outcrop again towords the southwest.

The general strike of the Kluane schists is vV.N.W. and is approximately
parallel to the direction of tbe St. Elias range. The strike is very regular
except near intrusive masses. The dip of the schists, both in the Kluane
hills and in the southern slope of the Ruby range is T.J'.i.E. or away from
the St. Elias range at angles of from 30° to 60°. Near the eastern limit
the influence of a great granite mass east of Aishihik river is felt; the dips
become steeper and, in places, the beds are overturned. The schists, in the
single exposure found along the base of the St. Elias range, dips to the south
under the range or in the opposite direction to the inclination of ('he beds
in the Kluane hills, the first foot-hill range to the north. The intervening
valley has probably been excavated along the crest of a wide anticline.

The Kluane schists consist almost entirely of a great series of well
foliated quartz-mica schists, varying somewhat in colour and degree of
alteration, but very homogeneous throughout. Like the Nasina series they
are ancient r1astics, partially and, in places, entirely, recrystallized. They
differ from the Nasina series in the absence of quartzite and limestone
bands. Mineralogically they consist essentially of lines and small lenticular
areas of quartz and feldspar grains separated by curving lines of biotite and
a white mica. A specimen from an exposure north of Jarvis river, where it
enters the St. Elias range, contained, in addition to the usual minerals,
numerous grains of gIaucophane and epidote.

The Kluane schists, with the possible exception of a band of granite
gneisses, which borders them on the north, are the oldest rocks in the
district. They are pierced in several places by granite areas resembling the
coast range granites, and probably belonging to the same period.

The geology of thl" small portion of the St. Elias range hurriedly
examined during the past season is exceedingly complicated and is, as yet,
imperfectly understood. Tlw bedded rocks are broken at frequent intervctls
by intrusions of various kinds, and the sequence of the formations differed
in all the valleys ascended. It was found possible to discriminate four great
series of rocks, none of whirh are probably older than Upper Palceozoic.
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North of Jarvis river the Kluane schists are overlaid at the foot of the range
by several thousand feet of green schists interbanded with dark shaly beds.
These are probably the oldest rocks in the portion of the range examined.
They have a wide distribution, being found on the lower part of Kaska
wulsh river, on Slims river, on Bullion creek, and along the foot of the range
on Burwash creek and Duke river.

The green schists of this series differ greatly in the degree of alteration
they have undergone. In a few places they are completely altered into
glossy chloritic schists, while in many of the sections their fragmental
origin is still evident in hand specimens.

The green schist series is overlaid by alternating bands of limestone,
green schists and dark slaty rocks passing in places into a hard cherty
variety. A few fragments of corals collected on Bullion creek indicate a
carboniferous age for this group. The green schists of this series are similar
in appearance to those in the underlying group. The limestone, when un
altered, occurs as a hard, dark, compact rock, but in most instances it has
been partially or wholly recrystallized into a gray granular variety, and in
extreme cases has been altered into a snow-white, even-grained marble. A
wide band of limestone at the head of Sheep creek has been shattered and
crushed into a rock difficult to distinguish from an agglomerate. The
crushed limestone often carries iron, and, when weathered, displays bright
red colours.

The mountains bordering the Dezadeash river, from the point where it
enters the St. Elias range to its junction with the Kaskawulsh, a distance
of seven miles, are built almost entirely of a great series of tufaceous beds
which are probably younger than the schists of the preceding group. These
beds form a definite group and will be referred to as the Dezadeash series.
They have a thickness of fully 10,000 feet. They occur both in heavy beds,
usually gray, and in thin alternating dark and grayish bands, the former
hard, compact and occasionally cherty, the latter coarse, granular and soft.
The lowest beds of the series occur alung the base of the outer range, where
they are altered into hard flags, and, in places, are almost schistose. The
higher beds, except where pierced by a couple of intrusive masses, show only
slight traces of alteration and are often soft and friable. The tuffs of the
Dezadeash series are replaced, ascending the Kaskawulsh river, by green
schists. The character of the contact was not ascertained.

The fourth subdivision of the rocks of the St. Elias range largely
consists, like the preceding one, of beds of tufaceous origin, but include,
gray sandstones, grits, conglomerates, dark shales and occasional lignite
seams. Two areas of these rocks occur in the portion of the range examined,
one on Kimberley and Telluride creeks, two tributaries of Jarvis river, and
the other at the head of Sheep creek. The Sheep creek beds are less indur
ated than those on Kimberley creek, include a larger proportion of tuffs
and occur in brightly coloured alternating green, red and brown bands.

The rocks of this group are very similar to the lignite-bearing beds
in the vicinity of Dawson, which have been referred by Dr. Knowlton, of
the United States Geological Survey, on the evidence of fossil plants, to the
Eocene. They are strongly folded and have participated in the principal
mountain-making movements which produced the range.

A great variety of massive igneous rocks occurs in the St. Elias range.
The specimens collected have not yet been examined in detail, and only
brief descriptions can be given here.
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Granite

A small area of gray medium-grained granite cutting limestones and
green schists occurs at the south end of Kluane lake. Large areas of granite
must occur in the interior of the range, a large proportion of the material
brought down by the Kaskawulsh glacier consisting of granite pebbles
and boulders.

Diorite

Areas of diorite occur at the mouth of Vulcan creek, on the lower part
of Bullion and Sheep creeks, on the DezacJeash river, and at the upper
canyon on Burwash creek. Diorite pebbles were also found in the wash of
a number of streams heading in high peaks which were not visited. The
diorites vary from a quartz diorite consisting essentially of hornblende,
biotite, labradorite, and quartz to a g-abbroic or diabasic variety in which
quartz is absent and the hornblende has the appearance of being derived
from augite.

It is interesting to note that the Italian expedition which ascended
Mt. St. Elias in 1897 under the direction of H.R.H. the Duc d'Abruzzi
found the summit of the mountain to consist of diorite, and diorite probably
occurs in many of the higher peaks of the range.

Pyroxenite

A large, coarse-grained, intrusive mass consisting mainly of augite and
i~on ore cuts the Dezadeash series of the St. Elias range on the Dezadeash
river.

Diabase

This rock occurs at the canyon on Sheep creek and also at the head
of Kluane lake.

Dunite

A small area of dunite was found on Burwash creek. The olivine of
this rock is partly altered to serpentine.

Andesite

Andesites occur principally in connection with the lignite-bearing
tertiary areas. A vesicular variety of this rock ou tcropping on Telluride
creek was found to contain small quantities of bitumen.

Rhyolite

Light-coloured rhyolite rocks occur in small areas on Kimberley and
Bullion creeks.

Effusive Volcanic Rocks

Large areas covered with successive sheets of lava of various kinds
occur in the interior of the St. Elias range. The largest of these, in the dis
trict examined, commences near the junction of the Dezadeash and Kaska
wulsh rivers, and extends southward for many miles. It has not been out
lined, but must cover several hundred square miles. A second large area
crosses Duke river valley near the upper forks.

The lava sheets are level or incline at low angles, and are evidently
younger than the main mountain-making movements. They are, however,
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of considerable age, being traversed by wide valleys and having been worn
into ridges and peaks closely resembling those in other portions of the range.

The varieties of the effusiVt' rocks collected include dark diahases,
gray andesites, white rhyolitic-Iooking rocks, and red, black and gray
vesicular lavas. Ind ura ted tuffs and agglomera tes occur wi th the effusives.

Very little is known in regard to the structure of the St. Elias range.
The general strike of the bedded rocks is nearly magnetic east and west,
or parallel to the trend of the range. Local deviations from this direction,
due to the numerous intrusive masses, are, however, frequent. The beds
are steeply tilted, but arp seldom, so far as observed, overturned or broken;
they dip in both directions. No evidence of great over-thrust faulting, such
as obtains in the Rocky Mountain range, was noticed. The effect of over
thrust faulting is to reverse the normal sequence of the heds and to place
older formations above more recent ones. For instance, in the Rocky
mountains the pal~ozoic limestones of the front ranges often rest on Creta
ceous beds. In the St. Elias range, on the other hand, the bordering plains
and ridges are underlaid by old schists, while the mountains are built of
much younger rocks. It is noteworthy that, notwithstanding the strongly
folded condition of the beels in the St. Elias range, the old Kluane schists
are nowhere brought to tlw surface. It is possible that the upheaval of the
range and the folcling of the beds are elue in large measure to the repeated
invasions of the district by igneous rocks ancl not to great general earth
movemen ts due to com pression, such as prod uceel the Rockies. ormal
faulting probably occurred along the base of the range.

All the lowlands of the districts reported on were buried beneath ice
during the glacial period, but there is no evidence that the higher ranges
were overridden. The ice poured down from the St. Elias range, the main
gathering ground, through every opening in the outer ridges. It moved
down northward-sloping valleys, like those of Bullion creek and Slims
river, and up southward-sloping valleys, like those of Jarvis river and the
Dezadeash. I t flooded the great Shakwak valley at the foot of the range to
a depth, in places, of probably 3,000 feet, and streamed eastward up the
broad valley of the Dezadeash to the low Dezadeash-Tahkini divide, and
then down the latter valley to the Lewes. Smaller streams flowed up the
steep valleys, incising the southward slope of the Ruby range, and, in some
instances, as at the head of I.ake creC'k, crossed this range and descended
into the valley of the Aishihik.

Tht' Kluane hills, with an elevation of, approximately, 2,650 feet above
Kluane lake, and 5,150 fert abovr the sea, were completely covered with
ice, as shown by the presence of rounded foreign boulders and pebbles on
the highest points. Ruby range was glaciated up to an elevation of about
5,200 feet above the sea. Below this point the contours are rounded and
foreign drift material is always present. Above it the topographic angles
are sharper and the slopes and summits are strewn with angular frost-riven
fragments derived from the underlying schists.

The deep wide valleys traversing the region north of the St. Elias
range are bottomed everywhere with glacial deposits, principally boulder
clays and silts, to a depth, in places, of several hundred feet. The boulder
clay is usually interbanded with stratified gravel beds. It is confined to the
valley flats and bordering terraces, and does not occur on the summits
and upper slopes of the ridges.

The boulder-clay is almost always overlaid by heavy beds of white siJt
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and is occasionally interbanded with it. These white silts are precisely
similar to the fine glacial material from the Kaskawulsh glacier now being
carried away by Slims river and deposited in the upper end of Kluane lake
and the lower sluggish part of the river; then> is little doubt that they origin
ated in the same way. Kluane lake will eventually, if the present conditions
be maintained, become filled up and will bp replaced by a silt plain similar
to those borderi ng portions of the upper Lewes, the M acm illan, and most of
the other rivers draining the glaciated highlands surrounding the Yukon
plateau.

The glaciers of the St. Elias range are now receding, but not very
rapidly. Cndisturbed morainic groups occur in front of the Kaskawulsh
glacier for a distance of at least half a mile, and long lateral moraines,
heading in glaciers, border some of the tributaries of Telluride creek. Reasons
have been given, on a previous page, for believing that a long lake lately
covered the valley of the Dezadeash from a point below its junction with
the Kaskawulsh nearly up to the A.ishihik river. This lake must have been
produced by an ice dam across the valley of the Alsek, and indicates a
pronounced advance of the glaciers of the range less than a century ago.

Economic Geology

Placer gold has been found in the district in two groups of creeks, one
heading in the outer ridges of the St. E[ias range, and the other in the Ruby
range, situaterl between J arvis river and Aishihik river. Ruby creek, Fourth
of July creek and McKinley creek are the most important creeks so far
discovered in the lattt;r group, and of these Ruby creek is the only one which
has produced any considerable quantity of go/d.

Ruby creek heads in the summit of Ruby range and flows southward,
emptying into the Jarvis river after a course of about nine miles measured
along the valley. It is a steep mountain stream with a large volume of water
in spring and early summer, but gradually dwindling in size as the snows in
the upper regions disappear, and in late summer the flow is reduced to a
couple of hundred miners' inches or less. In its lower reaches Ruby creek has
its course across the wide drift-filled valley of Jarvis river, and its valley is
shallow and cut in boulder-clay. In the upper mountain portion it occupies
a great narrow-bottomed depression from three to four thousand feet in
depth cut out of the old schists of the Kluane series.

The valley of Ruby creek is floored in the lower part with boulder-clay
and other drift deposits, and in the central portion with a shallow covering
of stream gravels and bou Iders. In the upper portion the grade is so steep
in places exceeding 400 feet to the mile--that the gravel is often washed
away and the bed-rock is exposed.

Mining on Ruby creek during the past St;ason was practically confined
to the central portion, extending from Claim No. 22 above Discovery to the
mouth of Little Ruby creek at Claim :0. 34 above Discovery, a distance
of about three-quarters of a mile. The wash in this portion consists mainly
of flat schist pebbles and angular slabs uf the same material, with occasional
large granite boulders often several feet in diameter, and a few quartz
pebbles and boulders. I t is shallow, seldom exceed ing ten feet in depth on
the claims now being worked, but is irregular in this respect, owing to the
rough hummocky character of the beel-rock surface on which it rests. Some
sluicing was done during the past season on most of the claims between
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No. 28 above and No. 34 above, and on some of them pay was reported,
but no particularly rich gravel was discovered, and the total yield did not
exceed a few thousand dollars.

The gold, which is of local origin and is derived from the quartz veins
cutting the Kluane schists, is coarse, rough and occasionally crystalline;
it is more irregular in size than the Klondike gold, but nuggets have been
found weighing nearly half an ounce.

The portion of Ruby creek at present being mined cannot produce
any large quantity of gold; the body of gravels is small and has not proved
high grade. Further down the valley the conditions are different, and it is
possible that considerable bodies of workable gravels may exist under the
boulder clay. Several attempts have been made to sink to bed-rock, but
without success. Two shafts, one on Claim No. 15 above, and the other on
Discovery Claim, have been sunk to depths of seventy feet and forty feet
respectively, without reaching bed-rock. There is, of course, no certainty of
finding gold under the boulder-clay, as the stream gravels may have been
swept away during the glacial period, but the chances of important dis
coveries are favourable and seem to warrant the expense of a deep shaft.
Drifts across the valley from the foot of the shaft would be necessary for a
fair test, for it is unlikely that the present stream follows the exact course of
the pre-glacial one. The valley is, however, narrow and the deviation cannot
be great.

There is little chance of finding pay-gravels in the Ruby creek valley
below the point at which the stream leaves the mountains, the present course
of Ruby creek across the wide valley of J arvis river being probably entirely
different from the pre-glacial one.

Fourth of July creek is practically a continuation of Jarvis river.
It is a much larger stream than Ruby creek, its flowage in early summer
amounting to several thousand miners' inches, and it differs from the latter
in dividing up, after entering the mountains, into several branches. It has
cut a great valley back into the Ruby range much larger than the Ruby
creek valley, and the various branches also occupy great rounded depressions
sunk deep into the southern slope of the range.

The gravels in Fourth of July creek are similar to those in Ruby creek.
The valley is floored with boulder-clay up to a point about three quarters
of a mile below the mouth of Snyder creek, where it disappears. Farther up,
the wash consists of coarse angular and sub-angular fragments of schist
with some quartz and occasional boulders of granite. Above Snyder creek,
the wash is shallow and bed-rock is often exposed. The proportion of
quartz-pebbles and boulders in the wash is greater than in the Ruby creek
gravels.

Fourth of July creek cuts the schists of the Kluane series through its
entire course. The granite boulders were brought into the valley by ice,
probably from the south, as the movement of the main ice sheet of the
glacial period was northward, or up-stream.

Fourth of July creek and all its tributaries have been staked nearly
to their heads, but so far very little effective prospecting work has been
done. Colours of gold occur all along the creek: on Claim No. 62 above,
encouraging prospects are reported from the surface gravels. On Claim
No. 54 above, a shaft twenty-eight feet in depth has been sunk and pay
gravels are reported to have been found resting on boulder-clay. That so
small an amount of work has been done is largely due to the excessive cost
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of mIning in this remote region. Freight rates will probably be greatly
reduced during the coming season and it is expected that the creek will
receive a more thorough test. A deep shaft, to test the gravels under the
boulder-clay in the lower part of the valley, but well inside the mountains,
is desirable.

McKinley creek, like Ruby creek and Fourth of July, has been staked
almost to its head, but very little prospecting has been done on it and no
pay-gravels have been discovered. It is a large stream, about equal in size
to Fourth of July creek; it enters Jarvis river a few miles above Kloo lake.
A large tributary, known as Dixie creek, joins it a couple of miles above its
mouth. McKinley creek occupies a wide, basin-shaped valley running for the
greater part of its length parallel to the general trend of the Ruby range. Its
grade in the longitudinal portion of the valley is low, but after bending to
the south to join Jarvis river it falls rapidly, and, in places, has cut a small
canyon in a granite area which it crosses.

Boulder-clay and other glacial deposits extend up McKinley creek for
several miles. The depths to bed-rock along the greater portion of the valley
must be considerable, and the great width of the valley will necessarily
render prospecting for pre-glacial auriferous gravels a difficul t and expensive
undertaking.

Besides the streams mentioned, coarse gold has been found in the
vicinity on Gladstone creek and some of its tributaries, on ;Vlarshall creek,
a tributary of the Dezadeash, and on Printers creek, a small steep stream
tributary to Cultus creek.

Auriferous Streallls of the St. EIias Range

N early all the streams flowing from the St. Elias range, in the district
examined, carry coarse gold. Considerable work, mostly of a prospecting
character, was done during the past season on Bullion, Sheep, Burwash
and Kimberley creeks.

Bullion creek is a typical St. Elias range stream. It heads in small gla
ciers at the summit of the range separating Slims river and Kluane lake from
Duke river, and empties into Slims river after a course of about ten miles.
It is a large, swift-flowing stream, very variable in its flow, but carrying
under ordinary conditions about 2,000 miners' inches of water. Its grade is
steep, averaging over 200 feet to the mile, and in flood it assumes a torrential
character.

The valley of Bullion creek is a huge steep-sided gorge, narrow, but
widening somewhat towards its mouth and bottomed with bare gravel flats.
Midway in its course Bullion creek forces a passage for half a mile through a
deep canyon so narrow that at a short distance it looks like a mere cleft
in the rocks. This remarkable natural feature is due to a change in the course
of the stream at the end of the glacial period. During that period the old
valley was filled with boulder-clay and other glacial deposits to a depth of
1,000 feet. After the ice receded the stream began re-excavating its old
channel and has succeeded in cutting through the glacial deposits, and in
the lower part of the valley has also cut some distance into the bed-rock
beneath. At the canyon the stream was forced to the north by the wash
brought down by Metalline creek, which comes in at this point from the
south, and in place of clearing out its old channel, as in other portions of the
valley, it has sunk a new channel through limestone.
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The rocks displayed along Bullion creek valley are exceedingly varied
in character. They include green and dark schists, dark slates, gray lime
stones often weathering red and yellow, white marbles, diorites and a light
coloured eruptive rock, probably a rhyolite. Bullion creek valley, as stated
above, was filled with glacial wash during the glacial period to a depth of
1,000 feet. The stream has not succeeded in completely cleaning out its old
valley, and narrow bands of boulder-clay and glacial gravels still cling to the
steep slopes on both sides.

Bullion creek valley is bottomed all along, except in the canyon, with
a layer of loose gravel, usually from six to ten feet in thickness. Near the
mouth of the valley the depth to bed-rock is somewhat greater. The gravels
are coarse and are intermingled with numerous granite boulders, some of
huge size. No granite outcrops along the valley, and the boulders must,
therefore, have been brought by ice from the interior of the range.

Claims on Bullion creek were being worked or prospected at the time
of my visit at intervals from No. 31 above down into the fifties below. The
discoverers of the creek are reported to have cleaned up forty ounces, mostly
in very coarse gold, as the result of a few days work in some shallow ground
at the foot of the canyon. The promise afforded by this find has not been
borne out by subsequent experience on the creek. The gravels have been
prospected at intervals all along the valley. They carry goILl throughout,
but have seldom, if ever, proved rich enough to pay wages under conditions
at present prevailing in the camp. The distribution of the gold is very ir
regular. Bunches of gravel carrying good values occur on most of the claims
prospected, but the general average yield is low, and seldom exceeds, ac
cording to the information obtained, $3 to SS a day per shovel.

While very little pick and shovel dirt has so far been found on Bullion
creek, it is probable that the gravels along the central part of the creek, at
least, are rich enough to hydraulic. A company under the name of The
Bullion Hydraulic Company was formed during the past season to take over
most of the ground below the canyon and work it by this method. The condi
tions are favourable, on the whole, as the valley has a good grade and water
is abundant, but some trouble will probably be experienced in removing
the large boulders anu in disposing of the tailings. The experiment is im
pOl·tant, as, if successful, it will lead to similar undertakings on other creeks
in the district.

The only prominent benches on Bullion creek are the narrow Rats
marking the upper limits of the boulder-clay. Some of the gravels with the
boulder-clay are reported to be auriferous but have not been worked.

Bullion creek gold is coarse, and is worn much smoother than Ruby
creek gold. Jt occurs mostly in Ra ttened pellets, often of considerable bulk.
Some fine gold is also present. l\uggets up to an ounce in weight have been
found. The grade is high, averaging about ~18 per ounce. Copper nuggets
are often found with the gold in the concentrates.

Sheep creek, in many respects, is a duplicate of Bullion creek, but is
a smaller stream. It heads \-vith C:ongdon creek, and follows a course nearly
parallel with Bullion creek to its junction with Slims river. I t is a steep
creek, the grade exceeding 300 ft. to the mile. The lower part of the valley
has the usual gorge-like character of the smaller '. alleys of the St. Elias
range, and at one point contracts illtO a rocky canyon, but. the upper part
traverses an area of soft rocks and opens out into a considerable basin.

The rocks cut by the valley ill its lower rea.ches are similar to those on
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Bullion creek. In the upper part the valley enters a Tertiary area, and tufts,
sandstones, shales, conglomerates and occasional lignite seams are exposed.

Very few claims were being worked on Sheer creek during the past
season, and only one, No. 53 above, reported pay values.

Burwash creek is situated near the lower end of Kluane lake. I t heads
in the St. Elias range but has most of its course across an elevated plain
which borders the range from Kluane lake to the Donjek river. 1t heads in
glaciers, and in ordinary circumstances is a swift mountain stream from 15
to 20 ft. in width, but, like all glacial streams, its daily and seasonable flow
is very variahle, depending on the strength of the sun, and in times of flood
it becomes a raging torrent. Its grade is less than that of Bullion creek,
amounting in the central part of the valley to about 125 ft. per mile.

Burwash creek has cut a deep, trough-like depression in the lower part
of the upland across which it flows, and in two places its valley contracts
into narrow, rock-walled canyons diffirult to penetrate except in low water.

The rocks outcroping along Burwash valley are extraordinarily varied.
The varieties noticed, in a distance of about eight miles along the central
portion of the valley, included bancls of green, striped anrl dark schists,
slates and shales, intruded at freq uen t in tervals by d iori te, andesi te, rhyo
lite, diabase and dunite. In addition to these, a copper-stained amygdaloid
occurs in the lower canyon. Quartz veins are rare, and few quartz pebbles
occur in the wash.

Coarse gold occurs along Burwash creek from the foot of the lower
canyon up stream for a distance of eight miles or more, but no very rich
ground has so far been found. The miners were greatly hampered during the
past season by the excessive cost of supplies, and most of them were obliged
to stop work even before till" short season ended. On this account very few,
if allY, claims were fully prospected, and on most of them only useless
assessment work was done. Good prospects, and in some instances small
amounts of gold, were obtained from several claims, and it is expected that
considerable work will be done on the creek during the coming season. The
gravels are shallow, are usually rather coarse, and contain numerous large
boulders difficult to move. They are not frozen, and seepage water occasions
considerable trouble.

A number of narrow, rock-cut benches supporting beds of gravel occur
along Burwash valley at differC'nt heights above the creek, but usually low.
The prospects from a number of these were considered very satisfactory,
and, on several, pay gravels were reported and some mining was being done.

Burwash creek gold differs from that of Bullion creek in being much
flatter. Most of the larger grains have heen worn into smooth thin plates,
and bulky nuggets are rare. The largest reported was valued at $3.

Some prospecting wa.s done c1uring the past season on Kimberley,
Telluride and Canyon creeks. The last was not visited by the writer. Kimber
ley creek is a tribu tary of Jarvis river, from the sou th-east. I t is a steep, swift,
glacial stream bordereJ below with hare gravt'l flats, but inclosed in a
narrow, steep-sided valley above. The gravels in the narrow part of the
valley are shallow, loose and coarse. Gold to the value of :;:;100 was reported
to have been taken out of Claim No. 14 above as the result of a few days
work. No work was being c1ont' on this claim at the time of my visit. Some
work was in progress on the claim immediately below, but no pay gravels
had been found. Good prosperts were reported on Discovery claim and
preparations were being made for sluicing. The result of the season's opera-
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tions is not known. Telluride creek enters Jarvis river immediately opposite
Kimberley creek, and is similar to it in general character. No mining has
been done on this creek and very little prospecting-.

The total production of gold in the Kluane mining district probably
did not exceed $20,000 during the past season. The small production cannot
be considered satisfactory, but it must be borne in mind that mining in the
district is still in its initial stages, and that only a few claims in the whole
district were .vorked during the past season, and these only for short periods.
Also, while there was a considerable mining population in the district, most
of the miners spent the summer, or a large part of it, in doing assessment
work, most of it useless, on several claims, instead of fully testing one claim.
Supplies could only be obtained in the district at prices prohibitive, so far as
most of the miners were concerned; the freight rates alone from White
horse to Kluane lake amounted to thirty cents per pound, and to Burwash
creek to over forty cents. Conditions e1uring the coming summer will be more
favourable; some of the claims are now roughly equipped and it is expected
that, as a result of the construction of a government road into the district,
freight rates to Kluane lake will be reduced to about ten cents a pound.

The discovery of coarse gold in so many creeks distributed over such a
wide area is a fact of considerable importance even in the unlikely event of
no large bodies of gravel rich enough to work by ordinary placer mining
being found; portions of some of the creeks, at least, are certain, sooner or
later, to be worked by more economical methods.

Other Minerals

Galena occurs in small quantities in the wash on Bullion creek, but
was not found in place.

Native copper is found with the gold on Bullion, Sheep, Kimberley,
Burwash and, in fact, on nearly all the creeks in this portion of the St. Elias
range on which any mining has been done. It occurs in rounded nuggets and
slabs, the largest seen weighing about a pound and a half, but is nowhere
very abundant. A quartz pebble enclosing native copper was found on
Bullion creek, indicating a vein origin for a portion at least of the mineral.
No native copper has, so far, been found in situ in the district. Copper
pyrite occurs in crushed zones on Telluride creek, impregnating a green,
amygdaloidal rock in Burwash creek canyon and in small veins on Bullion
creek. None of the occurrences seen are of commercial value. A bel t of
copper-bearing rocks appears to follow the St. Elias range northeast* to the
International boundary and beyond. It has only been roughly prospected
so far, but now that access to the region has become much easier will
probably receive more attention.

The lignite-bearing beds on upper Sheep creek, referred to on a previous
page, enclose several lignite seams, one of which measured over four feet
in thickness. The lignite is of excellent quality and burns freely in an ordinary
Yukon box stove. There is no wood along the upper portions of the creek,
and lignite is used by the miners for fuel. Lignite also occurs on Kimberley
creek, but is not well exposed.

*Should read 'northwest.'
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THE DUNCAN CREEK MINING DISTRICT
(Stewart River, Yukon Territory)

by Joseph Keele

The earliest record of prospecting in the Duncan creek mining district
is mentioned by Mr. Ogilvie in his report on the Yukon district. In the
autumn of 1887 Mr. Ugilvie met and conversed with a miner who had spent
the summer of that year prospecting and exploring on the Stewart river and
some of its tributaries.

From the description of his travels this man, Alexander McDonald by
name, appears to have ascended Mayo river to Mayo lake, afterwards
going up Duncan and Lightning creeks. From the head of Lightning creek he
crossed to the Ladue river, down which he floated on a raft for two days,
but finding this stream flowing in a northeasterly direction and not south,
toward the main branch of the Stewart as he expected, he abandoned the
raft and returned to the poin t of his departure.

After prospecting for a time on the Gustavus mountains, he crossed to
the McQuesten river and floated down that river to the Stewart.

McDonald gave the name to Mayo lake and river after Mr. Frank
:Vlayo, one of the partners in the firm of Harper, McQuesten and Company.

In the summer of 1898 many hundreds of prospectors made their way
up the Stewart. They were in search of the rich gold placers reported to
exist in the vicinity of that river. For several years fine gold had been
obtained in paying quantities on the bars of the lower Stewart, and in 1895
coarse gold was found on Haggart creek, a tributary of the lVIcQuesten.

Some of the prospectors of 1898 reached the mouth of the McQuesten
river, and a few of the more enterprising ascended that stream to the
McQuesten lakes. prospecting on the small creeks as they advanced.

Among the latter were a party of three Swedes; these men appear to
have been energetic prospectors. They located on the canyon on Duncan
creek, about eight miles from the McQuesten river, after having satisfied
themselves that this ground was the best in the neighbourhood. Here they
built their cabins and erected a saw-mill, which was worked by water power,
and for over two years worked undisturbed, making an occasional trip to
Dawson for supplies. Being in such a remote and secluded position they
never thought it necessary to stake their claims and record their discovery.

On September 12, 1901, a discovery was staked in the canyon on
Duncan creek by a party of four prospectors. This discovery was staked
during the absence of the Swedes and included the ground already worked
by them.

Since the Klondike was made known this is the most important dis
covery made in the lower Yukon country.

During the year 1902 Duncan creek was staked from its headwaters to
the Mayo river. Cabins were built on almost every claim and active pre
parations were made to develop the ground.

A good wagon road was constructed by the Government from the
mouth of the Mayo river to Duncan creek, a distance of twenty-four miles.
Road houses were established at several points and two rival town-sites
~ere located at Mayo river and Gordon landing on the banks of the Stewart
river.

A good deal of prospecting was carried on over the surrounding country,
and in the spring of 1903 M in to creek was staked. During the au tumn of the
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same year five discoveries were made on the smaller creeks flowing in to
Mayo lake. Highet creek, a tributary of Minto, was also staked about this
time.

Previou:.i SUI'veys

In 1898 Mr. J. J. YIcArthur, of the Dominion Topographical Survey,
made a reconnaissance survey in this region. He mapped the upper portion
of the Stewart river and part of the surrounding country*.

In the summer of 1900 YIr. R. G. McConnell made an examination of
the Stewart river as far as Frazer falls**.

In ]903 Ylr. A. J. McPherson, D.L.S., of the Dominion Surveys branch
at Dawson, was instructed to take the necessary surveys for the purpose
of establishing base lines on the various creeks already staked by miners
in the district.

lVl r. M cPherson carried a chain and transit line from Dawson to the
east end of Ylayo lake by way of the White pass and Yukon winter road,
and the Stewart and McQuesten rivers, to which he has connected the base
lines of the creeks and by means of which he has fixed the position of the
principal mountain peaks.

Geographica1 Posi tion

The Duncan creek mining- district includes the Stewart river and its
tributaries from YIayo river eastward, the Mayo river and its tributaries,
and the north and south branches of the McQuesten river and their tribu
taries.

The Stewart enters the Yukon river from the east at a distance of
fifty-eight miles south of Dawson. The lVlcQuesten and Mayo rivers are two
of the principal tributaries of the Stewart. They enter the latter at distances
of 100 miles and 170 miles respectively from the Yukon.

The district can be reached by steamboat from Dawson to either Mayo
or Cordon landing, on the Stewarl river, and thence by wagon road to
Duncan creek or Mayo lake, or during winter with dog teams by way of
Dominion creek to Clear creek, thence up the Stewart river on the ice.

General Descl'ip~ion

The portion of the Duncan creek district hpre described lies east of
the Tintina valley and west of the Rocky mountains. Its characteristics are
well developed interlorking valley systems, which isolate small mountain
groups, and areas of well dissected upland.

The Stewart river is the master stream of the area. It occupies a valley
of mature erosion, the floor of which is a graded flat from two to three miles
"vide, but which attains a width of almost six miles at its junction with the
yrayo rtnd Talbot crepk valleys. Innumerable small lakes and ponds are
dotted all over these plains.

The next depression of importance is that ocrupied in turn by the Mayo
river and IV1ayo lake. Rupf' river, Ladue river and the south branch of the
lVlcQuesten. This valley is blocked with glacial debris ill some places, and
has a steeper grade than that of the Stewart river. TI1f' highest elevation of

* Report of the Department of the Interior, 1899.
•* Geol. Surv., Canada, Summary Report, 1900.
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the floor uf this valley is on a wide undulating flat, from which the waters
of the Ladue and ;\1cQuesten rivers divide. This valley is intersected by
another and shorter valley lying north-west and south-east, occupied by
Ross creek, some lakes at the head of Mud creek, janet lake and janet creek.
Another very pronounced depression is that extending in all east and west
direction from the Mayo valley to the McQuesten and occupied by Minto
creek and lake and Bear creek. A branch of this valley extends in a south
westerly direction to the Stewart river and contains Moose creek.

Mayo lake is the largest sheet of water in the district. The main body
of the lake is twenty miles long and from one and a half lo two and a half
miles wide, and lies in an east and west direction. A narrow arm of the lake,
twelve miles long, extends to the southeast. The northern shores of the lake
rise in gradual slopes to the Gustavus mountains. The shores to the south
east of the lake are abrupt and in places cliff-like, while those to the south
west are low and rise gently to ridges which are mostly below timber line.

Rupe river enters Mayo lake at its eastern extremity. 1t is a sluggish
stream of about 150 feet wide and four or live feet deep ..'\hout one and a half
miles from the lake it is joined by Edwards creek, a swift stream flowing
from the south-west. The lower portion of Rupe river runs through a wide,
flat-bottomed valley containing numerous lakes. Following this valley north
ward Ladue river can be reached by a portage of about seven miles from
Rupe river. Ladue river flows in a north-easterly direction and enters the
north branch of the Stewart river about 125 miles above Frazer falls.

Nelson creek enters )';layo lake at the extremity of the south-east arm.
This stream is about seventy-five feet wide and two feet deep, and enters
the lake without any perceptible current, but a few miles up the stream
the current becomes swift.

The valley of the south arm of the lake extends up Nelson creek,
gradually trending in an easterly direction. This valley also extends south
ward towards the Stewart river. lts bottom is a wide undulating flat,
bordered by gravel terraces and contains a number of small lakes at various
levels.

Most of the numerous streams that enter Mayo lake from the sur
rounding hills are short mountain torrents, throwing down considerable
debris which they deposit in f1abellate deltas extending into the lake. Mayo
river, the outlet of the lake, at its western extremity, has cut through a wide
gravel bench which previously formed a dam across the valley. This bench
extends eastward along the lake shores as far as Keystone creek. Kear the
mouth of Edmonton creek are beaches raised in successive steps, the highest
of which corresponds to the bench at the outlet.

The Mayo river, meandering through Cl wide valley, deeply floored
with drift materials of various origin, has a fall of about ten feet to a mile.
Wide henches rising to a height of 350 feet above the stream border the
valley. They are continuous all along the eastern side and have diverted
the waters of janet lake from the Mayo river. About ten miles below Mayo
lake, Field creek crosses the Mayo valley through a striking arrangement of
eskars, kettle holes and mounds, and all the topographic characteristics of a
terminal moraine. The material of the moraine is principally well-rounded
pebbles, three to six inches in diameter. About two miles below lVIinto
creek the :Vlayo river in the course of its meandering became superimposed
on two rock-spurs projecting from the western slopes. The river has sawn
a channel into the rock, thus forming canyons widl walls 200 feet high and
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each about a mile long. The only other exposure of rim rock on the river
occurs about a mile below Mayo lake.

The flow of water in the Mayo river was measured by Mr. Beaudette
on June 20, 1903, and found to be 124,400 miners' inches (Californian).

The Gustavus mountain group is completely surrounded by wide
valleys and forms a prominent topographic feature in the district. They are
deeply dissected by streams which radiate from them in all directions. The
head waters of the streams have worked back into the steeper slopes, leav
ing sharp edged ridges and peaks of a generally ruinous appearance. A deep
ravine, cut down by Granite and Keystone creeks, divides them into smaller
groups. Of the group overlooking Mayo lake, the highest point is Mount
Albert, at 6,500 feet above sea level, while Mount Hinton, of the Duncan
creek group, is the highest point of all, being about 7,000 feet above sea
level. The northward facing slopes are, as a rule, precipitous. The slopes that
face the south are less rugged and have easy grades. On the higher levels,
in position sheltered from the sunshine, a good deat of snow remains through
out the summer. North-east of the Gustavus mountains, but separated
from them by the wide valley of the Ladue river, rise the Davidson moun
tains, some of whose peaks are as high as Mount Hinton. This group is a
spur from the Rocky mountains, whose higher peaks appear in the distance
in continuous array, sweeping in a great curve towards the north-west.
Twenty-two miles west of Mount Hinton and rising from the valley of the
McQuesten, is Mount Haldane, a very prominent feature, visible from many
points on account of the wide valleys which lead to and surround it. This
mountain is known by the miners as Lookout. Its height is over 6,000 feet
above sea level.

The upland areas bordering on the Stewart and Mayo valleys are
composed of broad back ridges with curving profile breaking off more or less
abruptly towards the valleys. These ridges have an altitude of from 3,500
to 5,000 feet above sea level, but small erosion remnants project from them
to a much higher elevation.

General Geology

The rock bed of the gold placer diggings of the Duncan creek mining
district is composed of an essentially schistose series, consisting partly of
crushed eruptives and partly of rocks having a sedimentary origin. The
schists derived from eruptives occupy the greater area, extending from
Nelson creek at the south end of Mayo lake in a westerly direction to the
McQuesten river. Their extension east and west of this area has not been
determined. They outcrop on the Stewart river near Gordon landing and
extend northward to upper Duncan creek and Haggart creek.

These rocks are principally derived from quartz porphyry and vary
from a massive and only slightly deformed phase of this rock to a soft,
foliated, sericite schist. The freshly fractured rock has a pale yellowish
green colour, but becomes a reddish brown when exposed to weathering.
The most abundant mineral present is quartz, and a typical schist is com
posed of thin parallel layers of quartz separated by films of mica, generally
sericite. In many cases the quartz layers are not continuous, but are lens
shaped with thinly drawn out edges. Kidneys of quartz with blunt ends and
wrapped with layers of mica-schist are also characteristic of large masses
of the rock. These quartz kidneys vary in thickness from one to twelve
inches and are arranged parallel to the general direction of foliation in the
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rock. On weathering a slaty cleavage is most in evidence, but in the massive
varieties the jointing is more pronounced and the rock then breaks down in
slabs and blocks. Rocks similar to these occur in the Klondike mining
district. They are described by Mr. McConnell under the name of the
Klondike series*. The Duncan creek rocks will probably be correlated with
this series when the field work over the intervening area is completed. To
the east of the south arm of Mayo lake, about half a mile from the shore,
the rocks just described cut through a series of older rocks which are evident
ly of sedimentary origin. They now consist of massive and banded quartzite
mica-schists and graphitic schists and extend across Mayo lake, forming the
eastern portion of the Gustavus mountains and are the bed-rock in upper
Duncan creek. In this last locality they contain banded crystalline lime
stones. These rocks have a marked resemblance to a series occurring on
Indian river and elsewhere in the Klondike district, which are described by
Mr. McConnell under the name of the Nasina series.

This older series are intruded by dark, green-coloured rocks which are
mostly actinolite diorites, much decomposed. Around the heads of Ledge
and Edmonton creeks these eruptives occur as dikes and stocks, protrud
ing through the schist. They have a well-join ted structure and the surface
blocks are all loosened from the mass. Similar eruptives are found invading
the schists on the Gustavus mountains, on Lightning creek, on Haggart
creek, and in the canyon on Mayo river.

Small masses of gray granite occur on Rupe river near Granite creek
at the head of Dublin gulch, and on Rudolph gulch at the head of Highet
creek.

Several dikes of biotite andesite cut through the schists in the vicinity
of Bennett, Highet and McLaghan creeks. In the neighbourhood of Mayo
lake the general strike of the schist is north-west with a dip to the south
west at an angle of 20 to 40 degrees. On Duncan creek the rocks are nearly
horizontal. On Minto creek and its tributaries the strike is variable but has
a prevailing direction to the north-east with a dip of from 10 to 40 degrees.
I n no case was a dip of more than 45 degrees from the horizontal observed.

Very little folding or warping of the rocks was noticed, but indications
of normal faulting were occasionally seen.

There is sufficient evidence to show that during the glacial epoch an
ice sheet of considerable thickness occupied all the valleys and submerged
most of the intervening ridges. I t is doubtful if even the highest peaks of
the mountain groups were uncovered during the period of its maximum
developmen t.

The effect of the glacial action was first to widen the valleys and to
disturb and transport the bulk of the loose material, then to generally dis
arrange the pre-existing drainage system and to profoundly affect the
economic conditions. Scarcely any remnants of ancient high level river
gravels remain. These have been shifted to lower levels and redistributed
along the main valleys. Portions of former river and creek channels of lower
level are often concealed beneath the great thickness of this material, and
irregularities in bed-rock are frequently due to the gouging action of the
ice sheet.

The glacial drift deposits consist of boulder clay, gravels, sand, silt and

• Preliminary Report of the Klondike Gold Fields: R. G. McConnell, B.A.
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clays. Their distribution is irregular, ilnd varying conditions have affected
their arrangement.

Description of Creeks

Duncan creek is economically the most important stream in the
district. A great deal of development work was done on this creek, and from
it was taken the greater part of the gold which the district has produced.

The head waters of this creek have their source among the highest
peaks of the Gustavus mountains. These small stre;lms on assembling form
upper Duncan creek which flows through a wide valley in a north-westerly
direction for a distance of four miles. It passes out of this valley through a
narrow canyon and then enters the main valley of DUllcan creek where it is
joined by Lightning creek. It then runs in a south-westerly direction for nine
miles and empties into the Mayo river at a distance of five miles from ;Vlayo
lake. Two important tributaries, Parent creek from the east, and Williams
creek from the west, enter Duncan creek about five miles from its mouth.
The iall from Lightning to Parent creek is about 250 ieet, and from Parent
creek to the Mayo river the fall is about 450 feet.

The flow of water in Duncan creek, as givl:n by Mr. Beaudette's
measurements on June 20,1903, was 18,250 miners' inches. This was during
the stage of high water.

The lower portion of the creek cuts through heavy deposits of gravel,
sand and clay, and remnants of benches of these materials still cling to the
hillsides to a heigh t of 300 feet above the stream. In the neighbourhood of
WiJliams and Parent creeks these deposits disappear from the valley bottom,
and low rock terraces, covered with a thin coating of rolled gravels, are
exposed. Above Parent creek the valley is wide and has a deep covering of
drift on the bottom. About a mile below Lightning creek the valley becomes
contracted and rock benches are exposed ior about two miles up stream. The
main valley continues in a Ilorth-westerly direction to the McQuesten and
is occupied by the lower part oi Lightning creek and by Christal creek.

About 500 yards from the mouth of Lightning creek upper Duncan
creek issues from a narrow canyon. This canyon is nearly one mile long, with
an average width oi twenty-five feet Oil the bottom, and walls about 120
feet high. The canyon walls contract towards the lower end, and an almost
vertical fall of eighteen feet occurs. The total fall through the canyon is
abou t 350 feet.

The drift deposits which clog the valley of Duncan creek are principally
of glacial origin. The frost does not strike down to such great depths here
as it does in the Klondike district, so that the lower unfrozen layers of the
glacial material afford constant passages for underground water.

The readjustment of the stream during the withdrawal oi the ice from
the valley is probably the cause of the canyon on upper Duncan creek, the
stream being superimposed on a rock bench, through which it has since cut
out its channel. The former channel appears to have been on the left limit
and to have entered lower DUllcan creek above Forty creek. It is now
concealed by a thick deposi t of gravels and clays. The old creek channel is
not uncovered by the present stream at any point, except possibly at the
low rock barrier which crosses the valley near Parent creek.

The channel at claims ~os. 124 and 125 below Discovery is new, being
cut into a rock bench. The old channel is probably on the right limit, and is
now deeply covered by gravels.
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The discovery of coarse gold was first made in the canyon in the year
1898. The original discoverers worked secretly and never recorded their
claims, but are said to have taken out not less than $30,000 during the three
succeeding years. In the summer of 1903, the year of greatest activity on
the creek, the sum of ~30,000 was produced from the canyoll claims, and in
1904 the amount produced was $15,000.

The canyon bottom above the falls is now all worked ou t, as is also a
pot hole immediately below the fall. The pot hole, which is about twenty
feet in depth, was mined at a considerable loss, no gold being on bedrock
and very little in the gravels.

The conditions under which pot holes are formed are unfavourable for
an accumulation of gold. The grinding action, consequent on the churning
and rotary movements of the loose material brought over by the waterfall,
tends to wear away and remove the metallic contents which may happen
to be detained in the pot hole for any length of time.

The gold in the canyon lies on the bedrock, which is slightly folded
and without much dip. Hard bands of quartzite, six to ten inches thick,
alternate with soft schists, so that natural riffles are provided in which the
gold is accumulated. Lying on bedrock are from one to three feet of boulder
ets, slates and coarse gravel. Large sized boulders are frequent toward the
upper end of the canyon.

The gold occurs in flattened and rolled particles without quartz, and is
evidently the finer portion transported from a pay-streak up stream. The
assay value is $16.58 per ounce. About $28 to the shovel per day was the
average result on the canyon claims.

A portion of the gravels on the lower benches at the upper end of the
canyon has been washed down. These gravels do not contain much gold,
but pay is found in the hollows of the underlying rim rock sufficient to
afford fair wages. Above the canyon the creek bottom is abou t fifty feet
wide. No proper attempt has been made to locate the pay streak on this
ground.

1\t claim )Io. 17 above Discovery, or about a quarter of a mile above
the canyon, shallow ground with good pay is being worked. Judging by
the work done on adjacent ground and by the nature of the surroundings,
it appears that the stream at this point is flowing across a rock bench. Over
lying the bedrock on this claim are from three to twelve feet of boulders
and coarse gravel, with a matrix of blue clay. The gold is found imbedded
in the clay, a little above bedrock. It is very coarse, nuggets about the size
of Lima beans being often found. The largest piece obtained was found this
summer, and was worth ~67.50. The nuggets were all worn smooth, and
contained no quartz.

Above this point the valley widens out considerably and is floored
with a great thickness of gravels and blue clays. Several shafts have been
Slink to depths of from 60 to 120 feet without reaching bedrock.

The only result of the difficult and expensive exploitation of lower
Duncan creek during the year 1903 was to demonstrate the impossibility
of one individual miner working his 250-foot claim. The difficulties met with
were mainly the deep mantle of drift which lies on the valley, and the
underground water. Many of the shafts were sunk to a depth of over 100
feet, and 130 feet was reached on No. 104 below Discovery without getting
to bedrock. The depth alone would not have deterred the miners from
further sinking, but in every case they were forced to abandon their shaft
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on account of the heavy water encountered when certain layers of unfrozen
gravels were pierced.

During the summer of 1903 Claims Nos. 53 and 54 below Discovery
were grouped. A shaft sunk on 53 at some distance from the creek on the
left limit reached bed rock at a depth of ninety-eight feet. In the winter
drifting was continued toward the creek, the rock bottom yielding gold in
small quantities. The water entering the drift during the progress of the
work was got rid of by pumping, but the flow increased beyond the capacity
of the pump, and the miners were forced to abandon the drift just as good
pay was struck. The total amount cleaned up was $1,200.

On Claim 105 below Discovery good pay was obtained on the left
limit quite near the creek at a depth of sixteen feet below the surface of a
gravel bench. The gold rested in a layer of gravel overlying boulder clay.
On the same claim another shaft reached the outer edge of a concealed
rock terrace at a depth of forty feet. While drifting from this shaft toward
the stream a pay-streak was found in the deeper gravels beyond the rock
rim. This was a paying proposition, but had to be abandoned on account
of water, no pumps being available. At Claim 124 below Discovery the creek
flows between steep rock benches for about the length of four claims. The
creek bottom is wide and has a layer of three to twelve feet of small boulders
and gravels on the bed rock. The miners have confined the creek to the side
of the valley by means of a head dam and trench and a bed rock drain
two claims long has been constructed. The bed rock is a soft micaceous
schist, dipping against the stream at an angle of abou t 30°. A sufficien t
area of bed rock has been cleaned up to prove it of very little value, and the
undertaking has been unprofitable.

These are the only instances in which gold has been produced on the
main creek, and although the value of the ground on bed rock has not been
determined, many of the miners who failed on the creek still retain their
confidence in it.

The owners of almost all the claims continued to do the annual assess
ment work necessary to hold the ground, either with the hope of selling
out or finding someone to install machinery to test the creek.

The cost of placing the necessary machinery on the ground in such a
remote district would be too great an initial expense for the individual
holding only a 250-foot claim, especially as the richness of the ground is an
unsettled question. A company which could acquire from one to two miles
of the creek bottom at a reasonable price would be working on a different
basis. One pumping plant of sufficient capacity to dispose of the underground
water, or a well timbered bedrock drain, would serve for the whole workings.
Diligent prospecting might reveal benches carrying good pay both on rim
rock and in the overlying gravels, which, after the creek bottom had been
worked out, could be mined by the hydraulic method.

Lightning creek carries more water than upper Duncan creek. I t heads
in the northern slopes of the Gustavus mountains, and flows through what
appears to be a continuation of the main Duncan valley. About one mile
from its mouth it emerges from a box canyon, somewhat similar to that on
Duncan creek. Above the canyon, the creek bottom widens out to a broad
flat bordered with high gravel terraces.

In pre-glacial times Lightning creek evidently discharged into the
McQuesten river by way of Christal creek. The gravels on the right limit of
the creek above the canyon occupy the old channel and contain very little
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clay. Some of the Lightning creek water still finds its way through them,
and, rising to the surface near Christal lake, flows down Christal creek.

The canyon on Lightning creek is difficult to work on account of the
great flow of water and the immense blocks of rock which have fallen from
the walls. The bedrock is composed of banded quartzite and quartz-sericite
schists shelving with a slight dip across the stream. Its attitude and the
nature of its surface is generally unfavourable as a receptacle for gold.

Several shafts have been sunk in the creek bottom both above and
below the canyon but without result, work being suspended in every case
on account of water.

Claims were staked on Forty pup, Williams and Parent creeks. Some
development work was done, but no gold was produced.

Parent creek has cut a recent channel through a rock bench bordering
on Duncan creek, and has formed a short canyon nearly 100 feet deep. The
bedrock of this canyon has not been tested, although it appears to be
under shallow ground. The old channel of Parent creek probably entered
Duncan creek about half a mile further up stream than the present one.
A shaft has been sunk in the gravels over this old channel, but as it was
found to be too deeply buried the work was abandoned.

The rock bench, which rises to about 100 feet above Parent and Duncan
creeks, is covered with a layer of gravels with well-rounded pebbles, mixed
with clays and sands. They have a rough stratification on top, which suggests
former flood plain deposits. These gravels have been tested by several open
cuts made through them to bedrock. No definite information regarding
the gold tenor of the gravels could be obtained, the owners being absent,
except in the case of one property where the prospects were said to be good
enough for hydraulic operations.

Ledge creek enters the southeast arm of Mayo lake on the east side
at a distance of four miles from the end of the arm. About three-quarters
of a mile from the lake the stream emerges with a low fall from a narrow
rock gorge. Above the gorge the stream flows through a narrow canyon for
a distance of about half a mile. Beyond this point the valley widens out, but
still presents a gorge-like aspect. Rim rock is seldom visible on this portion
of the stream, being hidden by the loose material which slides at intervals
from the hillsides.

Discovery claim is situated immediately above the gorge and occupies
the greater portion of the canyon. The bedrock consists of dark-coloured
quartz, mica-schist and graphitic schist, with numerous inclusions of
quartz. From six to twelve feet of loose, unfrozen material rest on bedrock.
This material consists of boulders of diorite from the heads of the stream,
fragments of schist, gravels and clay. The gold has sunk in loose bedrock
to a depth of about one foot. It is all coarse, the general run being about the
size of dried peas, while nuggets weighing an ounce or more are frequently
found. Most of the pellets of gold are coated with hydrated peroxide of
iron, which gives them a dark brown colour. This incrustation on the gold
is probably due to the decomposition of iron pyrites, small cubes of which
are abundant in the bedrock. The assay value of the gold is $16.95 an ounce.

Four men worked during fifty-five days on Discovery claim this
summer, their average production being $25 a day each.

Two claims above and two claims below Discovery were also worked
this year with good results.

This constitutes practically all the productive ground on the creek.
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Above and be:ow this portion the depth to bedrock is too grea t to allow
the ground to be worked by open cuts, and underground water interferes
with drifting.

As the creek bottom is narrow, there is often great difficulty in obtain
ing space on which to pile boulders when opening drains and cleaning up
bedrock.

Gold in paying quantities is said to be found on some of the benches.
These benches can easily be worked after the creek bottom is exhausted of
its pay.

The creek has a steep grade, and the heavy rainfall ensures plen ty of
water for sluicing all through the season.

Cascade creek, which enters the south arm of Mayo lake about two
miles south of Ledge creek, is a small mountain torrent descending by a
series of rapids through a narrow rock-gorge. The creek bottom is littered
with large blocks of rock, which have fallen from the walls of the gorge. Thf'
material lying on bedrock is composed of well-rounded boulders of diorite
and quartzite, fragments of schists and gravels.

Discovery claim is situated about half a mile from the lake. \i\lork was
begun on this claim and a small quantity of gold was obtained, but freshets,
resulting from the heavy rains during last July, interfered with mining
operations.

Steep creek enters the south arm of Mayo lake about eight miles from
its southern end. It heads in a cirque carved out of the highest portion of
the ridge bordering the lake on the west. The productive portion of the
creek occupies a deep channel cut through rock-waste and glacial drift
containing a good deal of clay. During Iow water in summer the stream is
occupied in removing the material which is constantly creeping down the
steep slopes. In time of flood the bottom is scoured out to bedrock in places.

The bedrock is a compact quartz-sericite schist, \veathered to a light
brown colour. The dip is down stream at an angle of about 40°. This
attitude of the bedrock with regard to the stream is preferred hy the
miners, because once the gold becomes deposited water action cannot remove
it except by actually eroding oown the rock. Glaciated boulders from various
sources, gravels and sands, and a stiff yellowish clay overlie the bedrock.

Four men were working last July 011 claim No. 2 above Discovery.
Bedrock was easily accessible, but as it scarcely yielded wages the claim
was abandoned. The gold from Steep creek is in small bright coloured
particles of great purity. The assay value was :;;19.57 an ounce. A large
quantity of black sand accompanies the gold.

Edmonton creek heads in northward-facing slopes of the same rugged
uplands as Ledge creek, but drains the larger area. It enters Mayo lake
about two miles from the eastern end. The principal country rock on the
creek is a dark-coloured quartzite schist without marked slaty cleavage.
Several diorite dikes cutting the schists are also eroded by this stream.
The creek bottom is floored with a mass of well rounded boulders and
angular blocks of diorite, accompanied Ly the usual gravel and clays.

During the early part of the summer four men worked on Discovery
claim. Operations were commenceo by thawing and washing down a frozen
gravel bank which overlaid a low rock-bench beside the stream. This work
was abandoned in favour of drifting, the latter being more economical. A
bedrock drain was also commenced and other preparations made for next
summer's work. The prospects were said to be encouraging.
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Keystone creek is the largest of this group of small creeks. I t heads
in the Gustavus mountains and enters YIayo lake about five miles from
the outlet. The lower portion of the creek occupies a deep and fairly well
developed valley without the gorge-like aspect which characterizes those
just described. Rim rock is rarely exposed along the stream. The valley
bottom is floored with a thick deposit of boulders and gravels, and con
siderable loose material clings to the slopes above the creek, near which
a few shafts have been put down. Bedrock was not reached in any of the
shafts, as the underground water interfered with a continuation of the work.
I t is doubtful if this creek can be worked by the open-cut method. The
benches above the stream are easy of access and may yield good results,
but they have not been prospected. The fall of the stream is five feet in 100.
),To gold was produced on this creek.

Haggart creek is one of the principal tributaries of the IVIcQuesten
river. It enters the south fork of the latter at a dislance of eighty-five miles
from the Stewart river. It heads in high ridges near the north fork of the
lVIcQuesten, and occupies a very large winding valley with a flat floor.
During 1898 several miners worked claims on Haggart creek, and are said
to have sunk twelve shafts to bedrock. F;-om some layers of the gravel
good pay was ohtained, but very little gold was found on the bedrock
itself. Underground water caused considl'rable trouble. Work in this creek
is now abandoned.

The bedrock on Haggart creek is principally a dark-coloured, quartz
mica schist. A diorite dike, cutling the schists, crosses the creek a short
distance above Discovery. A highly altered and well mineralized dike, the
nature of which has not been detl'rminecl, also crosses the creek at the
mouth of Dublin gulch, north of which the country rock is a white bedded
quartzite, apparently of later origin than the schists to the south. These
quartzites continue northward to the north fork of the lVIcQuesten. No
gold is found in the streams which cross these quartzites.

Dublin gulch, a small tributary of Haggart creek, enters on the left
limit about twelve miles from thl' lVIcQuesten. Work has been carried on
here every year since 1898, but only two men were working here during the
past summer. They were engaged on Claim 15 above Discovery. The work
consisted of washing out the gravels in the valley bottom by means of a
small hydraulic plant.

The surface gravels are here composed of small granite boulders and
angular schist fragments with fine gravels. This is recent stream-wash, and
carried fine colours of gold. The depth of this deposit is about six feet.
Beneath this surface rleposit lie two or three feet of blue clays with angular
pebbles, under which is a seam of about a foot thick of fine yellow gravels
carrying gold. Below the gravds are from two to three feet of yellowish
gravels and clay, evidently of glacial origin, which contain small particles
of gold. These glacial clays rest on old creek gravels. No bedrock has been
exposed. A trench about 200 feet long and 40 feet wide, cut down to the
old stream gravels, has been worked out. The yield was small, amounting
to about the wages of the country, which are $7 or $8 a day.

The gold on Dublin gulch is fine and of a bright colour. The particles
are of a wiry form or in small scales. It is accompanied hy a quantity of
heavy white sand, consisting of roundecl grains of scheelite (tungstate of
lime), from which it is difficult to separate the gold. There is also a run of
flour-gold which is not saved in the sluice-boxes. It is possible that hydraulic
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mining could be successfully operated on this stream by a company acquir
ing a concession to cover the whole creek. There is a large body of the
deposits, both on the benches and in the creek bottom. The boulders being
generally small, not many of them would require breaking. The creek has
a fall of five to eight feet in lOO, but the supply of water is scarcely adequate
for hydraulic operations on a large scale.

Highet creek is one of a group of creeks which drain the deeply dissected
upland lying between the Mayo and the McQuesten valleys. The head
waters of the creeks on opposing slopes have cut back deeply on the water
shed, leaving residual domes, the highest of which stand about 5,500 feet
above sea level. The southward-facing slopes of this upland overlook a wide
depression containing Minto creek and lake, also the heads of Bear and
Moose creeks. The streams issue from narrow gaps in these slopes and flow
across the bottom of the depression to Minto creek, which stream enters
the Mayo river about ten miles from the Stewart.

Highet creek flows in a southeasterly direction and joins Minto creek
about two and a half miles below the lake, its entire length being about
seven miles. At two miles from Minto creek the stream issues from a short
canyon, the bottom of which is strewn with large blocks of rock fallen from
the crumbling and receding walls that rise on both sides to a height of about
250 feet. Above the canyon the creek flows through a narrow valley bordered
by clay and gravel terraces which conceal the rim rock on which they rest.
The headwaters of the creek are two small mountain-torrents, each carrying
about a sluice-head of water. The one on the left limit is known as Rudolph
gulch. The total fall from this point to Minto creek, a distance of five and
a half miles, is 900 feet.

Considerable deposits of drift material adhere to the slopes above
Highet creek to a height of 400 feet. These deposits consist of glacial clays
and gravels, slide material due to the disintegration of the underlying bed
rock and sands and silt. Masses of this material slide at intervals into the
creek bottom. The bedrock is mostly composed of a sericite schist resulting
from quartz porphyry. The rock is very compact in places and has a well
developed cleavage.

On the upper part of the creek several andesite dikes cut the schists.
A small mass of granite has been exposed by erosion at the head of Rudolph
gulch. Massive quartz-porphyry, only slightly deformed, occurs on the
west side of the creek above the canyon.

Although Highet creek was prospected during several seasons and a
number-of shafts were sunk in the creek bottom, it did not produce gold in
paying quantities until this summer. Late in the autumn of 1903 coarse
gold was discovered on a rock bench opposite the mouth of Rudolph gulch.
No discovery was allowed, on account of the proximity of the ground to
discovery on Minto creek. The claims number from the mouth of the creek
up, none of them being more than 250 feet long.

Work was carried on during the summer of 1904 on the benches on the
right limit of four claims between 98 and 110. The lower edges of these
benches are from one to twelve feet above the creek. The bedrock has a
hummocky surface which rises with a slight incline toward the hillside.
The upper edges have not been uncovered.

The gravels of the benches immediately above bedrock consist of
well-rounded boulders of diorite, quartzite, granite and andesite, and slabs
of schist with rounded edges.
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Fine gravels and sand mixed with a stiff yellow clay fill the interstices
between the larger fragments. Above these gravels is a layer of sandy clay
in which fragments of schist from the country rock are embedded. These
loose schist fragments have a parallel arrangement probably due to the
slow creeping movement with which they descended the hillside.

On Claim 105, situated opposite the mouth of Rudolph gulch, a portion
of the bench to a distance of seventy feet from the creek and about eighty
feet long was worked out last summer. The inner face of the gravels was
about twelve feet high. Water for sluicing was carried in a flume from a
point a short distance up Rudolph gulch.

As the gravels are frozen, stripping and ground sluicing are done as far
as possible in advance of the mining so as to allow thawing action to go on.
Fires are built against the gravel faces as the mining progresses.

On beginning sluicing operations the tailings are allowed to go into
the creek bottom. When enough ground has been cleaned up the tailings
are piled on the bench.

Mining will be carried on by drifting on bedrock when the deposits
toward the upper edges of the benches become too steep.

The gravels for a few feet above bedrock contain gold, but the principal
source is from the bedrock crevices. The gold is of a rich, bright colour, the
particles as a rule being water worn and smooth, but many of them are
angular and wiry and are found adhering to fragments of schist or quartz.
The yield of the benches averages about one dollar to the square foot
of bedrock.

The loose material which occupies the creek bottom is an unsorted
mass of deposits similar to those on the benches. Attempts to reach bed
rock in the creek bottom have not been successful, on account of under
ground water.

A shaft which reached bedrock at a depth of twenty feet below the
creek was sunk some years ago on Claim 66. Gold in paying quantities is said
to have been taken from this shaft, but underground water prevented
further working. Above this point some of the claims are being grouped,
and it is said that an effort will be made next season to work the creek
bottom by means of a bedrock drain.

The owner of Claim 56 has a small pump on the ground and intends to
sink a number of prospecting shafts across the creek during the winter.

Discovery claim on Minto creek is situated about one mile below the
lake. The valley is comparatively narrow at this locality and a few exposures
of rim rock occur. The creek is about twelve feet wide and flows with a
sluggish current through this portion of the valley. Gravel terraces, at
various levels to a height of 350 feet, border the valley. Layers of fine silt
and sand occur on all the terraces, overlying an unsorted mass of rounded
pebbles, fine gravels, sand and clay. The pay ground on Discovery claim
consists of the flood plains adjoining the creek. These flood plains or bars,
about 1,100 feet wide, have been tested to a depth of about eight feet and
found to yield from three to five cents to the pan. Sluicing was done on a
portion of the claim last summer, the water supply being taken from
McIntyre creek, a small stream on the left limit, carrying about a sluice
head of water.

The great difficulty in working this ground is to secure a sufficient head
of water and enough fall for the disposal of tailings, the elevation of the bars
being only ten to fifteen feet above the creek.
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While this property could not be worked by the hydraulic method, it
seems to be an excellent dredging proposition. The gold occurs principally
as small, bright-coloured scales, and appears to be due to the concentration
of the surrounding benches.

Good prospects are also obtained on the lower gravel benches which
border the lake.

Some shafts have been sunk in the wide valley of Minto creek below
Discovery, but failed to reach bedrock. A soft blue mud, which rose in the
shaft, was struck at one point at a depth of about 100 feet. All this creek,
except the Discovery group of claims, is abandoned.

Some work was done on Eigh t creek and J arvis creek, two small streams
on the left limit above Discovery. These streams cut through the high gravel
terraces and have concentrated a small supply of gold from them, but not
enuugh to pay wages.

Johnson creek, which heads with Highet, flows in the opposite direction
into :\1cQuesten river. This stream was prospected during 1898-9. Several
shafts were sunk in the creek bottom, but the usual underground water was
encountered and the work was abandoned. It is the intention of some of the
miners from Highet to test the benches on this creek during the winter.

The workable portions of Ledge, Cascade and Steep creeks and the
canyon on Duncan are all shallow digg-ings. The mining is carried on in the
primitive manner and with the implements usual to remote and partly
developed placer districts. Only the richest and most available ground is
worked and the gold is not all saved. The method of mining is as follows:

After ground-sluicing all the upper loose material to within a foot or
so of bedrock, a timber dam, three or four feet high is built, across the creek
at the upper end of the claim. A board flume, large enough to carry all the
water in the creek, is fitted into the clam. This flume is generally about 200
feet long, but the length depends on the fall of the creek and the depth
to bedrock. After the dam and flume are completed, an open cut which
serves as a bedrock drain, is made in the creek bottom. This drain is started
at such a distance belm.\' that its grade will strike bedrock at the lower end
of the flume. After ample drainage has been secured for the bedrock, a line
of sluice-boxes, connecting with the flume for the water supply, is placed in
position. The boxes are fitted with pole-riffles to save the gold, and a grade
of eight inches is allowed to each box.

Shovelling into the sluice-boxes is begun a little abow the lower end
oi the flume, and a clearing is made on bedrock on which the tailings are
piled. When the clearing is large enough to allow good drainage, it becomes
no longer necessary to handle the tailings.

The large boulders are piled along the edge of the stream, those that
are too large to handle being broken with sledge hammers or by fire.

Loose fragments of bedrock are put through the sluice-boxes and the
solid portions are carefully scraped. The boxes are generally cleaned up
every three or four days.

The total amount of gold produced by the Duncan creek mining
district during 1904 was estimated at $32,000. Of this amount, upper
Duncan creek contributed $15,000, Highet creek $10,000, and Ledge
creek $7,000.

The gold was practically all produced on nine claims, and represents
the work of about thirty men during sixty days. The season was unusually
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shortened owing to a late spring, heavy and persistent rain in summer and
hard frosts which occurred early in September.

The total population of miners in the district in 1904 was about eighty.
The greater number of these were engaged in doing assessment work on
various creeks.

The sluice-boxes on every creek in the district catch grains and pebbles
of hematite; they are exceedingly smooth, of a dark brown colour, and many
of the pebbles have fragments of red jaspilite adhering to them. Hematite
also occurs as a brown sand, from which the gold has to be separated by
'blowing'.

The miners are apt to apply the name 'tinstone' to any dark, heavy
and smooth pebbles found in the residues, and that name has been erroneous
ly applied to the hematite pebbles throughout the Duncan creek district.

~ative bismuth in small rounded and flattened nuggets is of common
occurrence with the gold on Highet creek.

Scheelite in small water-worn nodules of yellowish colour is caught in
quantity in the sluice-boxes on Highet creek. The white sand which so
often accompanies the gold on Dublin gulch is composed of rounded grains
of this mineral.

Zinc-blende, with which is associated a small quantity of copper
pyrites, occurs at Discovery claim on Duncan creek. This ore is exposed on
th" canyon wall below the falls, and occupies a vertical fracture in the
schists. The ore body is about two feet wide and contains traces of gold.

A deposit of stibnite occurs on a small stream flowing into the Stewart
river, about five miles above Gordon lancling. The ore, which is associated
with quartz, is deposited in the fractures of a thrust iault in the schists.

Only a small amount oi ore is exposed. It contains gold to the value
of $1.40 per ton.

An important quartz ledge occurs between the heads of two small
streams, known as Twenty pup and Forty pup, which flow into Dublin
gulch, a tributary of Haggart creek.

This quartz ledge outcrops on a sloping hillside about 500 feet below
a mass of granite, and can be traced along the surface for a distance of
600 feet.

The granite and the quartz-lead both cut the country rock, which is a
quartz-mica schist, with a strike north-east and a dip toward the west, or
clown hill, at an angle oi about 40°.

An open cut, eight feet deep at the upper end, has been made on the
surface, exposing the ledge for a width of twelve feet. The extreme width
of the ledge is unknown.

The ledge or lead is composed of a number of vertical stringers of
quartz, two to four inches wide. Between these stringers are portions of the
country rock.

The quartz is impregnated with arsenical pyrites, is much weathered,
and portions of its surface have a granular or pitted appearance. Its pre
vailing colour is green, due to a thin coating of a hydrous-arsenate of ferric
iron. Occasional small specks of free gold, which appear to have weathered
out from the pyrites, are visible. About 100 feet below the vein, a tunnel
has been driven about forty-five feet into the hillside, with the intention of
tapping the lead, but is still in the country rock. An assay, from samples
taken over about six feet of the vein exposed in the open cut, was made
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by Mr. Connor, of the Geological Survey, and gave gold to the value of
$10 to the ton.

In addition to the claim known as the 'North Star', on which the
above work was done, eight other claims have been staked on the supposed
extension of the ledge.

Several quartz veins occur at the head of Highet creek and on Rudolph
gulch. Some of them contain no gold, but a sample from one vein, which
carried a little arsenopyrite, yielded gold to the value of $2.60 per ton.

No development work has been done at this locality.
Our knowledge of the bedrock geology is far too incomplete to afford

a sufficient foundation of facts in an inquiry as to the source of the gold.
Diligent search in this district has, so far, failed to reveal free gold

in the quartz or in the country rock, but many quartz veins and stringers
have been discovered, which, when assayed, show traces of gold, and often
as much as $7 or $8 to the ton, but none of payable value. Fragments of
vein quartz and schists, with particles of gold attached to them, are of
frequent occurrence, showing conclusively that they are of vein origin or
from impregnated zones.

The wiry and angular appearance of the gold sometimes found in the
placer deposits indicates a local source.

On Highet creek and on Dublin gulch it is believed that the gold has its
origin in the drainage basins of these streams. On Ledge creek the evidence
points the same way, but it is not so conclusive. On Duncan creek the gold
has suffered greatly by attrition, is much water-worn, and contains no
quartz. But this stream has a large drainage basin with steep grades, and
sufficient causes have been at work to reduce the gold to its present state
without precluding its local origin.

The fine gold in the benches of wide valleys and in the river bars has
its source, in all probability, in an older drainage system, and, having been
carried by ice and water in company with gravels, has become finely divided
by the time it reached its present destination. It is generally well understood
by miners and prospectors that the present concentration of gold in placer
deposits is due to the slow wearing and carrying away of immense quan
tities of bedrock, and that the gold, being indestructible and so much
heavier than the material that contained it, slowly accumulated.

Yet surprise is still often expressed that in a country so rich in placer
gold no payable quartz is found, or, if quartz leads are found, they are so
frequently barren. It should be further understood that the visible amount
of bedrock worn away, that is, the amount which has been removed to
make the present valleys, did not furnish all the gold, but that hundreds,
probably thousands, of feet above that have been eroded. The question of
time, which enters into all geological problems, is so profound that to many
individuals the source of the gold will forever remain a mystery.

While, hitherto, prospecting has not revealed any payable quartz
veins, it is by no means implied that they do not exist.The amount of bed
rock exposed to the prospector's view is very small, and only seen at inter
vals in such places as canyon walls, here and there on streams or on a few
ridges above timber line; everywhere else it is concealed beneath the forest
covering, the moss and the drift. Another adverse factor is the shortness
of the season during which the ground is uncovered by snow and prospecting
for quartz can be carried on.

In consequence of the reverses met with by the miners on lower Duncan
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creek, and the Tanana stampede of this year, which drew many of them to
Alaskan territory, no prospecting for new creeks was done last summer, and
no new discoveries were recorded.

The experience of the miners during the last few years has given them
a better knowledge of the conditions peculiar to the country and the kind
of ground most likely to afford good pay.

The gold-bearing rocks are widely distributed, and a great deal of the
country underlain by these rocks is still unprospected.

To work to advantage in this country the prospector should be equipped
with at least one year's outfit of provisions and clothing.

Freight from Dawson is delivered by the steamer Prospector at Mayo
or Gordon, on the Stewart river, at the rate of ten cents a pound. In winter
this freight is delivered on the principal creeks at from three to six cents a
pound. During summer the rate is fifteen cents to Discovery on Duncan
creek or eight cents to Highet creek. There are stores at Mayo and Duncan
creek where clothing and provisions may be purchased.

An excellent road with good grades, suitable for either summer or
winter travel, was located and partly cut out this summer by Messrs.
Gordon and Davidson from Gordon to Duncan creek, a distance of eleven
miles. If a bridge were built over the Mayo river at the outlet of Mayo lake
this road could be continued at a small cost over the low divide to Duncan
creek near Beliveau creek. The distance then to Duncan creek would be
only fifteen instead of twenty-four miles by the Mayo road to the same
point.

Pack animals can be used to advantage over most of the country.
Fodder is plentiful on the creek bottoms and on the benches, and in many
localities hay can be stored for winter use.

Loaded boats or canoes can be poled and tracked up the McQuesten
river to the McQuesten lakes.

Miners working in the vicinity of any of the lakes can keep themselves
supplied with fresh fish without much trouble. These lakes are all stocked
with an abundance of salmon-trout, whitefish, pike and grayling.

Moose are numerous in various parts of the district, and are depended
on as a regular source of food.

In addition to these, but not to be depended on for a regular food
supply, are the caribou, brown and black bear, and above all, the mountain
sheep.

Forest

An adequate supply of white spruce timber of a size sufficient for min
ing and building purposes can be obtained almost anywhere in the district.

Especially fine groves of this timber were seen on the alluvial flats of
the Stewart river, on the north shore of Mayo lake near the eastern end,
at the mouth of Duncan creek and at the mouth of Haggart creek. In these
groves are many trees of twenty inches diameter, with individuals as large
as thirty inches in diameter.

A few small groves of the black pine (Pinus J1!{urrayana) were observed
on the benches above Mayo river, on the shore of Minto lake, and on the
south arm of Mayo lake. The pine is small, none of the trees being more
than nine inches in diameter.

Timber line was estimated to be from 4,250 to 4,500 feet above sea
level. The balsam fir was the only species represented at that elevation.
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1905

Introductory Notes

Dr. Robert Bell, Director, includes the following notes* relative to
field work in the Yukon in his Summary Report for 1905.

"Mr. Charles Camsell, assisted by Mr. F. E. Camsell, surveyed Peel
River, a large stream flowing northward in Mackenzie District. He left
Skagway for Dawson early in the spring and was ready to ascend Stewart
River as soon as it was clear of ice. He followed one of the northern branches
of this stream in his canoes to a very long portage across the heigh t of land
separating it from the source of Wind River, a branch of the Peel. After
descending the Peel nearly to the sea, he returned to the Bell River and Rat
River, and thence descended the Porcupine to its junction with the Yukon.
Here he was picked up by a steamer which took him up to Dawson and he
returned in good time to Vancouver. It will be seen by his report that he
accomplished a large amount of valuable topographical and geological work
in this distant region. Mr. ]oseph KeeJe also proceeded to Dawson before the
breaking up of the ice and on the opening of navigation he ascended the
Stewart River and continued his investigations of the gold-field on its
northern headwaters, which had been commenced the previous year.

"Mr. R. G. McConnell's operations were mostly in the district com
prised by the headwaters of the White River, to the west of the Yukon.
On his way home in the autumn, he made an examination of the recently
discovered silver region of Windy .\rm. Soon after his return to Ottawa he
prepared a report on this district, which was immediately published under
the name of "Recent Mineral Discoveries on Windy Arm, Tagish Lake,
Yukon Territory."

"Mr. F. H. Maclaren, who afterwards acted as Mr. McConnell's as
sistant, preceded him to the Yukon territory and made a survey from White
horse westward along the road to Kluane Lake, triangulating the tops of the
hills and mountains on either side."

Brief preliminary reports were written by ]oseph Keele and Charles
Camsell on their explorations of 1905. These were published in the Summary
Report for that year, and final complete reports appeared later in the Annual
Report, volume XVI (1906) as parts C and Cc. These two parts were also
released together as a separate pu blication, and are reprod uced on su bse
quent pages of this volume. The preliminary report of tfr. Keele's work
contains notes not in the final report, whereas all the information in Mr.
Camsell's preliminary account is included in his later report and for this
reason is omitted from this volume.

HEADWATERS OF WHITE RIVER
by R. G. McConnell

V\'ork was continued during the season of 1905 in the district about the
head of White river. The time available for work in this distant region is
somewhat brief as the summer is short and a considerable portion of it is
occupied in travelling. On this account the examination of the district neces-

*Sum. Rept. 1905, p. 14 (1906).
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sari!y partook of the character of a reconnaissance. A topographic survey
of the district was made by Mr. F. H. :Vlaclarf'n, the topographer of the party.

Topog.-aphy

The region examined lies along the landward base of the St. Elias range,
east of the Alaskan boundary, and is included in the drainage basin of White
river, one of the principal western tributaries of the Yukon river.

The northeastern slope of the St. Elias range is largely drained by
various branches of \Vhite river, the principal of which are the Kluane,
Donjek and the Generk rivers. The trunk stream bends to the northwest
and crosses the Alaskan boundary before reaching the mountains.

The Kluane river Rows out of Kluane lake, a large sheet of water about
forty miles in length, lying along the base of the St. Elias range, and fed
mostly by Slims river, Rowing from the Kaskawulsh glacier.

The Donjek is a typical glacial stream. Its muddy waters, flowing in
numerous branching channels, spread out in seasons of flood across a bare
gravel flood plain from one to three miles in width. The channels change
continually, new ones being constantly opened, and old ones blocked, by the
rapid, overloaded streams. Bars easily fordahle at one hour are often im
passable the next.

The DOlljek appears to issue from a large glacier which occupies the
whole width of its valley a few miles inside the mountains. I was informed,
however, by a prospector who had explored its upper waters, that the glacier
is fed by an ice stream descending a tributary valley from the southwest and
that the upper portion of the main valley is free from ice and is partially
wooded.

The Generk, though scarcely twelve miles in length, carries a large
quantity of water and is one of the principal feeders of White river. It heads
in the Klutlan glacier and Rows northward parallel to, and a few miles
east of, the Alaskan boundary. Like the Donjek, it has built up a wide
gravel Rood plain through which it winds in a multitude of interlacing
channels.

The Klutlan glacier has a width, at present, of from two to four miles.
It has evidently receded rapidly in recent years as it is bordered on the south
by a wide belt of rough morainic country now free from ice. I ts rate of motion
is slow, and in places it appears to be stationary, as trees occur growing on
shallow soil underlaid by clear blue ice. The lower portion and sides of the
glacier are buried in debris. A ridge of fresh uncovered ice in the upper central
portion of the glacier, only seen from a distance, suggests an active glacier
over-riding an older almost stationary ice and gravel mass.

The St. Elias Alps, the principal topographic feature, form the south
west boundary of the district, and extend to the sea. The mountains and
mountain ridges of this range are chararterized by extreme boldness of out
line. Steep slopes, precipitous cliffs and high broken peaks and crests prevail.
The larger streams such as the Donjek and St. Clair have cut deep, wide
valleys back into the heart of the range, while the smaller ones are usually
inclosed in narrow steep-sided and often impassable canons. The central
portion of the range and all the higher mountains arc covered with deep con
tinuous snow fields, and glaciers-- some of the first magnitude--are present
every\vhere.

The St. Elias range is bordered along its whole northeastern front by a
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wide continuous depression occupied in different portions of its length by a
number of small streams. The depression is crossed transversely by all the
large streams flowing from the range and evidently antedates by a long
period the initiation of the present drainage system. The summit of the de
pression between Kluane river and the Donjek has an elevation of 1,500 feet
above the former, and between the Donjek and the Generk of about 700 feet.

East of the depression is a broken upland cu t by a system of inter
locking valleys into mountain groups and ridges usually rising from three to
four thousand feet above the valley flats. The mountains while rugged in
places are more worn and are tamer in appearance than those in the St.
Elias range, and their inferior height has also prevented the great accumula
tion of snow and ice which forms such a conspicuous feature of the latter.

Forest

The forest trees are few in number and include only the white and black
spruces (Picea alba and P. nigra), the aspen (Populus tremuloides) and,
occasionally, the balsam poplar (Populus balsamifera) , and the birch (Betula
papyrifera). The forest is sparse as a rule and ceases at an elevation of 4,000
feet above the sea.

Geology

The geology of the district proved less interesting than was expected,
as the older rocks along most of the St. Elias range and for some distance
eastward, are buried beneath a great thickness of comparatively recent
effusive and fragmental volcanics.

Tertiary

A band of rocks referred to the Tertiary follows the St. Elias range
from the Duke river to the St. Clair. They are well exposed on a small stream
which enters the Donjek from the west a mile above the mouth of \iVade
creek. They consist here mostly of grayish conglomerates often only slightly
indurated, formed of smooth and well rolled pebbles of quartz, quartzite,
slate, chert and diorite. A band of red, iron-stained conglomerate occurs at
the base of the formation, derived mostly from the debris of underlying dio
ritic rocks. With the conglomerate are beds of grayish and yellowish tufa
ceous sandstones, dark, often carbonaceous shales, and occasional beds of
lignite.

The conglomerates and associated clastic beds of the Tertiary alternate
with numerous lava sheets from fifteen to one hundred feet in thickness
which appear to be contemporaneous with them. The lava sheets are usually
andesitic in character and, in places, are slightly vesicular. They have smooth
surfaces and decrease in thickness gradually towards their termination.
They conform perfectly with the inclosing clastic beds even when the latter
are steeply tilted. No dikes connecting with sheets were observed. The
vulcanism which accompanied the deposition of the Tertiary beds was of
long duration, as the latter are overlaid by at least 4,000 feet of effusive and
fragmental volcanic rocks.

The tertiary beds which outcrop along Maple creek consist mostly of
shales and sandstone with some conglomerate and an occasional lignite
seam. On Granite creek and east of the St. Clair river conglomerate is the
principal constituent of the formation.
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The tertiary beds are strongly folded in places, especially near the
mountains, and therefore antedate in age the last movements which pro
duced the St. Elias range. No determinable fossils were obtained from them.

Mesozoic Beds

The mountains of the St. Elias range fronting 011 Kluane lake are
largely built of hard greenish tufaceous beds alternating with dark shales,
breccias and, occasionally, agglomerates. Similar rocks outcrop at the canon
of Duke creek and also at the lower canon of Burwash creek. The beds of
this series, as a rule, are sharply folded and, in places, are overturned and
broken. The rocks, usually hard, are more or less altered, and occasionally
pass into green chloritic schists.

Specimens of the Triassic fossil monotis subcircularis, were obtained
from a band of dark shales outcropping near the centre of the lower canon
of Burwash creek. It is unlikely that the whole series is referable to one
period as, in places, it is many thousands of feet in thickness. It probably
represents the product of repeated volcanic outbursts, possibly continued
into the Tertiary.

Upper Palreozoic

The rocks referred to the upper Palceozoic consist mostly of massive lime
stones and marbles associated with hard shales and slates and feldspathic
sandstones. A good section of these rocks is displayed along the Donjek
valley from the point where it leaves the St. Elias range up to the Donjek
glacier, a distance of about seven miles. The outer range of this point is built
of diorite. The diorite is followed by a wide band of crushed, reddish weather
ing limestone underlaid by grayish massive limestones and alternating lime
stones and shales. The latter are succeeded by feldspathic sandstones and
limestones, both holding fossils of Carboniferous age. The tufaceous beds
are cut by diorite, above which is a second band of massive gray limestone,
followed by dark slates, altered in places into a schist. The slates are suc
ceeded by reddish granites and diorites.

The limestones and associated rocks strike in a northwesterly tlirection
and dip uniformly to the northeast at angles of from 30° to 70°. This outward
dip is unusual in the great mountain ranges of the west, and is not a con
stant feature of the St. Elias range, although it occurs at several points.

At the head of Burwash creek the outer range of the St. Elias
mountains is built of massive limestone, and bands of limestones and shales
similar to those on the Donjek but dipping at a high angle in the opposite
direction. North of the limestones-·and apparently underlying them-are
hard feldspathic quartzites, dark shales and ironstained tufaceous beds. These
beds have a nearly vertical attitude and their age relationship to the limes
stones is uncertain.

The mountain groups northeast of the trail from Burwash creek to the
Donjek are built largely of slates, hard tufaceous rocks and limestones
similar to those in the St. Elias range. West of the Donjek the limestones
disappear and the rocks outcropping along the valleys of Wolverine and
Harris creeks consist mostly of hard, imperfectly cleaved slates and tuffs,
cut by numerous diorite dikes and by a granite area.

The rough grouping of the clastic rocks of the district into the three
series briefly described above is only intended as a provisional one and will
doubtless be greatly modified when the region is examined in detail.
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Massive Igneous Rocks
Al'tdesites and Basalts

Effusive rocks have a wide distribution in the district. A large area
commencing within a few miles of Kluane lake crosses Duke river valley
and extends northward to the 'gap' of this stream. A second small area
probably a disconnected portion of the first-occurs south of upper Bur
wash creek. Between the Donjek and the Generk the mountains of the St.
Elias range, and a wide flanking plateau, are built entirely of these rocks
and they extend westward across the Generk to the Alaskan boundary.

The effusives rest on the Tertiary north of the Donjek and are there
fore the youngest rocks in the district. The lava sheets in the Duke river
area are nearly horizontal and show no signs of disturbance. North of the
Donjek the sheets are often sharply bent and in places are broken and
faulted.

The effusives in this series consist mainly of augite andesites of a some
what basic type, and basalts. The sheets range in thickness from a few feet
to several hundred feet, and are usually separated by tufaceous beds varying
in texture from a fine ash to a coarse breccia. The series has a minimum
thickness of 5,000 feet.

Amygdaloids

Bands of a green amygdaloidal rock occur at several points in the dis
trict, usually associated with the Mesozoic tufaceous beds. The upper por
tion of the lower canon of Burwash creek is cut through this rock, and it
was also found at the upper canon of Tatamagouche creek and on one of
the creeks flowing into Kluane lake. It is important as it is supposed to be
the source of the native copper which occurs loose in so many of the
creeks of the district. Lithologically it is a vesicular diabase. The augite in
the section examined is mostly altered to chlorite, and the cavities are filled
with calcite usually surrounded by a ring of chlorite. A similar rock-also
associated with copper deposits-occurs in the Windy Arm district.

Gabbro-diori te

This is a dark gray rather fine texture intrusive, widely distributed in
stocks and dikes throughout the district. It is a hard rock and in the St.
Elias range usually weathers into high bold peaks. I t cuts the beds of the
Mesozoic series but is older than those referred to the Tertiary. While usually
massive it is slightly sheared in places and is occasionally seamed with small
quartz veins.

The mineral constituents of the gabbro-diorite exhibit considerable
variety in different sections. In places the rock is a typical diorite consisting
essentially of hornblende, some biotite, and labradorite. This type passes by
the substitution of augite for hornblende into a gabbroic variety, and by
the addition of quartz and microperthite into a grano-diorite.

Quarb Porphyrite

A yellowish porphyritic rock showing, in thin sections, a fine grained
quartz and feldspar base, through which crystals of a plagioclase feldspar,
biotite and quartz, are porphyritically distributed, outcrops in considerable
masses along Burwash creek. I t is probably the youngest intrusive on the
creek.
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Dunite

Areas of dunite, partially altered in places into serpentine, occur on
Burwash creek and on a branch of Quill creek.

EconOlnic Geology

Coarse gold occurs in nearly all the streams in the district except those
flowing over the recent volcanic rock, but no rich concentrations have so
far been found. Brief descriptions of all the creeks worked, with the exception
of Arch creek, are given in the Summary Report of 1904 and need not be
repeated here. Ruby creek, the centre of mining operations in 1904, is now
almost abandoned and the miners have moved on to Fourth-of-July creek,
a parallel stream flowing out of the same range. A few claims are being
worked on Fourth-of-July below the mouth of Snyder creek. A feature of
the workings of this creek is that the auriferous gravels rest on a band of
boulder clay which constitutes the bedrock. The boulder clay band has not
been pierced, and there is a possibility-as pointed out in last year's Sum
mary-that pay-gravels may exist beneath it. The gravel bed overlying
the boulder clay is shallow and easily mined, but carries comparatively
ligh t values.

A large amount of work was done on Bullion creek by the Bullion
Hydraulic Co. This company has taken over most of the ground below the
canon and spent the season in installing a hydraulic plant. A flume five feet
by three and a half feet, with intake on Claim No. 26, has been built down
the valley to Claim No. 48, a distance of about a mile. In places where the
valley slopes were favourable the flume is replaced by short ditches. The
grade of the creek is steep and a head of 175 feet is gained in this distance.
The water is supplied to the monitor through a pipe 1,200 feet in length and
thirty-six inches in diameter at the intake. At the time of my visit excava
tions for a bedrock flume were in progress. The monitor was employed for
this purpose and appeared to be doing very efficient work. Preparations were
not completed in time to admit of a satisfactory test of the creek before the
season closed.

A number of claims were worked on Burwash creek throughout the
season, both above and below the canon, with varying results. The values in
the upper part of the creek have proved generally unsatisfactory and some
of the claims have been abandoned. A stretch of fair ground several claims
in length has been found in the valley about a mile above the canon and a
second one at the foot of the canon. The returns from the best claims seldom
exceed ten dollars per day per man. Mining on Burwash creek is attended
with peculiar difficulties; the creek is subject to sudden Roods and on several
occasions last season wing dams and drains-the result of weeks of hard
work-were destroyed by the rushing waters in a few minutes.

Some prospecting has been done on Tatamagouche creek, a northern
branch of Burwash creek. This creek is similar in character to Burwash creek
and cuts the same rocks. It enters Burwash creek through a long canon above
which the valley is wide and open.

Further to the west is Arch creek, the latest discovery in the district.
This stream heads with a branch of Quill creek and Rows westward into the
Donjek. Its grade averages about 300 feet to the mile. Like most of the creeks
of the district the valley contracts at one point into a narrow canon. The
canon is situated about a mile above the mouth of the valley and is about
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three quarters of a mile in length. Half a mile above it is a second small
canon 200 yards in length, above which the valley widens out and is bot
tomed with narrow Rats and bordered in places with terraced slopes.

The rocks outcropping along the valley consist of hard tuffs, slates and
limestones cu t by several small diori te masses. The name of the creek is
derived from an arch-like opening in a band of li mestone crossing the canon
through which the stream has rut a passage. The slates and tuffs are trav
ersed by small quartz veins from which the gold in the creek has proba
bly been derived.

At the time of my visit a few claims were being worked in the canon,
where the gravels are comparatively shallow. In the upper partof the valley
the gravels deepen, and the few holes sunk have failed to reach bedrock.
The gold obtained is found on or near bedrOl'k, and consists mostly of heavy
grains and small nuggets. The largest nugget found was obtained from ;\10. 9
claim in the canon, and weighed over three ounces. I t contained consider
able quartz, and its rough surface showed that it had not travelled far. No
ground yielding more than good wages has been found on the creek up to
the presen t.

It is somewhat remarkable considering the number of creeks in the dis
trict on which coarse gold has been found, and the wide area over which they
are distribu ted, that occasional rich concentrations have not been found.
The chances of such discoveries are, of course, not by any means exhausted,
as none of the creeks have been fully prospected, and some of them have
scarcely been touched, and it is this which keeps the miner in the field. The
present yield of the best claims of from ~6 to $10 per day can hardly be
considered wages in a region where the cost of supplies is so excessive and
the working season is so short and broken.

Copper

~ative copper is almost as wiclely distributed in the creeks of the dis
trict as gold. It is found on Bullion, Sheep and other creeks Rowing from the
St. Elias range, and also on Burwash, Tatamagouche and Arch creeks, in
the region between Kluane river and the Donjek. It is not found on Ruby,
Fourth-of-] uly, or any of the streams cutting the old schists of the Ruby
range.

The principal copper creek ill the 'vVhite River district is Kletsan creek.
This stream is situated in Alaska, about four miles west of the International
Boundary. It was examined by lVIr. A. J r. Brooks of the V.S. Geological
Survey in 1898. Brooks found that the stream copper, in part at least, was
derived from calcite veins cutting a dioritic rock exposed along the valley.
These copper-bearing rocks do not extend far in an easterly direction, as
they are soon buried beneath a great accumulation of young volcanic rocks.

Areas of a dioritic rock apparently similar to that on Kletsan creek occur
on most of the copper-bearing creeks in the Kluane district, but no mineral
discoveries have so far been made in them.

The upper part of Burwash Creek canon is cut through a green, often
iron stained, diabase amygdaloid. This rock is cut by a few small calcite
veins, which are usually stained with copper and carry small quantities of
chalcopyrite and occasional grains of native copper. Similar copper-stained
amygdaloids occur on Tatamagouche and several other creeks in the dis
trict. No veins of commercial importance have been found in them up to the
present.
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Native Silver

Occasional coarse grains and small rough nuggets of native silver
occur with the gold on Burwash and Arch creeks.

Coni

Lignite coal of good quality occurs throughout the Tertiary area ex
tending along the foot of the St. Elias range from the Donjek to the St.
Clair. The beds (veins) vary in thickness from a few inches up to four feet.

WINDY AR:\1 DISTRICT
by R. G. McConnell

On the way back from the White River country a few days were spent
late in the season examining the recent mineral discoveries on \\findy Arm,
Tagish lake.

Situation and Conununications

The principal ore deposits so far discovered in this district occur on the
west side of Windy Arm, a southerly branch of Lake Tagish. Tagish lake
forms part of a chain of long narrow lakes, including, in order from north
to south, lakes Lindeman, Bennett, ::'-Jares, Tagish and Marsh, which com
mence well within the Coast range of mountains and extend northward and
eastward for a distance of nearly seventy miles. The general direction of
these lakes is north and south, with the exception of Lake 1'\ares and the
upper part of Tagish lake, which have an east and west alignment. Windy
Arm joins Tagish lake near its head and extends south for a distance of
twelve miles. Its course is nearly parallel to that of Bennett lake, and the
two sheets of water inclose an area of high mountainous country about
eight miles in width, the scene of the principal recent discoveries.

The vVhite Pas and Yukon Railway affords easy communication to the
new mining district. This line, after crossing the Coast range, follows the
east shore of Bennett Lake to Caribou Crossing, at the foot of the lake, at
which point steamers run to Conrad City, on Windy Arm, the shipping point
of the mines. The total distance from tide water at Skagway to Conrad City
is 79 miles, of which 67·5 miles is made at present by rail and 11·5 miles by
water. A railway can easily be built from Caribou Crossing along the shores
of Lake Nares, Tagish lake and Windy Arm to Conrad City, and surveys
for one have already been made by the engineers of the White Pass and
Yu'kon Railway. A second route from Log Cabin station, on the main line
of the White Pass and Yukon Railway, above Bennett lake, by way of Tut
shi lake to \\findy Arm, has also been proposed. The distance to tide water
would be reduced considerably by this route, but the mileage of new line
necessary would be greater.

Character of Country

The country bordering the northeastern slope of the Coast range, in
cluding the Windy Arm mining district, may be characterized generally as
consisting of a system of wide valleys, often interlocking in a peculiar man
ner, separated by mountain groups and ridges rising from 4,000 to 5,000
feet above the valley flats. Most of the valleys are bottomed at intervals
with long narrow deep lakes, due to the blocking of the channel at various
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points with glacial drift. The uplands are usually fairly regular in outline,
but in places are exceedingly rugged and are often deeply incised by the
numerous small streams which flow down their sides.

The forest growth is sparse and is confined to the valley flats and lower
slopes of the mountains. At an elevation of 2,000 feet above the valley bot
toms the forest practically ceases. The principal trees in the district are the
white and black spruces, the aspen, the balsam poplar, the balsam fir and
the black pine. The supply of rough lumber within easy distance of the
camp suitable for ordinary mining purposes is ample for some years at least.

Geology

The mineralized area on Windy Arm is situated a few miles northeast of
the long granite batholith of the Coast range. This great igneous mass ex
tends from the southern boundary of British Columbia in a northwestern
direction to latitude 62°, north, a distance of fully 1,000 miles, and constitutes
one of the largest continuous granite areas in the world. Mineralized areas
have been found at a number of points in both the older clastic and younger
intrusive rocks, flanking the Coast range batholith, and it is probable that
further discoveries will be made, as the adjoining country, especially on the
landward side of the range, has so far been only imperfectly prospected.

The clastic rocks flanking the Coast range granite in the vicinity of
Bennett and Tagish lakes, consist of crystalline limestones, coarse slates
passing in places into schists and interbanded with quartzites, limestones
and hard, fine grained cherty beds, and dark argillites alternating with
tufaceous sandstones, coarse conglomerates, and occasional limestone bands.

A section from Tagish lake up Windy Arm and along the short valley
connecting v\'indy Arm with Tutshi lake was studied in some detail. Near the
mouth of Windy Arm the rocks consist of light grayish heavily bedded crys
talline limestone, striking in a northwesterly direction. These rocks have an
extensive development along the southeastern shore of Tagish lake and the
lower part of Taku Arm. They also extend in a wide band from a point near
the west end of Tagish lake southeastward to Atlin lake.

The limestones are succeeded going south along Windy Arm by a set of
beds which will be referred to as the Tagish series. This series consists largely
of dark, hard argillaceous rocks, coarsely bedded and occasionally passing
into impure quartzites. The slates are interbanded in places with crystalline
limestones and also include numerous beds and bands of fine grained com
pact cherty rocks, probably hardened by the infiltration of siliceous waters.
Occasional bands of amygdaloid are also present. The relationship of the
Tagish series to the crystalline limestone was not ascertained. The latter is
probably Carboniferous in age.

The Tagish series is replaced ascending Windy Arm by basic igneous
rocks usually porphyritic in character. The porphyrites and associated rocks
outcrop along the shores of the lake for a distance of five miles and are then
succeeded by a series of clastic rocks for which the name Tutshi series is
proposed. The Tutshi series consists mostly of dark well cleaved argillites,
softer and less altered than those in the Tagish series. The argillites alter
nate in places with fine grained tufaceous sandstones and occasional beds of
grayish limestone. Bands of conglomerate and agglomerate also occur in
this formation, the former holding well rounded pebbles of slate, quartzites
and granite. The Tutshi series resembles lithologically a formation in the
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Atlin district, holding fossils supposed to be of Jurassic age (Part B. Annual
Report Geological Survey of Canada, Volume 12, 1899, page 26).

A parallel section along the lower part of Bennett lake cuts the same
formations as those exposed on Windy Arm, except that the Tagish series
is partly replaced by an outlying granite area. The northeastern boundary
of the main Coast range granite mass crosses Lake Bennett at Pavey
station, five miles below the head of the lake.

The massive igneous rocks of the district consist of granites and por
phyrites and allied rocks.

A granite area about three miles in width occurs at the lower end of
Bennett lake, and strikes southward towards the head of the south branch
of Montana creek. The granite is a medium grained unsheared gray rock
consisting of quartz, orthoclase, oligoclase biotite and hornblende. Dikes
of a similar character cut the Tagish series on Windy Arm.

The porphyrite is the most important rock, economically, in the dis
trict, as most of the veins discovered up to the present occur in it. I t crosses
from Windy Arm to Bennett lake in a band from three to five miles in width,
and also extends for some distance east of Windy Arm. It is a dark grayish,
usually rather fine grained rock, distinctly porphyritic as a rule. Thin
sections show feldspar phenocrysts scattered through a crystalline base,
consisting mostly of small feldspar crystals and chlorite. Augite is occasion
ally present, and calcite is abundant in the sections examined. In many
places the porphyrite is heavily charged with iron, and weathers to a rusty
colour. At Red Deer mountain it either passes into, or is replaced by, a
medium grained rock with the character and composition of gabbro.

The principal structural feature of the porphyrite-gabbro are the sys
tems of strong jointage planes everywhere present. The joints, like the
veins, show little parallelism in either dip or strike in different parts of the
area.

General Character of Veins

The largest and most persistent veins so far discovered occur in the
porphyrite area. They are not, however, confined to this formation, a few
occurring in the granite and some, also, in the slates. The veins occupy
typical clean-cut fissures with regular walls often slickensided and grooved.
They are comparatively narrow but as a rule exhibit remarkable persis
tency in strike. The Uranus vein, with a width of from one to four feet, has
been traced by small openings and surface showings for a distance of about
1,500 feet and may extend much farther, while the Montana vein, with a
maximum width of five feet in the portion explored, has apparently been
cut at a distance of 1,600 feet from the main workings and may also, of
course, be very much longer. The Venus No. 2 lead (the largest seen by the
writer) has a width of nine feet at two openings about 400 feet apart, and
must extend for long distances in both directions. :K umerous other veins
such as the M. and M., the Joe Petty and Venus No. 1 are traceable by
surface outcrops for several hundred feet. Portions of all these veins are
concealed by slide rocks, and their full length was not ascertained.

The dip and strike of the veins are exceedingly irregular. The Montana
vein strikes N. 43 W., while the direction of Venus No. 2 is about N. 42 E.
The M. and M. strikes nearly north and south. The dips are nearly all to
the south and west and vary in steepness from 12° in the Montana to 50° in
Venus No. 1.
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The gangue in all the veins is mainly quartz. Single and multiple lines
of interlocking quartz crystals are a constant feature. In a few instances,
portions of the vein-filling consist of alternating layers of quartz and country
rock. The latter, in such cases, is always heavily mineralized, usually with
iron, and weathers to a rusty colour.

The list of metallic minerals contained in the veins as identified in the
field, and in the laboratory of the Survey from specimens brought back by
the writer, includes the following:

Native Silver. Occurs in small spangles and in wire form in the Montana
and U ran us veins.

Argentite. ls found in some of the veins but is not abundant.
Stephanite. Occurs in several of the veins and is an important source of

silver.
Freibergile. A dark, highly argentiferous mineral occurring in some

abundance in the ]oe Petty, Montana, and some of the other claims has
been referred tentatively to this species. A partial analysis by Mr. Connor
showed it to contain copper, silver, zinc, arsenic, iron, sulphur and antimony,
the constituents of freibergite. The copper percentage in the specimen
examined amounted to 9 per cent and the silver to 37 per cent.

Pyrargyrite (Ruby Silver). This rich silver mineral occurs in most of
the veins, sometimes in considerable q uan ti ty.

Galena. This mineral occurs ill all the veins and is usually highly argenti
ferous.

Tetrahedrite. Argentiferous tetrahedrite occurs in small quantities in the
Montana, M. and M., and probably in other claims.

Chalcopyrite. Occurs in the Silver Cliff and other claims east of Windy
Arm.

Native Copper. Occurs in the Millet, Fedora and other claims east of
Windy Arm.

Malachite and Azurite. Green and blue incrustations and stains refer
able to the copper carbonates and due to the leaching out of the copper ill
the tetrahedrite and freibergite occur in most of the veins.

Specimens of a green mineral stated to be a silver chloride proved on
examination to be a copper carbonate. [t is possible that !"uch a chloride is
present in some of the veins but it could not be detected III the specimens
examined.

Iron Pyrite. Common in all the veins.
Arsenopyrite. Occurs in a number of the veins but is usually subordinate

ill quantity to the iron pyrite.
Pyrrhotite. Occurs in the Big Thing group.
Sphalerile. Zinc-blende occurs sparingly in most of the veins examined.

Mining Development
Montana Vein

This important vein is situated on a bleak hillside about 3,700 feet
above Windy Arm and 5,860 feet above the sea. An aerial tramway, four
miles in length, connecting it with Conrad City, on the lake shore, was nearly
completed at the time of my visit. At present, all supplies and materials for
the mine, including firewood, are packed on horses.

The principal workings consist of a drift 180 feet in length. The drift
pierces 50 feet of slide rock, then meets and follows the vein. A small fault,
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with a displacement of seven feet, was encountered at one point. The strike
of the vein is N. 43 W., and the dip 10 to 12 to the S.W. The width of the vein
increases from about two feet near the mouth of the drift to nearly five feet
at the face. Some stoping has been done and a considerable quantity of ore
has been shipped.

The ore minerals include native silver, pyrargyrite, argentite, freiber
gite (?), tetrahedrite, galena, and iron and arsenical pyrites. The distribu
tion of the minerals through the quartz gangue is somewhat irregular. 1n
places, especially near the walls, the vein matter is so thoroughly impreg
nated with silver bearing minerals that it is rich enough to ship without much
sorting-that is, it contains values of $80 per ton and over. The leaner
portion of the vein will require concentration.

The principal values in the vein are in silver. The ferruginous portion
of the vein is stated to also carry some values in gold.

At the time of my visit a second drift, intended to cut the Montana
vein at a distance of 1,600 feet in a northwesterly direction from the main
workings, was being driven, mostly through slide rock. The two workings
are connected by a line of Aoat ore and in places where the surface is bare
by outcroppings; the management were confident that the vein extended
at least that far. Since leaving the camp the vein (or a vein stated to resem
ble the Montana vein in general character) is reported to have been struck.

Uranus Vein

The llranus vein is situated just above the forks of Pooly creek, a small
stream tributary to Windy Arm. It is distant from the :vIontana vein about
a mile in a southerly direction, and from the lake about a mile and a half.
The elevation above the lake is approximately 2,000 feet. The Uranus vein
is traceable by numerous surface outcrops in a direction a few degrees east
of south from the north to the south branch of Pooly creek, a distanre of
about 1,500 feet. The vein crosses a high ridge separating the two creeks
and is thus exposed naturally in depth for some hundreds of feet ..\ tunnel
starting at the south fork has been driven 180 feet along the vein, which
dips to the west at an angle of about 40° and varies in width from a few inches
to three or four feet. It carries considerable quantities of highly argentiferous
galena and also some native silver, ruby silver and iron and arsenic sulphides.
A few tons of sorted ore have been shipped.

Other important veins in the vicinity of Pooly creek and its branches
are the Joe Petty and the 1\1. and :VI. The Joe Petty is a very strong vein.
A shaft following the lead has been sunk at one point to a depth of about
fifty feet, showing a vein fully six feet in width. The vein material consists
of alternating bands of quartz and silicified and mineralized country rock
carrying layers and scattered grains and crystals of the rich silver and
silver-bearing minerals of the district. The :VI. and :VI. is a much narrower
vein seldom exceeding twelve to fifteen inches in thickness, but is very
persistent in strike. It is traceable on the surface for several hundred feet
at least. This vein is especially rich in places in high grade silver minerals
such as pyrargyrite, stephanite and the sulph-antimonite referred as freiber
gite.

Another important group of claims is situated south of Pooly creek and
about half a mile west of Windy Arm. This group includes, among others,
Venus No. 1, Venus No. 2, and Ruby Silver. No work was being done on
them at the time of my visit. Venus No. 2 is an exceedingly strong vein.
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The only work done on it consists of two shallow openings about 400 feet
apart. These show a vein fully nine feet in width. The vein-filling consists of
three and nine inches of quartz along the foot wall, followed by alternating
bands of quartz and decomposed and mineralized country rock. The ore is
principally argentiferous galena. Good assays in gold are stated to have
been obtained from this vein. Venus No. 1 is a smaller vein. A shaft following
the vein has been sunk on it to a depth of fifty-two feet. This shows a quartz
vein, increasing in width from ten inches at the surface to about thirty
inches at the foot of the shaft, bordered by several feet of decomposed and
mineralized country rock, fissured parallel to the vein. Fifteen tons of ore
obtained in sinking the shaft and shipped to outside smelters are stated to
have averaged $65 per ton in silver. Ruby Silver is a narrow siliceous vein
spotted, in places, with the mineral from which it takes its name. Very little
development work has been done on it.

South of the Venus group, and apparently in the same zone of frac
turing, are the Red Deer and Humper Claims. The Humper vein, as shown
in a couple of small openings, has a width of about two feet. The quartz
is bordered above and below by about a foot of decomposed iron-stained
country rock which might be considered part of the lead. A shaft twelve feet
in depth has been sunk on the Humper Extension, an adjoining claim on
the east. The vein followed has a width of about fifteen inches. The ore on
the dumps showed galena, ruby silver, stephanite and green copper car
bonate, probably derived from tetrahedrite.

About a mile north of the Montana is the Big Thing group. The condi
tions here are different, as the country rock is granite. A considerable body
of loose ore, principally argentiferous galena, evidently derived from a strong
vein, occurs on one of the claims. The vein had not been determined at the
time of my visit. A number of other veins are reported to cross the various
claims, but were not examined.

The claims briefly described above comprise only a small proportion
of those staked in the district, but on most of the remainder little or no
development work has so far been done, and the time at my disposal did not
permit me to make a systematic examination of them.

The general outlook for the camp is considered exceedingly promising,
and its opening up marks an important event in the mining history of the
country.

The mining conditions are not unfavourable. Most of the veins are
situated at distances of from half a mile to four miles from the lake and at
elevations of from twelve hundred feet to three thousand six hundred feet
above it. Aerial tramways can therefore easily be constructed for the carriage
of the ores to the lake shore for concentration and can also be used to take
supplies to the mines. Miners' wages during the past season amounted to
$3.50 per day for eight hours work, and ordinary labourers obtained the
same amount for ten hours work. The cost of supplies, considering the short
distance to the seaboard, and the almost continuous rail connexion, ought
to be moderate. The climate, while severe during a portion of the year, will
have little effect on mining operations.

A RECONNAISSANCE SURVEY ON THE STEWART RIVER
by Joseph Keele

I left Ottawa on March 25, with instructions to make an examination
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of that portion of the Stewart river above Frazer falls, and as many of its
tributaries as time permitted. I reached Whitehorse on April 6, where some
delay was occasioned owing to the non-arrival of canoes, and from this point
travelling partly on the ice and partly on the Yukon river, arrived at Dawson
on May 18. Provisions for the whole season, and a camping outfit, were pro
cured at Dawson, and, accompanied by two men, I embarked on the steamer
'Prospector' on May 22, her first trip for the season up the Stewart river.
We reached Frazer falls, a distance of 260 miles from Dawson, five days
later. Here I was joined by a third man and the party was complete.

\iVhen we arrived at Frazer falls we found the Stewart river in flood and
hourly increasing in volume owing to the unusually warm and early spring.
The river reached its maximum height on ~ay 31 and did not subside suffi
ciently to allow us to proceed in our canoes until June 7. During this period
the water rose to a height of 25 feet above low-water mark at the head of
the falls; it became extremely muddy, and a never-ceasing burden of
floodwood and living trees torn from the banks was borne on its surface.
This is the highest water which has occurred since 1898. The river afterwards
rose on three occasions to a height of from 12 to 18 inches each time, the last
rise being on July 3, and caused probably by the melting of snow on the
higher peaks in the watershed ranges.

The only work previously done in this region was an exploratory topo
graphic survey by Mr. J. J. McArthur as far as the mouth of Hess river, or
South branch of the Stewart, in 1898. Consequently the greater portion of
the season was devoted to making the necessary surveys for the prepara
tion of a map.

A micrometer and compass survey was made from :'1ayo landing, a
distance of 36 miles below Frazer falls, to a point 390 miles up the Stewart
river; and for a distance of 45 miles up the Beaver river. Track surveys were
made of the entire course of the Ladue river, and a portion of Rackla river.
A good general idea of the relief of the region was obtained by a system of
triangulation and sketches made with a small transit from several prominent
mountain peaks. The surveys are now being plotted, and material will thus
be furnished for an approximately correct map of a part of the country that,
up to the present, has been almost entirely unknown.

The men who assisted me in the work are miners in the Duncan Creek
district, who had an interest in the development of the country. They were
highly efficient in every phase of the various duties assigned to them, and
rendered excellent service.

The Stewart river above Frazer falls drains an area of aboul 120 miles
in extent in an east and west direction, and about 80 miles north and south.

During its course through this area it receives four important tributaries,
the principal one being Hess river or the South branch, which enters from the
east at a distance of 55 miles from the foot of Frazer falls, following the
windings of the river. Twenty-eight miles farther, Lansing river also enters
from the east. Ladue river enters from the west at a distance of thirty-two
miles above Lansing, and from the same direction Beaver river enters about
seven miles above the mouth of the Ladue.

The headwaters of the Stewart river and its branches have their source
either in the Ogilvie range to the north or in the Selwyn range to the east.
These two mountain chains form the watershed between the Yukon and
Mackenzie drainage basins in the region here described.

The entire drainage basin of the Stewart is of a mountainous character,
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and although much of the upland country of the area is composed of flat
topped or gen tly rounded and wooded hills, there are high flanking ranges
or single groups adjacent to the main ranges with peaks which measure
from 6,000 to 7,500 feet above sea-level or almost as high as the most pro
minent peaks in the watershed ranges.

This mountainous region is traversed in several directions by a system
of wide, interlocking valleys. The floors of these valleys are graded to as
Iowa level as the character of the country will permit. ~ot all of them are
now occupied by the river and its principal branches, although they all ap
pear to be ancient drainage channels.

Evidences of a former glacial period are met with in various portions
of the area. These consist of ice groovings and striae preserved in certain
exposures of bedrock, the occurrence of drift at high altitudes, of boulder
clay containing scratched and planed pebbles, and, above all, the charac
teristic topography which usually results from the smoothing action of a
general ice sheet.

t-ntil the observations made in the field have been laid down on the
map, it will be impossible to give with precision any account of the geo
logical features of the region. The rocks in general are closely analogous
to those met with in the corresponding regions to the south and west.

The area between the Beaver and the Stewart rivers consists mostly of
crystalline schists similar to those found in the Duncan Creek mining dis
trict, and described by the writer under the name of the ?'-J'asina Series in
the Summary Report of the Geological Survey for 1904. These rocks appear
to extend eastward up the Hess River valley, and are found in a few localities
as far south as the lVlacmillan river. About ten miles below Lansing these
schists are replaced by a series of rocks which are evidently much younger.
These consist of dark carbonaceous and greenish argillites, and gray shales
with occasional narrow bands of black limestone and sandstone hardened
almost to quartzite. These rocks are exposed at intervals on the river banks
as far as Beaver river.

Above the mouth of the Beaver river no rock appears on the river for
a distance of forty-five miles, but beyond this point exposures are frequent.
The rocks here consist of sandstones, gri ts, red and green slates and gray
limestone. A section obtained on the bordering mountains to the south of
the river shows a thickness of over 3,500 feet of these rocks. These rocks
extend eastward for a considerable distance, and a similar series occurs on
the Macmillan rivrr.

North of the Stewart and Beavpr rivers the mountains are composed
principally of heavily bedded limestones and ferruginous slates. All these
rocks are mostly of sedimentary origin with the exception of a portion of the
crystalline schists, which are (lltered intrusives. Unaltered intrusive and vol
canic rocks are also represented in this area, not, however, for any great
extent, but occurring in small detached and irregularly distributed masses.

Several gold seekers entered this country during the Klondike excite
ment in 1898, but they clo not appear to have done much prospecting. Those
who passed down the Stewart river, while making the extraordinary journey
from Edmonton, were intent on reaching Dawson as quickly as possible, and
those who afterwards ascended the river devoted most of their time to
hunting and trapping.

The portion of this region which, in the ligh t of past experience, would
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seem to afford the most likely ground for the prospector in search of placer
gold, is the area situated between the Beaver and Stewart rivers.

This area is mostly underlain by metamorphic schists, which are in
truded in some places by igneous rocks, such as granite, diorite and diabase,
and are similar in character to the bedrock in all the placer camps of the
Yukon. Fine colours of gold were obtained in the gravels in many of the
small streams along the route, but whether there was sufficient to pay for
mining could only be determined by the usual methods of opening up bed
rock.

In the area between Hess river and the Lansing river, east of tIlt'
Stewart, at least three creeks flowinR into these streams are said to yield
coarse gold. This portion was not examined by the writer. Un Congdon
creek, which comes in from the east about ten miles below Lansing, good
surface prospects were obtained by one of the party.

Above the mouth of Mayo river the gravel bars on the Stewart are only
slightly auriferous and have never yielded wages to the bar miner. Beyond
the mouth of Beaver river the bars do not appear to be auriferous; the same
may be said of the Beaver river, and although fine gold was said to have
been found in 1898 on the bars of Rackla river, its principal tributary, no
colours could be raised by the writer's party in that stream.

About one mile up, on a small creek nearly opposite the mouth of Rackla
river, a small quantity of coarse gold was obtained in the surface gravels.

)lo gold-bearing quartz has, so far, been discovered in this region.
Small bodies and stringers of vein quartz are common enough occurrence in
the area of metamorphic schists, but none which contained gold were seen
on the portion of the area traversed.

A large body of quartz, in low, rugged ridges, crosses the Stewart
valley about ten miles above Hess river, and a similar body occurs on
Rackla river below the forks. Both are apparently barren of any mineraliza
tion.

There is a small band of native inhabitants living in cabins at the mouth
of Lansing river, at which point Messrs. Frank Braint> and Percival Nash
have established a trading post. f\ number of Indians from Fort Good Hope
on the Mackenzie river make a yearly journey to Lansing, hunting and trap
ping over the intervening country during the trip...'\. few white men also
make a business of trapping; these confine their operations mostly to the
country in the vicinity of Hess river. The principal land quadrupeds are the
moose, caribou, mountain sheep, brown and black bear, wolverine, martin,
wolf, lynx, fox, marmot, rabbit, beaver, mink and muskrat.

There is an abundance of fish in the rivers and lakes, such as salmon
trout, whitefish, pike and grayling. The king salmon, coming up from the
sea to spawn, were observed high up in the Beaver river, and several are
caught at Lansing. These were the more vigorous ones, as the majority of
the salmon are unable to ascend the Frazer falls.

The Ste\vart river opened and became free from ice at Lansing on YIay
10th. There was !l0 frost between May 24th and August 23rd, and during
this period the weather was very fine and warm. The snow disappeared
almost entirely from the mountain ranges, and only a few of the highest
peaks retained any on the first of August.

It was an exceedingly fruitful year in this locality. There was a great
profusion of all the native wild fruit, such as blueberries, raspberries and
red and black currants. A garden planted by Mr. Braine near his house at
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Lansing produced very fine vegetables. All the varieties found in the gardens
in the vicinity of Dawson can be grown here.

THE UPPER STEWART RIVER REGION
by Joseph Keele

The Stewart river, one of the principal tributaries of the Yukon, drains
an extensive region lying between the basin of the Pelly river to the south,
and that of the Peel river to the north. I t rises in the Pacific-Arctic water
shed ranges and flows in a general westerly direction toward the Yukon
valley. It is navigable throughout the season for river steamers as far as
Frazer falls, a distance of 200 miles from the Yukon.

Early Bar Mining

The Stewart was one of the first rivers in the Yukon territory to attract
the attention of miners. In the year 1883 and for several years following gold
'";'as found in paying quantities on the bars along the lower portion of the
nver.

No bar mining of any account is now carried on, but an occasional miner
spends the latter portion of the season when the water is low 'rocking'
on some of the numerous bars between Mayo river and Lake creek. The
expert in this kind of mining is always sure of at least a grub stake. In 1900
Mr. R. G. McConnell made an examination of the Stewart river as far as
Frazer falls. There are no previous records of the river above this point and
very little appears to have been known about it previous to 1898. During
this and the following year several prospectors crossed the divide from the
Mackenzie side and descended the Stewart to the Yukon. In the same years
large parties of gold seekers ascended the river, but very few of them went
beyond Frazer falls as the reports brought down were not encouraging.

In 1895 coarse gold was first discovered on the streams tributary to the
Stewart, and from that time until the present time new discoveries of placer
gold of more or less importance have been made each year. The Clear Creek
and the Duncan Creek mining districts were established and included all
the streams tributary to the Stewart as far east as the Mayo river and its
branches.

Although some of the creeks in these districts were rich in placer gold
the average remuneration was small. The difficulties and expense of mining
and transport, and the inexperience of many of the miners have hitherto
tended to keep down the profits and to discourage prospecting.

The area, however, in which it might reasonably be expected to find
placer gold is large, and, with cheaper supplies and a better knowledge of
the methods of mining best suited to the conditions, future developments
and an extension of the productive ground may be looked forward to, as
much of the region is yet unprospected.

This report deals with the upper portion of the Stewart river and the
adjoining territory, including a part of the country immediately east of the
Duncan Creek mining district.

A report by the writer on the latter area is given in the Summary
Report of the Geological Survey for the year 1904.
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General Description of Region

Stewart River

The Stewart river above the Frazer falls drains an area of about 12,000
square miles. During its course through this region it receives four impor
tant tributaries, the principal one being the Bess river, or South branch
of the Stewart, which enters from the east at a distance of fifty-five miles
from the foot of Frazer falls, following the windings of the river. Twenty
eight miles farther Lansing river also enters from the east.

Ladue river enters from the west at a distance of thirty-two miles
above Lansing, and about seven miles farther on Beaver river enters from
the same direction.

The headwaters of the Stewart river and its branches have their source
either in the Ogilvie range to the north or in the Selwyn range to the east.

These two mountain chains form the watershed between the Yukon
and Mackenzie drainage basins in this region.

The entire drainage basin of the Stewart is of a mountainous character,
and although much of the upland country in the area is composed of rounded
and wooded hills, or low ridges, there are also high detached ranges or single
isolated groups of mountains with peaks which measure from 6,000 to 7,400
feet above sea level, or quite as high as the more prominent peaks in the
watershed ranges.

This mountainous region is traversed in several directions by a system
of wide interlocking valleys, mostly occupied by the river and its principal
branches. The present drainage is often confused and interrupted by former
glacial action, or other causes, and it is not uncommon to find that streams
have migrated from one old valley to another by means of a channel of
comparatively recent origin. The smaller streams at the headwaters issue
from the mountains in narrow rock-walled valleys. These streams are very
swift and carry a large burden of debris. In flood time, when swollen with
the melting of snow on the summits, they become formidable torrents.

Evidences of a former glacial period are met with in various portions
of the area, and the valley slopes exhibit the usual characteristic topography
which results from the smoothing action of an ice sheet.

At Frazer falls the Stewart river flows through a gorge three-eighths
of a mile long, with a fall of about forty feet in this distance; it is really a
rapid, as the grade is fairly uniform. Above this gorge the river still occupies
a narrow channel bordered by rock benches, and three short rapids, due to
the rock barriers, occur at intervals. Three-quarters of a mile above the
upper rapid and six miles from the foot of Frazer falls, Nogold creek enters
the Stewart from the west. This is a winding stream with slow current, and
a width at the mouth of about seventy five feet. At this point the Stewart
river turns at right angles to its former course and enters a wide valley ex
tending northeast and southwest.

This valley joins the present valley of the Stewart below the mouth
of Mayo river; it is three miles wide across the bottom and contains a great
number of small lakes scattered over the flats adjoining the river. It is
bordered by hills having long easy slopes to a general elevation of about
2,500 feet above the flats.

The river appears to have no definite channel in this valley bottom, and,
during flood time, when the discharge of water and the speed of the current
are greatly increased. it meanders almost uncontrolled by banks, doing con-
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sicJerable damage to the forest growth along its margins and on the islands
in mid-stream. \iVhen the greater curves swing across the valley, the river
sometimes impinges against cut banks about 120 feet high, composed of
gravel, sand, silt and clay, or against low rock terraces.

Hess River

The Hess river joins the Stewart from the southeast in a low basin
formed by the junction of the two wide valleys of those streams. This river
appears to be almost as large as the Stewart. Its drainage basin lies between
those of the :vIacmillan and Lansing rivers, and extends to the Mackenzie
river watershed, a distance of over 100 miles from its mouth. At the mouth
of the Lansing river the Stewart turns to the northwest and flows across a
basin-shaped depression which extends for a distance of about twenty miles
on each side of the river, while Lansing river, coming from the northeast,
occupies what appears to be the continuation of the Stewart valley.

Lansing Riveo'

Lansing river, about 200 feet wide at its mouth, has a very swift current
throughout its entire course, and is not navigable. It heads in some high
mountain groups to the east, and flows almost parallel to that portion of the
Stewart above Beaver river.

The Lansing mountains, one of the most striking individual groups
in the region, are situated south of the Lansing river and about fifteen miles
east of the Stewart. These mountains rise abruptly from a wide basin;
their summits are a group of rugged peaks, the highest of which rises to 7,400
feet above sea level or about 5,500 feet above the Stewart river.

At one and a quarter miles above Lansing river the Stewart emerges
from a canon with walls about 100 feet high. The length of the river course
through this canon is seven miles, the channel is tortuous and the current
not much swifter than in the wider portion of the river below. It is easily
ascended at low or medium stages of water.

Ladue River

The Ladue river which enters the Stewart from the west is an exceed
illgly crooked stream, flowing with a sluggish current in a wide valley. Its
main branch heads in a mountain group twenty miles northwest of its
mouth, but the river channel has a length of over 100 miles between those
points.

Although the Ladue river flows in a wide flat-bottomed valley of slight
grade for the greater part of its course, this valley is bordered by mountain
groups rising abruptly to a height of from 2,500 to 3,000 feet above the river.
In its lower course it flows across the basin which extends to Lansing river.

The Stewart bends sharply to a northeasterly direction at the north of
the Ladue river and, about seven miles farther, the Beaver river enters
from the west.

The Stewart and Beaver rivers join from opposite directions in a
wide crescent-shaped valley which borders the southern edge of the water
shed range. North of the junction of the two rivers the mountains rise about
3,500 feet above the valley bottom, but to the south the valley opens out
into a wide depression containing a few rolling and wooded ridges.

Ten miles from the mouth of the Beaver, the :"Jadaleen, or Boswell river,
enters the Stewart from the mountains to the northward. This is a clear
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rapid stream about 150 feet wide and two to three feet deep. The Stewart
river at this point cuts through a heavy deposit of old river gravels over
lain by boulder clay. This deposit which is from 75 to 100 feet thick
extends across the valley and the material still acts to some extent as
a dam, for below this point the river has a current of about six miles an hour,
while above it there is scarcely any perceptible current at all, the river
meandering between low mud banks and resembling a series of oxbow lakes
for a distance of twenty-eight miles. About ten miles above this still water
portion rock terraces from twenty to forty feet high occur for some distance
up stream along the water edge. The valley becomes constricted at this
locality, and the Tasin mountains rise abruptly on the south of the river
where hitherto were only low ridges of a few hundred feet elevation. The
northern front of the Tasin mountains extends along the valley for about
twenty miles eastward. Mount Ortell, situated at their eastern extremity, is
one of the prominent peaks of this region. It rises to a height of about 4,700
feet above the river or 7,000 feet above sea level. Beyond the Tasin moun
tains the valley becomes wide again, the rock terraces disappear, the river
breaks up into a number of channels in a wide gravel flooc! plain and has a
current of about twelve miles an hour. At a distance of 100 miles from the
Beaver river the Stewart turns to the northeast and enters a narrower valley
than formerly, situated between mountain groups. At a distance of twenty
miles in a northerly direction from this point lies a lake about six miles long
called by the Jndians Ella-tsi-tuo; it is the head of one of the branches of
Snake river flowing in to the Peel. The Indians when journeying from the
Stewart to the Mackenzie generally follow the Lansing valley and a valley
which skirts the eastern end of the Tasin mountains; cross the Stewart to
this lake, and thence to Fort Good Hope crossing the Arctic Red river en
route. Time did not permit of an examination of the river beyond this point.
I t is said to extend about twenty miles farther east, and to have its source
in a basin containing numerous small lakes and bordered by mountains.
Lansing and Hess rivers, and a branch of the Gravel river which flows into
the Mackenzie, also have their source in this locality.

On July 6 while passing the mouth of the Beaver river it was noticed
that the Stewart discharges about twice as much water as the former. The
water of the Stewart was very swift and muddy and crowded the clear water
of the Beaver against the western bank. On July 22 the discharge of the
Stewart had diminished while the Beaver maintained the same flow as
formerly. At this date the Beaver river was 210 feet wide, its greatest depth
about seven feet, with a current of four miles an hour. On .\ugust 18 water
was at a low stage in both streams, and their discharge was about equal.

Beaver and Raclda Rivers

The Beaver river occupies the same valley as the Stewart, and has a
northwesterly direction for a distance of about thirty miles in a straight
line from the mouth, or forty-five miles following the windings of the river.

The valley and the river both turn at a right angle at this point, but at
a distance of eight miles to the north they resume their former direction.

At a distance of twenty-five miles from the mouth of the Beaver, fol
lowing the windings of the river, Rackla river, an important tributary, enters
from the northeast. The river occupies a wide valley for about fifteen miles.
The main valley then branches into three tributary valleys. The valley
which enters from the west is a continuation of the upper Beaver valley,
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and is occupied by a series of lakes from two to three miles long. The other
two valleys are occupied by branches of Rackla river, the one extending to
the northeast being the continuation of the main valley. This valley leads
with an easy grade to a low divide called Bonnet Plume pass, north of which
is found the headwaters of the Wind river, which flows into the Peel. A short
distance below the forks, Rackla river flows through a narrow twisted canon
and below this rock terraces occur at intervals along the stream for a dis
tance of about five miles. In the upper valleys the streams meander over
flood plains or in marshy ground through numbers of small lakes or ponds.

Above the mouth of Rackla river there is a stretch of fourteen miles
of slack water, probably due to the fan of wash gravels which the Rackla
carries down faster than the Beaver can remove it. At the square turn of the
Beaver, twenty miles beyond the mouth of Rackla river, a small creek
enters from the southwest and drains a wide valley containing a great num
ber of small lakes. These lakes are nearly all connected by streams as far as
the McQuesten lakes, a distance of about twenty miles from the Beaver
river. By making a few short portages a canoe or small boat can be taken
over this route to the McQuesten and thence to the Stewart river. Above
the square turn the Beaver river is an exceedingly swift stream, and at low
water is not navigable owing to the numerous channels over which the water
is disturbed. Craine creek enters from the north about twenty-five miles
farther. The valley of this stream was followed by Mr. Camsell of the
Geological Survey on his journey to the 'vVind and Peel rivers.

The Beaver river was not examined beyond this point, but it appears
to be fed by small streams issuing from the Ogilvie range. At some distance
farther west these streams turn to the southwest and form the headwaters
of one of the branches of the Klondike river.

Ogihie Range

The Ogilvie range, which lies on the watershed between the Stewart and
Peel rivers, has a width in this locality of about fifty miles, and extends from
the valley of the Beaver river almost to the mouth of Little Wind river to the
north. The northern edge of the Ogilvie range marks the termination of the
mountainous region on the Peel River basin, and is followed by a low dis
sected plateau which lowers by successive steps to the Arctic coastal plain.

Flanking mountain groups extend southward and eastward from the
Beaver river for a distance of forty miles. To the eastward the Ogilvie
range is separated from the Selwyn range by the comparatively low divide
between the Stewart and the Gravel rivers.

Over the whole extent of this elevated region the most general accor
dance of summit level would appear to occur at about 6,000 feet above sea
level.

Of the several prominent peaks which rise above this level none are
higher than 7,500 feet.

Yukon Plateau

To the southwest these mountain groups front upon the region known
as the Yukon plateau which has a general elevation of 5,000 feet in this
vicinity, sloping to about 4,000 feet at the Yukon basin.

The topographic relations of these mountains is extremely intricate
and would require several seasons' observations over a more extended area
in order to correlate the region physiographically with the provinces to the
south and west.
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Orographically the two principal mountain ranges are analogous to
the Rocky Mountain system of British Columbia, as the lowlands bordering
these mountains on the north and east correspond to the great plains east
of the province.

The variation in the topography of the different mountain groups de
pends largely on the character and structure of the rock formations from
which they are built. The highest portions of the Selwyn range being com
posed of tilted quartzites and agglomerates, or of granite, are as a rule bolder
and more rugged than the crests of the southern face of the Ogilvie range
which are built up principally of limestone.

The mountains south of the Beaver river, composed principally of crys
talline schist, present a more regular and rounded outline, due no doubt
to their earlier date of uplift and having been subjected to erosive agencies
for a much longer period than either of the watershed ranges. The highest
portion of these mountains is generally composed of intrusive diorite masses
which have resisted weathering more successfully than the schist by which
they are surrounded.

Although the principal valleys have a southwesterly direction, the
drainage does not always select that course, but makes very wide detours at
several points. Only a portion of the main drainage ways is in accord with
the strike or trend of the rocks and the detours are generally made trans
verse or across the strike.

All the rock formations have jointage planes more or less well developed,
along which the rock breaks down more readily. The direction of the domi
nant jointing and the dip of planes varies somewhat in the different forma
tions.

In a rough way some of the interstream areas correspond in plan to the
shape of one of the single blocks of rock that compose it.

Climate

The Stewart river generally opens and is clear of ice between May 10
and 15, and becomes frozen over by the end of October.

Although there is a high average rainfall in some seasons, the summers
in this region are generally fine, the weather sometimes being hot.

During the summer of 1905 no frost occurred between May 25 and
August 26, and the snow had almost entirely disappeared from the moun
tains on the first of August.

The long hours of daylight are favourable for abundant vegetation
and the floors and slopes of the valleys are all well covered with a forest
growth.

Trees

The principal forest trees are white and black spruce, balsam, poplar
and birch. The limit to which trees grow on the mountain slopes varies from
1,800 feet to 2,800 feet above the river.

The white spruce is the most valuable tree and furnishes good timber
for building and mining purposes. The best groves of this tree are found on
the islands or on the alluvial flats along the river, but good specimens occur
in scattered groups on the slopes to a height of 2,000 feet above the river in
the lower valleys.
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There is a marked deterioration both in the size and appearance of
the spruce as the more northerly branches of the river are approached,

The balsam fir occurs only on the valley slopes mixed with spruce,
beginning at an elevation of about 1,200 feet above the river, and con
tinuing upward to the limit of trees. On the slopes of the Ogilvie range,
however, the balsam disappears entirely, its northern limit in this area
being about the forks of Rackla river.

The black pine (Pinus Murrayana) was observed only at one locality.
On the south side of the Stewart, near the mouth of the Hess river, there
is an extensive grove of this tree growing on a wide gravel terrace about 300
feet above the river. The trees are small, few of them exceeding nine inches
in diameter.

Along the banks of the streams there is a thick growth of willow and
alder, and for some distance above the tree line dwarf birch and moss cover
the mountain ridges.

The greater portion of the forest growth on the slopes bordering the
Stewart between the Frazer falls and Lansing river was destroyed by fire
in the year 1898. This immense loss was due to the carelessness of some of
the numerous gold seekers who entered the country during that year.

Yegetables and Fl'uit

At the mouth of Lansing river in a garden cultivated by Mr. Braine
very fine vegetables are produced, including every variety grown in the
neighbourhood of DawsoIl.

The small wild fruits such as the raspberry, blueberry, cranberry and
red and black currants grow in great profusion and to a large size.

Game and Fish

The large game of this region includes bear of several species, wolves
and wolverine, moose mountain caribou and mountain sheep. The principal
animals trapped for fur are the lynx, fox, beaver, marten, otter and mink.

The rivers and lakes are well stocked with salmon-trout, whitefish, pike
and grayling, and all the ordinary northern waterfowl are abundant.

The salmon on their way from the sea to the spawning grounds ascend
the Stewart river in larg-e numbers. Only the more vigorous fish are able to
ascend the Frazer falls, but some are caugh t by the Indians at Lansing
and have been seen as high as fifty miles up the Beaver river. At the
mouth of Lansing river Messrs. Frank Braine and Percival Nash have
established a trading post, and a small band of Indians live close by in
cabins. Several 1ndians from Fort Good Hope on the Mackenzie river make
regular journeys to this point, trapping and hunting along the route. A few
white men make a regular business of trapping on the Hess river and its
branches.

This region offers a great field for the sportsman and explorer, most of
the country between the Stewart and Pelly headwaters and the Mackenzie
being quite unknown.

Suitable boats or canoes can be poled or tracked on the main rivers well
up into the watershed ranges. Several of the higher mountain groups offering
sufficient inducements to the mountain climber and huntsman are situated
within a day's journey from the river.
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The scenery is very fine, the mountains gain impressiveness from their
situation in low wide valleys, and their colouring is rich and varied. Some
of the valley bottoms seen from a height have an extraordinary appearance
suggesting a mosaic floor in which the pattern is worked out by the bright
surfaces of the coun tless lakes and ponds and the narrow dark green land
areas separating them.

General Geology

The geological information was gathered principally during the progress
of the topographical work and although the area! distribution of the rocks
was obtained in a general way it is of necessity incomplete and lacking
in detail.

The important task of determining the sequence of the strata which
are represented in a new area such as this is attended by many difficulties.
Only by close and detailed studies over a region where the rocks have been
much disturbed can the succession be definitely established, and this class
of work has not yet begun in the Yukon territory. The work previously done
has been on detacheu areas, the surveys being of a reconnaissance or ex
ploratory character. The results thus obtained have never been correlated
in a satisfactory manner as the apparent absence of fossils in some of the
areas leaves only the unreliable connecting link of lithologic resemblance.

Geological Formations

A provisional classification for the purpose of description is given as
follows, beginning with the oldest formation.

Pre-Devonian. The group of various schists, quartzites and crystalline
limestones in the area south of the Beaver river.

Devonian. The limestones, ferruginous slates and quartzites of the
Ogilvie range. An account of some fossils found in these rocks is given in
Mr. C'amselJ's report on the Wind and Peel rivers.

Upper Palaeozoic. A large mass of white bedded crystalline limestone,
forming the greater portion of a mou ntain group situated north of the Beaver
and west of RackJa river.

Triassic. The rocks exposed along the Stewart river and bordering
mountains, extending northward and eastward from the vicinity of Lansing
river.

Concerning the rocks classed as Pre-Devonian it may be said that they
possess the characteristics ascribed by Mr. McC'onnell to the group of
rocks in the Klondike area which he calls the Nasina series. Rocks of this
class outcrop at intervals along the lower portion of the Stewart river and
they also form a considerable portion of the bedrock in the Duncan Creek
district. Their age is undetermined, but in the area under consideration they
are known to be olcier than Devonian, and may therefore be ei ther lower
Pal<eozoic or Pre-Cambrian.

They consist, like the ::--J asina series, of ancien t siliceous, argillaceous
and calcareous sediments now altered into quartzites, mica schist and crys
talline limestone. \\'ith these are associated green schists which represent
in most cases basic eruptive rocks, principally diorites and diabases, intruded
along the bedding planes of the older formation and subsequently sheared
and altered.

Quartz porphyries reduced to a similar condition also form a portion
of this series.
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Rocks of Devonian age appear to compose the greater portion of the
Ogilvie range.

Similar rocks occur to the eastward along the Mackenzie river. In the
latter region the rocks are practically undisturbed. vVhether the continuity
of the formation is preserved between these localities is not known.

The crystalline limestone, provisionally classed as Upper Palceozoic,
rests unconformably on the crystalline schists, while it is apparently over
lain by Triassic rocks. No fossils were found, and the contact with the
Devonian rocks to the north was not seen. A similar rock mass occurs on the
M acmiJlan river which was classed as Carboniferous from the evidence of
some fossil remains found in that locality.

This occurrence also overlies crystalline schists unconformably and is
followed by what are probably Mesozoic rocks.

The rocks grouped as Triassic are almost altogether of sedimentary
origin. Thin bedding and diversity in the colour and composition of the beds
are characteristic features. They have been greatly folded and crumpled
in some localities, while in other places they are horizontal. Cleavage planes
have been developed, and certain of the beds have undergone slight altera
tion during the processes of mountain building.

The rocks which underlie the eastern extremity of the area marked
Triassic on the accompanying map sheet are chiefly made up of sandstones,
grits, red slates, limestone and some volcanics, while toward the western
end shaly argiIlites with thin quartzite and limestone beds prevail. Beds
similar to the latter also occur in the section to the west.

The evidence gathered from the study of a few fossils found in the area
while not conclusive, is in favour of referring at least a portion of the series
to the Triassic.

A group of rocks similar in many respects to the above occurs along the
Macmillan river forty or fifty miles to the south, but the black chert beds
found in that area are absent in the Stewart River series.

Distribution of Rocks

At Frazer falls the river cuts across hard quartzose greenish schists,
apparently crushed eruptives alternating with bands of softer green chloritic
schist, and slightly schistose gray quartzite.

Between Nogold creek and Hess river the country rock on both sides
of the valley consists of grayish quartzite in which are included some green
schists similar to those seen at the falls.

The quartzite in this locality varies in the degree to which it has been
altered. The least altered portions are composed of fine rounded interlocking
quartz grains in thick well jointed beds which bear evidence of their sedi
menta!)' character in the form of ripple marks and false bedding. When
fragments are broken off, the fresh surface shows occasional specks of mica,
but a schistose structure is only poorly developed. On the other hand this
rock grades into an extremely schistose phase consisting of alternate thin
layers of silvery mica and elongated quartz grains.

Most of the intrusive rocks that are interbanded with the quartz schists
have become so altered, and secondary minerals prevail to such an extent
in their composition, that it is difficult to determine what the original
source of the rock has been. In the field they are nearly always well defined
owing to their usual dark green colour, different texture, and the fairly
sharp dividing line between them and the quartzites, but in some cases they
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have undergone metamorphism along with their containing rocks to such
a degree that it is impossible to separate them.

This group of schists is continuous with those of the Duncan Creek
mining district immediately west of this area. They extend northward to the
Beaver river, and are found to the south at a few places on the Macmillan
river. Their eastern limit is unknown. They are of economic importance in
this region as these metamorphic sediments, when associated with basic
igneous intrusions, generally contain auriferous veins and appear to be the
source of placer gold.

About nine miles below Lansing river the schists are replaced by a
series of much younger rocks. These consist of dark, fine-grained, carbona
ceous, and greenish argillites, slightly altered, with gray shales, dark, impure
limestone, and narrow bands of sandstone almost hardened to quartzite.

The attitude of the beds at this locality is vertical, but at their southern
edge is a bed of conglomerate containing rounded and elongated pebbles
which appear to be derived from the schists farther south, but the contact
with them was not found.

These rocks are exposed at intervals along the Stewart river as far as
Nadaleen river; they form benches about thirty feet high in the vicinity
of Lanzing river, and are the rock walls of the Seven-mile canon. The
prevailing strike of the rocks is east and west, and the attitudes of the beds
vary from almost horizontal to vertical.

There is a good deal of minor crumpling and folding, and in some
places small quartz veins and stringers intersect the beds.

About thirty miles above Nadaleen river several low rock terraces
occur on the Stewart. The rocks of which they are composed consist of
red and green slates, sandstones, grits or fine conglomerate, gray limestone,
and shale. The sandstones and grits are very hard, and are composed mostly
of quartz fragments with a siliceous cementing material.

Tasin Mountains

On the slopes of the Tasin mountains to the south of the river a good
section is exposed, having a thickness of at least 3,500 feet. Beds similar
to those seen near Lansing river are represented in the section. The upper
most beds are the sandstones, and these beds form the rugged mountain
peaks of this group. The strike of the series is in general northwest and south
east in this locality. They appear to form an anticline, with the river flowing
in the axis of the fold. The dips of the beds on the valley slopes are not steep
as a rule, and the series are traversed by a system of jointing, the dominant
planes of which trend in a northerly direction.

These rocks extend eastward for a considerable distance, as the red slate
beds which are such a conspicuous member of the formation could be traced
on the moun tain slopes.

North of the Stewart river the mountains are built of heavily bedded
limestone overlying yellow weathering ferruginous slates, and rocks of this
character appear to form the greater portion of the Ogilvie range.

Rocks similar to those first seen in the vicinity of Lansing river extend
some distance up the Beaver river and to a point a few miles above the forks
of Rackla river. The contact in this locality is faulted, the limestones and
associated rocks of the Ogilvie range being overthrust on the argillites.
In a bed of dark, impure limestone associated with the argillites and quartzi
tes near the forks of Raclcla river, some fossil remains were found which have
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been identified by Dr. Whiteaves, who reports the following forms and refers
them to the Triassic, but at the same time states that the evidence in favour
of that view is by no means conclusive.

PelecypoiW.

Some very imperfect remains of apparently four or five species, two
of which have much the general appearance of Monotis subcircularis and
H alobia Lomrnelli.

Cephalopoda

Fragment of a small Ammonitoid shell, apparently rather similar to
Arpadites, but which shows no trace of any of the sutural lines. There seem
to have been two longitudinal keels and three longitudinal grooves on the
ven ter, and the transverse ribs are slightly f1exuous.

The schistose series first men tioned cross the Beaver river a short dis
tance above the mouth of the Rackla river. In this locality the schists vary
in appearance from those to the south, being of different texture and not so
massive. Thinly laminated quartz schist, soft greenish chloritic schist, and
dark mica-schist, and some bands of gray crystalline limestone characterize
this portion of the metamorphic series. Small bodies and stringers of quartz
are numerous in the schists along the south side of the Beaver River valley.

Between Rackla and Beaver rivers and north of the schistose area is an
isolated mountain group composed almost entirely of white crystalline lime
stone which is not invaded by any other rock masses. This limestone con
tains some siliceous beds and patches and a few thin seams of siderite, but
no traces of fossil remains could be found.

Between the limestone and the schists lies a thick bed of breccia con
taining some large fragments of gray crystalline limestone and dark mica
schist.

Igneous Rocks

The unaltered igneous and volcanic rocks represented in this area occur
in small detached and irregularly distributed masses.

The most important mass forms the central portion of the Lansing
mountains, situated south of Lansing river and fifteen miles east of the
Stewart.

The rock here consists of a coarse gray biotite-granite; it is strongly
jointed and weathered into conspicuous peaks of a rugged character, which
contrast strongly with the smoothly rounded contour of the adjacent
sedimentary rocks through which it intrudes. Another small area of granite
of similar composition occurs south of Ladue river on the eastern slopes of
the Gustavus mountains. This mass has apparently been exposed to erosion
for a considerable period and presents smooth, gently rounded surfaces.

Small bodies of granite of apparently the same composition as the above
occur to the west and south of this area. As a rule they occur in the form of
stocks or cores in a mountain group. The contact between the granite and
the sedimentary rocks is generally clear and well defined, the latter rocks
being considerably hardened for some distance from the granite.

The remains of a dome structure in the bedded rocks surrounding the
unroofed granite stocks is sometimes apparent.

On the mountains east of the Beaver river and north of the Stewart
a series of diabase dikes cuts through the gray argillites. These dikes were
traced from this point in a westerly direction for a distance of twelve miles;
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they cross the Nadaleen river and reappear on the mountain group north of
the mouth of the Beaver river. On the mountains the dikes form the crests
of the ridges, with almost perpendicular faces toward the south.

Small bosses and dikes of diorite trequently occur intruded in the
schists on the mountains south of the Beaver river. The highest peaks of
these mountain groups is often composed of diorite.

Andesite tuffs, ash-rocks and other volcanics are found in small quanti
ties associated with the red slates and sandstones.

Glaciation

All the valleys in this region are floored with deposits of drift composed
of a variety of materials and laid down under different conditions. The rivers
have cut trenches in and removed vast quantities of these deposits, but
the depth of material still remaining is unknown. Large patches of loose
material still adhere to the valley slopes to a height of 1,500 feet above the
river along its lower reaches, but in the upper valleys the drift mantle be
comes thinner and does not appear to alter the pre-existing topography to
any great extent.

Boulder clay or till, which is a direct ice deposit, occurs in large patches
at several points along the Stewart river between Frazer falls and Nadaleen
river, but none was observed above this point. The exposures of boulder
clay, where cut into by the river, are at least 100 feet in thickness and
present the usual steep faces with the upper portion carved into pinnacles
and knots.

At the few points where the bottom of the thick sheets of boulder clay
was observed they rest on low bed-rock benches, but on other points thin
sheets of boulder clay overlie or are interstratified with sands or gravel, in
dicating reinvasions of the ice after the general withdrawal. Following the
boulder clay on the downstream side there are generally found non-coherent
and confused deposits consisting of boulders, gravel, sand and clay which
appear to be morainal overwash.

Between these accumulations which may be terminal moraines, are
found deposits of more or less evenly bedded materials varying in coarse
ness from fine silts to beds or layers composed of boulders.

Deposits of this character form the greater portion of the drift along
the rivers, and on Ladue river they have a thickness of at least 250 feet.

No boulder clay was observed on the Ladue river or in the wide valley
between the McQuesten lakes and the Beaver river, the latter valley being
floored with fine river sand.

A thick deposit of plastic blue clay without pebbles occurs in the middle
of the wide valley of the Stewart about thirty miles above Frazer falls, and
a similar deposit was found underlying sand and gravel beds opposite
the mouth of Hess river.

Some of the materials of the drift have been transported to points far
distant from their source. The hematite and jaspilite pebbles which are
caught in such abundance in the sluice boxes on all the creeks of the Duncan
Creek mining district have their source somewhere between the headwaters
of Rackla and 'vVind rivers. In this case the drift has travelled for a distance
of 100 miles or more. Pebbles from other rocks are known to have been borne
over great distances, although the evidence is not always so unmistakable
as in the case of the hematite pebbles, when attributing the distribution of
certain portions of the drift to glacial movements.
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] udging by the character of the drift deposits which have been de
scribed, and from observations made in other portions of the Yukon territory,
it is evident that running water, still water and ice have all contributed
directly towards their accumulation.

During the glacial epoch glaciers descended the Stewart valley from
the elevated region around its upper vvaters. At the period of maximum
accumulation the valleys were all filled with moving ice and only the upper
portions of the higher mountain groups were uncovered.

The general level of the ice in that area was about 5,000 feet above sea
level. In the vicinity of Frazer falls the ice reached a level of 4,000 feet
and the westerly limit of glaciation occurs near the mouth of the McQuesten
river. Although the ice sheet was thick enough to over-ride several of the
ridges and lower mountains its movement appears to have been controlled
to some extent by the topography, for at the few places where glacial groov
ings and striae were observed they indicated a movement in the direction
of the principal valley.

The events of the glacial period have affected the topography of the
Stewart River basin both by erosion and deposition. The hills were smoothed
and rounded in outline and the valleys were widened by the removal of rock
waste from their slopes, and this material was transported and irregularly
deposited at certain localities where the margin of the ice sheet was con
stant for some length of time during its withdrawal.

In the higher mountain groups glacial activity continued and sent down
ice through side valleys after the main valley glaciers had retreated. The
river at several points has cut through mounds of unsorted drift which were
probably the terminal moraines of these local glaciers. These local glaciers
extending across the main valleys acted as obstructions to the drainage,
and extensive lakes were formed into which the glacial streams washed their
burden of debris, the coarser material being deposited near the point of
discharge, and the finer materials such as rock flour being carried farther
before deposition.

Economic Geology

That portion of the region which is best worthy of the attention of the
miner in search of placer gold is the area situated east of Mayo lake and
south of the Beaver river.

This area is underlain principally by schists of various origin and
character which are intruded in places by igneolls rocks, such as granite,
diorite and diabase. The bedrock of all the productive placer ground in the
Yukon territory is of a similar character to the above.

On the accompanying map sheet a portion of the Duncan Creek dis
trict is shown and the geological relations between it and the new area to
the east are laid down.

Colours of gold were obtained in the gravels of many of the small
streams flowing over this area, bu t whether there is sufficient gold to pay
for mining can only be determined by the usual process of reaching bedrock.

Physical conditions on the Ladue river render it a singularly uninviting
locality for the prospector. The river itself flows with a sluggish current in
a wide flat-bottomed valley containing a great depth of mud, sand and fine
gravel. Most of its tributary streams are small torrents heading in high
mountain groups. South of the Ladue river in the area through which Rupe,
Edwards and Nelson creeks flow, conditions appear to be more favourable
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for mining, for although some of these streams head in high domes, they
mostly flow with easy grades between low, well-rounded ridges.

I n the area between Hess river and Lansing river east of the Stewart
at least four creeks flowing into those streams are known to yield coarse
gold. This portion was not examined by the writer, but on Congdon creek,
which comes into the Stewart from the east about six miles below Lansing,
good prospects were obtained by one of the party in the surface gravels.

The same difficulties which attend mining in the Duncan district, such
as underground water and large boulders in the creek bottom, may be
expected in these areas.

Above the mouth of Mayo river the grave! bars on the Stewart, although
slightly auriferous, do not yield gold in paying quantities. Beyond the mouth
of the Beaver river the bars do not appear to be auriferous. The same may
be said of the Beaver, and although fine gold was said to have been found
in 1898 on the bars of Rackla river, its principal tributary, no colours could
be obtained by the writer's party on that stream, but on a small stream
nearly opposite the mouth of Rackla river coarse gold was obtained in the
surface gravels.

No gold-bearing quartz has up to the present been discovered in this
region. Small bodies and stringers of vein quartz are of common occurrence
in the area of schistose rocks described above, but no trace of gold-bearing
rock was seen on that portion of the area traversed.

A large body of quartz forming low rugged ridges crosses the Stewart
valley about eighteen miles below Lansing river. Another large body
of quartz occurs on Rackla river, below the forks. These bodies are ap
parently barren of any mineralization.

The existence of large bodies of iron ore at the headwaters of the Wind
and Bonnet Plume rivers has been known for some years. Outcrops of this
ore were seen by a few of the gold-seekers who journeyed to the Yukon by
this route. The drift from these bodies is widespread on the basin of both
the Peel and Stewart rivers, being found all along the tributaries of the
latter as far as the mouth of the McQuesten. In these localities the drift
from the iron beds is only found during the processes of mining, as on
account of its weight it sinks to bedrock.

On Rackla river, however, which apparently heads near the source of
the iron, large fragments are found on the surface.

The pebbles wherever found show an exceedingly fine-grained very
compact hematite, some of which also contain thin bands of red jaspilite.
Small boulders showing bands of pure ore four or five inches thick were
found near the forks of Rackla river.

The presence of these ore bodies is an interesting fact, but in this region
they are very unlikely to be numbered among the economic mineral resources
of the territory from a commercial point of view.

THE PEEL RIVER AND TRIBUTARIES
by Charles Camset!

Introduction

The field work assigned to me for the season of 1905 embraced a geologic
and topographic reconnaissance of the Peel river in the extreme north
western portion of the Dominion. Owing to the shortness of the season in
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that part, and the difficulty and length of time required to get in and out
oi the region, an early start from Ottawa was very necessary. In accordance
therefore, with instructions received from Or. Bell, I left Ottawa about
the middle of March for Winnipeg. Here some supplies were purchased and
shipped by the Hudson's Bay Company to meet me at Fort McPherson in
August, and later I proceeded to Dawson, where I arrived on the 14th of
April.

At Oawson the interval between the closing of winter travel and the
opening of navigation on the streams was consumed in the testing and cor
rection of instruments, and in visiting and examining the placer mines of
the Klondike creeks; and during this period we were much indebted to Mr.
J. B. Tyrrell for his kindness and hospitality in allowing us the use of his
house. To Major Z. T. v\'ood also, Commandant of the :--Jorth-west Mounted
Police in the Yukon, are my thanks due for his kindly assistance in the
selection of canoemen and the loan of a canoe.

On May 22, the party, consisting of six men and three canoes, left
Dawson by the SS. Prospector for Frazer falls on the Stewart river. Four
days were consumed in reaching this point. Another delay, occasioned by
an early rise of water in the Stewart river, prevented us from moving until
June S. When we began our journey at this date, it was only with the greatest
difficulty and some danger that any progress could be made. With the water
fifteen or twenty feet higher than its normal stage the velocity of the current
is greatly increased, quantities of driftwood are being carried down stream
and in many places the banks are completely submerged. Under these con
ditions we were eight days in getting as far as Lansing river, a distance of
eighty miles.

Above this river the water was at a much better stage and the travelling
was easier, until we came within twenty-five miles of the mouth of Braine
creek. In this portion of the Beaver river, a northern tributary of the Stewart,
the stream is split up into several channels and is filled with gravel bars,
while the grade is greatly increased, so that considerable difficulties were
again encountered in making progress. At the mouth of Braine creek the
actual survey commenced, though a track survey had been carried up
from Williams' cabin at the canon seven miles below, to connect with 1VIr.
Keele's survey of the lower part of the Beaver river.

Routes Selected
It was my original intention on leaving Ottawa to follow identically the

same route across the mountains which was taken by the prospectors in
1899, but I was dissuaded from this on reaching Dawson by many of those
who came through the Bonnet Plume pass. These men stated that on account
of the difficulties of this particular route, any other would be preferable.
I could not learn that anyone, at any time, whether white man or Indian,
had ever taken a canoe across into the Peel River watershed by any other
route than the Bonnet Plume pass. But I did learn that the Indians had come
across from the Wind river to the Beaver river through a pass that was said
to be very much lower than the Bonnet Plume. It was finally decided if
possible to find this winter route and follow it.

On our way up to the Stewart river, we met Mr. Braine of Lansing creek,
and from him we obtained the necessary information as to how to find
the pass to the Wind river, for he himself had been through a part of it the
winter before. It is sufficient to say here that the Braine pass through the
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mountains, though an easy winter route, is not a feasible one for canoes.
Though we went through at a time when the water in Braine creek was
probably at its best stage, yet we had to portage almost the entire load for
fifteen and a half miles, and the canoes themselves for three and a half miles.

A micrometer and compass survey was carried from the mouth of
Braine creek through Braine pass, and down Nash creek to the Wind river,
a distance of thirty miles.

From the mouth of Nash creek to the Peel river the course of the
stream is almost true north, so that to save time a careful track survey,
checked by frequent observations for latitude, was all that was made. The
distance is approximately 100 miles.

We reached the Peel river on the 13th of July, and from this point a
micrometer survey was recommenced and carried down the stream to a
point 98 miles below Fort McPherson, where the western branch of the
river first joins Mackenzie waters, and from this point back to Fort McPher
son by the cen tral branch of the Peel river. The survey of this portion was
completed on the 11th of August, and on the 15th the return journey to
Dawson was begun.

Returning, the route followed was that by the Rat river through
:vIcDougal pass and into the Bell and Porcupine rivers, the same as had
been taken by lVIr. W. Ogilvie in 1887. A small portion of new work was done
here in surveying the central and largest outlet of the Rat river, the south
branch, which was done by Mr. Ogilvie, being impassible excepting in the
spring. The Rat river empties by three branches into Peel River waters, but
the northern branch is an inconsiderable stream and only navigable in high
water, so that 110 attempt was made to survey it. In the ascent of Rat river,
we were particularly fortunate in having a great deal of rain and snow,
which, though making the travelling very disagreeable, ,-t:aised the level of
the water sufficiently in the stream to allow of comparatively easy canoeing.
The same conditions allowed us to get our canoes within six hundred yards
of navigable waters on the other side of the divide, so that a portage of that
length was all that was necessary. Had we been a week or two earlier, or a
few days later, we would probably have been compelled to make a portage
of three or four miles in length.

The Porcupine river was followed down to its junction with the Yukon
at Fort Yukon, where we arrived on September 8, the actual travelling time
from Fort ;Vlacpherson to Fort Yukon being twenty days. A track survey
was carried all the way from Fort McPherson to the boundary line of
Alaska just below Rampart House, where it was closed.

After a delay of five days at Fort Yukon, we caught one of the i\orthern
Commercial Company's fast steamers plying between Dawson and St.
Michaels, and arrived in Dawson on the 17th of September.

Previous Explorations
The first mention we have of the Peel river is by Sir John Franklin

in his second voyage to the Arctic sea 1825-1828. On returning from this
expedition, and while ascending the Mackenzie river a short distance above
its mouth, he was led into the stream which he at first mistook for a branch
of the Mackenzie. He ascended it for some considerable distance under this
impression before he found out that it was an entirely different stream. He
called it the Peel river in honour of Sir Robert Peel, and the favourable
account he gave of the stream, and more particularly of its fur-bearing
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animals, attracted the attention of the Hudson's Bay Company and shortly
after induced them to send an exploration party under Mr. Bell to make an
examination of the river preparatory to establishing a trading post on it.

In the summer of 1839, Mr. Bell explored the river to the head of the
Snake River branch, thinking this was the main stream, and the following
year Fort lVIcPherson was established at the head of the delta. During the
winter of 1840-41 Mr. A. K. Isbister, also an officer in the employ of the
Hudson's Bay Company, made a survey and sketch from his own and Mr.
Bell's observations of the stream. This he published, along with an account
of the topography and geology of the region, in Volume XV, 1845, of the
Royal Geographical Journa!'

In the summer of 1893, the late Count V. E. de Sainville, who was then
living at Fort McPherson, with one canoe and two Indians made a very
good survey and map of the stream as far as the mouth of the \iVind river.
As a rule the natives in going up to the \iVind river, leave their canoes about
75 miles above the Fort and walk straight across country to the mouth of
Wind river, thus avoiding the swift water in the river and cutting off the
big bend that it makes. Count de Sainville, however, followed the course
of the stream the whole way up to the Bonnet Plume river, the journey
occupying two weeks. At the mouth of this stream, he left his canoe and
walked up the river bank about twenty-five miles, from which point he cut
across to the Wind river. This he followed down to its junction with the Peel
river and back again to his canoe. On his map he gives his distances, eleva
tions, and latitudes. He also mentions the occurrence of hot springs at the
mouth of the Bonnet Plume river, at which ducks and geese were said to
remain all winter. He notes also the existence, between the Bonnet Plume
and the Wind rivers, of lignite beds which were burning at the time, and
according to Indian report had been for years before. These beds are still
burning.

Eal'1y Prospectors
For three or four years after the placer diggings were first discovered

on the Klondike river, prospectors crowded into Dawson by every possible
route, and some of those who went by the Mackenzie river found their way
across the mountains by the Peel River route which led them through the
Bonnet Plume pass into the waters of the Stewart river. In the fall of 1898
about 90 persons who followed this route found themselves compelled to
winter on the Peel river. Most of them managed to get as far up as the mouth
of the 'ATind river, where they built their cabins and spent the winter. A
cluster of deserted cabins, which stand a few miles up the Wind river from its
mouth, was called by them Wind city. During the winter they hauled their
outfits and supplies to the head of the \iVind river and through the Bonnet
Plume pass, and thence down the Hell or Rackla river to a point about
twelve miles from the Beaver river, which they called Spring camp. Here
on the opening of navigation, they built boats or rafts and proceeded down
the Stewart river to Dawson. A few of them remained on the north side of
the divide until the rivers opened up, and then took their canoes across the
pass and floated down the Rackla river. ;vrr. Patterson of Dawson was one
of the latter, and from him I got a great deal of information relative to the
Bonnet Plume pass and the head of the Wind river. The pass he reports to
be wide and flat, with an almost imperceptible slope to the waters of the
Wind on the one side and those of the Stewart on the other. In fact one of
the streams at the summit could, with very little trouble, be diverted so
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that it would flow to either side. He himself simply dragged his canoe through
the marsh on the summit, and never had to carry it at all. He estimated the
summit of the pass to be 3,500 feet above sea level.

About five years ago a couple of prospectors crossed the Peel-Yukon
divide at the head of the Twelve-mile or Chandindu river, and descended
the whole length of the Peel river to Fort McPherson on a raft, being the
first white men to make the trip, but as these men were lost, and strange to
say, thought themselves on the Stewart they made no sketch of the river,
and only discovered their whereabouts when they landed at Fort McPher
son.

In December, 1902, a small patrol of North-west Mounted Police left
Dawson with dog teams, and crossing over the divide at the head of the
Twelve-mile river, got into Peel River waters at the Blackstone river. They
crossed to the Hart river and from thence to the Little Wind river and de
scended that to the Big Wind. From here they followed our own route to Fort
McPherson, except that they cut across the big bend in the Peel from the
Bonnet Plume river to Trail creek.

Detailed Description of Routes

llraine Creek

Braine creek is a typical mountain stream, never in any part navigable
for canoes. Rising in two small mountain glaciers on the flanks of one of the
highest peaks in the region, it flows first in an easterly direction for two and
a half miles, when it is joined by a branch of almost equal volume from the
west. The combined streams then turn sharply to the southwest and, cutting
almost directly across the strike of the rocks, join the Beaver river about
fourteen miles below.

The stream occupies in its lower portion a broad U-shaped valley, some
times a mile in width, with the bordering mountains rising to a height of
3,000 feet on either side. In the upper portion this width sometimes con
tracts to a quarter of a mile and its character is more V-shaped. The grade
is always exceedingly steep, and the volume of water is never very great;
wherever it is confined to a single channel, the latter is sufficient to float a
lightly-laden canoe, but as the tendency of the water is to spread out into
several different channels, the opportunities for real canoeing are rare.

Two canons occur between the mouth and the forks of the stream. The
lower one, at a distance of two miles from the Beaver river, is deep, narrow,
and about two-thirds of a mile in length, around which a portage of half a
mile has to be made. The stream here contracts to a width of twenty feet,
and the walls are 150 feet high and almost vertical. The canon lies at the
entrance of the creek to the valley of the Beaver river, and is cut in a bed
of dark, massive limestone which strikes at right angles to the course of the
stream, or parallel to the Beaver river. I t is the result of former glacial con
ditions, and has been formed since the ice retreated from the valley of the
Beaver river. Evidences of a terminal moraine occur at the canon, and the
valley of Braine creek approaches a hanging valley in character.

The second canon lies four and half miles above the first. This is caused
by an eruptive mass of diabase, which cuts across and obstructs the valley
of the creek. Its length is about 300 yards and the drop in it about twenty
five feet.

Immediately above each of these canons the bed of the stream expands
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to a width of two-thirds of a mile, and occupies a greater part of the valley.
These expansions in the beginning of July were still almost entirely filled
with sheets of ice, varying in thickness up to ten feet, and through these
the water has cut narrow winding channels. As the course of the stream is
continually shifting, the water melts and wears away the ice at the base uf
the ice sheet, until it overhangs to such an extent that it is not able to sup
port its own weight, and it falls with a splash. The result is that the course
of thp stream is diverted to the opposite side, where the same action is
repeated.

Wherever the ice has melted away from the surface of the gravel, it has
left on the pebbles a white deposit of carbonate, originally derived from
the limestone bed over which the stream Aows. This was first carried in
solution in the water, then precipitated by freezing, and finally left as a
residue on the melting of the ice. These large ice sheets, which cover several
acres and are sometimes a mile in length, are formed in the winter time by
the constant overAowing of the water. A great many of the small tributaries
of Braine creek are fed from springs in the limestone, and these probably
maintain a continuous outAow throughout the year, so that even in the
coldest weather there must be a certain quan tity of water flowing down the
creek, thus accounting for the formation of the ice sheets. These latter attain
a considerable thickness, but whether the accumulation of ice during the
winter is balanced by a [J 'oportionate thawing during the summer was not
determined; it is, however, probable that, except for a few isolated and
shaded patches, the thawing action of the summer predominates, and all
or most of the ice disappears.

The valley, ..vhere occupied by these glaciers, is bordered on either side
by benches of clay and gravel. A bench of this character extends from the
lower canon right up to the second canon, a distance of four and a half
miles. It appears to be almost, if not absolutely level. At the lower canon
the top of the bench is 200 feet above the bed of the stream, and gradually
approaching nearer to the level of the water as it ascends the valley, it dis
appears entirely at the second canon. If this bench is actually level, it makes
the grade of this part of the stream about fifty feet to the mile, inclusive of
the two canons.

At the second canon there is an abrupt rise in the Aoor of the valley,
caused by the aforementioned dike of diabase. This rise is slightly increased
by a heavy deposit on the dike of glacial detritus irregularly distributed,
which is apparently another terminal moraine similar to that at the lower
canon. A faint outline of another bench, similar to the well-defined one be
low, can be traced on the sides of the valley above the second canon.

Above the second canon, as below, expansions of the stream are oc
cupied by sheets of ice; but the valley soun contracts to a width of a quarter
of a mile, in which the water is necessarily more confined, allowing no room
for the accumulation of ice. Here, rising abruptly from the water's edge,
are steep talus slopes, on some of which banks of snow lie quite close to the
stream.

Two miles beluw the forks of the creek, tu which point the canoes were
dragged, the character of the valley suddenly changes. The stream is here
confined to one channel, the grade is not so steep, while the valley, widening
to half a mile, is occupied by several small, marshy ponds. This portion is
entirely devoid of any timber. Along the edge of the stream and ponds is a
light growth of alders and willows, which is shortly replaced on the sides
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of the valley by bare rocky slopes of limestone talus. Only at the forks again
does any spruce occur.

At the forks uf Braine creek the valley divides, forming two passes,
each of which brings one in a few miles into Peel River waters. One pass
runs off to the northwest, and the other to the east. Camp was pitched here
for a few days while the two passes were thoroughly explored, and the easier
one selected for the portage. Though the eastern pass is 200 feet lower than
the northwestern, the latter was the one chosen, because it brought us into
a much larger and more navigablp stream than the other. The eastern pass
is the more direct route to the 'Wind river, and is the one that travellers
would be more likely to take in the winter time.

The summit of the eastern pass is 150 feet above the level of the forks
of Braine creek. The valley is very wide and open. A scrubby growth of
willows and alders fills the bottom of the valley, and the sides are fringed
with a scattered growth of black spruc.e which extends a very shurt dis
tance up the slopes of th(' bordering mountains. The tops of the mountains
are usually about 2,700 feet above the bottom of the valley and consist of
massive limestones, interbanded with layers of black slate and shaly lime
stone. The divide lies about two miles from the forks of Braine creek. Here
a small creek heads, and after flowing for two miles through the broad flat
valley, passing in its course through three or four small marshy lakes, joins
a larger stream coming from the south; the combined streams then flowing
in an easterly direction, enter the valley of the Wind river about five miles
below. This stream, however, does not, on entering the v\'ind River valley,
unite immediately with the \Viml river; but, running parallel with it and in
the same wide valley for sev('ralmiles, connects at almost the same pointas
Nash creek. In fact, some of the water of Nash creek flows into this creek
before its junction with the vVind river. This stream, however, did not
appear to be navigable for canoes, and for that reason this eastern pass was
not selected.

The floor of the valley is covered with a thick deposit of glacial detritus
irregularly distributed throughout its length and breadth. This is either piled
up in scattered mounds, or else depressions have been left which are now
filled with water. Numerous alluvial fans formed from the wash of the higher
slopes project out from the base of the hills on either side.

In the northwestern pass the summit is 350 feet above the forks of
Braine creek, and 400 feet above Nash creek, and is situated about half-way
between the two points. The distance which the canoes had to be carrieu
was three and a half miles. This pass is a part uf the same structural valley
that the eastern pass occupies, and a straight line drawn at right angles to the
course of the Braine valley below the forks would cut both passes. Like the
eastern pass, the northwestern is wide and open, and by following caribou
trails through the low scrub the necessity of cutting a trail across was
avoided until we got on to the lower flats of Nash creek, where a heavy
growth of spruce and poplar was encountered.

On the lower part of Braine creek a few indications of the former pre
sence of travellers or hunters were noted but, towards the head, none at all.
In the wooded flats of Nash creek I noticed several rotting tree stumps that
had been cut probably forty or fifty years ago; but nowhere were there any
recent signs of human presence.
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Topography and Geology

Braine Creek

Topographically the country between the Beaver river and Wind river
is one of rather rugged relief. This is the back-bone of the great Rocky
I\Iountain system, which here trends northwest and southeast, swinging
slightly from its almost north and south trend farther south. This particular
section is called the Ogilvie range. Few prominent peaks occur, and from
the tops of any of them a general accordance of level can be noticed. The
summit of Braine pass is estimated at about 3,400 feet, and the elevation
of the highest peaks in the neighbourhood at 6,800. The general level of the
whole range is somewhat lower than that farther south, though considerably
higher than the elevation of the range to the west of Fort McPherson.
The total discordance of vertical relief is about 3,000 feet. Few peaks exceed
this.

The great wide valleys are longitudinal valleys coinciding with the strike
of the rocks, and these are joined by narrower and shorter transverse valleys.
The Beaver river occupies one of the former, as also the upper parts of Nash
creek and the Wind river. These are roughly parallel to each other, though
the lower part of the Wind River valley lies at a sharp angle to them.

The region during the glacial period was not covered by a large continen
tal ice sheet, but the valleys alone were filled to a depth of 1,000 to 1,500
feet with valley glaciers, which apparently moved along the present grade
of the stream. Evidence of glaciation can be traced to a height of about
4,500 feet above sea level, so that about 2,000 to 2,500 feet of the highest
peaks protruded through the ice. The limit of glaciation corresponds fairly
closely to the tree line, and is well shown by the rounded and graded appear
ance of the slopes and shoulders, above which the outline is more rugged
and broken.

In the gradual retreat of the glacier up the valley of Braine creek, it
evidently halted at each of the canons a sufficiently long time to allow of
the formation of extensive terminal moraines. On the disappearance of
these glaciers, the valleys, both of Braine and Nash creeks, were filled to
a depth of from fifty to a hundred and fifty feet with a heavy deposit of
boulders, gravel and clay, the ground moraine of the valley glaciers, which
was later subjected to deep dissection by the present streams, resulting in
the region taking on its present topographic form.

At present only a few small cirque glaciers exist, and these only on the
northern flanks of the mountains, where they are protected from exposure
to the rays of the sun. The small glaciers in the bed of Braine creek have
been already referred to. None of these were seen on Nash creek, though
several of them occur in the valley of the Wind river.

A section across the summit from the Beaver river to the \Vind shows
a series of closely folded and sometimes faulted limestones and slates with
some quartzites and conglomerate. Cutting these are some diabase dikes
and intrusive rocks. The succession in descending order is somewhat as
follows:-Massive dove coloured limestone becoming shaly at the base;
bands of black slate; massive granular limestone containing fossils; ferru
ginous slates weathering red, and black weathering conglomerate at the
base. Remnants of a coarsely crystalline quartzite at the top of the series
sometimes form the peaks of the higher mountains. These strike as a rule
from west to northwest, and dip at various angles forming a succession of
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synclines and anticlines. Many of the streams have cut out their valleys in
the anticlines with the result that the sides of these valleys often present
precipitous slopes and cliffs to the streams.

The great valley at the head of Braine creek, which forms the pass
across to the Wind river, is apparently a great line of weakness, which has
resulted in an overthrust fault, thus bringing up the underlying ferruginous
slates to the surface. Along this line of weakness the slate has been much
folded and contorted, and the limestone shows evidence of metamor
phism in being converted into a white marble, which cleaves easily into the
large rhombs of calcite. Another fault also occurs a few miles above the
mouth of Braine creek, but its character is indefinite, and, unlike the other,
is not marked by any great valley, though the metamorphic action resultant
on the fault is plainly noticeable.

As we approach the Wind river, the upper limestones are replaced by
the ferruginous slates, being brought up to form the summits of the moun
tains by a wide anticline. These dip down again to form the wide structural
valley of the Wind river. The appearance of the ferruginous slates is a
noticeable feature in the topography of the region, for the slopes take on a
dull reddish colour due to the oxidation of the iron in the slates.

With the exception of some limonite in the rocks at the pass, no indi
cations of economic minerals occur. While a few small colours of gold were
obtained on the Beaver, these disappear entirely on Braine and Nash creeks.

.:"Jash Creek

Some fossil corals and brachiopods collected from the limestone at the
summit and lower down Braine creek have been identified by Or. \i\'hiteaves
as Oevonian forms.

N ash creek is considerably larger and longer than Braine creek. From
the top of a mountain, 2,700 feet ahove the stream, a good view of the
valley was obtained; it has a length of about 25 miles, and rises in a large
lake two or three miles long. The general direction of this valley is almost
true east and west in its lower part, uending slightly to the north above the
portage. Its valley is wide and C-shaped and increases in width near the
head of the creek, where several lakes occur besides the large one in which
the stream rises. From the north end of the portage trail to the junction with
the Wind river is a distance of twelve miles. It enters the Wind valley,
however, at nine miles from the portage and flows in it for three miles before
joining its waters with those of the Wind river. One mile above the portage
the stream forks, the smaller branch also rising in a lake about five miles
beyond. The two branches each occupy, for several miles, a part of the same
wide valley, and are only separated from each other by along, narrow,
isolated ridge 1,500 feet above the stream at its highest point. The upper
part of the :0Jash valley lies parallel with the Beaver valley and, like the
latter, coincides with the strike of the rocks. ~\ straight line drawn through
the upper part of the Nash valley and continued southeast would run
directly through the two passes at the head of Braine creek, so that Braine
pass is practically the continuation of the :--J"ash valley, while the Nash valley
below this is tributary to it. The grade of Nash creek is very steep, and
though only one short canon occurs, the rest of the stream is exceedingly
swift, shallow and full of gravel bars. It is often bordered by cut banks of
consolidated clay and gravel of glacial origin, which have a height of 100
feet and more. In two or three places great snowslides had occurred, and in
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one of these the water had cut a narrow channel between walls of snow
twenty-five feet high.

Though on the northern slope of the divide, the water of Nash creek is
about four degrees warmer than that of BraiJle creek, due, no doubt, to the
large lakes in which J\lash creek rises. The vegetation too is slightly different
in character. Balsam poplar grows in abundance on the flats of Nash creek,
while none was seen on Braine creek..'\rctic poppies in great profusion were
seen on the northern slope of the divide.

Wind River

On j nformation obtai ned [ram some of the prospectors who crossed by
the Bonnet Plume (Jass in 1R99, I estimated that we reached the \iVind
river at a point about twenty-fi.ve miles below that pass. According to
estimates made with a cyclometer in winter time by these prospectors, the
c1istanre from Pfel river to the Bonnet Plume pass is 132 miles. Nly own
estimate of the distance from Nash creek to the Peel river is about 100 miles.

The \Vi nd river is so called by the IIld ians of tha t region because of the
furious gales that are constantly blowing down its valley.

The valley occupied by the Wind river is broad and C"-shaped, timbered
in some parts by spruce and poplar, but totally bare in others. In this the
\iVind river tlows in a broad, shallow bed sometimes half a mile wide. \Vhere
confi.ned to one channel the breadth of the stream, before its junction with
Nash creek, is 100 feet, and its water is beautifully clear and blue.

Looking up the \i\'ind river from the mouth of Nash creek, the valley
appears to widen slightly and become shallower, and the bordering moun
tains have more gentle slopes and are relative'ly lower. It appears to be
well timbered and the occasional gleam of sheets of ice can be seen in it.

Directly opposite the mouth of Nash crel'k a broad tributary joins the
\iVind river from the east. This appears to take its rise in a large oasin
shaped hollow at tl1f' foot of some high, jagged SI low-capped mountains,
which rise to a height of over 3,500 feet above the river.

From Nash creek to where the Wind river breaks abruptly through the
mountains is a distance of forty mill'S, and for this distance the course of
the river is almost true north. The stream occupies a sync1inal valley 3,000
feet deep, over which the water spreads in numerous channels, mostly too
shallow to Roat a canoe.

In several expansions of the river bed large sheets of ice were still re
maining at the beginning of July, similar to thos~ occurring on Braine creek.
These, howl'ver, would all disappear long before the end of the summer.

\i\'here confi.ned to one channel, the water is deep, ancl runs at a rate
of from four to eight miles an hour. The timber here consists almost entirely
of a small and stunted variety of spruce, which fringes the va.lley at the
base of the slopes, and extends a few hundred feet up them. Cut banks of
stratified sands and gravels are common, and alluvial fans occur at the
entrance of nearly all the small tributaries.

The only stream of any importance entering the Wind river in its
mountain sertion is the Bear river. This enters from the east at a point
about twenty-five miles below Nash creek. It debauches into the Wind
by several channels which spread over a delta plaill three-quarters of a mile
wide, so that it is difficult to estimate its volume. It is not easily navigable
for canoes, though according to Indian report, it is occasionally used by the
natives as a route to ancl from the Bonnet Plume river, with which it is
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connected by a number of small lakes and portages. Indian report is also
responsible for a story of the existence of an active volcano in tlw mountains
towards the head of Bear river; but judging by the naturr of the rocks this
is highly improbable.

On leaving the mountains the river emerges at once on to a rolling
country of foothills, afterwards changing to a perfectly level wooded plateau
which extends northward practically to the delta of the Mackenzie river.
To the right the mountains extend away far to the east, presenting a rather
abrupt face to the lower country, and unbroken by any great valleys except
that of the Bonnet Plume river. 'Westward they stretch away to the Little
Wind river, beyond which they swing round to the north, and cross the Peel
river near the mouth of the Hart river, thus forming a great semi-circular
basin enclosing the lower parts of the vVind and Bonnet Plume rivers, and in
which a few isolated outliers of the mountains break the monotonous lew"
of the region, and rise to a height of about 2,000 feet.

The plateau itself is well wooded with small spruce and tamarack, and
dotted here and there with numerous lakes. The surface is covered with a
deep growth of sphagnum, making it a huge muskeg typical of the Mackenzie
valley.

As it leaves the mountains the bed of the stream quickly expands to a
width of almost a mile, and for three miles the water spreads all over this in
numerous shallow channels. Large sheE'ts of ice were yet remaining on the
bars, and on these several caribou were seen.

Beyond this expansion the stream becomes more confined, and flows
between steep banks 150 feet in height, composed of horizontal or gently
inclined sandstone beds, until it is joined by the Little Wind river at a
distance of eighteen miles below. Two miles above the Little Wind river
the valley grad ually con tracts a nd approaches more to the nature of a canon,
the stream is swifter and bordered by high cliffs of limestone. The 1I1tyd
range of mountains, the highest point of which rises 2,600 feet above the
river, here crosses the river diagonally striking a few degrees west of north.

The Li ttle Vvind river was not explored, though from the tops of two
of the hills of the Illtyd range its course was sketched in for a distance of
twenty miles. It joins the Wind river from the west, C'mptying a volume of
water about two-thirds as large as thE' main stream. I ts water is much dirtier,
and the temperature one degree lower (49°). It emerges from the mountains
twenty miles above its mouth, and flows with a swift current in a wide valley
cut into the rolling plateau. The banks are from fifty to a hundred feet high,
a nd the stream is divided by gravel bars into srveral channels. I t forks just
at the edge of the mountains, and it was down the west branch that the
1 orth-west Mounted Police patrol travelled in January, 1902, on their way
to Fort McPherson.

Shortly below its junction with the Little \iVind river the beel of the
main stream again expands, and down to within a mile of its junction with
the Peel river it keeps an average width of half a mile. This, however, is
taken up largely with willow islands and gravel bars, through vvhich the
stream has cut numerous small ch;:lI1f1els.

The valley here is incis('d to a depth of sixty feet in the plateau, and the
bedrock is only rarely exposed where the water cuts into the banks of the
valley. The adjoining country is thickly woodl:d with spruce and tamarack
and some birch, and the: prevailing feature is the typical northern l11uskeg.
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Hungry Creek

The only stream of any consequence entering below the Little Wind
river is Hungry creek. This enters from the west at a point twenty-five miles
above the Peel river. It debouches by several channels over a flood plain
a quarter of a mile wide. Its bed is filled with gravel bars, and its banks are
low and composed of clay and gravel. It rises in a large lake about fifteen
miles up, and flows frum this with an easy grade through the low rolling
country. Its water has a brownish colour suggesting its origin in muskeg
lakes.

During the autumn and winter of 1898 Hungry creek was explored and
prospected by some prospectors on their way to the Klondike. They are said
to have found hot mineral springs on one of the small tributaries which joins
it from the south. They also report the finding of colours of coarse gold on
the stream. Sufficient time, however, was not allowed for us to verify either
of these reports.

:viount Deception, 1,400 feet in height, stands in the angle between
Hungry creek and the Wind river.

Below Hungry creek, the Wind river flows with a slightly accelerated
current in the same wide valley. To the east is a level wooded country,
probably muskeg, with numerous small lakes on its surface; while to the
west is a rolling country which gradually becomes more mountainous
farther westward.

As it approaches the Peel river, the valley of the Wind becomes nar
rower, and the stream is more often confined to one channel. Cut banks
appear on either side. These at first consist essentially of clay and gravel,
but underlying them farther on are beds of lignite associated with clay and
soft sandstone.

Within two miles of the Peel river the valley takes on a canon-like ap
pearance, bounded on ei ther side by steep walls of sandstone or shales a
hundred feet high, and the water rushes between these at a greatly increased
speed, so that when it joins the Peel in the canon, it cuts almost directly
across that stream to the opposite wall of rock.

Mountain Section of Wind River

The topography of the mountain section of the Wind river is very
similar to that already given for the section at the summit. The vertical
relief at the mouth of Nash creek averages about 3,000 feet, but this gradu
ally decreases to 2,000 at the northern border of the mountains.

The general outline of the mountains varies, depending on the character
and structure of the rock formations. In the upper part of the Wind river,
where the rock formations are principally limestone, the summits are broader
and more rounded, and the slopes more gentle and subdued. Near the mouth
of the Bear river, where sandstone and quartzites replace the limestone,
many high jagged peaks occur, and steep cliffs and precipices border the
stream on either side. Extensive slopes of heavy talus and many alluvial
fans characterize the region in the vicinity of Bear river. North of this again
is a limestone area, which continues to the edge of the mountains, and the
character of the topography reverts to the same conditions that hold in the
other limestone area.

Though marked cliffs and precipices do occur, the side slopes of the
valley can generally be ascended without difficulty. They are wooded only
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for about two hundred feet above the stream, where steeper slopes of barren
rocks and talus begin.

Though the summits of the range show a gradual decrease in elevation
from Nash creek, northward, of about a thousand feet, yet at a certain
point they break off very abruptly without any foothills, and dip suddenly
down to the broad Peel plateau. This scarp-like appearance is only shown
from the mouth of the \J\find river eastward or on the northern face of the
range; but west of the Wind river, where the range swings around in a curve
to the north, it loses this feature entirely and instead of breaking off ab
ruptly, is flanked by rounded foothills, which slope gently down to the
plateau below.

All data collected with regard to the glaciation of the mountain section
of the Wind river point to the conclusion, that the region was not completely
covered by a great ice sheet during the glacial period; but that the valleys
alone were occupied by glaciers.

The valley of the Wind river was occupied by a large glacier, which filled
it to a depth of a thousand feet or more. This had the effect of giving to the
valley its present V-shape and of filling the bottom of the valley with a
heavy deposit of glacial gravel and clay. Into this deposit the present stream
has cut its bed to a depth of fifty feet, leaving only a narrow bench at the
base of either slope to mark the level of the old valley.

That the movement of this valley glacier was northward- -or down the
present grade of the stream-is shown by the drift, which could only have
been derived from the rocks to the south.

Existing glaciers were seen only on the flanks of the high mountains
directly opposite the mouth of Nash creek. That mountain glaciers have
existed along other parts of the \J\find River valley, however, is proved by
the presence of several basin-shaped cirques, particularly on the western
side of the valley. Several hanging valleys also occur, in which the streams
occupying them plunge quickly from their own valleys into the valley of the
Vv'ind river some hundreds of feet below.

Five miles below Nash creek stratified sands and gravels are exposed
in the cut banks on both sides of the stream. These are probably a lake de
posit formed by the damming of the stream below. Most of this sedimen
tary deposit has been eroded away by the later action of the stream, but
one or two remnants still stand in the centre of the valley, rising to a height
of 150 feet. These are composed of a very fine dark-coloured sand, with less
gravel and clay. Other smaller rounded knobs of glacial material occupy
the valley below.

The section from Kash creek to the edge of the mountains along the
Wind river gives the following succession of rocks from the base upwards:-
ferruginous slates and argilli tes; limestones often weathering red from the
oxidation of iron; sandstones with some limestones, which alter to quartzites
and crystalline limestones; dark reddish conglomerate.

At the mouth of Nash creek the valley is incised in a series of closely
folded black slates, with which occur only remnants of the overlying lime
stones, lying in steeply inclined synclines. These strike east and west almost
directly across the valley of the river and are inclined at high angles, or are
vertical. Some of the slates cleave readily along the laminae into Groad thin
plates, others are more massive. \\There they stand vertically they form ex
ceedingly steep slopes flanked at the base by much sharp and broken tal us,
making it difficult to ascend.
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Northward, the limestone, by replacing and overlapping the slates,
gradually occupies larger areas, and the underlying slates only appear when
brought up by all anticline.

Fifteen miles below ?\ash creek, at our camp of July 8, a coarse-grained,
white sandstone first appears capping the limestone and slates. The lime
stone is here reduced a few feet in thickness and appears to rest uncon
formably on the slates. The sandstone lies horizontally, or dips at a low
angle to the north. It forms some of the higher peaks in this neighbourhood,
and shows the characteristic weathering of this ki nd of rock in bei ng
eroded into all sorts of fantastic shapes. Sharp pinnacles and columns of
rock are noticeable features wherever this sandstone occurs. Some of these
peaks rise to a height of 4,000 feet above the river.

In places the sandstone is metamorphosed to a white and coarsely crys
talline calcareous quartzite, which forms steep cliffs and precipices, partic
ularly opposite the mouth of Bear river. But beyond this again, where the
dips are more gcn tIe and the metamorphic action less, the slopes are easier
and usually covered with much tal us. Alluvial fans are common along the
sandstone area.

From Bear river to thc edge of the moun tains only sandstones and
limestones appear in a succession of gentle anticlines and synclines, and
overlying these on the edge of the slope is a small remnant of the dark
reddish conglomerate.

Fossils are rare in the rocks of the Wind river.
Few indications of economic minerals occur in the rocks of the vVind

river, and with the possible exception of iron ore, it is hardly probable that
any will ever be foulld. Quantities of float of a banded, jaspery iron ore
were found at the mouth of the Bear river, and I am informed by lVIr. C. lVI.
Merritt, of \'ancouver, who was up the Bear river in the winter of 1898 and
1899, that the float ore becomes more common higher up the stream, and
on the portage to the BOTlnet Plume river forms a large proportion of the
drift.

The ore is hematite, which weathers to a bright red, and is associated
with red jasper. The same float also occurs in great quantities on the Bonnet
Plume river and also on the Snake.

Near the northern border of the mountains the variation of the compass
is about eight degrees greater than anywhere else, and it is very prob
able that the local attraction is due to a body of iron ore in the neighbour
hood.

Only very fine colours of gold were found in the gravels of this part
of the Wind river.

Plateau Section of Wind River

Immediately on emerging frOI11 the mountains, the Wind river enters
the broad Peel plateau. This is a wide, level, or gently undulating table
land, standing here at an elevation of about 1,700 feet above sea level.
Its southern boundary is the range of hills which stretches away eastward
in almost a straight line towards the Mackenzie river at the Sans Sault rapid.
On the west it impinges against the base of the same range, which swings
northward from the Little \i\'ind and continues in that direction to the
Arctic ocean. In the great bay, formed by this curve in the mountain range,
the level of the plateau is broken by several short ranges of mountains,
which are really the foothills of the main range.

These foothill ranges are usually low rounded hills seldom rising more
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than 2,000 feet above the plateau, and more often less than 1,000. Their
origin is due to the same orographic movements in the earth's crust which
resulted in the upheaval of the Ogilvie range of mountains. The majority
of them are anticlinal in structure; but several are due to faulting Oil a large
scale. Mount Deslaurier, nearly opposite the mouth of Hungry creek, is a
good iJlustration of a mountain formed by a normal fault. This is a west
facing fault scarp, which rises abruptly to a height of eight hundred and
fifty feet, and then slopes back gently to the east at a very low angle. Before
erosion of its summit by glacial action the throw of this fault must have been
about 1,200 feet. Several others of the same character occur in the area
covered by the foothills.

The foothills area extends northward some dist:cnce beyond the Peel
river, and its eastern border touches the Snake river. Almost in the centre
of this is a large basin, covering over five hundred square miles, occupied
by almost undisturbed Tertiary rocks. This basin is almost completely en
closed by the encircling foothills, and lies between the \Vind and Bonnet
Plume rivers, extending southward from the Peel river some fifty miles.
I ts surface, which is very little above the bed of the Peel river, is perfectly
level and dotted with numerous muskeg lakes. The Peel river skirts along
the northern edge of the basin, entering it by a canon and leaving it by a
deep narrow gorge.

East of the Snake river the plateau, which is there 800 feet abuve the
river, continues unbroken towards the Mackenzie river. No hills appear to
obstruct the view eastward and the plateau stretches away to the horizon
with a perfectly level and unbroken sky-line. It is everywhere covered with
moss and wooded with small spruce and tamarack, and holds a ff'W muskeg
lakes. To the north it follows the base of the range of mountains, and slopes
imperceptibly in this direction to the Mackenzie delta. It gradually narrows
in width northward, as the Mackenzie river approaches the mountains,
until it is forced to disappear altogether a few miles north of the Rat river
where the stream skirts the base of the hills.

Evidences of glaciation on the Peel plateau are rather meagre, and
though these show that the plateau was actually covered by a large ice
sheet during the glacial period, yet no direct evidence, such as could be
deduced from striae, as to the direction of the flow of the ice was obtainable.
All the mountains occupying the region between the \Vind and Snake rivers
have been smoothed and rounded off up to a height of 1,800 feet above the
streams. They have the appearance of being in a state of mature dissection,
cut by numerous small creeks and having many basin shaped hollows, which
are frequently filled with water.

Few of the peaks of the foothills exceed 2,200 feet in height, and those
with greater elevation are wiJely different in their contour from those with
a lower altitude. The highest peak of the IIltyd range, which lies east of the
mouth of Little Wind river, has an elevation of 2,600 feet above the stream.
I ts summit is sharp and its highest slopes steep and covered wi th tal us,
showing no indication of ever having undergone glacial erosion, and bear
ing a sharp contrast to the outline of the hills seven or eight hundred feet
below.

Rounded pebbles and drift of foreign material were found on the slopes
of IlItyd range lip to a height of 1,700 feet above the VVind river, and beyond
that the surface was covered with broken and angular fragments of the COUll

try rock. The range to the east of the Snake river, whose highest points are only
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about 2,000 feet above the river, has apparently been completely submerged.
No sharp peaks appear and water-worn pebbles were found up to a height
of 1,600 feet. These consist of limestone, quartzite, granite and some con
glomerate, most of which appears to have been derived from the main range
to the sou th.

Some sections, which have been exposed in the valley of the Wind river,
show boulder clay and gravel overlying the harder rocks, but as a rule the
glacial drift is very thin or is seen only in patches. Eastward to the Snake
river it becomes much thicker, but thins again northward to the Mackenzie
delta.

The timber on this plateau consists almost entirely of spruce. Birch and
tamarack which are totally absent in the mountain section, appear for the
first time on the plateau near the mouth of the Little Wind river.

Banksian pine was never seen anywhere, and poplar of two varieties,
only on the islands and lower flats of the river.

The height of the timber line on the hills near the Little Wind river
is 1,400 feet above the bottom of the valley, or about 3,000 feet above sea
level. Relative to the bottom of the valley, the timber line is at about the
same elevation down to Fort .McPherson; but its absolute elevation gradual
ly decreases northward.

The geology of the foothills section of the plateau region is in marked
contrast to that of the mountain section. Three miles from the base of the
main range, cliffs 150 feet high, composed of slightly inclined sandstone,
appear on the banks of the stream. These cliffs show the following succession
from the base upwards:-A fine conglomerate, holding fragments of fossil
wood and iron stone nodules, merging into a soft gray sandstone; the latter
becomes more feldspathic towards the top, and altering to an arkose. On
the top of all is a deposit of boulder clay. This rests on the Palceozoic lime
stone which forms the country rock of the IlItyd range. The contact be
tween the sandstones and limestones was not seen, but they appear to be
conformable, or nearly so. From their Ethological resemblance to Cretaceous
rocks in other parts of the North-west, the sandstones have been tentatively
referred to the same age. No fossils, except the fragments of wood, were
found in them.

These sandstones form cliffs on either side of the river down to a point
within two miles of the Little Wind river, where they are replaced by the
massive gray limestone of the IIltyd range, which here crosses the river
diagonally. They have been gently folded into a series of low anticlines and
synclines, which strike north parallel to the bordering mountain range, and
have no doubt been affected by the orographic movements, which raised
them above the floor of the plateau. They almost completely surround the
Illtyd range and separate it from the main range to the south.

IIltyd Range

The Illtyd range is anticlinal in structure. It strikes north and slightly
west of north, and is parallel to a similar range on the east side of the Bonnet
Plume river. I t is composed of massive, gray dolomitic limestones, and where
it crosses the Wind river, these become slightly crystalline. For two miles the
'Wind river flows in a gorge-like valley bordered by cliffs of these limestones,
and shortly below the mouth of the Little Wind river, it breaks through the
range, and enters again the level plateau country. On its northern side the
Illtyd range has a very gentle slope, and the limestones dip at a very low



189

angle beneath the overlying Cretaceolls sandstones. The highest point of the
range is about 4,200 feet above the sea.

Below the Little Wind river, the Wind river widens considerably. I t is
filled with gravel bars and the valley is shallow. Near Mount DesJaurier it
cuts into the eastern bank, exposing a section of soft gray sandstone, 100
feet thick, overlaid by some clay.

Mount DesJaurier itself is a west-facing fault scarp, rising abruptly
from the water's edge to a height of 850 feet, and sloping gently away on the
opposite side. It strikes parallel to the course of the stream, which it follows
for four or five miles. It is composed of about four hundred feet of dark
reddish conglomerate, containing angular and water-worn fragments of
limestone, quartzite and other rocks; below this is a brecciated limestone,
which, near the contact, also carries some foreign fragments. At the water's
edge is some sandstone. The latter was probably at first also included in
the fault, but later erosive action has worn it all away, leaving now only
the conglomerate on the surface.

In the angle between Hungry creek and the Wind river stands Mount
Deception, an outlier of the main range to the south. This is a steep anti
clinal hill, rising to a height of fourteen hundred feet above the river. It
strikes northwest and dips at a very high angle. It is composed of a massive
crystalline limestone, which varies in colour from pure white through a
mottled, to a dirty gray, with earthy and black streaks.

Below Mount Deception the river enters a low level country underlaid
by almost undisturbed Tertiary rocks. The stream occupies a shallow valley
bounded by sloping wooded banks so that the contact between the rocks
of the Tertiary basin and the older rocks was not seen, except at the mouth
of the Wind river.

Coal on Wind River

About twelve miles below Mount Deception, however, cut banks sixty
feet in height appear on either side. These at first consist entirely of boulder
clay overlaid by gravels, but, farther down, a section of the Tertiary rocks
is exposed. This shows six feet of lignite, associated with beds of clay and
sandstone, overlaid by glacial drift.

The lignite is still in a primary stage of developmen t, and shows the
twigs and leaves of which it is composed, and even some bJebs of resin. This
seam of lignite is again exposed two miles below, overlaid by six feet of rusty
gravels, and resting on a bed of clay. At the base of all is a soft and very fine
grained sandstone, which is also very porous. The lignite when dry burns
fairly readily, giving off the odour of burning resin and leaving a great deal
of ash. Another section of Tertiary rocks about four miles above the Peel
river, and on the right hand side, where the stream cuts directly into the
beds, shows the following succession of rocks:

Gravel and boulder clay. . . . . . . . . . . . . . . . . . . . . . .. 40 feet
Unconformity.

Sandstone with 8 seams of lignite from ~ to four
inches thick. . . . . . . . . . . . . . . . . . . . . 50"
Unconformity.

Rusty black slates. . . . . . . . . . .. . . . . . . . . . . . . . . . 5 "

Water's edge. . . . . .. . . . . . . . . . . . . . . . . . .. 95 feet

One mile above the Peel river, the contact between the Tertiary rocks



190

and the underlying slates is well shown in a steep cut bank on the east side
of the river. The section shows the great structural break and the lapse of
time that must have occurred between the deposition of the two series of
rocks.

The following section was measured:
Glacial drift. ,. 40 feet

Unconformity,
Sandstone wi th ueds of reddened shales ,. 30 "

Unconformi ty.
\'ertical black slates ... , . . . . . . . . . . . . . . . . . . . . . . .. 20 "

River bed ... 90 feet

The reddened shales in the section probably correspond to the ligni te
beds of the section higher up, and indicate the previous combustion of the
lignite. The slates st:ll1d in a vertical attitude, while the Tertiary beds,
resting unconformably on the upturned and truncated edges of the slates,
dip at a low angle to the east. The tilted surface of the Tertiary beds has
been previously bevelled before the deposi tion of the glacial material,
showing a considerable lapse of time between the two periods. The Tertiary
rocks are again exposed on the Peel river for a distance of about fourteen
miles and \vill be referred to later.

For the last mile the Wind river flows through a canon 100 feet deep
cut in upturned black slates and shales.

A small creek, which enters the 'Wind river a mile and a half from the
mouth, cuts a deep and narrow gorge through heavy beds of black argillite.
The creek has a beautiful waterfall with a sheer drop of fifty feet. The argil
lites are here seen to dip ;J,t a very low angle to the southwest, while at the
contact with the Tertiary beds about a mile away they are almost vertical.
The texture of these argillitcs is exceedingly fine-grained, ane! the largest
particles in the rock are crystals uf pyrite, which mineral also occurs in
vuggs and well defillecl veins. These rocks are also exposed on the Peel
river for several miles above the mouth of the \Vind river, and in them the
upper canon uf the Peel is cut.

On the bars of the Wind river, two miles above the mouth of the Little
\Nine! river, a great deal of float lignite coal occurs. This is probably derived
from the Cretaceous rocks, through which the river flows for some miles
above this. The lignite in the Tertiary rocks at the mouth of the Wind river
has already been mentioned.

Gold on Wind Rivet'

Some coarse colours of gole! were panned out from a shovelful of dirt
scraped from the rim rock at thf' mouth of Little \Vind river. Coarse gold
is also supposed to have been fouIld in th" gravels of Hungry creek by the
prospectors in 1898, but sufficient time was not taken by us to verify this
report. Very little indication, however, of placer gold was found on the bars
within five miles of its mouth. As the stream rises in a large lake twelve or
fifteen miles up, and flows through a low muskeg country to join the \iVind
river, it appears to he rather an llnpromising place for the occurrence of
gold, but some of its tributaries which flow through a more hilly country
might carry the preciou(metal.

By far the largest percentage of the drift of the Wind river consists
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of limestones and quartzite pebbles derived from the rocks through which
the stream Aows, and the proportion of quartz is very small indeed. The
natural inference one draws from this is that the \iVind river does not Aow
through a markedly mineralized l.>elt of rocks.

Peel River

The vYind river enters the Peel river one mile above the lower end of
the upper canon, or two hundred and one miles above Fort YIcPherson. c\
micrometer and compass survey was carried from here down the stream,
and through the western channel to where this joins the :.\1ackenzie river,
a distance of three hundred and five miles.

Above the mouth of the Wind river the Peel river was not explored
for more than six miles, and that by walking along the shore. Few explorers
or prospectors have ever been through the upper canon, which extends frum
the mouth of the Wind river up to the ,\berdeen falls, an estimated distance
of about 30 miles. Some of the prospectors in 1898 ascf'nded the stream as
far as the falls during the winter, and a year or two later two others des
cended the stream from its head in rafts, having crossed over the divide from
the Twelve-mile river. The canon appears to Le easily navigable for canoes,
and lIO serious obstruction occurs as far as Aberdeen falls, around which
a portage is necessary.

The upper canon is one hundred to a hundred and fifty feet deep, with
almost vertical walls of rock. Its average width is about five hundred feet,
and the stream Ao\vs at a rate of from fuur tu seven miles an hour. V/hen
the water is low, it would be comparatively easy to ascend; but, as the water
marks show, it is twenty five feet higher in Aood, and would then be im
passible.

On the 11th of July, with the Peel river at a medium stage of water, and
the Vvind river slightly higher, comparative estimates were made of the dis
charges of the two streams. An estimate was made of the Peel river above
the mouth of the Wind, by taking cross-sections of the bed and measuring
the average velocity for a certain distance. No suitable place for taking the
discharge occurs on the Wind river, so the volume and velocity of the united
streams was ascertained below the junction. The results show the Peel
river to have a discharge almost thre·e times as great as that of the Wind.
The actual figures obtained were: 15,136 cubic feet per second for the Peel
river alone; and 20,538 cuiJic feet per second for the united streams. This
allows the Wind river a discharge of 5,402 cubic feet per second. These
figures are valuable merely as showing the comparative discharges of the
two streams, and not for their absolute volume, for the volumes vary enor
mously at different seasons of the year.

The upper canon of the Peel river ends one mile below the mouth of
the \iVind river, and from this point down to the next canon, a distance of
fifteen miles, the river bed has an average width of nearly a mile, IllOSt of
which, however, is occupied by gravel bars and willow and poplar islands.
For this distance the river flows through the low level Tertiary basin before
mentioned. The banks of the valley are about a hundred feet deep. On the
south side is a level wooded plain, stretching onward to the mountains;
while on tl1<:' north is a great curve in the mountains, the two ends of which
touch and cross the river at the upper and lower canons.

Eight miles below the upper canon, Mountain creek enters from the
north, flowing through the great bay formed by the curve in the mountains.



192

It is this stream that the Indians follow in making the cut-off across the
great bend in the Peel to avoid the lower canon and swift water; and it was
this route that the North-west Mounted Police patrol followed in making
their winter journey from Dawson to Fort McPherson. The north end of
this trail joins the river at the mouth of Trail creek 120 miles below.

Directly opposite the mouth of Mountain creek are the burning lignite
beds noted by Count de Sainville on his map in 1893. It is impossible to say
how long these beds have been burning, but for nearly a mile along the
bank the lignite has been burnt away, and has so undermined the overlying
glacial drift as to cause large landslides. One had only recently occurred in
July, and thrown down a great mound of material half way across the
stream, so as to divert the water to the other shore. In other parts exposures
of reddened clays and shales indicate places from which the lignite has been
consumed away.

It seems altogether likely that the burning away of the numerous
lignite beds in this section, and the consequent sliding down and washing
mvay of the overlying material, is accountable in some measure for the
great width of the valley, which is wider here than in any part of its course
below. The main stream follows pretty closely the cut banks on the south
side of the valley, where the lignite beds are exposed and burning, and
wherever landslides occur the slidden material is very soon dissolved or
carried a,vay by the water.

Bonnet Plume River

The Bonnet Plume river joins the Peel from the south, twelve miles
below the Wind river. It enters the Peel by a number of channels, forming
a delta some three miles wide. As a result of this, it is practically impossible
to estimate its discharge, but it is probably larger than the Wind river.
It occupies a hroad, shallow valley, filled with gravel bars and cut into
numerous channels, very similar to that of the lower part of the Wind river.
I t is said to rise in a large lake in the mountains, and its course is roughly
parallel to that of the \Vind river. It emerges from the mountains some sixty
miles above its junction with the Peel, and Rows for that distance through
a Rat wooded plain, unbroken by any mountains or hills, and underlain
probably to some extent at least by Tertiary rocks. As a result its water is
very muddy, and it discolours the Peel for some distance below. It was
ascended by Count de Sainville for a distance of about twenty miles, but
apart from the natives of the country, no other man has ever been far up it.

A sheet of ice occupies a large area at the mouth of Bonnet Plume river
and hot springs are said to exist near here. The ice sheet is probably due to
the constant flooding and freezing during the winter of the water from these
hot springs. A diligent search for the hot springs on the east side of the river
led to no discovery, but I afterwards learned that they were situated in the
angle on the west side of the stream.

Below the Bonnet Plume river the valley gradually contracts in width,
and from a distance appears to close altogether, until the entrance to the
lower canon is reached. Here the stream has cut a deep and narrow defile
through the low range of hills which borders the low Tertiary basin on the
east side. The banks of the valley quickly rise from a height of a hundred
feet to five hundred feet, and from this point down to within thirty miles
of Fort McPherson, a distance of 158 miles, the river Rows through the high
Peel plateau, cutting a deeper and deeper valley northward, until the banks
attain a maximum height of 1,000 feet.
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This lower canon is about two miles long. Its average width is 500 feet,
bordered by almost vertical walls of thick bedded black slates. At ordinary
stages of water it is not at all dangerous to navigation. Except at the en
trance to the canon, where a little rough water and heavy swells occur,
the stream though swift is perfectly smooth. The level of floods in the canon
is marked by piles of driftwood, stranded in bays and sheltereel spots, and
lies thirty feet above the ordinary level of the water.

About half way through the canon on the right hand bank a lopstick
stands to mark the position of two whirlpools, one on either side of the river,
which are said to be exceedingly dangerous when the water is high. On the
15th July these whirlpools were only slowly revolving currents and hardly
noticeable.

Below the canon the valley again widens to form a large basin four
miles long and a mile and a quarter wide; then gradually contracting again,
it turns sharply to the south, and follows a winding course easterly to the
Snake river. From the canon to the Snake river is a distance of about thirty
eight miles, and in this section the stream has a velocity often of eight miles
an hour, and seldom less than six. Swinging from one side of the deep valley
to the other, it cuts deeply into the soft shales and sandstone rocks, forming
steep cut banks, which are constantly dropping fragments of rocks into the
rushing stream below. These cut banks alternate with points of gravel and
boulders, which are sometimes clothed with a forest growth of spruce,
poplar and willows.

The plateau to the south is broken by some low ranges of north and
south hills, while to the north it is perfectly level, and carries on its surface
several muskeg lakes. It is everywhere forested and covered with moss, which
is always frozen a few inches below the surface. A few small patches have
been burnt, but on account of the wet or frozen condition of the mossy
surface these burnt areas never extend inland far from the river bank.

Between the Bonnet Plume and Snake rivers only a few small creeks
enter the Peel, drawing their water from the lakes on the surface of the pla
teau.

Snake River

The Snake river, which is also called the Good Hope river, enters the
Peel in the corner of the large elbow that the latter makes. It was originally
supposed to be the larger of the two titreams, and because its valley is a
continuation in almost a straight line of the Peel valley below, it was taken
to be the main stream. An estimate of its discharge, however, proves the
Peel to be almost four times as large. The figures obtained for the discharge
of the Snake river were 6,960 cubic feet per second, a considerably greater
volume than the Wind river, and probably also than the Bonnet Plume.
The river is supposed to have been explored by Mr. Bell of the Hudson's
Bay Company in 1839, and he speaks of the Snake river as the main stream;
but his sketch and description of the lower part of the Peel are so inaccurate,
that it is difficult to say how much faith to put in his account of the Snake
river. At its junction with the Peel, the Snake river, on July 21, had a width
of 350 feet, with a maximum depth of nine feet. The water is a dirty gray
colour, flowing at the rate of four miles an hour, and it occupies a valley
seven hundred feet deep and about half a mile wide.

The Snake river was explored for a distance of twenty-five miles, and
except that there was a slightly accelerated current and many islands, the
general character of the stream was unchanged. From one of the neigh-
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bouring hills its course through the plateau could be traced for about fifty
miles above the Peel, flowing in a northwesterly direction from near the
eastern border of the Ogilvie range of mountains. The valley has a caoon
like appearance, bounded by steep banks of fossiliferous soft gray and
reddish sandstones, which lie horizontally or are only slightly inclined.

The angle between the Snake river and the upper part of the Peel is
occupied by a wide timbered flat. On this spruce trees, tall and straight, with
a diameter of 24 inches were common. Birch is also fairly abullllant, but few
specimens attain a greater diameter than six inches. The other trees are
tamarack and balsam poplar with alders and willows.

Peel River (Conti.nued)

On mingling its waters with those of the Snake river, the Peel river
turns off sharply at a right angle to its former course, and down to Fort
McPherson trends a few degrees west of north. From the Snake river to
the Fort is a distance of 147 miles, and in this section there is little variation
in the general character of the valley. The valley itself has an average width
of one mile, the greater part of which is usually taken up with gravel bars
or wooded flats, and it is bounded by banks of clay, sandstone or shale,
which vary in height from 600 to 1,000 feet. The average velocity of the
run-ent gradually decreases, and though it frequently attains a speed of
eight it often drops to about two miles per hour.

For thirty-five miles below Snake river it has an absolutely straight
course of almost true north, when it bends gradually towards the west, and
flows in a general northwesterly direction as far as Satah river, being joined
on the way by GeOl-ge creek from the east, and Cariboo and Trail creeks
from the west.

George creek is an insignificant stream only about forty feet wide and
a few inches deep, having a brO\,vnish water probably drawn from muskeg
lakes to the east.

For some miles above George river the Peel river flows closely against
the eastern side of the valley, forming steep cut banks of clay and sand
stone 700 feet in height. These, when composed of clay or shale, form great
landslides, or where of firmer rock are constantly dropping blocks and
fragments into the stream below.

Directly opposite our camp of July 22, or about three miles above George
river, is what Mr. lsbister in his report called the 'Alum Hill'. Some epso
mite is here deposited as a thin coating on the clay wherever a little water
oozes out from the bank. A little of this white deposit of salt is seen all along
the river banks from the Snake river down to George creek; but it occurs in
greater quantity at the 'Alum Hill'. Some moose and carihou evidently
frequent the place for the sake of licking the salt. The plateau behind the
'Alum Hill', is much hroken and disserted by valleys and deep sink holes.

Cariboo creek enters the' Peel river from the west twenty miles below
George creek. It occupies a valley almost half a mile wide, and out of all
proportion to the amount of water Howing in it. It debouches by several
channels into the Peel river, none of whirh, however, are more than six
inches deep. The course of the stream could be traced southward for eight
or ten miles in almost a straight line.

From Cariboo creek to Trail creek is twenty-two miles by river. The
current here becomes noticeably slacker, and there are fewer islands and
gravel bars, the stream usually flowing in only onp channel instead of three
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or four as above. The banks of the valley become slightly lower, being about
six hundred feet on the east side and eight hundred feet on the west, and at
the same time the slopes are more gentle and more frequently wooded. The
plateau slopes easily away to the northeast, while it gradually rises to the
west. A stream of unknown name, about a hundred feet in width, enters
from the east about nine miles above Trail creek.

Trail creek itself is about the same width, (100 feet), flowing in a deep
and wide valley from the southwest. It is this stream that the Indians
ascend in making their traverse across country to the mouth of the Bonnet
Plume river. At this point the swift water in the Peel river begins, in going
up stream, and they leave their canoes here and walk across country. Trail
creek itself is not navigable.

Satah River

Twenty miles below Trail creek Satah river enters from the east. The
stream here has an average velocity of two or three miles an hour, and
consequent on this growing slackness, gravel beaches are being replaced by
others of sand and clay. Deposits of silt and mud have accumulated in places,
and these are occasionally cut into by the stream, exposing sections con
taining roots, stumps of trees and other material imbedded in frozen muck.
Beds of peat too are common.

Four miles above Satah river a small stream enters from the west and
directly opposite are the first recent signs of human occupation that we have
seen since leaving Beaver river. These are fish stages, and low huts built of
bark, logs and clay, looking very much like so many dog kennels.

At Satah river the Peel emerges from the high plateau, and enters
what is probably the coastal plains of the Mackenzie river. The transition
from the one to the other is very abrupt, and the escarpment of the plateau
is about GOO feet high. The northern face of this escarpment, where the Peel
river CLlts through it, forms a semi-circle which is about ten miles across the
base, and the stream after issuing from it skirts along the base of the western
arm of the arc. This side of the escarpment has a maximum elevation of
one thousand feet above the river, while on the east side this level decreases
gradually, until about ten miles away it is only four hundred feet. En
closed in this arc is a level lake coun try, underlaid by soit sandstones, and
dotted everywhere with lakes of all sizes up to five miles in length. Satah
river, which is a sluggish stream about 120 feet wide, drains this lake
country, entering the Peel as it emerges from the plateau.

Directly west of Satah river, and at a distance of about twenty-five
miles is a range of high snow-covered peaks which McConncll calls the main
range of the Rockies. These gradually decrease in height to the south, be
coming the low rounded range that crosses t1w Peel at the upper canon.
The plateau extends LIp to the base of this range, the evenness of its surface
being broken hy several low north and sou th ridges lying parallel wi th the
range of mountains.

Below Satah river the stream makes a wide bend to the west, to avoid
which a short cut across country is made in the winter time. From here to
Fort McPherson is fifty-three miles, during which uistance the stream flows
with an even current of about two miles an hour between low banks of clay.
Bluffs of sandstone occur here and there. Few islands interrupt the course
of the stream, and the average width is about six hundred yards. The stream
skirts along the eastern face of thE' plateau escarpment, sometimes cutting
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through the projecting points or outliers of it, until as we approach the
Fort, it gradually leaves it altogether never to touch it again.

Five streams join the Peel in this section, two from the east and three
from the west; the largest of these, which is also the largest tributary below
the Snake river, enters from the west twen ty-seven miles above the Fort,
and is called by the Indians, Road river. This stream, rising in the mountains
to the west, is very swift, cutting a deep valley in the high plateau. It has
a width at its mouth of about 100 yards.

From Road river down to Fort McPherson several encampments of
Loucheux Indians were passed, the first seen since leaving Lansing creek.
These spend the summer along this part of the river in fishing and drying
the whitefish they catch for their winter's use.

Fort McPherson

Fort McPherson, which stands on the east bank of the river, is the most
northern trading post of the Hudson's Bay Company. It consists of the
Company's buildings and some houses belonging to the Church of England
Mission. These latter are now being occupied by a small detachment of
North-west Mounted Police, consisting of half a dozen men under Inspector
Howard. There is also another fur trader who has lately started in business.

A careful estimate of the discharge of the Peel river was made at Fort
McPherson on the 31st of July, when the level of the water was abou t a
medium stage. Though the water mark of the spring freshet is thirty feet
above the level in July, the Peel river keeps at a fairly uniform level all
summer, and scarcely falls more than three or four feet below the level when
the discharge was taken. The figures obtained for the discharge were 49,206
cubic feet per second. The average velocity is about two miles an hour,
and the greatest depth fifteen feet.

Fort McPherson stands on a bank seventy-five feet above the water,
and this is the last high land on the river banks. Below this is the flood plain
of the great Mackenzie delta, in which all, or nearly all, of the land is sub
merged in the spring floods. The southern edge of this delta is a line drawn
from the Fort to Point Separation, and marked by several Iow ridges similar
to the one on which the Fort stands. From Point Separation the trend of
the higher land is northward skirting along the east side of the eastern chan
nel of the Mackenzie, and culminating in a Iow range of hills called the
Reindeer hills beyond Campbell river. West of the Peel river the margin
of the delta is the eastern face of the high escarpment mentioned before,
which trends slightly west of north from Fort :vI cPherson, crossing the Rat
river below the mouth of Long-Stick creek, and gradually approaching the
range of mountains west of it, until it merges with this range and dis
appears at the base of Mount Goodenough. The boundary of the delta north
of this is then the base of the mountain range.

Below Fort McPherson the Peel river flows in a straight line northward
for twelve miles. I t then divides the eastern channel which is a travelled
route and has been surveyed by Messrs. McConnell and Ogilvie, joining
the Mackenzie river by two mouths another twelve miles beyond.

The western channel, which locally goes by the name of the Huskie
river, follows along the western edge of the delta and only joins the Macken
zie waters ninety miles below. There are two large channels of the Peel
river between the extreme eastern and western ones, and several smaller
ones, all of which would have taken more time than was at our disposal to
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survey, so that a survey was only carried down the Huskie river and up
one of the middle channels.

Huskie River

The Huskie river or western branch of the Peel, has a variable width
of from 75 to 200 yards, due to the fact that it is constantly sending off
and receiving tributaries from either side. Its current is about one mile per
hour, and it is bordered by banks twenty-five feet in height composed of
alluvial clays and sands. It is exceedingly crooked, meandering in an ex
asperating manner over the level floor of the delta. The banks are wooded
with willow and alders, with some spruce, which latter gradually decrease
in quantity northward until 125 miles below McPherson they disappear
al together.

The south branch of the Rat river, which Ogilvie mapped in 1887,
flows into the Huskie river thirteen miles below Fort McPherson, and it was
this stream which all the prospectors followed in 1898 on their way across
to the Porcupine river.

The central branch of the Rat river joins the Huskie river twenty-one
miles below the south branch, and a smaller branch comes in four miles
below this. A survey of this central branch was made to connect with
Ogilvie's of the south branch, but the northern branch was not explored.

Sixty-three miles below Fort McPherson, the Huskie river approaches
within two miles of the base of the Rocky mountains, and here an Indian
hunting trail leads into the mountains. An excursion was made to the summit
of Mount Goodenough (3,000 feet), from which a good view of the delta was
obtained. Under good conditions one is able to see the Arctic ocean from
here, but, owing to the hazy condition of the atmosphere, this was impos
sible at that time. Through the delta several channels of the Peel and Mac
kenzie can be seen meandering in a very crooked manner; but the most
striking feature is the countless number of lakes, large and small, that
cover the surface of the delta everywhere. The whole delta is flooded with
water in the spring time, and these lakes are probably then filled, while
small streams drain them during the rest of the season.

The delta is heavily wooded with spruce as far north as latitude 68°
30', where it gradually dies out, and only willows and alders remain. These
extend northward nearly to the sea, where the recen tly formed land is
utterly devoid of any vegetation whatever. As the new land of recent years
is formed and extends seaward, the land formed in earlier years is covered
with a group of young willows, while the older land still is marked by a
forest growth of larger willows and alders as well as spruce, so that the age
of the land can be reckoned by the age and character of the forest growth
on it.

Topography of the Peel River District

The topography of the coun try through which the Peel river flows
is simple, and has been occasionally referred to in previous portions of this
report. Above the lower canon and as far up probably as Aberdeen falls,
it occupies a wide basin almost completely surrounded by low ranges of hills.
Inclosed in this basin are a number of round topped hills or groups of hills,
whose origin is due either to faulted blocks or uplifted anticlines. Along the
eastern edge of the basin, and occupying a shallow depression in it, is a large
area underlaid by Tertiary rocks. These must have been deposited in an
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inland sea whose boundaries were the encircling hills, and whose outlet was
probably by the lower canon of the Peel river.

Leaving the Tertiary basin the Peel cuts a deep and narrow gorge
through the hills bounding the basin on the east, and enters again the pla
teau region. Through this it flows for 130 miles, cutting a deep valleysome
times a thousand feet deep into the clays, shales and sandstones. Looking
over the plateau from anyone of the bordering hills, it appears to be per
fertly flat, and shows an unbroken sky-line that is uniformly level; but in
reality it is made up of several long and gentle undulations, which are per
ceptible only by careful measurements of the height of the banks of the
valley. These undulations have a general north and south trend, lying paral
lel to the range of mountains against which the plateau abuts to the west.
The plateau has a long gentle slope to the northeast towards the valley of
the Mackenzie river, while to the north it appears to. break off sharply,
forming a steep escarpment overlooking the coastal plain. The Peel river
breaks through the escarpment at Satah river and enters the coastal plain,
though it follows closely the base of the escarpment for several miles below.

Below Fort McPherson is the delta of the Mackenzie river, through
which hranches of both the Peel and Mackenzie rivers ramify in all direc
tions. The delta covers an area of about 100 miles from north to south, with
a width of from twenty-five miles across the south end to sixty or seventy
miles across the north. Overlooking the delta from the west side is the
northern extremity of the Rocky Mountain system, which extends down
to the Arctic coast. Although interrupted in its course northward from the
United States boundary line Ly several cleep valleys and streams, ancl called
by different names in different parts of the country, the continuity of this
range is practically unbroken, and these mountains west of the delta are
really the northern extension of the same range which crosses our sOllthern
boundary line. At the delta they rise abruptly to a height of 2,000 feet, and
in many parts of the eastern face are inaccessible. Their summits here have
thE' appearance of mature dissection in being wdl rounded and graded. The
highest points are little more than 3,000 feet in height, and this elevation
gradually decreases towards the north.

Glaciation in the Peel River District

Reference has already been made to the glaciation in the section of
the Peel River watrrshed enclosed by the foothjJl ranges. On the plateau to
the north and west of this, that is, below the lower canon of the river, apart
from the fact that there has been glaciation to a certain point northward,
very little information to supplement McConnell's deductions as to the
glaciation on the lower part of the Mackenzie valley was obtained.

Heavy deposits of boulder clay occur in what are probably preglacial
depressions near the mouth of Snake river. One section exposed shows 150
fert of dark boulder clay containing boulders of limestone, quartzite, con
glomerate and sandstone, all of which were undoubtedly derived from the
ranges to the south and southwest. Below Snake river boulder clay lies on
the underlying rocks only here and there in patches, and always very thin,
scarcely ever exceeding ten feet in thickness. Sections of the Peel valley often
show beds of peat occupying the surface, and lying directly on the Cre
taceous sandstones wi thou t any in terven ing glacial drift. Other sections show
five or six feet of rusty gravel separating the peat from the sandstone.
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On the slopes of the high plateau west of Satah river are numerous
landslides exposing a clark clay which carries rolled gravel and boulders.
This slope is also broken by two benches, one at a level of 50 feet above the
river, and the other at 500 feet. On each of these is the same dark clay
holding rounded pebbles. On the top of the plateau, which is entirely devoid
of timber for some distance inland, a white clay appears lying in round open
spaces three or four feet in diameter and fringed with moss or grass. Scattered
over these open clay spots are q uan ti ties of small pebbles. 1 have noted the
same occurrences on the barren lands, and they have also been mentioned
by other explorers in the same region.

In the mountains near the mouth of the Snake river, rolled pebbles
were found at a height of 1,600 feet above the level of the stream; but on
:Mount Goodenough, west of the :vIackenzie delta, water-worn pebbles and
boulders of gneiss were found on the summit, which is 3,000 feet high. The
summit of this mountain is thickly strewn with pebbles, and on ils south
side at a level of 2,400 feet there is a very heavy deposit, resembling a terrace,
of gravel and boulder, both of limestone and glleiss. This rests directly on the
broken quartzite flags which constitute the country rock.

Evidence of a small mountain glacier on the cast face of Mount Goode
nough was seen in a deposit of block boulder clay; no existing- glaciers, how
ever, were seen in that region. The slopes and summits of the range are well
rounded and have the appearance of mature erosion, though parts of it over
looking the delta break off sharply and present steep and inaccessible cliffs
to the eastward.

The few facts observed point to a northerly movement of the ice, for
the boulders in the clay of Snake river were evidently drawn from the
mountain ranges to the south and southwest. According to McCoIlnell's
theory, the ice from the Arch<ean gathering ground to the east of the Macken
zie river poured westward through the gaps in the mountain on the east side
of the river, until it reached the main axial range, and was then deflected to
the northeast down the valley of the Mackenzie to the sea. From the moun
tains to the west only large valley glaciers, from 1,500 to 1,800 feet in depth,
issued from the valleys, and spread over the surface of the plateau moving
slow Iy northward and perhaps slight! y eastward, un til they met and merged
with a northwestward moving sheet of ice from the Arch<ean highlands to
the east. The valley glaciers, after leaving the mounlains and spreading over
the adjoining country, probably covered and rounded off the tops of nearly
all the mountains in the foothills belt, leaving only a few nunataks here
and there wi th an elevation sufficien t to protrude through the ice sheets.

On account of the softness of the rocks, and the universal covering of
moss, glacial striae are never seen on the plateau itself. On the south side of
:\ifount Goodenough, at an elevation of 1,500 feet, grooves and scourings
which may be due to glacial action were noticed Oll a saddle-backed ridge.
These have a bearing of N. 20. W., but vvhether caused by a small mountain
glacier, or by the icE' sheet whirh lilled the :VIackenzie valley, it is difficult
to say. The weight of evidence appears to be in favour of the former cause.

Between the base of :Vlount Goodenough and the Huskie river, and at a
distance of about a mile from the river, remnants of an old beach occur.
This appears as an abrupt rise of twenty feet above the floor of the delta
plain, or forty-five feet above the level of the water, and probably marks
a former shore line of the Arctic sea.
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Geology of Peel River

The upper canon of the Peel river is cut in a series of tilted black slates,
often dipping up stream. The strata of which it is composed, are alternately
thick and thin bedded containing concretionary nodules with crystals and
veinlets of pyrite and some bituminous matter disseminated through the
rocks. This formation extends for a distance of three-quarters of a mile be
low the mouth of the Wind river, where it is replaced and overlaid by
Tertiary clays and sandstones. The contact is not so well shown on the Peel
river as it is on the Wind, though the unconformity between the two is
plainly evident. These slates outcrop again fifteen miles below in the lower
canon of the Peel river, so that they bord('r the Tertiary rocks both to the
east and to the west. A small outcrop of bituminous limestone, overlaid by
the red clay and sandstone of the Tertiary, is exposed one mile below the
canon on the sou th bank of the river.

When cut through by the Peel river, the Tertiary basin is thirteen miles
in width. The rocks of this basin consist of thick beds of soft sandstone,
with some thin seams of lignite, overlaid by more sandstone containing
pebbles, with clay and some very thick beds of lignite. The whole series has
been gently folded into a number of anticlines and synclines. One lignite
bed near the top of the series is thirty feet in thickness and fairly persistent,
appearing in two exposures four miles apart with a shallow syncline be
tween. This bed rises in an anticline, the top of which has been truncated
by later erosion, and beyond, it dips again and disappears beneath the bed
of the Bonnet Plume river. \i\There it appears in the anticline it has been
ignited by some cause or other and is now burning. I t has been burnt for
some distance along the bank of the river, and even across to the east side
of the Bonnet Plume river, and has so undermined the overlying glacial
drift as to cause extensive landslides. The large seam of lignite contains a
fair quality of brown coal, which when dry burns readily, leaving a great
deal of ash. The upper layers are separated by thin seams of clay, but
the lower part is very pure. The heat of the burning lignite has baked the
layers of clay to a bright brick red, which softens and dissolves in the water.
Some of it turns a pure white or pinkish colour and is very hard.

Underneath the thirty-foot lignite seam, and separated from it by a
thick bed of sandstone, is another seam eight feet in thickness. The whole
is covered hy about forty feet of gravel and glacial drift.

At the entrance to the lower canon the Tertiary rocks are replaced by
the same series of slates as appear in the upper canon. This canon is about
two miles long. The slates here stand in a more vertical attitude than in the
upper canon, and strike about northwest. They have been very much
crushed and crumpled and many faults appear, while the rock itself has
been greatly sheared and hrecciated. The lime in the rocks has crystallized
out into calcite, and now appears as thin veins ramifying all through the
series. The texture of the rock is exceedingly fine-grained, so that its com
ponent crystals cannot be distinguished even with a magnifying glass. It
contains a large percentage of iron in the form of pyrite, and also some
bituminous matter. The series have a banded appearance due to the weather
ing of some beds "vhite and others black.

Half-way through the canon a crystalline limestone, which apparently
forms the base of the series, has been brought up to the surface in a steep
anticline, and forms a narrow band thirty feet in width. The same
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limestone is again exposed at the lower end of the canon, where the overlying
slates have been thrown upwards at an angle of 45° and eroded away. They
appear again north of the limestone, but dipping at a lower angle and
showing less the effects of metamorphism. There is probably a fault here,
otherwise it would appear as if the limestone overlaid the slates. A short
distance below the canon, the slates are replaced by shales, which dip
at a lower and lower angle to the south, until two miles below, they are
entirely disturbed and lie horizontally.

Though a diligent search for fossils was made in both canons, none were
found, either in the slates or the limestone, and these rocks are placed in
the Devonian merely from their lithological resemblance to rocks on the
Mackenzie river which have heen referred to that period.

The slates of the lower canon occupy a belt some two miles wide and
were noted on the hills two miles south of the canon. The same formation is
probably continuous through the range of hills, which stretches northward
for many miles from the canon.

From the lower canon to the Snake river, the river cuts a deep valley
500 to 700 feet in soft shales and sandstone of Cretaceous age. A section of
the bank five miles below the canon shows about 200 feet of yellow and red
shales, which towards the base are interbedded with layers of sandstone,
resting on massive sandstone fifty feet in thickness. Underneath is about
150 feet of rusty, pyritous shales, very fissile. Overlying all is the glacial
drift with a depth of about forty feet. Farther down the stream the banks
consist principally of sandstone, with thin beds of shale interposed hetween
sandstone beds. In parts the sandstone contains concretions, many of which
are ten feet in diameter.

Apparently the river in this portion cuts through a low anticline, for
in the upper part the dips are all up stream and westerly, while near Snake
river the dips are in the opposite direction. Towards the centre of this anti
cline the strata show a good deal of evidence of pressure. A few minor folds
occur, and there are several faults. These latter are usually thrust faults,
due to contraction and pressure rather than tension.

The Snake river has a deep and narrow valley cut into soft, gray argil
laceous sandstones, which lie horizontally or dip at a low angle to the east.
The sandstone is massive, but the beds are separated from each other by
thin seams of a harder red weathering sandstone wihch contains many fossils
of Ammonites.

Two miles above the mouth of the river a small creek enters from the
west. This has cut a deep canon in the soft sandstone, affording a good sec
tion. One-third of a mile up the creek are some mineral springs, the water
of which gives off a strong odour of sulphuretted hydrogen, while the logs
and boulders in the stream are coated with the white substance which is
usually found with all sulphurous springs.

South of the mouth of Snake river is a range of hills, whose highest
points are about 2,000 feet above the river. This range is built up of hard
gray sandstone very similar to the sandstone of the Snake River valley, only
a little more indurated and approaching to a quartzite.

The fossils collected in the sandstone of the Snake river have been
referred by Dr. Whiteaves to the Cretaceous period (see page 205).

Below Snake river the Peel river bends sharply to the north, and down
the Satah river, in its course through the plateau, flows parallel with the
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strike of the gentle undulations in the plateau. In consequence there is little
variation in the character of the rocks..\rgillaceous sandstones, with inter
stratified beds of clay in the upper part of the river, merge gradually into
sections in which the clay occupies a large portion, or changes to shale. In
parts the sandstone conlai ns large concretions. In others it exhibi ts that
peculiar structure due to pressure known as 'cone-in-cone'. Some of these
pressure figures have a diameter of fifteen inches, and are either cone-shaped
or bottle-shaped. On breaking them open the centre is seen to contain crystals
of pyrite and marcasite. The surface of the cone peels off in layers like the
layers of an onion, and the different layers are longitudinally striated and
slickensided. The structure is supposed to be due to pressure upon con
cretions in the course of formation.

The clay beds gradually increase in thickness northward, until they pre
dominate over the sandstones, when, they too, become shaly. As already
mentioned, these beds at the Snake river are coated with a white crust of
epsomite and above the mouth of the George river this coating hecomes
more pronounced.

Six miles above C'ariboo creek is a small exposure of reddened clay
shale, which, however, does not appear to be continuous, and immediately
below this some lijSnite float was found on a bar, though the bed from which
it was derived was not noticed.

Soft shales, often pyritous, occupy a larger section of the banks below
Trail creek, and are associated with a sandstone which carries many frag
ments of c\mmonites. The strata are entirely undisturbed, and the water
frequently cuts steep banks which are 600 feet in height. Landslides have
frequently broken the banks of the valley into a succession of irregular steps,
giving the appearance often assumed in banks formed of the Pierre shales.

On leaving the plateau region at Satah river, the river enters a low lying
level country, underlaid by soft sandstones and some conglomerate. Ten
miles below Satah river cliffs of this sandstone one hundred feet in height
appear on the east bank of the stream, and opposite our camp of July 26,
the following section was measured;

Feet
Soil and peat. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Rusty consolidated gravels. . . . . . . . . . . . . . . . . . . . . . . . . 5
Soft gray sandstone, massive. . . . . . . . . . . 50
Fossiliferous green sandstone. 20
Soft gray sandstone with concretions, also fossiliferous. 25

120

The rusty gravels of this section rest uncomformably on the soft gray
sandstone beneath. Three miles helow, the gravels disappear, and the peat
rests on the sandstone. The green sandstone consists of some layers which
are made up entirely of fossils of a varif'ty of Tellinidae, and are the same
as rtppear in the sandstone of Rat river below the mouth of Long-Stick river.

Opposite the mouth of Road river a fine-grained conglomerate underlies
the sandstone. The conglomerate is made lip of a large percentage of sand
stone blocks with smaller waterworn pebbles and some lignite fragmenls in
a matrix of white siliceolls sand. c\t the top it passes gradually into sand
stone.

A pilJar of rock, called by the natives 'Shiltee', eleven miles above Fort
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McPherson consists of coarse siliceous sandstone which weathers to a rusty
brown and breaks down into a coarse sand. It is twenty feet in height,
standing on a hill 300 feet above the river. An interesting Loucheux legend
is connected with the history of this pillar. There were originally three
pillars, standing as a warning to the Indians as a result of the disobedience
of three giants who were turned to stone. Two of these pillars have fallen
through the action of atmospheric agencies, and serve to illustrate the
rapidity with which such changes take place in a country where there are
such extremes of temperature.

As far as Fort McPherson a few isolated hills appear on either side of
the bank, exposing the same sandstone as appears at 'Shiltee', but at the
Fort this changes to a soft, dark and rusty shale. The sandstone is apparent
ly the same as occurs in the Lower Ramparts of the \fIackenzie river, and by
the description the conglomerate of the kamparts is also identical with that
of the Peel river.

The bluff on which the Fort stands, like many others in that section, is
quite isolated and completely surrounded by the alluvial deposits of the
delta formation.

Below Fort McPherson only alluvial sands and clays are exposed in the
river banks, which are now scarcely twenty feet in height. Cut banks are
very common, and these show the sands and ,lays overlaid by muck and
vegetable matter, all of which is frozen. Cracks and fissures in this have
become filled with ice, and wherever the sun's rays beat on them for a while
the whole is constan t1y thawing and breaking down. As the upper layers of
this alluvial deposit contain many roots and trunks of trees which serve to
bind them together, they do not fall until the underlying beds have been
washed away, or until they overhang far enough to be unable to support
their own weight. These alluvial deposits are being built up year by year,
at the time when the streams are in flood, and inundate the whole delta,
and they deposit their load of sediment on the submerged surface. The
small streams too, Rowing in from the mountains to the west, carry down
and deposit annually, a great deal of sediment on the borders of the delta.

Mount Goodenough and McDougal Pass

An excursion was made into the mountains to the west of the delta, and
up to the summit of Mount Goodenough. Afterwards in ascending the Rat
river, a section of the mountains through McDougal pass was also obtained.

The base of \flount Goodenough lies two miles back from the river.
I ts eastern face is exceedingly steep, so that a long detour up one of the
creeks is necessary to make the ascent from the south side. The mOllntain
range here is made up of horizontal or only slightly folded strata, and charac
terized by flat or gently rounded tops. Mount Goodenough is 3,000 feet in
height; but some elevations to the west of it may slightly exceed this. To
the north and northwest there is a gradual decrease in elevation, until the
range dips down to the Arctic oc:ean west of the mouth of the Mackenzie.

The geology of the range is not complicated. At the base is a thick series
of black shales, which towards the top contain beds of very hard clay iron
stone. These weather red, and the ou tcrop can be traced by its colour for III i les
along the eastern face of the mountains. These red beds contain remains of
Ammonites, while the underlying and enclosing black shales are also fossili
ferous. The shales are gradually replaced upwards by argillaceous sancl-
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stones, and these again by siliceous sandstones. These latter become meta
morphosed to quartzites and constitute the upper members of the series.

Though the mountains rise abruptly from the floor of the delta, the
strata have only a very low dip to the east. Farther to the west they have
been more closely folded and frequently faulted. These strata are persistent
up the Rat river and across to the Bell river, and have been folded into a
series of anticlines and synclines, the whole section being an anticlinorium.

Economic Geology

The rocks of the Peel river below the Wind river are not likely ever to
be productive in minerals of economic interest other than coal and lignite.

In panning for gold on a bar on the Peel river above the mouth of the
Wind half a dozen fine colours were obtained, showing that this stream
contains more of that metal than the Wind river. Gold is reported to have
been found by the Indians in the gravels of the Bonnet Plume river, and
some specimens were exhibited; time, however, did not permit us to sub
stan tiate this report. This stream certainly carries a great deal of magnetic
sand in its gravels, and for that reason it goes by the name of the Black
Sand river among the Indians. A report is current that a certain prospector
picked up a pebble of quartz, which showed some free gold, on a bar in the
Peel river about thirty miles below the mouth of the Snake river; but if
this is true, the specimen must have been carried there from beyond any
part of the river that we were on, and was certainly not derived from any
rocks near there.

Iron ore occurs merely as float in the wash of both the Bonnet Plume
and Snake rivers. The ore is magnetite and hematite associated with red
jasper. The float is widely spread over a great part of the Peel River basin.
Mr. Keele found it in large blocks on the Rackla river on the Yukon side of
the divide, and it occurs in the wash of Bear river, so that a very extensive
deposit of the ore must be situated in the mountain range towards the heads
of these streams.

Mineral springs, containing sulphur, occur on a small tributary of the
Snake river two miles above the Peel, and small quantities of this mineral
are deposited on the boulders in the bed of the stream.

Seams of lignite occupy extensive areas in the rocks of the Tertiary basin
at the Bonnet Plume river. The largest seam noted was thirty feet in thick
ness, another was eight feet, and several varied from two inches to ten.
The lignite is not of very good quality, and has been burnt in many places
by the fires which have been in existence for many years. Lignite also occurs
a few miles above the mouth of Cariboo river, and also in the canon of the
Rat river above the mouth of Barrier river. Many sections of the Peel
plateau below Snake river show beds of peat resting on the clay or sand
stone, sometimes as much as twelve feet in thickness.

A fissure vein of bituminous coal three feet wide occurs on the right bank
of the Peel river ten miles below the lower canon. It cuts directly across the
beds of sandstone and shale, standing vertically and striking 295°. I t is very
light and soft, burning readily with a red flame, and leaving very little ash.
Its origin is probably the bitumen that occurs in the shales and some of
the associated sandstones across which it cuts.

The slates and associated limestone occurring in the upper and lower
canons of the Peel river are more or less petroliferous, and afford indications
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of the presence of oil. Tar oozes out from these rocks in several places, and
at the mouth of the Wind river the slates have been reddened, probably
by the combustion of the oil which they contain.

Game and Fish

Moose, though found over the whole region explored as far as the delta
of the Mackenzie river, are never as abundant as they are on the Yukon
side of the divide, and on the Peel river itself are rather scarce.

Caribou are plentiful everywhere in the vicinity of the mountain ranges,
some even being found on the plat.eau.

Bears, both black and grizzly, are plentiful near the summit of the
divide, and numbers of them were seen all the way down the Peel river,
and particularly on the Mackenzie delta and in the mountains to the west
of it.

Numbers of white mountain sheep were seen on both Braine and ::-rash
creeks. In the mountain section of the v.,'ind river several of them were
encountered on the banks of the stream, as well as the slopes of the valley.
A small band was seen on Mount Goodenough west of the Mackenzie delta,
and they are said to be abundant in the mountain range to the west of this;
so that the range of this animal covers the whole district explored.

(;rayling in the mountain sections, and whitefish, inconnu and pike in
the lower parts of the district are the common fish of the country explored.

The Peel River district is inhabited by the Loucheux tribe of Indians,
who trade with the Hudson's Bay Company at Fort McPherson. These
obtain their living entirely hy fishing in the summer, and trapping and
hunting caribou in the winter. They make no attempt to build houses, and
the cultivation of the ground is impossible, as the surface only thaws out
during the summer for a few inches.

~otes on Fossils by Dr. Whiteaves
A. Apparently of Devonian age.

Favosites. Fragment of a massive corallum in which M r. Lambe thinks
he can detect septal squamulae. ]\0. 1, BrainE' creek.

Productella. Gibbons ventral valves of a small species of produ,tella,
with coarse simple or bifurcating radiating ribs.

No. 2. Summit of Braine pass; and Braine pass Nos. 3,4, 5, 7 and 8.
Atrypa reticularis. Braine pass, number not stated. Impressions or

natural moulds of the exterior of portions of two specimens of a orachiopod
that may be A. reticularis, are labelled Braine pass No. 6.

B. CretaceolLs species.

Imperfect specimen of the shell of a strong Convex and very inequi
lateral lamellibranchiate bivalve, rather like Panopoea or Pleuromya in
shape, but with the valves apparently closed, not gaping, behind. Peel
river No. 2l.

Thracia. Three small and imperfect specimens that seem to be referable
tu this genus.

Tellina (?). A few tolerably good specimens of a compressed subovate
bivalve shell, with very thin test, which may be referable to the Telli11idae,
or possibly to the Veneridae. But none of these specimens show the hinge
dentition or muscular impressions.
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Inoceramus. The specimen labelled No. 10, though imperfect is large,
but the other specimens are mere fragments. Snake river ~os. 9, 10, 11 and
12.

Ammonite No. 1. Large crushed fragments of a smooth species with a
narrow venter and umbiliclls. Apparently a Desmoceras and possibly most
nearly related to smooth variety of D. affine from the Peace and Loon rivers.
Peel river No. 22.

Ammonite .Vo. 2. Cfr. Desmoceras Liardense, \V., from the Liard river,
which was first described by Dr. \Vhiteaves as Placenticeras (Perezianum?
var.) Liardense, in contr. to Canad. Palcent., vo!. 1, p. 15R, pI. XXI fig. 1,
but which has since been doubtrully referred to the genus Desmoceras.

A worn fragment of a cast of less than half a volution. Venter and
umbilicus both apparently narrow; radiating ribs low, broad and bifurcating
or trifurcating. Peel river ~o. 16.

A small and very badly preserved specimen perhaps of the same species
as the preceding, is labelled Peel river No. 17.

Ammonite No. 3. Fragment consisting of a rough cast of the interior
of one of the septal ,hambers. Quite indeterminable even generically, but
evidently different from No. 1 and 2. Peel river No. 1~.
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Introductory l:'iote

In 190() Dr. :\. P. Low was DC'puty Nlinister of the Department of
Mines and Director of the Geological Survey of Canada. His Summary
Report for that year includes the following notes (page 17) relative to field
work in the Yukon:

"Mr. R. G. McConnell, assisted by Mr. ]oseph Keele, geologist, and
Messrs. F. H. Maclaren and F. O'Farrell, was engaged in measuring the
volume, and estimating the v~dues of the high level gravels in the Klondike
district. This difficult work has, I am pleased to say, beell successfully per
formed. There has not yet been time to prepare all the available data for
the writing of a report on the matter, but as soon as the necessary calcu
lations can ue made a pamphlet on the subject will be issued.

"Mr. D. D. ('airnes spent the season in the southern part of the Yukon,
where quite a variety of valuable economic mineral deposits have been
found and, although quartz mining has just commenced, it is progressing
rapidly and in spveral localities. Considerable work is being clone on the
\iVindy .'\rm silver and gold properties with very good results indeed. Also
about 700 claims were located on mineralized 'luartz veins about fifteen
miles west of the \iV.P. and Y. R'y. between Caribou (Carcross) and Robin
son.

"Recent developmen ts on the extensive copper deposi ts west of vVhi te
horse have shown them to be richer than expecteJ. Adding to this the f<lct
that there is plenty of available anthracite and bituminous coal in ('he
vicinity, the future looks bright indeed for this district."

KLONDIKE DISTRICT
by R. C. McConnell

The season's work consisted in measuring the volume and estimating
as closely as possible the gold contents of the high level gravels bordering
Hunker and Bonanza creeks. In this work I was efficiently assisted by ]os.
Keele, geologist, and F. H. Mac1aren and F. O'Farrell, topographers, all of
the Geological Survey staff. I was also fortunate enough to secure the services
of such experienced miners as Robert Henderson, the discoverer of the
Klondike gold fields, and A. B. lVIcDonald.

In the course of the season all the important bodies of bench gravels
along Hunker and Bonanza creeks, and the lower Klondike river, were
measured as accurately as conditions permitted. The heavy covering of moss
and muck which mantles most of the district rendered th(' definition of the
back line of the gravels in a few places somewhat uncertain, but on most of
the hills the outlines of the gravel areas could be closely followed by means
of prospecting shafts.

The rocker was employed to obtain the gold values in the gravels.
About 350 samples, measuring in most cases a quarter of a yard each,
were rocked during- the season. The samples where possible were taken in
columns six feet in height. \iVhere the gravels were shallow several contin
uous sections from the bottom to the top of the deposi t were washed at
intervals along the face. In the deeper deposits continuous columns of the
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lower gravels only were washed. ~\.bove a height of thirty-six feet, samples
were taken at intervals of about twenty feet.

In estimating the gold contents of the various gravel deposits due al
lowance was given to the statements of miners in regard to the values ob
tained in drifting and hydraulic operations. In most cases the values given
agreed very closely with the results of our own work.

No attempt was made to sample the once rich pay streak running
through the upper Bonanza Hill gravels. The pay streak in all these hills has
been drifted out more or less completely, only occasional pillars and small
areas of ground which the miners were unable to reach remaining unworked.
These contain the principal values, but their distribution is so irregular
that it was considered a closer estimate could be formed by generalizing
the results of the various hydraulic operations now in progress than by a
limited amount of sampling done by ourselves.

In addition to the Hunker and Bonanza Hill gravels, tests were made of
several areas of bench gravels along the Klondike below the mouth of
Hunker creek.

Field work was completed at the end of September and Messrs. Mac
laren and O'Farrell immediately left for Ottawa, and have been engaged
since their arrival in working out the volumes of the various tills. This
work, and the estimate of values which depend on it cannot be completed
in time to appear in this year's summary report but will be published later on.

:Vlining on the Klondike creeks is at present in a transition stage. The
individual claim-owner is being gradually replaced by companies owning
groups of claims and working them with expensive plants. The fabulously
rich placers which make Eldorado, Hunker and Bonanza creeks famous
have been mostly drifted out and the gravels which remain are too lean, as
a rule, to be worked with much profit by the early pick and shovel methods.
The necessity for a more economi, treatment of the gravels has been met
by the introduction of dredges on the creek and river Rats, and hydraulic
plants on the hills. During the past season four dredges were at work in
the district and three others were in course of construction. Dredging in
the Klondike where the gravels are thawed presents few difficulties. The
gravels are very uniform in size and include few large boulders. The shat
tered bedrock is also easily excavated by the buckets.

The hydraulic miners have had to depend so far on a small intermittent
supply of local gravity water, or on water pumped up from the creeks, and
no large plants are consequently in operation.

The insufficiency of the local supply has induced the Yukon Consoli
dated Company to undertake the construction of a ditch and pipe line
designed to bring water from a point on Twelvemile river to the camp.
The line has a length of fifty-eight miles and a capacity of over 5,000 miners'
inches. v\"hen completed it will add greatly to the productiveness of the district.

With twenty-five miles or more of proved dredging ground in the valley
Rats and tens of millions of cubic yards of low grade but still workable gravels
on the benches profitable mining on the Klondike creeks is assured for
many years.

Dominion, Sulphur and Quartz creeks 011 the Indian River slope were
Ilot visited during the season. The valleys of all these streams still contain
considerable unworked areas of medium grade drifting ground. Quartz
creek also is bordered for a couple of miles by an important white channel
deposit only partly drifted out.
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EXPLORATIONS IN A PORTION OF THE YCKON,
SOljTH OF WHITEHORSE

by D. D. Cairnes

I left Ottawa on May 18, with instructions to proceed to the southern
part of the Yukon to investigate primarily, the economic resources of certain
areas and, incidentally, to gather as much information as possible concerning
the general geology and natural resources of the district, and to make such
surveys as were required for a map to accompany the work. During the
season I was very ably assisted by Mr. H. Matheson.

Windy Arm, Tagish lake, was reached by the usual route and after
surveys were completed in the vicinity horses were procured from \iVhite
horse and work commenced to the north. Just at this time some discoveries
of rich gold- and silver-bearing quartz were reported from about fifteen or
twenty miles west of Robinson, which is about twenty miles north of Caribou
crossing. "vVe examined a great number of the most likely looking claims
and continued south to connect with our previous work. Thence work was
extended north of the Watson river to within about ten miles of Whitehorse,
including the area of the Whitehorsc coal field.

By this time, about September 18, the weather became so severe as to
prevent further field operations. "vVe therefore tavelled down the river and
examined the Tantalus and Five Finger coal mines, as well as the coal on
Tantalus butte, and the surrounding country, securing sufficient detail by
transit and compass surveys for a sketch map of the district. Afterwards,
on my way south from "vVhitehorse, a couple of days were spent in the
Windy Arm district inspecting the latest development in the different mining
properties.

General Description of District

The country, generally, consists of wide valleys separated hy ridges
and groups of mountains, the valleys often containing lakes running, for the
most part, in a northwest and southeast direction, approximately parallel
to the coast line to the west, but often intersecting in an intricate manner.

In the Vv'indy Arm district the mountains are quite rug-ged and rise to
from 4,000 to 5,000 feet above the valleys. The pri nri pal trees are black
pine, fir, spruce, aspen and balsam poplar. Some of the valleys, as the lower
part of the Wheaton River valley, are very thickly timbered, the tree-line
being at an elevation of about 2,000 feet. Farther north, in places, the hills
become lower and more rolling and west of Cowley and Robinson rock out
crops are often difficult to find. Extensive muskegs exist in places.

Area Surveyed

The district surveyed this season comprises an area of about fifty miles
long and twenty miles wide, extending from the British Columbia boundary
on the south in a northwesterly direction to within about ten miles of
\i\lhitehorse, the eastern boundary running from Dugdale in a southwesterly
direction to the east side of \i\iindy Arm to connect with the northwest
corner of Mr. J. C. Gwillim's map of the Atlin mining district, B.C. The
western boundary is approximately parallel to this direction and extends
from the west side of Lake Bennett on the south to about twenty miles west
of Dugdale on the north. I n add i tion to this the sketch map, above referred
to, in the vicinity of the Tantalus and Five Finger mines, is being prepared.
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General Geology

The geology, particularly in the sou thern part of the cl istrict, corres
punds generally with that in the Atli n district, and the geological su bdivisions
as made by M r. Gwillim arc practically those which have been found best
to adopt here.

Extending along the eastern side of the district, sometimes included in
this area and at times lying to the east of it, is a rather straight range of
Iirnestone hills, probably of Carboni ferous age. A few fossils were collerted,
but have not yet been determined. The limestones overlie a series uf oleler
slates, cherts and limestones, which outcrop in a number of places on both
sides of \iVindv Arm and on Nares lake.

Overlying the limestones is a series of altered sediments including some
fine-grained generally greenish rocks, which are at times difficult to dis
tinguish from igneous rocks of later age; also some rocks presen ting the ap
pearance of much altered slates, although their slaty structure has disap
peared. These sediments are in a few localities quite extensively altered to
serpentines. The cherts, slates, and altered sediments are included in NIr.
McConnell's Tagish series.

Along the western edge of the district are later rocks, the Coast granites,
with outlying areas to the east, the granites themselves often l..>ecoming quite
porphyritic, especially towards the edge of the series. Following along their
eastern edge are some older schists, which are partly altered sediments and
partly altered porphyries and may correspond respectively to Mr.
lVIcConnell's Nasina and Klondike series, in the KJondike gold fields.

Newer than the granites is a somewhat complex series of porphyrites,
porphyries, diorites, gabbros, etc., which apparently represent rocks from
the same magma, but which differ considerably in character on account of
segregation, cooling under different conditions, etc. Towards the edge of this
series is a rather complex porphyry, presenting on weathered surfaces the
appearance of a cunglomerate, due to portions of a harder porphyry being
included in a more easily weathered one. The mines of the Windy Arm
district are in this series, and for this reason I have called these rocks the
Windy Arm series.

Overlying them are some secliments of Cretaceous or Jurassic age, con
sisting of sandstones, shales and conglomerates, the lower shale beels being
considerably altered. A number of fossils were collected, hut have not yet
been determined. Towards the northern end of the district these sedimen
taries are quite extensive and carry valuable coal deposits.

Porphyry dikes cut the sediments and the underlying formations. These
later intrusives vary greatly in appearance, but one, carrying very large,
long feldspar crystals is very coml11on. Overlying all, particularly towards
the north, are basalt and scoria uf recent eruption.

Economics

Although numbers of claims had been staked at one time or another,
quartz mining, except a certain amount of development on the copper pro
perties just west of \iVhitehorse, was scarcely attempted until the latter part
of the season of 1905, when Col. J. 11. Comad commenced work on the
Windy Arm properties, and though so short a time has elapsed a great deal
has been accomplished. The little town of Conracl, on the west shore of
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\iVindy Arm, h~lS now several hotels, stores, restaurants, churches and so on,
and a mining recorder's office. The whole southern part of the Yukon was
formerly included in the vVhitehorse mining division, but this summer the
district became of sufficient importance to warrant subdivision, and the
Windy Arm portion, including most of the Watson and \iVheaton Rivers
district is now ill the ronrad mining distrirt. "'\ number of properties were
worked continuously last winter and this summer, and considering the a
mount of development that has been done, several look very promising in
deed.

Many difficulties were encountered. In addition to the fact that the
mines are situated high up in the mountain, wood for fuel and timbering
was difficult to secure; supplies and wages being high, prospecting work was
expensive; and experienced miners were exceedingly scarce. The current
wage paid is $3.50 (including board) per day of eight hours.

The district is very accessible. Once the ore is landed on the beach by
the aerial tramways now running, it is only a matter of ten or twelve miles
around by Windy Arm and Nares lake to the railway at Caribou crossing,
and a railway spur can easily be built along the shore for this distance.
A good route is also possible from Log Cabin, on the W. P. & Y. R'y., via
Whynton, B.c:., to Conrad.

Practically all the mining claims in the area surveyed this season were
examined and a detailed account of each will be given in the final report: at
present, only a few of the most important points in connexion with the
more promising properties will be givcn.

Windy Ann Proper Lies

Some of the most important claims in this district, commencing at the
north, are, respectively, the Big Thing group, Montana, Joe Petty, Aurora,
Thistle, Uranus, M. and M., Vault, Venus ?'-io. 1, Venus No. 2, all owned by
the Conrad Consolidated; the Ruby Silver, owned by private parties, and
the Venus Extension, Beach, Red Deer and Humper No. 1, owned by the
Anglo-American Company.

Big Thing. This property is situated about five miles in a northwesterly
direction from Conrad, and differs from all other properties in the district,
in that it is in granite formation. In the rest, quartz veins run in true fissures
in the porphyrites, etc., of the Windy Arm series. The principal vein on the
Big Thing was struck this summer at the end of an eight foot drift. A cross
cut was then run sixty feet on the vein, and a winze was sunk which was
down about fifty-five feet at the time visited last, early in October. The vein,
which dips into the hill and appears to be of the elongated lens type, was
widening rapidly in the bottom, becoming almost flat, and was about ten
feet wide. The ore is chiefly secondary quartz and is very porous near the
surface, showing considerable leaching action. The minerals are mostly
oxides and carbonates, which will eventually change to the sulphides, etc.
A considerable amount of stibnite, arsenopyrite and pyrite was found near
the bottom. Occasional very high assays, running into the hundreds, are
obtained in gold and silver, and it is claimed that the ore body will average
close to $30 per ton.

The Montana is about four miles south of the Big Thing and, like it and
most of the Windy Arm properties, is situated high up on the bleakmoun
tain sides, and all wood, supplies, machinery, etc., have to he packed or
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pulled up, or carried up on the tramways. A $90,000 double cable aerial
tramway runs from the northern extension of the Montana, the Mountain
Hero, to COl1fad, a distance of 18,697 feet, and has its upper terminal 3,464
feel above the luwer.

A drift was run for about 700 feet in on the vein which is from two to
fivE' feet in width, with a streak of rich ore eight to eighteen inches next the
hanging wall, assaying about $90. The rest of the vein is much leaner and
may run ;ii;:W. The strike is about ='J. 45° \i\'., with low dips to the southwest.
An incline shaft is being sunk on the lead, and about the first of October,
when last seen, at a depth of 320 feet, the vein was about eighl feet from
wall to wall, containing, however, over four feet near the centre, of almost
barren, leached, and somewhat decomposed porphyrite intersected by quartz
stringers.

The values are chiefly in silver, the chief mineral being galena, though
native silver, silver chloride, lead carbonate, argentite, pyrargyrite, tetra he
drite, pyrite and arsenopyrite are also found.

The Joe Petty is situated on the north side of Granus creek, and con
tains a strong vein about six feet wide composed of al ternating layers of
decomposed iron-stained quartz and mineralized country rock. A shaft
about fifty feet deep has been sunk on the lead and drifts run each way;
at the end of a forty-foot cross,ut that cuts the vein in the hill, drifts were
alsu run. No work was done on the property this season.

The JIf. and NI., to the east of the Joe Petty, holds a vein varying in
width from twelve to fifteen inches, but it is high grade ore, and can be traced
for a considerable distance. The high grade silver minerals, argentite, pyrar
gyrite, and stephanite were seen here.

The ['ranus is situated just across Uranus creek from the Joe Petty.
The vein is quartz and is traceable for at least 2,000 feet, with an average
width, where seen, of about three and a half feet. The chief minerals are
arsenopyrite and galena.

On the Thistle and Aurora, higher up the creek, above the Uranus and
J oe Petty, surface work was being carried on, for the greater part of the
summer, and very rich ore is reported to have been found. The ore is chiefly
quartz, carrying chalcopyrite, zinc blende, malachite, and the rich silver
mineral stephanite.

The Vault is situated on the SIde south of Pooley canon, about 3,000
feet from the beach. \i\'hen last seen, in October, a drift on the vein was in
over 300 feet. This is the same vein, in all probability, as the \'enus No. 2,
and can be traced for over 4,000 feet. It is in places twenty to twenty-three
feet in width, being nearly all well mineralized quartz. In places there aTe
four to six feet of almost solid galena. The vein here, as on the Venus, varies
greatly in width, and at times is not more than a foot or so, but on the Vault,
so far, except at the surface, at the entrance to the tunnel, the vein is fairly
uniform, much more so than on the Venus..\n aerial tramway to the beach
is under construction, and a shorter one spans the canon for the transport
of wood and supplies. On the whole, this is the most promising looking prop
erty in the Windy Arm district.

Venus. A crosscut taps Venus No. 2 about one hundred feet from the
entry and drifts were run in the lead about the same distance each way.
Some stoping also was done, the vein being eigh teen inches to sixteen feet
in width. In the stapes there are four to eight feet of good ore which will
probably average over $20 in gold and silver. A crosscut intersects the vein
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at 544 feet where drifts were also run. The vein where opened up in the lower
level is narrower and leaner than above, but the narrowing is not likely to
be very extensive as the vein looks well both to the north and south.

The chief minerals are galena, lead carbonate, arsenopyrite, chalcopy
rite, malachite, pyrite and a good deal of jamesonite and antimony ochre.
The ore is chiefly argentiferous galena. Where the vein is wide it consists of
alternating bands of quartz and more or less mineralized country rock.

A fifty horsepower gasoline engine operates a compressor here to run
the machine drills used on this property, but water-power from Pooley
canon is being installed. An aerial two-bucket tramway 1,525 feet long runs
from the lower Venus tunnel to the beach, the upper terminal being- 958 feet
above the lower.

Some very rich ruby silver ore is found on the Ruby Silver claim to the
west of and adjoining the Venus No. 2. The vein is from three to eighteen
inches in width.

On the Venus Extension are two veins about thirty feet apart. The
upper seam has about four feet of good ore, over half of which was being
sacked, when visited in October. The sacked ore will probably run $50 to
$60 per ton. An incline sunk on the vein was down about forty feet. The
lower seam has about two feet of ore, which is chiefly argentiferuus galena
with considerable arsenical iron and pyrite.

The Beach claim, lying to the south of the Venus Extension, and sup
posed to be on the same lead as the Humper !'io. 1, has over ten inches of
ore claimed to average about $150 in silver with probably S5 in gold. The
chief minerals are galena, argentite, zinc blende and pyrite.

The Red Deer has about six inches of, in places, almost solid galena,
which is claimed to run over $90 per ton.

The Humper No. 1 is a particularly promising property, though only
about seventy feet of work, which was chiefly in drifts, had been done at
the time of my visit. The vein, which ran be traced for at least 1,700 to
1,800 feet, is from eigh teen inches to four feet in wid th and carries a large
amount of argentite, ruby silver and stephanite, as well as native silver,
galena, and pyrite. About eight inches of the vein will average over 300
ounces in silver and a narrow streak of argentite which is quite persistent
and has a width of half to three-quarters of an inch, runs 3,000 ounces in
silver.

Some native copper is found in the east side of vVindy Arm, but the
work done is insufficient to determine whether it exists in paying quantities.

The ore values given in this report were obtained from a number of
samples taken and also from a great number of assay returns kindly shown
the writer by mine managers, mine superintendents, prospectors and others,
during the season.

Watson and Wheaton Rivers Properties

Considerable excitement was caused this season by the finding by D.
Hodnett and J. Stagar of quartz carrying free gold and telluride minerals
between the Watson and Wheaton rivers. The first claim, the 'Gold Reef',
was staked, on June 25, on Gold hill, which is situated about fifteen or
twenty miles southwest from Robinson siding. Within ninety clays of the
staking over 700 claims had been located.

A belt, or belts, of schists, approximately half a mile wide, outcrops in
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a northwest and southeast direction, near the eastern edge of the granites,
which often become porphyritic. Dikes of greenish porphyry and porphyrite
occur in the granites, also near their eastern edge, and it is in this disturbed
belt that the quartz veins were mostly found. They are, as a rule, very per
sistent and can sometimes be traced for several miles. Outcrops of quartz
closely resembling each other are seen in almost straight lines, at short
intervals, and with the same general strike from the vVatson river to about
eight or ten miles south of the Wheaton river, a distance of nearly twenty
miles, and although most of the veins found were in this narrow belt, about
two miles wide, Mr. Purter and others discovered, towards the cluse of the
season, some deposits of quite pure stibnite, and other minerals, at a con
siderable distance to the west.

The first discoveries on Gold hill, Hodnett mountain and Mineral hill
are ail in the line of strike of the veins and just south of the v\'atson river.
The main lead is, for long distances, ten to fourteen feet of almost solid
quartz, in places fairly well mineralized with galena, argentite, chalcopyrite,
malachite, and pyrite. The vein on the Gold Reef which is in the schists, and
is weil defined on the surface, appears to be four or five feet in width. A
pocket or seam of very rich ore carrying coarse gold was found in this vein
from which came also the rich teIJuride minerals, sylvanite, hessite and tel
luric ochre. Further work on this claim has disclosed, as yet, no more of the
rich minerals.

A group of claims, the Custer, Alice .VI, and Ramon, staked just south
of the Gold Reef on a gray copper lead looked somewhat promising, although
no work had been done when seen. The width of the vein was somewhat
indefinite on account of wash and slide rock, but is probably about six feet
and appears to be well mineralized.

The Legal Tender, staked by Mr. ]. Perkins, lies to the northwest of
these properties, and is on a very steep rugged hill on the south bank of the
\Vatson river. The vein is in a fissure in the granite, and is three to three and
a half feet in width where exposed; it is quartz carrying a considerable
amount of argentiferous galena with some chalcopyrite, malachite, and
pyrite. The values are chieRy in silver and the vein is claimed to average
about $40 per ton.

On Big Bend mountain to the south of the \Vheaton river and seven or
eight miles southeast of Gold hill, and in the line of strike of the mineral
belt, a number of claims were staked by L. Belnew, O. Dickson, J. Perkins
and others on strong well-defined quartz veins carrying galena, chalcopyrite,
pyrite, etc. Also southwest of this again, in the same direction, on Stevens
mountain, and to the west of it, a numher of similar looking claims were
located by Messrs. Stevens, lVf. Gilliam and others.

fn addition to occasional assays running as high as :iS300 or over, a
number of fairly average assays-from $20 to $60-were obtained in this
section, but, with the exception of a smail amount of work done on the
Gold Reef, no attempt has been made to prove to what extent the veins are
mineralized or what values they really carry.

Taking into consideration the large quantity of mineralized quartz in
this part of the country and the small amount uf prospecting done, the
results appear very encouraging and should stimulate both prospectors and
capitalists to investigate this belt more closely, particularly to the north
west and west. There are certainly some very rich ores in this section.

Coal, also, was found about two miles to the east of Gold hill, at the
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same horizon as that in the \iVhitehorse coal fields to the north, but whether
it will be in payable quantities remains to be seen.

A group of four claims known as the Cnion ;\/Iines is situated on the hills
just to the west of Annie lake, about nine miles due west of Lansdowne siding
and about three or four miles east of Gold hill. These claims were first staked
by W. P. Schnobel in 1898, and are supposed to cover the ground known as
the 'Lost Mine'. Some development has been done on them and preparations
are being made to work through this winter. A ten ton shipment of ore gave,
according to Mr. Schnobel, retums of over $20 per ton. The values are
chiefly in silver, with Cl little gold.

Whitehorse Coal

Several seams of anthracitic coal are located in an area known as the
'Whitehorse Coal' and outcrop about twelve or fourteen miles in a south
west direction from DugdaJe siding..'\ tunnel about sixty feet long has been
run on one of these seams and Cl few open cuts have been made; otherwise
the coal is en tirely undeveloped. The strike at the tunnel is true north 63°
west with 42° dip to the northwest. The general strike of the measures,
which are quite regular and were traced for over twelve miles, is about north
74° west. The seams measured were nine feet eight inches, ten feet four
inches, and two feet six inches, respectively. The samples taken run high in
ash, but they were surface samples and with depth the ash will be very con
siderably less. Probably a number of other seams exist, as the measures have
not been prospected to any extent, although they are very favourably
situated for so doing, and a small amount of work should give much definite
information. There is a very good grade from the W.P. & Y. railway into
these claims and, considering their proximity to the Whitehorse copper
deposits, the town of \iVhitehorse, and the Watson and Wheaton Rivers
claims, this coal should prove of considerable value in the near future.

Tantulas :'t'line

"

2 feet 4 inches.
0" 7
2" 0

This mine is situated on the west side of the Lewes river, about one
hundred and ninety miles down the river from \Nhitehorse, being somewhat
less than half way to Dawson. As the coal outcrops here on the river banks
it is well situated for economic working. The cars are run out of the tunnels,
pulled by cable up an incline, from which the coal is clumped into bunkers,
ready for loading. Most of the river steamers bum this coal, of which about
7,000 tons will be loaded this season.

Three workable seams are opened up though only the lower two are
being mined at present; others may yet he found as the formation is heavily
covered in most places. The coal is worked by the stall and pillar system
from two tunnels, which were in about 700 feet when visited in October.
Although the seams are dirty, the coal can casily be sorted, but as wages
are $5 with board for underground, and $4 with board for surface work,
this has not been done as yet.

The following section was measured near the end of tunnels:
Bottom seam -

Coal .
Shale .
Coal .
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o feet 6 inches.
2 " 11
4" 0

"

"
"

2 " 3
0 " 2
0 " 7
0 " 2
2 " 0
0 " 2
1 " X
7 " 0

3 " 0

Shale .
Coal .
Shale .

Middle seam -
Coal .
Shale .
Coal .
Shale .
Coal .
Shale .
Coal........ . .
Shale .

Top seam-
Coal .
Shale .

These measures are quite regular, and can be traced for over twenty miles
down the N ordenskiold river to the south and over ten miles to the north,
showing that there is an enormous amount of coal in this district; when the
measures have been prospected they may be found to extend much farther.
Only coal near the river is, at present, of economic value. The dips are to the
east and vary from 24° to 40°. Samples taken show the coal to be a bitu
minous coal that yields an average of about 75 per cent of a firm coherent
coke.

At Tantalus butte, across the river from the Tantalus mine, the same
measures again outcrop, but dipping to the west, showing the presence of a
synclinal fold in between. The coal outcrops are near the top of the butte
about four hundred feet above the river, having wash and terrace material
covering the formation lower down. The best seam seen had five feet of good,
firm, clean looking coal with one foot more of coal and shale on the bottom.
Other seams seen were dirty and narrow, bu t there may be good ones obscured
by the drift, etc., as practically no work has been done, except small surface
cu ttings. AI together, the general conditions of the measures are qui te
similar to those at the Tantalus mine and this property will probably be
worked in the near future. The surface samples obtained did not give a
firm coke, but this coal is likely to coke with depth.

Five Fingers Mine

This is situated on the east side of the river about eight miles north of
the Tantalus mine. A considerable amount of coal has been shipped from
here, but the old workings, being dangerously situated on the steep clay
and sand banks of the river, are not now used. The slope, at present being
sunk, is to the north and in safe ground, and at the time visited was down
about 525 feet, dipping to the east at 16°. The seam at this depth was about
two feet wide, and was apparently becoming wider. It had once narrowed
to about six inches. An average of two feet yielded 55-5 per cent of firm
coherent coke. These measures are not the same as those at the Tantalus
mine, but are below them. The upper measures outcrop in the valley to the
east of the ridge of hills just above the mine.

Conclusion

Considering that quartz mining has so lately commenced in the southern
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part of the Yukon, the results are exceedingly encouraging. Just to the north
of the Windy Arm and Watson and 'Wheaton Rivers properties are the rich
and extensive copper deposits west of \Vhitehorse. The Pueblo, in particular,
after this season's development, presents an enormous surface showing of
copper ores. A Whitehorse smelter is a probability in the very near future,
especially as there is plen ty of available coal in the metallurgical coke.
Plenty of water power is also obtainable from Nliles canon.

In conclusion I wish particularly to thank Col. J. H. Conrad, Robt.
Lowe, 'vVm. GrangeI', Theo. M. Daulton, and others for assistance during
my season's work and for courtesy shown tu myself and party.

REPORT ON GOLD VALl'ES IN THE KLONDIKE HIGH LEVEL
GRAVELS

by R. C. JllcConnell

A general report by the writer on the geology, topography and gold
bearing gravels of the Klondike district was published by the Geological
Survey in 1905. The present report, although a few other subjects are briefly
discussed, is special in its object and deals principally with the values still
remaining in the bench and creek gravels and especially in the impurtant
high level deposit known as the White Channel gravels.

Classification of Gravels

(

Gulch gravels.
Low level gravels. . . . . . . . . . . . . . . . .. Creek gravels.

River gravels.
Gravels at in termediate levels. . Terrace gravels.

H · h I I b h I {Klondike gravels.19 eve enc grave s n'h' Ch 1 1
V\ lte anne grave s.

The gravels enumerated in this table are fully described in the report
referred to above and only certain points on which additional information
was obtained need be treated at length. The diagram on page twenty-one
shows the relationship of the various types on the lower part of Bonanza
creek.

The White Channel bench or hill gravels are the oldest in the distric.t,
and, excepting the present creek gravels, the most important from an
economic standpoint. They were originally creek gravels, deposited in a
similar manner to those occupying the low levels at present, and their
elevated position is due to an uplift which affected the whole region
bordering the Yukon from the Stewart river northwest to the ~\laskan

boundary and for a considerable distance beyond. This uplift, and a small
depression which preceded it, produced many notable changes in the topo
graphy of the country.

It is probable, although not conclusively proved, that during the White
Channel period the lower portion of the Klondike valley, the portion into
which the principal gold-bearing creeks discharge, was occupied by a small
local stream and that the Klondike itself flowed either into the Stewart or
into Twelve-mile river. The White Channel deposits are remarkable in this
respect that even when completely destroyed their former position is marked
by a trail of gold. They are traceable in this manner from the present mouth
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of Bunker, Bear and Bonanza creeks far out into the present valley of the
Klondike, showing that the old valley was small, smaller than that of Bunker
creek and unlikely to have contained a large rapid river such as the Klondike.

At the close of the White Channel period the district was depressed,
and it was during this depression that the Klondike is considered to have
broken into its present valley. It brought down an immense quantity of
material from its upper reaches, and rapidly built up a wide gravel bed fully
150 feet in depth. These gravels at the mouth of Bunker and Bonanza creeks
rest on the White Channel deposits and at other points, where not destroyed,
are distributed along the hill sides at the same level. They are composed
principally of well-rounded pebbles of quartzite, hard slate, diorite and oc
casionally granite, all, unlike the other gravels, foreign to the district, and
so far not proved to be of much economic importance.

The depression was followed by an uplift of approximately 700 feet,
which gave new life to all the streams by increasing their grades, and they
immediately commenced to deepen their channels. This process was con
tinued not only through the old gravel deposits but down into the bedrock
to a depth of from 150 to 300 feet. The new valleys are sunk, as a rule,
through the bottom of the old ones, but in a few places, as at the mouth of
Bonanza creek, they deviate from them ana have carved out independent
courses.

The difference in character between the old and new valleys is striking.
The old ones represent the product of long continued stable conditions,
and are characterized by wide flats and gently sloping sides, from which
all traces of angularity have been smoothed away. The flats of the old
Bunker creek valley have a width in places of over a mile. The new valleys
on the other hand, while opening out into occasional basins, are generally
narrow, steep-sided and angular. This applies only to the creeks, all of
which are small, as the Klondike river has cut a huge trench through the
district si nce the upi ift.

Only a portion of the deposits of the old valleys was destroyed during
the excavation of the recent valleys, as the latter are much narrower and
do not follow exactly the same courses. The undestroyed portions constitute
the White C'hannel gravels of the miners.

White Channel Gravels

The White Channel gravels differ somewhat from the ordinary type of
stream deposit. They are very compact as a rule and in some of the hydraulic
cuts stand up in almost vertical cliffs, even when the face is unfrozen. The
white or light gray coloration from which the deposit derives its name is
very conspicuous in most of the sections but is not universal, as red, yellow
and dark gray beds frequently occur. The deposit is highly siliceous, the
principal constituent consisting of rounded pebbles and rounded and suban
gular boulders of vein quartz. Flat schist pebbles and boulders, usually in
a more or less advanced stage of decomposition, occur with the quartz, and
also occasional pebbles derived from the various dikes and stocks out
cropping along the valleys. No material foreign to the district occurs in the
deposit. The pebbles and boulders are usually small, seldom exceeding
eighteen inches in diameter, and are embedded in a compact matrix con
sisting essentially of small sericite plates and fine angular quartz grains. A
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few large angular blocks from three to four feet in diameter are occasion
ally met with but are rare and usually occur on or near bedrock.

The uniformity of the deposit in composition and general character
throughout sections a hundred feet or more in thickness is very striking.
The bedding planes, as a rule, are inconspicuous, and there has been no
sorting of the various constituents into separate beds.

The deposits, unlike the creek and gulch gravels, appear to be destitute
of vegetable and animal remains. None were found by the writer and the
few reported discoveries by miners lack confirmation.

The thickness of the White Channel gravels varies from a few feet to
150 feet and the original width from a couple of hundred yards to over a
mile. The volume of the deposit on both Hunker and Bonanza creeks in
creases steadily down stream.

On Gold, Adams and other hills on Bonanza creek the typical compact
white variety of the White Channel deposit is replaced towards the sides
of the old valley by flat rusty coloured gravels, more loosely bedded and
containing a smaller proportion of quartz than the ordinary white variety.
These probably represent flood plains deposits. They have the appearance
of overlying the white variety and were formerly, in the absence of sections,
considered to be younger. The long exposures, however, now available for
study in the various hydraulic cuts, show that the two varieties pass gradual
ly one into the other both horizontally and vertically and in places are
interbanded, evidence of contemporaneous deposition. The loose yellow
variety is seldom productive.

The White Channel gravels were probably deposited by winding
streams with easy grades and comparatively slack currents. The prepon
derance of vein quartz pebbles and boulders, the most resistant rock in the
district, gives them the character of a residual deposit. They were built up
slowly and in the long process the softer rocks were mostly destroyed and
carried away.

The great length of the White Channel period is indicated by the enor
mousgold accumulations, all derived from the slow breaking up of auri
ferous quartz veins which took place in it. Since the dose of the period the
additions to the supply have been trifling, although a sufficient time has
elapsed to enable small streams to excavate channels, mostly through hard
schists from 300 to 600 feet in depth. Practically all the gold in the present
low level valley flats is of secondary origin and derived from the partial
distribution of the older gravels.

The age of the White Channel gravels has not been determined, but
they must date back to the Pleiocene at least. They were certainly de
posited before the advent of the present severe climatic conditions, as the
white coloration is largely due to the leaching out of the greater portion
of the iron by circulating surface waters, and this must have taken place
before they were permanently frozen.

Distribution of Gold in Gravels and Bedl'ock

The greater part of the gold both in the hill and creek gravels occurs
on or near bedrock, either in the lower four to six feet of gravel or sunk
for some distance in the bedrock itself. The distribution depends largely on
the character of the bedrock. Soft schists such as those underlying the rich
portion of Upper Dominion creek prevent the gold from descending, and it
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accumulates in a thin layer at the base of the gravels. In many of the rich
claims between the two discoveries on Dominion creek a thin stratum of
gravel resting immediately on bedrock proved extraordinarily rich, while
the bedrock and the upper gravels were comparatively lean. On Bonanza
creek the bedrock as a rule is harder and more Baggy, and the action of
frost has parted the layers and allowed a portion of the gold to descend along
them. From three to five feet of bedrock are usually mined at a profit,
and gold has been found in some quantity at a depth of twelve feet and
probably descends still deeper.

On a couple of claims on Hunker creek below the mouth of Seventy
pup practically all the gold occurred in a shattered porphyry bedrock, the
overlying gravels proving almost barren.

The bedrock underlying the White C:hannel gravels is more decom
posed than that in the creek bottoms, does not open out in the same way
and retains most of the gold at or near the surface. I n a few places gold has
been found in paying quantities in the schist partings under the decomposed
layer, but as a rule only the upper few inches are mined.

The rapid decrease in gold values in the White Channel gravels above
bedrock is shown in the following table which gives the average values ob
tained in sampling Trail and Lovett hills. The samples were taken in suc
cessive six foot columns.

Total value
144-150 feet. i\verage value per cubic yard .006.... .012
138-1+4 " ".007. .. . .014
1;';2-138 .008. .. . .016
126-132 .009. . . . .01R
12D-12G I' .009. .. . .01g
114-120 .010. . . . .020
108-114 .010. . .020
102-108 .011. . . . .022
96-102 .011. . . . .022
90-96 .012. .024
84-90 .013. . . . .026
78-8-1 .015. . . . .030
72-78 .020. . . . .040
66-72 .020. . . . .040
60-66 .021. . . . .042
54-60 .023. . .046
48-54 .025. . . . .046
42-48 .045..090
;';()-42 .0:30. . . .060
;)0-;)0 .032. . . .064
24-30 .034. . . . .068
18-24 .040. . . . .080
12-18 .047. . . . .094

6-1:2 " " .180. . . . .360
1-6 $4 .130. . . 8 .260

Total values in square yard column fifty yds. high. $9.532

The values in the lower four yards, including a foot of bedrock, average
$2.15 per cubic yard, while those in the upper forty-six yards of the column
average less than two cents per cubic yard. The decrease in values from
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~0.050

.532
1.552
1.152
-_.-

Total values in square yard column eight yds. high... $:3.286
Average values per cubic yard 42.1 cents.

The lower gravels in this section and in other places on the hill are very
siliceous, consisting almost entirely of vein quartz pebbles and boulders.
The siliceous layer varies in thickness from a few inches up to eight or
ten feet, and is overlaid uy gravels containing a greater proportion of schist
pebbles. The best drifting ground worked so far occurs above the siliceous
layer, in the lower part of the upper gravels.

The gravels on Paradise hill although rich in places have seldom paid
to drift on account of this irregular distribution of the gold. The pay zone,
in place of lying in a plane, undulates along the surface of the uneven sili
ceous gravels and is very difficult to follow.

The concentration of all the coarse, and the greater part of the fine,

the bottom to the top of the section proved to be constant, except at one
point forty-five feet above bedrock where a slight enrichment takes place.

The following table shows the values obtained in a square yard column
of the White Channel gravels in the Last Chance creek slope of Dago hill:

Total value
84-90 feet. Average value per cubic yard .007. . . . .014
78-84 " 41 " .009. . . . .018
72 -78 " .012. . . .024
66-72 .014. .. . .028
60-66 " .020. . . . .040
54-60 It .0675.. .135
48-54 ".0275.. .055
42-48 " " " .030. . . .000
36-42 I1 .041. . . . .082
30-36 "" .040. . . . .080
24-30 .0425 . . . .085
18-24 " .050. . . . .100
12-18" .060.. .120

6-12 .114. . . . .228
1-6 " $2.200. . . . $4.400

Total values in square yard column thirty yds. high. $5.469

In this column a considerable enrichment takes place at a point sixty
feet above bedrock. The enriched gravels have a thickness of a few inches
only and rest on a compact clayey stratum not easily penetrable which acts
as a bedrock. The gold is moderately coarse, much coarser than that ill the
gravels immediately above and below, but finer than that on bedrock.

A marked exception to the general rule in the district, that the gold
decreases in quantity and coarseness from bedrock upwards, occurs all
Paradise hill on Hunker creek. The main gold zone here in many places is
found not in bedrock but at elevations of from three to twelve feet or more
above it. A section of the gravels twenty-four feet thick a short distance
below Hester creek gave the following values:

18-24 feet. Average per cu bic yard $ 0.025 .
12-18 " " "0.266:
6-12 It 0.776 .
1-6 " "0.576 .
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gold in the vVhite Channel gravels on or near bedrock seems incapable of
explanation except on the assumption that the gravels have been worked
over probably several times by the stream that deposited them. The deposit
is over 150 feet thick in places, is very compact and includes numerous
medium sized anel a few large angular boulders which would serve to inter
cept a portion of the gold if it descended under the inAuence of gravity alone.
That they have not done so is shown by the fact that in all our sampling
not a single coarse piece was founel ill the upper gravels.

Grade of Klondil{e Gold

Klonclike gold varies greatly in grade not only on different creeks but
also along different portions of the same creek. The difference of grade is
due to the gold being in all ~ases alloyed with silver in varying proportions.
The lowest grade gold in the camp occurs on Big Shookum and lIenry
gulches and has et value of about ~12.50 per ounce. The highest grade gold
on the Klondike creeks is founel on Fpper Hunker creek where assays oc
casionally exceed S17.50 per ounce. The gold from Gold Run creek on the
Indian river slope averages over ~17.50 per ounce and assays of :iJ;17.75 per
ounce are reported from AlIgold creek.

The average value of all the gold shipped from the camp in 1905 accord
ing to the U. S. Mint returns amounted to $16.02 in gold and 10.94 cents in
silver per ounce.

In the lowest grade gold the silver almost equals the gold in volume,
the ratio being 1 to 1'4. In the high grade gold the ratio is 1 to 5 and the
general average is 1 to 2'3. In value the ratio of silver to gold is very small,
the proportion calculated from a number of returns being approximately
1 to 150. The total gold production of the camp is estimated at $119,000,000
and the silver at $793,000.

The variations in grade along the different creeks, as shown by assays
furnished by the Bank of Commerce, are interesting. Bonanza Creek gold
above Eldorado forks is fairly uniform in grade, running from $16.73 to
$17.09 per ounce. The average grade decreases slightly but not uniformly
down stream. Below the Eldorado forks the influence of the inferior Eldorado
gold is shown by a sudden decrease in value to about $16.00 per ounce.
Farther down in the rich section above Discovery claim the grade drops to
$15.75 per ounce. Below Discovery claim the value increases to about $16.15
per ounce and remains at that figure down into the Eighties, a distance of
eight miles. Towards the mouth of the creek the grade again increases to
over $16.50 per ounce.

Eldorado creek gold has an average value of $15.70 per ounce, about a
dollar less than that from Bonanza creek above the forks. The difference in
grade is somewhat remarkable as the two streams cut the same rocks, are
never far apart, and must have drawn at least a portion of their supplies
from a common source, viz.: the comparatively narrow ridge separating them.
Gulches cutting back into this ridge from both creeks have proved pro
ductive. Eldorado gold is generally coarser than that from Bonanza creek,
and its inferior grade may be due to this cause, as fine gold everywhere
throughout the camp assays higher than the accompanying coarse gold.

The grade of IIunker creek gold is extremely variable, ranging from
over $17.50 per ounce in the upper part of the creek down to ~14.50 below
Henry gulch. The grade decreases slowly down stream from Discovery claim
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to Hester creek, then drops suddenly over a dollar an ounce. Paradise hill
gold below Hester creek averages about $15.20 per ounce. Farther down on
Dago hill the grade increases again to $16.50 per ounce, then drops down to
$14.50 per ounce near the mouth of the creek. Last Chance creek, a tributary
of Hunker creek, and Bear creek, a parallel stream emptying into the Klon
dike, both contain low grade gold, assays seldom exceeding $15 per ounce.

The Indian river creeks average higher in grade than Klondike river
creeks. Dominion creek gold above Gold Run averages about ~16.90 per
ounce. Below Gold Run the grades increase to $17.50 per ounce. Gold Run
gold maintains an average grade along the main pay streak of fully $17.50
per ounce. Sulphur creek gold is somewhat lower, averaging about :;;;16.50
per ounce.

The variation in grade of the placer gold appears to depend mostly on
original differences in grade of the vein gold from which it was derived.
Creeks draining certain areas in the district carry low grade gold, while
other areas supply high grade. An important centre of dispersion for low
grade gold occurs west of the lower portion of Hunker creek. Hester and
Last Chance creeks, Henry gulch and Bear creek all head in the same ridge
within a comparatively short distance of each other and all carry low grade
gold. Big Shookum creek, a tributary of Bonanza creek, heads in a low grade
area and the gold brought down by it lowers appreciably the general grade
of the Bonanza creek gold for several claims. The Dome and surrounding
region furnishes a good example of high grade area. The streams flowing out
wards from this centre, including Upper Dominion, Upper Hunker, Sulphur
and Gold Bottom creeks, all carry high grade gold although the values
differ considerably.

'While the grade of the placer gold is supposed to conform in a general
way with that of the original vein gold some changes are evidently produc
ed by the leaching out of a portion of the silver contents.

M. Carey Lea in a series of articles in the American Journal of Science,
commencing in Vol. XXXVII, p. 491, has shown that silver passes readily
when treated with certain re-agents into an allotropic form, one of the
distinguishing characters of which is its easy solubility, and the same pro
cess may go on in nature.

Evidence of loss of silver is afforded by the fact that fine gold which
would necessarily be affected more by leaching than the accompanying
coarse gold invariably carries a smaller percentage of silver.

Nuggets also assay higher as a rule on the surface than in the centre.
Five assays of selected nuggets made by Mr. Connor in the laboratory of
the Survey gave the following results:

Centre of
nugget Surface
35'8 29·4
64'2 70·6 Trail hill, Bonanza c:reck.

~6:i ~~:~ Cht.:chaco hill, Bonanza creek.

37'3 30·3
62' 7 69· 7 Bonanza creek, No. 12 below.

46'1 41· 0 . .
53' 9 59· 0iTreasure hili, Last Chance creek.
33'0 33·5
67'0 665 Bonanza creek, ~o. 3 below.
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All the nuggets wi th the exception of No. 5 show losses in silver of from
five to seven per cent on the surface, assuming that the composition was
originally uniform. No. 5 was a large nugget filled with quartz and its excep
tional character is probably due to its being much younger than the others.

Transportation of Gold

The two main factors in the transportation of coarse gold by natural
causes are grade and bedrock. \iVith steep grades and smooth bedrock trans
portation is comparatively rapid, while little movement takes place when the
grades are moderate and the valleys are floored with the tilted flaggy schists
characteristic of the district.

The Klondike slopes are everywhere mantled with a thick covering
of broken and partially decomposed schist fragments easily moved when
not frozen and ever tending downwards towards the creek and gulch levels.
The downward movement is slow and intermittent at present on account of
the perpetually frozen condition of the surface, except on sunny slopes.
During the period of the White Channel gravels, the period of the great
gold accumulations, climatic conditions were less severe and the movement
must have been much more rapid.

The slide material carries with it the gold and gold-bearing quartz
released by the breaking up of the auriferous quartz veins, and when run
ning water is reached the gold is sluiced out and remains behind, while the
rock fragments are ground up and carried away.

The dislance travelled by the gold after reaching the walerways,
neglecting the time element, depends on the grades and bedrock. The upper
portions of the creeks, and the steep gulches, except where they cross the
paystreak of the White Channel gravels and are directly enriched from them,
have not proved rich and are only occasionally productive. The gold washed
down into them moves slowly on, and all the great accumulations occur
on portions of the creeks with grades of 150 feet or less to the mile. The rate
of movement diminishes rapidly with the grade and near the mouths of the
creeks is excessively slow.

Evidence of the tardy movement of coarse gold down streams of moder
ate grade, even where the latter are actively engaged in eroding their chan
nels, is furnished at many points along Bonanza and Hunker creeks. The
paystreak of the elevated White Channel gravels has been destroyed in
places along both these streams. Whenever this occurs the creek bottoms
directly opposite the destroyed portions are immediately enriched, showing
that the gold, or a large portion of it at least, has remained almost stationary
during all the time the creeks were employed in deepening their channels
from 150 to 300 feet. The horizontal movement in some instances scarcely
exceeds the vertical movement. The complementary relationship existing
between the creek and the hill pay gravels has been recognised by the
miners, and whenever the creek gravels are lean, pay is confidently expected
on the hills, and in the productive portions of the creeks is usually found.

The influence of bedrock in retarding or accelerating the progress of
gold down stream is almost as important as that of grade. The common
bedrock of the district is a light coloured f1aggy sericite schist of unequal
hardness and usually tilted at high angles. The sericite schist alternates in
places with bands of dark graphitic schists and is broken through by numer
ous porphyritic dikes and stocks. The light coloured Baggy schists when hard



225

form an excellent bedrock from the miner's point of view as they weather
unequally into irregular rock ripples which arrest the progress of the gold.
The partings also open out under the influence of the alternate freezings and
thawings to which the rocks are subjected and the gold descends along them,
and continues to descend as the surface is gradually lowered by erosion. Its
progress down stream when caught in this manner is indefinitely delayed.

The porphyritic rocks when shattered, as is often the case, also arrest
most of the gold. The soft varieties of the sericite schists and the dark
graphic schists, on the other hand, offer small resistance to the passage of
the gold. They weather to a smooth surface along which the gold moves
easily, and the portions of the creeks underlaid by them are usually lean.

Valuation of High Level Gravels

All the high level gravels along Hunker and Bonanza creeks, and the
Klondike river below Hunker creek, considered to be of economic impor
tance, were measured as accurately as conditions permitted. Two six inch
stadia transits were used for this purpose and proved very satisfactory.
The outlines of most of the areas could be defined very closely as nearly all
the hills have been thoroughly prospected by drifts and shafts. In a few
places where the surface is muck-covered the back limit of the gravels could
only be drawn approximately, but the total error from this source is not
believed to be large. The aggregate volume of gravels measured amounted to
345,000,000 cubic yards.

Sampling was carried on continuously throughout the season and all
the important hill areas, except the Upper Bonanza hills, were examined as
carefully as the time at our disposal allowed.

The sampling was done with rockers built specially for the purpose.
The usual sample consisted of a"column of gravel a foot square, each succes
sive six foot section being washed separately. When the gravels were shallow
continuous sections from the bottom to the top of the deposit were washed.
In the deeper deposits continuous columns of the lower gravels only were
washed. Above a height of thirty-six feet samples were taken at intervals
of about twenty feet.

On most of the important hills long faces opened out by hydraulic op
erations, and numerous drifts and shafts were available for examination.
\iVhere these were absent shallow cuts and shafts were sunk at intervals by
ourselves. -

In estimating the gold contents of the various gravel areas due allow
ance was paid to the statements of miners in regard to the values obtained
in drifting and hydraulic operations. In most cases the values given agreed
very closely with the result of our own work.

The estimate of values in the Upper Bonanza hills and in the low level
creek gravels is based almust entirely on the results of actual mining work
and on information (carefully examined and sifted) obtained from miners
and others familiar with the ground. The gravels have all been more or less
mined and the remaining values are distributed so irregularly that effec
tive samplinp; in the time at our disposal was obviously impossible.

The values in the smaller hills, many of which are held separately, are
grouped together in order to avoid affecting individual interests. The larger
hills as a rule are divided up among a llumber of different owners.
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Bonanza Creek High Level Gravels

The \i\lhite Channel gravels once continuous along Bonanza creek and
its main tributaries have been partially destroyed by the deepening of
the valleys, and have been cut through transversely at various points by
tributary creeks and gulches. They are now represented by a number of
separated areas distributed at irregular in tervals along the valleys and
designated by the miners by different names. With the exception of French
hill on Eldorado creek none of the areas on the tributary streams have
proved of much importance.

The White Channel gravels on Bonanza creek above the Eldorado forks,
and on Eldorado creek, have been mostly destroyed and the gold contents
washed down into the present low level valleys. The extraordinary richness
of these valleys is due to this fact. The principal areas which have been
preserved are Bunker hill, below Gauvin gulch on Bonanza creek, and French
hill below French creek on Eldorado creek. Besides these, small patches,
now mostly worked out, have been preserved on Bonanza creek below
McKay and Homestake creeks and on Eldorado creek above Oro Grande
gulch.

The most important strip of hill gravels on Bonanza creek at present
commences at the Eldorado forks and extends down stream on the left
limit to Boulder creek, a distance of about four miles. The gravels do not
form a continuous stretch as they are cut across by Adams and Boulder creeks
and various gulches, and separated into a number of areas known as Gold,
Chechaco, Adams, Magnet, American, Orofino, Monte Cristo, King Solomon
and Boulder hills. The gravel areas border the present secondary valley and
extend back for distances varying from 800 feet on Magnet hill to 2,500
feet on King Solomon hill. The thickness ranges from a few feet up to 150
feet.

The volumes of gravel on the Gpper Bonanza and Eldorado hills are as
follows:

Bunker hill. . . . . . . . . 1,050,000 ell. yds.
French hill 1,670,360 "
Gold hill. . . . . . . . . . . . .. 3,684,940
Chechaco hill 5,805,236
Adams hill.. . . . 7,561,370
Magnet hill. . . . . . . . . . . . . . . . . . . . . . . . . . .. 485,fi72
American hill. . . . . 2,210,888
Orofino hill 6,892,130
Monte Cristo hill. . . . . .. 3,710,490
King Solomon hill 10,780,587
Boulder hill. .. . . . . . . . . . 1,475,216

Total volume. . . . . . . . .. . 45,326,889

A paystreak varying from 200 to over 400 feet in width has been traced
through all these hills. It is partly destroyed in places, but on some of the
hills, notably on Orofino and Monte Cristo, it is situated some distance
back from the present secondary valley and is entirely preserved.

The gravels in the paystreak of all these Upper Bonanza hills proved
rich everywhere, and, in places, the values returned appear almost fabulous.
vVhole claims are reported to have averaged from $60.00 to $100.00 per
square yard of bedrock. Portions of Frenrh, Gold, Chechaco and Magnet
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hills were particularly rich and yields of a dollar a pan, or $150.00 per
cubic yard for the lower four or five feet of gravel, are stated to have been
obtained from small areas on these hills.

The paystreak is now practically drifted out, portions of it twice over,
and is estimated to have yielded gold to the value of $24,000,000.

Drifting operations, however, never result in a full extraction of the
gold. A few pillars and occasional small areas are usually neglected for various
causes; the bedrock is seldom thoroughly mined and no attempt is, of course,
made to recover the values in the upper lean gravels. The paystreak gravels
are also bordered as a rule on both sides by considerable fringes of gravel,
too lean to drift but rich enough in most cases to hydraulic.

The gravels in the Upper Bonanza hills, considered rich enough to be
hydraulicked at a profit, include all those in the original paystreak, those
in a band behind the paystreak varying in width on the different hills from
100 to 200 feet and those between the paystreak and the present valley.
The gravels in the back portion of most of the hills are too lean to be worked
by any method.

The volumes of workable gravels on thp various hills are estimated as
follows:

Bunker. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 850,000 cu. yds.
French. . . . . . . . . . . . .. 570,360 "
Gold , .1,779,650 I'
Chechaco. . . . . . . . . . . . . . 3,752,914 44

Adams 2,379,000
Magnet. . . . . . 395,677
American. " . . . . . . . . . . . . . . . . . . . .. 1,9R9,218
Orofino. . . . . . . . .. 5,533,000
Monte ('risto. . . . . . . . . . . . . .. 1,853,150
Ki ng Solomon . . . . . . . . . . .4,681,087
Boulder. . . . . . . . . . . . . . . . . . . .. 032,000

Total , . . .... 24,116,056 "
The average values in these gravels ar(' estimated at 34'05 cents per

cubic yard and the amount of recoverable gold at $8,213,532. These figures
are bClsed on the results of the small hydrCluJic operations now in progress
on most of the hills and on information obtained from private sources. The
values are distributed so irregularly thClt it was considered a closer estimate
could be formed in this way than by a limited amount of sampling done by
ou rselves.

Lowel' Bonanza Hill Gravels

Between Boulder Clnd Cripple hills, a distance of three miles, the hill
gravels bordering Bonanza creek arp unimportant. A few small areas have
been preserved at various points on both sides of the valley but these rep
resent largely the lean rim gravels of the old deposit. The central portion
containing the paystreak has been almost entirely destroyed.

Below ('ripple creek pay gravels are again preserved on the benches,
but occur on the right limit, the pClystreClk having crossed the valley. They
extend through from Cripple creek to the Klondike valley, a distance of
three miles, except where rut across by Trail and Lovett gulches. These
gulches separate the gravels into three areas known ClS Cripple, Trail and
Lovett hills.
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Below Cripple creek the present Bonanza valley bends to the left away
from the old valley and joins the Klondike some distance lown down. In
consequence of this divergence unly a small proportion of the gravels of thE'
old valley on Trail and Lovett hills have been destroyed and the paystreak,
except where cut transversely by gulches, has been preserved intact.

The volume of White Channel gravels on Lovett hill exceeds 71,000,000
cubic yards, an amount almost equalling the combined volumes on all the
other hills bordering Bonanza creek. The deposit has a thickness in the centre
of the channel of 168 feet and a width of 5,200 feet. It oCf:upies a wide shallow
depression in the Klondike schists and is overlaid and overlapped on both
rims by 150 feet of younger gravels deposited by the Klondike river.

The \iVhite Channel gravels on Trail hill above J,ovett hill have a
thickness of 230 feet. They are overlaid in places by Klondike river gravels
but are not completely buried as on Lovett hill.

The volumes of vVhite Channel gravels and ov<,rlying Klonclike gravels
on the three lower Bonanza hills are as follows:

Cripple hill (White Channel gravels). 7,820,460 eu. yds.
Trail hill (partly Klondike gravels).. ..22,235,390 "
Lovett hill (White Channel gravels) 71,366,370

" (Klondike River gravels). . .. 66,997,230

Total 168,419,450

These figures include all the White Channel gravels both in and off the
paystreak, but only those portions of the Klondike river gravels whir.h over
lie the White Channel gravels and which would be required to be washed
away if the latter were hydraulicked.

These lower Bonanza hills, although originally much lower in grade
than the Upper Bonanza hills, are now almost as important economicall),
as they have been mined to a much less extent. The production to date is
estimated at $750,000, mostly obtained by drifting.

The paystreak is remarkably wide and very un iform in grade. I t is
partially destroyed on Cripple hill but on Trail and Lovett hills where
fully preserved has a width of from 1,000 to 1,400 feet.

The workable gravels are practically limited to the paystreak. The
volumes are estimated as follows:

Cripple hill-White Channel gravels. . . . . . . . . . 614,910 cu. yds.
Trail hill-Mostly White Channel gravels 11,802,250 "
L tt h'll {White Channel gravels 23,503,770 "

ove I Overlying Klondike River gravels .14,511,760 "

50,432,690

The average grade of these gravels is estimated at 14'9 cents per cubic
yard and the amount of recoverable gold in the three hills at $7,528,720.

The low general average, notwithstanding values of over a dollar per
square foot of bedrock, is due to the exceptional thickness of tilE' gravels
over the greater portion of Lovett hill, amounting to fully 300 feet, of which
the upper 200 feet are practically barren. The v:1Jues in Cripple and Trail
hills, and the rim portions of Lovett hill, considerably exceed the general
average, while those in the central portion of Low,tt hill are somewhat less.
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Summary of Bonanza Creek workable hill gravels.
Volume.

Upper Bonanza hills. . 24,116,056 cu. yds.
Lower Bonanza hills 50,432,690 "

Total , 74,548,746
Average estimated yield per cubic yard, 21.1 cents.

Total quantities of high level gravels along Bonanza creek.
Upper Bonanza hills (White Channel gravels) .. " 45,326,889 cu. yds.
Small hills between Boulder and Cripple hills

not measured, estimated at. . . . . . . . . . . . . . . . .. 3,500,000
Lower Bonanza hills (partly_Klondike gravels) .... 168,419,450

217,246,339

Hunker Creek White Channel Gravels

Bench gravels belonging to the White Channel period are extensively
developed along Hunker creek but are much lower in average grade than
those on Bonanza creek. They have been mined at various points both by
the drifting and hydraulic methods with an estimated production up to the
present of $2,500,000, the greater part of which came from Whisky hill,
a small rich hill in the upper part of the valley. The generally inferior average
grade of the Hunker Creek hill gravels as compared with those on Bonanza
creek is due partly to their leaner condition originally, and partly to the fact
that along the richest portions of the creek the paystreak of the old valley
has been almost entirely destroyed and the gold contents washed down to
the level of the present valley.

Upper Hunker Creek Hill Gravels

The White Channel gravels are first met with descending Hunker creek
above No. 6 pup. The occurrence here is small and the gravels although
workable are comparatively low grade. Immediately below No. 6 pup is
the famous Whisky hill. A short stretch of the old paystreak has been pre
served at this point. The upper and richer portion of the hill has been hy
draulicked completely away with a production variously estimated up to
$2,000,000 and probably approximating $1,500,000. The lower portion of
the hill is only partially worked out and still contains 199,400 cubic yards
of workable gravels. The gravels are shallow, averaging about twenty-five
feet in depth.

The gravels of the old channel are destroyed for some distance below
\7I,'hisky hill, but appear again on the left limit on Delhi hill above Gold
bottom creek.

The Delhi hill gravel area is comparatively small, measuring about
136,000 square yards. The gravels have an average depth of about twenty
five feet and a total volume of 1,121,080 cubic yards. The workable gravels
are estimated at 869,450 cubic yards. The values are moderate except along
the rim, where a few small fragments of the old paystreak were preserved.
Some hydraulicking is being done on the hill with water brought from
Cpper Hunker creek, and a second ditch to a point on Goldbottom creek
is under construction.
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Temperance hill immediately below Goldbottom creek is covered by
a triangular patch of gravel extending up Goldbottom for a distance of
4,000 feet and down Hunker creek for 1,700 feet. The gravels are thin, sel
dom exceeding thirty feet, and averaging less than twenty-five feet in thick
ness. They are less compact than usual, and as a result of this most of the
gold has settled down close to bedrock. The Temperance hill gravels measure
altogether 1,590,580 cubic yards of which 788,750 cubic yards are considered
to be workable.

Temperance hill has been a steady producer on a moderate scale since
the early days of the camp, and is still of considerable economic importance.
Some ground rivalling in richness that on the best Bonanza hills occurred
along the rim at the junction of Goldbottom and H unker valleys. This is
now largely worked out but portions of the hill still contain good values,
occasionally exceeding 50 cents to the cubic yard. The back gravels as usual
proved lean. Three small hydraulic plants operating with water obtained
from tributaries of Goldbottom creek are at work on the hill.

From Temperance hill down stream to Nugget hill above Hunker creek
the central portion of the old high level channel, including the paystreak,
has been destroyed. Portions of the rim gravels have been preserved at
various points, some of which carry moderate values. An hydraulic plant
has been installed to work two small areas below Bee gulch. These were
estimated to contain 859,200 cubic yards of gravel.

At Nugget hill the paystreak of the old channel bends to the left and
is again partly preserved. The upper part of the hill is lean but good values
were obtained from the lower portions. The gravels are shallow, averaging
about twenty-five feet in depth, and measure altogether 1,608,300 cubic
yards. The workable gravels were estimated at 1,200,000 cubic yards.
:\Tugget hill has been fairly well prospected but very little mining has been
done on it owing to the difficulty of obtaining water. A small hydraulic plant
is now in operation.

Summary oJ worlwble Gravels in upper Hunker Hills

Whisky hill. . . . . . . . . . . . . . . . 199,400 cu. yds.
Delhi hill. . . . . . . . . . . . . . . . . . . . . . . . . . . . 869,450 "
Temperance hill. . . . . . . . . . . . 788,750
Williams concession. . . . . . . . 859,200
Nugget hill. . . . . . . . . . . . . . . . . . . . . . . . 1,200,000

3,916,800
Estimated average grade, 25.2 cents per Cll. yd.
Total valuation, $988,000.

Hill Gravels between Hester and Last Chance Cl'eeks

A wide band of White Channel gravel borders the left limit of Hunker
creek continuously except when cut across by Eighty pup from Hester
creek down to Last Chance creek, a distance of over two miles. The deposits
of the old valley in this stretch were originally over a mile in width in places.
They have been partially destroyed as the present Hunker valley has been
sunk through them. The preserved portion on the left limit has a width of
from 800 to 3,000 feet, an average depth of about sixty feet, and contains
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altogether 25,850,000 cubic yards of material. A few small areas occur also
on benches on the right limit but are unimportant.

The upper portion of the gravel area on the left limit from Hester creek
down to Seventy pup is known as Paradise hill, and is the most important
stretch of hill gravels on Hunker creek, with the possible exception of Dago
hill.

The Paradise hill gravel area has a length of 2,500 feet, and an average
width of 1,500 feet. The gravels have an average depth of about sixty feet,
and measure altogether, including the muck and slide material which cover
them, on the back rim, 7,786,000 cubic yards. The workable gravels are
estimated at 5,285,000 cubic yards.

The average grade proved somewhat difficult to determine on account
of the exceedingly irregular distribution of the gold through the gravel and
the absence of a satisfactory section across the paystreak. I t is estimated
at 23 cents per cubic yard, and the gold contents of the workable gravels
at $1,215,500. This figure is based partly on mining returns and partly on a
systematic sampling of all the available shafts and hydraulic cuts in the
area. The best values occur in the upper part of the hill. Towards Seventy
pup the gold diminishes both in quantity and coarseness.

Considerable mining, both by the drifting and hydraulic methods, has
been done on Paradise hill, and two small hydraulic plants are now in
operation.

The wide belt of White Channel gravels extending from Seventy pup to
Eighty pup, a distance of 3,400 feet, is low grade everywhere so far as known.
:\To definite paystreak has yet been located, although numerous shafts have
been sunk for that purpose to bedrock throughout the area. The absence of
a hill paystreak is somewhat remarkable as the bordering creek gravels are
also lean, showing that it has not been destroyed. The gravels between
the two pups have a depth in places of over a hundred feet and a total
volume of 11,234,000 cubic yards. The gravels assumed to be workable in
clude a small area below Seventy pup measuring- 1,500,000 cubic yards,
estimated at 13 cents per cubic yard, and portions of the rim gravels along
Eighty pup. The latter are roughly estimated at 1,000,000 cubic yards, with
a grade of 15 cents per cubic yard. The probable production of the hill is
estimated at $345,000. No mining has been done on the hill.

Preido hill between Eighty pup and Last Chance creek is also com
paratively low grade as a whole, but contains some gravels carrying good
values in coarse gold on the Last Chance slope. The Preido hill gravels
cover an area of 474,000 square yards, have a maximum depth of ninety
feet, an average depth of forty-three feet and a total volume of 6,828,000
cu bic yards.

The best values occur in a belt crossing the centre of the hill, 1,600 feet
wide on the Last Chance slope and 1,100 feet on the Eighty pup slope.
Samples from shallow shafts and hydraulic :cuts along the Last Chance rim
indicated an average grade of 35 cents per square foot of bedrock. Those
ohtained from the Eighty pup slope were much lower, averaging only 15
cents per square foot of bedrock. The zone defined above contains 3,093,530
cubic yards of gravel, estimated to average 15 cents per cubic yard, a total
valuation of MM,OOO. This estimate is based on the assumption that the
values obtained at the rims continue to the centre of the hill.
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Last Chance and Lower Hunker Cl'eeks White Channel Gravels

Dago hill below the junction of Last Chance and Hunker creeks is
covered by a large and important body of high level gravels. The gravel
area deposit has a maximum depth of 100 feet, an average depth of 68'5
feet and covers a triangular shaped area 862,000 sfluare yards in extent.
The total volume of gravels 011 the hill measures 19,639,000 cubic yards.

Dago hill is crossed diagonally by a well defined coarse gold paystreak,
3,700 feet in length and from 300 to 500 feet in width. The workable grave-Is
have an estimated width of 600 feet (as the main paystreak is fringed with
gravels carrying some values), and measure 6,423,000 cubic yards. The
average grade calculated from the values obtained in sampling two sections
across the paystreak is f>stimated at 1C) cents per cubic yard.

In addition to the gravels on and bordering the main pay streak, por
tions of the rim gravels along Last Chance creek, roughly estimated at
750,000 cubic yards with a grade of 15 cents per yard, can probably be
worked.

Total quan tity of workable gravels, 7,173,000 cubic yards.
Estimated average grade, 18.6 cents per cubic yard.
Probable production, $1,332,870.
Last Chance creek is bordered on the left limit for one and a third miles

along Dago hill by a number of small areas of rich hill gravels. Considerable
mining has been done on all the areas and a couple of them have been
worked almost completely away. The two most important areas at present
are Treasure and Discovery hills. These still contain 2,173,000 cuuic yards
of gravel, estimated to average 24.1 cents per yard. Probable production,
$524,000.

From Dago hill the White Channel deposit crosses the present Hunker
valley to Australia hill, a small grave-I-covered plateau separating Hunker
creek from the Klondike river above their junction. The White Channel
gravels on Australia hill cover an area of 1;586,000 square yards, have a
thickness in places of over a hundred feet and a volume of 35,947,000
cubic yards. They are overlaid, as on Lovett hill at the mouth of Bonanza
creek, by barren Klondike river gravels. The latter overlap the \A'hite
Channel gravels on the Klondike river side. The portion resting on White
Channel gravels has a thickness of 130 feet and a volume of 39,200,000
cubic yards.

Australia hill, although the largest both in extent and volume of gravels
of all the IIunker hills, has so far proved of little economic importance.
No definite paystreak crossing the hill has been located, and the ,hanees
are that none exist as the hill, aparl from our own sampling, has been fairly
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Hills between Hester and Last

Chance creek .
Hills below Last Chance creek

(exclusive of Australia hill) .
Australia hill .

24,141,300
Estimated average grade (exclusive of Australia

per cubic yard.

Total quantities of White Channel Gravels and overlying Klondike
Gravels along Hunker Creek

well prospected. Coarse gold was found at one point near the mouth of
Hattie gulch, and pay values are reported to have been found in a drift
farther up the creek. The drift at the time of our visit was inaccessible.
Samples from the rim near-by carried only light values. While some produc
tion may be expected from Hattie gulch, no definite statement in regard to
the amount can be given. It is placed at $150,000, but this figure can only
be regarded as a rough guess and may be largely exceeded.

Summary of Hunker Creek workable Hill Gravels

Volume. Values.
cu. yds. $
3,916,800 988,000

Small hills above Hester creek. . . . . . . .
Hills between Hester and Last Chance creeks .
Dago hill. . . . . . . .
Last Chance hills. . . . . . . . . . . . .

A t 1· h'll {White Channel gravels ..
us ra la 1 1(1 d'k R' Ion 1 elver grave s .

Small hills, not measured, estimated at .

Total. .

cu. yds.
5,378,600

25,850,000
19,639,000

2,950,000
35,946,770
39,200,000

3,000,000

131,964,370

Klondike River High Level Gravels

High level gravels, usually at an elevation of from 200 to 300 feet above
the valley flats, occur at various points along the Klondike river. These
gravels differ altogether in character and appearance from the White
Channel gravels of the creeks. The pebhles are smaller and more rounded,
and consist mostly of slate, diorite and quartzite derived from the mountains
of the Ogilvie range.

The Klondike river gravels as a rule carry only light values, but below
the mouth of Bonanza creek they have been enriched and in places contain
gold in commercial quantities.

The two most important areas of these gravels discovered so far occur
on benches bordering the Klondike river at its mouth. These two areas con
tain approximately 4,780,000 cubic yards of gravel considered to be work
ahle. The grade based on a somewhat hurried sampling of the various cuts
anu shafts is estimated at 20 cents per cubic yard. Probable production,
$956,000.
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S
15,742,252
5,019,370

956,000

$ 21,717,622

General Summary oJ Probable Production oJ High Level Gravels

Volume of Estimated
workable Values.
gravels.
ClI. yds.

74,548,746
. . . . . .. 24,141,300

4,780,000

103,470,046

Bonanza creek .
Hunker creek .
Klondike river .

Low Level Gravels

The following estimates of the values remaining in the Klondike
creeks are based mostly on data obtained from miners and others, as no
satisfactory sampling of the creeks in addition to the bills in the time at our
disposal was possible.

Eldorado Creek

The rich paystreak in Eldorado creek, originally the richest in the
district, has been pretty thoroughly worked, portions of it twice over.
Experience in reworking claims has, however, shown that few if any were
completely exhausted. This has proved to he the case not only in drifted
claims but in those which were worked by the open cut method. The old
tailings are also expected to yield a considerable slim when resluiced. The
Eldorado paystreak has a length of about four miles and its productioi1 up
to the present is estimated at $25,000,000. The probable future output is
placed at $2,600,000, an average of $65,000 a claim.

Upper Bonanza Creek

Upper Bonanza creek, the portion above Eldorado forks, proved rich
up to Victoria gulch, a distance of about four miles. The paystreak in places
rivalled that on Eldorado creek in richness, but the general average grade
was considerably lower. It has been less thoroughly worked on the whole
and at the present time the claims probably average somewhat higher
than those on Eldorado creek. The past production is estimated at $15,000,
000 and the future at $3,225,000.

Lower Bonanza Creek

Lower Bonanza creek has a length of about ten miles and is more or
less auriferous throughout. The grade decreases as a rule down stream,
but in an irregular manner, enrichments occurring at various points along
the valley. Some of the claims a short distance below the forks proved very
rich, and few unproductive claims occur from the forks down stream for
seven miles. In the lower portion the valley flats increase in width, the gold
is less concentrated and the gravels, except in a few places have not been
drifted. Preparations are now being made to dredge them and it is believed
that there are few, if any, claims on the creek which cannot be profitably
worked or reworked by this method.

The irregular grade of the Lower Bonanza creek gravels has resulted in
portions of the valley being well worked, while considerable stretches are
still practically virgin and others are only partially worked. The production
up to the present time, including that from the rich trihutary gulches, is
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estimated at ;1;11,000,000 and the future production at a minimum of
$11,500,000.

The Klondike river flats are expected to produce largely in the future.
The work of the past season has led to the belief that the high level White
Channel gravels of Bonanza, Bear and Hunker creeks originally extended
for considerable distances out over what is now the valley of the Klondike
and were destroyed during its excavation and the gold contents scattered
along the river flats. Rich gravels have been found in the Klondike river
flats below the mouth of all these streams. Evidence was obtained indicating
that the destroyed portion of the old Bonanza high Ipvel valley was at least
a mile in length. The destroyed portion represen ts the extension of the
Lovett hill gravels and for some distance must have been equally as rich.
Allowing for diminishing values down stream it is estimated that they con
tained gold to the value of at least $4,000,000 and possibly Ji;5,000,000. The
gold contents of the destroyed lower portions of the old valley gravels of
Bear and Hunker creeks are roughly estimated at a minimum of $3,500,000.

Two dredges, one below the mouth of Bear creek and the other belo,"
the mouth of Bonanza creek, are at present working successfully on the
Klondike river flats. The total production to date, partly obtained by
dredging and partly by drifting and open cut work at the mouth of Bear
creek, is estimated at $1,000,000.

Bear Creek

Bear creek is comparatively low grade compared with Bonanza or
Eldorado creeks, but contained some rich ground near its mouth. It is
estimated to have produced gold to the value of $1,000,000 and the probable
future production is placed at li;600,000.

Hunl(er Cl'eck

The H unker Creek gravels, like those of Lower Bonanza creek, varied
greatly in grade along the valley.

A long, almost continuous, stretch of pay gravels extended from a point
a short distance below Hester creek up stream for eight miles and occasional
good claims have been worked for a further distance of two and a half
miles. Most of thp claims in the eight-mile stretch carried good values and
some of them, especially around Discovery claim and in the thirties and
forties below, were very rich. They have all been more or less completely
worked, mostly by the drifting method. Lean ground commences below
Rester creek, and with the exception of three claims below the mouth of
Seventy pup, and a short stretch near the mouth of Last Chance creek, con
tinues down so far as known nearly to Dago pup, a distance of three miles.
Portions of the mile stretch between Dago pup and the mouth of the creek
proved very rich. These lower gravels are probably the richest on the creek
at present as they have been less thoroughly worked than the once rich
stretches above Hester creek.

The production of Hunker creek up to the present, including that from
the tributaries Last Chance, IIester and Goldbottom creeks, is estimated
at $14,000,000, while the amount of recoverable gold remaining is placed
roughly at $7,500,000. The data for this determination are more meagre
than on the other creeks as little is known of the possibilities of the three
mile Jean and mostly ullworked stretch above Dago pup. Light drifting
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values occur in places and it is probable that a considerable portion of it
carries dredging values.

Summary of Estimated Values in Low Level Gravels
Eldorado creek. . . . . . . . . . . . . . . $ 2,600,000
Upper Bonanza (above the Forks). 3,225,000
Lower Bonanza. . . . . . . . . . . 11,500,000
Klondike river flats. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,500,000
Bear creek. . . . . . . . . . . . 600,000
Hunker creek (with tributaries). . . . . . . . .. . 7,500,000

$31,925,000

956,000
5,019,370

21,717,620
31,925,000

$53,642,620

Hunker creek hills .

~reek values brought down ..

Totals ...

Upper Bonanza and Eldorado hills
Lower Bonanza hills .
Klondike river hill gravels ..

Eldorado creek.. . .
Upper Bonanza creek ..
Lower Bonanza creek ..
Klondike river flats ....
Bear creek. . . . .
Hunker creek .....

General Summary of Estimated Past Production and Probable Future
Output of Eldorado, Bonanza, Bear and Hunker Creel?s and

the Klondikr R·iver, Hill and Valley Gravels
Estimated Estimated

past future
production. output.
$25,000,000 $ 2,600,000

15,500,000 3,225,000
11,000,000 11,500,000

1,000,000 6,500,000
1,000,000 600,000

14,000,000 7,500,000

$67,500,000 $31,925,000

$24,000,000 $ 8,213,532
750,000 7,528,720

Small
prod uction.

2,500,000

27,250,000
67,500,000

$94,750,000

This estimate of the amount of recoverable gold remallllng in the
various Klondike cref'ks and benches is based, as stated previously, on
sampling done by ourselves, on the results of actual mining operations and
on information obtained from various miners, and is believed to be a reason
ably close approximation. It, however, only represents present knowl
edge, and no allowance is made or can be made for fresh discoveries of rich
spots, the day for which, as shown by a recent find on Hunker creek, is not
altogether passed, notwithstanding- the thorough manner in which the
district has been explored. While it is unlikely that any large area of rich
gravel has escaped detection minor discoveries may be expectecl as long as
mining lasts and on this account any estimate is apt to be sOl11e\Vh~jt under
rather than over the mark.

Indian River Creeks
The estimate of values given above does not cover the whole of the

Klondike distrirt, as the creeks on the Indian river slope, induding such
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important producers as Dominion, Gold-run, Sulphur and Quartz creeks,
were not examined. These streams are estimated to have produced gold to
the value of $24,250,000, making the total prod uction of the camp to date
$119,000,000. They have not been worked, on the whole, as thoroughly as
the Klondike creeks, and the percentage of unmined gold is probably some
what higher. A production of from eight to ten million dollars may still be
expected from them.

The production of the Indian river creeks has been obtained mostly
from the low level creek gravels. Bench gravels carrying good values occur
at some points, notably along the central portions of Dominion and Quartz
creeks, but their total yield has been relatively small.
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1907
Introductory Note

In 1907 Mr. R. W. Brock was acting Director, and his notes in the
Summary Report for that year on field work in the Yukon contain the
following information:

R. G. McConnell was engaged in investigating the geology and econo
mic futures of the copper-bearing rocks in the vicinity of Whitehorse. He
was assisted by F. H. Maclaren, as topographical, and Mr. Haughton as
geological, assistants. D. D. Cairnes continued his explorations in the
southern part of the Yukon, chiefly between Whitehorse and Tantalus,
where coal and copper were being developed. Joseph Keele was commis
sioned to make an exploratory investigation of a hitherto little known region
situated for the most part between latitudes 62 and 63 degrees, but which
also includes that part of the Yukon drained by the Upper Pelly and its
tributaries, Hoole, Ross and Kitza Rivers.

"Mr. Keele, who is wintering in the Fpper Pelly, writes that he can
find no trace of the existence of an active volcano that prospectors, returning
from this district, have reported among the mountains near the source of
the Pelly."

REPORT ON PORTIONS OF THE YUKON TERRITORY, CHIEFLY
BETWEEN WHITEHORSE AND TANTALUS

by D. D. Cairnes

This season was again spent in the Yukon territory, chiefly along the
Lewes river between Whitehorse and Tantalus. I was again very ably assisted
by Mr. H. Matheson, who did a considerable portion of the topographical
branch of the work.

The Yukon territory was reached about May 25, by the usual route via
Vancouver and Skagway, and those properties were first visited which had
been worked on Windy Arm during the winter. After arriving in \Vhitehorse
and completing the necessary arrangements, we left that town on June 1
and proceeded by canoe down the Lewes river towards Tantalus, having to
remain, however, at the upper end of Lake Laberge a few days to allow the
remaining ice on the lake to thaw or shift sufficiently for us to get through
with our canoe.

Owing to instructions received during the latter part of the season to
collect statistical information for the Mines Branch, geological explorations
were somewhat curtailed.

The double object of the expedition included further surveys of the coal
seams examined last year, some samples of which coked successfully in the
laboratory, and of the copper deposits of the Whitehorse district, where suc
cessful working is largely dependent on accessible coal suitable for pro
ducing a metallurgical coke.

Discoveries of coal were reported at a number of points along Lake
Laberge, the Lewes river, and its tributaries the Teslin and Big Salmon
rivers. These were examined, as well as the geological formations, generally,
along the river to Tantalus.

Except within a few miles of Tantalus, where the Tantalus coal measures
cross the river, this so-called coal proved in most cases to be dark or black



240

shales, sometimes more or less bituminous; in other instances the seams of
coal, where they did exist, were only a few inches in thickness and of no
present economic importance.

Areas Exalllined

Along the river to Lake Laberge, on the lake shores and westward for
a few miles, none of the known coal-bearing horizons were met and no coal
was seen. The formations here have a general northwesterly and south
easterly trend and the Tan taIus coal measures were believed to extend in a
southerly direction from Tantalus and to lie to the west of Lake Laberge.
A map-sheet was therefore projected covering an area about ten miles wide
in a north and south direction and extending to the west from Lower
Laberge for a distance of about twenty-five miles. The coal measures lie
just to the west of this map-sheet, but for the reason above mentioned
the map was not extended far enough to actually include them.

From Lake Laberge the geological work was continued along the river to
Tantalus, after which the auriferous veins and placer deposits of Livingstone
creek were examined, as also the reported coal outcrops up Salmon river.

Having arrived at Tantalus another map was commenced which was
intended to include the Tantalus and Five Fingers mines and the coal
m('<lsures ill their vicinity. Having completed the work along the river, pack
horses were procured and the survey was continued to the south away from
the river.

In addition to the above work quartz properties were examined in the
vicinity of Dawson and on Williams creek which enters the Lewes river six
111 iles below Yukon crossi ng.

Topography and Flol'a

The Lewes river between \Vhitehorse and Tantalus flows in a wide
valley having a general north and south trend, and is extremely tortuous in
most places, particularly below Lake Laberge, which is a portion of the river
that has acquired considerable width ancl possesses very little grade.

The district examined this season is a typical representative of an up
lifted plateau of erosion and is a portion of the Yukon Plateau province.
To the west and east, particularly towards the north of the district, there is
an abrupt change from one plateau to the mountain provinces of the Coast
range and Rocky Mountain range respectively.

To the west of the lower end of Lake Laberge, and about 1,000 feet
higher, the valleys, which often contain chains of lakes, are characterized
by muskegs. The hills, as a rule, are mostly covered with underbrush and
smaller timber, chiefly spruce, aspen and poplar.

To the north there is a particularly long chain of lakes which is drained
for the greater part by Mandanna creek, a stream about four miles long that
joins the Lewes from the south, nearly opposite Eagle Nest. The most
southerly of these lakes, Frank lake, is over five miles long and has an aver
age width of a mile. One branch of this chain continues west towards Mon
tague on the Dawson-vVhitehorse wagon road; the other branch continues
about fifteen miles in a direction about SSE. The valleys of this portion of
the country generally contain lakes of considerable size, and the hills,
which are well rounded, are covered with small spruce, poplar, willow, and
shrubbery of different sorts. Rock outcrops are very scarce.
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Continuing down the river towards Tantalus the hills on the north
slopes are chiefly covereel with spruce and Banksian pine. Patches of poplar
and willow are occasionally seen. The south slopes along the river are mure
open, some being quite bare; the little timber seen is chiefly poplar and wil
low. The country, farther back from the river here, and that just west of the
river between Tantalus and Five Fingers, is practically all covered with
spruce, Banksian pine, poplar, and willow, the greater part being spruce.
The river flats generally support a growth of poplar, willow and a species
of scrub alder.

Geology

From the upper end of Lake Laberge to Five Fingers the formations seen
are similar to those in the more southerly portions of the Yukon. The uldest
rocks exposed are Carboniferous limestones which belong in all probability
to the Upper Cache Creek series. Above these are porphyrites, tuffs, tufa
ceous sandstones, shales, etc., corresponding to the \iVinely Arm and Tutshi
series. Towards the north, however, the porphyrites, tuffs, etc., gradually
give place to trup seeliments. Overlying these latter rocks are the coal
bearing Jurasso-Cretaceous beds, which are buried under more recent
sediments and Tertiary Aows of lava, etc. Intrusive granites, syenite-por
phyrites, and porphyry dikes also occur.

Along the east shore of Laberge the rocks belong chieAy to the lime
stone series, although some of the more recent rocks, similar to those on the
west shore of the lake, are found overlying these unconformably. Along the
west side of the lake the rocks, which are chieAy bedded and dip at high
angles, are generally coloured tuffs and tufaceous sands tones. These are
either finely bedded or coarse greenish and massive. They are associated with
dark, almost black, shaly rocks wi th occasional brownish bands. Heavy
massive beds of very coarse conglomerate also occur, the contained boulders
being often one to two feet in diameter. This whole series, lithologically,
closely resembles the Tutshi series farther south.

South and east of Lower Laberge are some porphyrites, porphyries,
tuffs, etc., closely resembling the rocks of the Windy Arm series and cut
by dikes of typical syenite-porphyry. To the west the outcrops largely con
sist of coarse, massive beds of conglomerate, from 600 to 700 feet thick,
the component pebbles and boulders being chieAy porphyries and granite.
Cnderlying these are thinly bedded greenish and brownish sandstones
and some dark coloured clays. This series is here seen to overlie the lime
stone series unconformably. Farther west, towards the VVhitehorse-Dawson
road, there are more tuffs and tufaceous sandstones and shales, generally
quite massive, resembling those along the greater part of the west side of
Lake Laberge. Outcrops are very scarce in this district.

From Lower Laberge to Hootalinqua the outcrops are chieAy limestone
and rocks resembling the Tutshi series.

On the left of the Lewes river, just above Fife creek, conglomerates
similar to those at the Tantalus coal mine occur for four or five miles.
Though no coal was found here it will probably be discovereel in the future.
This was the only place at whirh this formation was noticed along the river
until near Tan tal us.

vVest of Salmon river an outcrop of the coast granite was seen, but the
greater part of the outcrops here and along the Semenow range consists of
generally greenish, fine-grained, and often quite calcareous porphyrites and
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tuffs. Below Salmon river these porphyrites, etc., continue to near Little
Salmon, where true sediments commence. Below Little Salmon river to
Tantalus practically all the exposures are limestones or other sedimentaries.

On the right limit of the Lewes river, helow Little Salmon, the hills are
conglomerate and sandstonE' to Eagle N est, which is limestone. Just below,
an almost perfect section of the sedimentaries occurring in this vicinity is
to be seen ullconformably overlying the limestone. Immediately above the
limestones are the coarse massive sandstones like those causing the rapids
at Five Fingers and elsewhere, and here called the Laberge conglomerate.
Uverlying these conformably is a series about 1,200 feet thick, which consists
of dark shales and lighter coloured sandstones. The dark shale beds which
are at times somewhat carbonaceous and contain small areas of lignite,
comprise a considerable portion of this series. No lignite seams more than one
to two inches in thickness were seen. In addition to these shales there are
some thick beels of light gray, yellow and brownish sandstones, the light
beds being soft, coarsely bedded and somewhat calcareous. They weather
easily and are quite noticeable horizon markers. Some of the beds are more
thinly bedded, harder and more siliceous. Remains of tree trunks are of
frequent occurrence, particularly in the lighter coloured strata. This whole
formation, with the exception of the dark shale bands, presents a coarse
grained, light-coloured appearance. Above this is a reddish series, in the
lower portions of which are some narrow seams of lignite on which some
prospecting has been done near Eagle Nest. \iVider seams may yet be found.
These reddish sedimentaries, which are generally coarse-grained, often
thinly-bedded and quite calcareous, decompose readily by weathering. A
heavy conglomerate bed of the same material occurs near the top of the
series here. Though at least 200 feet were observed, the uppermost series
were not seen in this section.

These beds in this section outcrop continuously along the river bank
to within ten or twelve miles of Tantalus. Their strike is roughly parallel
with the river, and the dips being away from the river the outcrop of the dif
ferent beds shows an apparently horizontal stratification.

Nearer Tantalus are outcrops of the conglomerate formation, or beels,
in which the coal at the Tantalus mine occurs. These conglomerate beds are
here at least 500 feet in thickness; the top strata in particular shows dis
tinct bedding, the beds being generally two to ten feet thick and very
similar in appearance and composi tion. Chert, black l[uartz and slate
pebbles, apparently derived from the Cache Creek beds, are the chief com
ponents. These conglomerates, though not seen in contact with any other
formations, are considered to be probably the oldest sediments in the dis
trict. Overlying them are some massive, quite coarse, and very light-coloured
sandstone beds somewhat resembling the coal conglomerates, but derived,
apparently, chiefly from the coast granites.

Extending for several miles along the left limit of the river below
Tantalus are basalt, meJaphyres, etc., which are very recent and are asso
ciated and interbedded with some of the later sediments around the Five
Fingers mine and elsewhere. These lavas, etc., are the newest geological
formation in this district, except the glacial and postglacial silts, boulder
clays, etc.

Economics

In addition to the districts mapped this season, propertie$ w~J.""e ~x-
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amined in the following localities: Windy Arm, Livingstonc creek, Dawson
and vVilliams creeks.

Windy Arm

The only properties that have been working on Windy Arm, to any
extent, since last season, are the Vault, Venus, and some of those controlled
by the Anglo-American Consolidated Mining Company.

Owing to internal dissensions and other causes, the development of the
properties on Windy Arm has been much retarded. In most cases the pro
mising properties have continued to impr-ove with development.

Owing to difficulties arising between the owners and the Anglo-American
Consolidated :Vlining Company, work has been curtailed on the claims
bounoed by the latter.

On the Vault, which has been worked continuously for over two years,
a long tunnel is being driven, but the ore had not yet been tapped when
the mine was visited about October 1.

On the Venus, approximately 1,800 feet of work has been done this
season, with the most promising results. A considerable quantity of ore is
blocked out, and one hundred tons shipped to the Tacoma smelter this fall
netted over $60 per ton after all smelting charges and deductions were made.
The ore is a concentrating one and it is the reported intention of the com
pany to erect a mill on the ground in the near future.

T~ivingstoneCreek

A description of the geology and topography of Livingstone creek is
given in :Vlr. R. G. McConnell's report and map on the 'Big Salmon Gold
Fields', in the Summary Report of the Geological Survey for 1901. Since
that time the old creek channel has been discovered and is being worked.

The gold is, or was chiefly in this preglacial channel. Since glacial times
the present creek has been cutting farther and farther into the thawed south
facing bank, the gravels on the north facing bank being frozen, so that now,
above the canyon near the mouth of the creek, the old channel is on the
left limit of the present creek valley. Near Discovery the two channels
apparently coincide, and the present creek having the greater grade has worn
down the older channel, into which it has concentrated its values. Above
Discovery the gold is practically all in the old channel and is recovered by
tunnelling from the present creek bed through the rock rim to the old
channel and drifting on it. The pay on the old channel averages about thirty
feet in width and two feet in depth, although it is considerably wider in
places. There is quite enough grade to the creek for sluicing. The hillside
claims, i.e., those on the old channel gravels, have produced, on an average,
about 825,000 each.

About $90,000 was taken out of this creek last season and there will
probably be over $100,000 taken out this season (1907).

Similar conditions exist on the parallel creeks, Summit Lake, Cottoneva
and Little Velvet, but owing to scarcity of water only a small amount of
work has been done on them. \,vhat has been done has given very en
couraging results and it will probably pay to bring water from :Vlendocina
creek or elsewhere. .

Tantalns Mine

Since reporting on this property last season considerable progress has
heen made. The two main tunnels had, by August I, 1907, been driven in
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over 1,800 feet, and twenty-three rooms had been opened up on No. 2 and
eight on :'-Jo. 1 seam.

Five thousand one hundred and seventy-three and a half tons of coal
were shipped last summer, and it is expected that about 9,000 tons will be
shipped this summer.

At Tantalus mine the formations dip to the east and on Tantalus
butte, across the river, they dip to the west, showing the presence of a syn
clinal fold. The continuation of the eastern wing of this fold was noticed
about a mile to the east of Tantalus on the left bank of the river. On ac
count of heavy wash the coal is here not exposed, but a small amount of
stripping should uncover the seams.

These measures, which cross the river at Tantalus, are known to ex
tend in a northerly direction for several miles at least and in a southerly
direction over fifty miles, crossing the '0lhitehorse-Dawson wagon road
seventy miles from 'iVhitehorse. In all probability they extend considerably
farther. Throughout a distance of sixty miles they have been traced and
wherever a section has been made two or more workable seams of good
bituminous coal have been found. In the only places from which it has been
obtained at a depth the coal cokes quite satisfactorily.

Tantalus Buttc

At Tantalus butte and just across the river from Tanta!us, only assess
ment work has been done. A section was examined this season and the
iollowing seams were measured and supplied:

rCoal.
IShale ..

:.io.l·lCoal ..
IShale .
lCoal.

No.2 Coal.
No.3 Coal .

Feet
o
o
6
o
o
9
8

Inches
7
3
1
6

10
10
10

Three smaller seams, fourteen feet, ten in,hes and six inches, respective~

Jy, were also measured.
All this coal is bituminous and of about the same quality as at Tanta

Ius; when clean it yields a firm, coherent, coke, i.e., if obtained at a suffi
cient distance from the surface to be free from weathering.

Williams C"cck

A number of claims have been staked this season on and near vVilliams
creek. The Bonanza King, which was abou t the first staked and which was
the only one on which any work had been performed, was visited in August.
I t is situated about one and one-half miles up Williams creek, a stream
flowing into the Lewes river about six miles below Yukon crossing.

The ore is quartz, carrying chiefly the copper minerals bOl'nite, chalco
pyrite, and malachite. The vein is about six feet wide from wall to wall,
including, in this thickness, one foot to two feet of the country rock. The
ore is in a fissure, or fissures, in granite, near its contact with older, much
altered diabase, now quite schistose in structure.

''''hen seen, a shaft had been sunk about twenty feet on the ore and a
tunnel had been driven about forty feet to cut the vein.
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The ore is claimed to carry values in gold, silver and copper; however,
average samples obtained by the writer gave only traces of gold and silver
and 3' 29 to 4' 21 per cen t copper.

Conclusion

The chief result of this season's geological work has been the locating
of enormous quantities of available bituminous coal in this portion of the
Yukon Territory. Full particulars, accompanied by contoureel geological
and topographical maps, will be published in the writer's detailed report.

REPORT ON A PORTION OF CONRAD AND WHITEHORSE
MINING DISTRICTS*

by D. D. Cairnes

During the summer of 1905, Col. J. If. C'onrad and others initiated de
velopment on \Vindy Arm, Tagish lake, Yukon, in consequence of which,
Mr. R. G. McConnell, of this Department, on his way south from the
'vVhite River district, made an examination of the properties. A short report
of this examination was published under the title 'Recent Mineral Dis
coveries on the Windy Arm of Tagish lake'. The properties mentioned in
that report having since been rapidly developed, the writer was instructed
to make a geological and topographical map of the district and a report
on the present aspect of the mineral prospects.

District SUl"Veyed

Just after the Windy Arm district had been examined, considerable
excitement was caused by the finding of quartz carrying free gold and tellu
ride minerals between the \iVatson and Wheaton rivers, about fourteen miles
in a direct line south-west of Robinson; within ninety days over 700 claims
were located. It was seen that the district containing these claims, along
with the Windy Arm properties and the coal areas south-west of Whitehorse,
could be included in one map-sheet that would cover the then most in
teresting portions of the country in this part of the Yukon. The area lies
for the greater part in the lOllfad mining district, established this season.
The south-east corner of the sheet, which accompanies this report, connects
with the north-west corner of Mr. J. C. Gwillim's map accompanying his
report on the Atlin mining district, B.C., 1901, and from this point the
eastern boundary runs in a north-west direction to a point just east of Dug
dale on the W. P. & Y. railway. The western limit of the map runs from a
point on the British Columbia and Yukon boundary just west of Lake
Bennett to a point about twenty miles west of Dugdale. The British
Columbia and Yukon boundary is practically the southern edge of the sheet.

\i\'ith the exception of a cursory survey, that employed a couple of days,
the very interesting and valuable Whitehorse copper deposits which lie
to the north of this map were not geologically examined, as detailed work in
this locality would have entailed more time than was at the writer's disposal.

:\-Iethod of Survey

Starting from a measured bi1se on the \i\'. P. & Y. railway, a few miles
----

• This report was published as a ,epar'le ill 1908. Publication No. 982. (H. S. B., 1956,)
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north of Caribou Crossing, a triangulation was carried through the district,
connecting on the south with the I nterprovincial Boundary and on the north
with two of the stations of H. Dickson, D.L.S., who had determined their
position from a point in Whitehorse. Latitudes were obtained with the
sextant, and frequent observations were made for azimuth with the transit.
The method chiefly adopted for filling in the topography was by transit,
and vertical sketches to scale made from triangulation stations and other
suitable points; the prismatic compass, micrometer, and aneroid being used
for minor details.

Owing to the lack of time in which to make a complete micrometer
survey of the rivers and creeks, these have all, with the exception of Watson
river, been plotted from sketches. The railway, and the north and south
portion of the Watson river, were plotted from the location line of the \\T. P.
& Y. railway.

Transportation

This district is easily accessible. Steamers ply regularly between Seattle
and Vancouver, and Skagway,-distances respectively of about 1,000 and
867 miles. From Skagway, Whitehorse, which is about 111 miles distant, is
reached by the 'vV. P. & Y. railway; thence, steamers run to Dawson, 460
miles. The railway has a general north and south direction, and at 20'4 miles
from Skagway the summit of the White pass, which marks the boundary
between the 'Panhandle' portion of Alaska and British Columbia to the
north, is crossed. ,\bout thirty-one miles farther is the 60th parallel, the
houndary between British Columbia and the Yukon. From the \iVhite Pass
summit all the waters feed the Yukon river or its tributaries, the river
having a general northerly trend for a considerable distance, eventually,
ho\vever, turning toward the west and flowing into Bering sea.

Commencing about ten miles south of the 60th parallel the railway
follows the east shore of Lake Bennett to its lower end, where it crosses, at
Caribou Crossing, about sixty-seven miles from Skagway, a narrow strip
of water connecting Lake Bennett and ~ares lake. From this point, for
about twenty miles, the railway follows the wide, open valley in which the
'vVatson river flows, and soon approaches the Lewes river, down the west
side of which it continues to Whitehorse, affording along the route a very
good view of Miles canyon and the Whitehorse rapid.

The ores of the district are conveyed by aerial tramways to the shores
of Windy Arm, whence they can be taken in boats up the Arm, and Nares
lake to Caribou Crossing on the railway, a distance of about twelve miles.
On the south shore of Nares lake, and the west shore of Windy Arm a rail
way, the building of which presents no more than ordinary engineering diffi
culties, would eliminate the present necessity of reloading at Caribou
Crossing. A good grade for a railway also extends from Log Cabin via
Whynton, B.C., to Conrad.

A government wagon road, about twent.y miles long with very easy
grade, was this season built from Robinson, a point on the railway about
eighty-miles from Skagway, to Gold hill where the free gold quartz of the
Watson and \iVheaton Rivers distrirt was first found. A similar road, about
twelve miles long, was also built along the beach from Caribou Crossing to
Conrad; and a third, built during the previous season, extends from Caribou
Crossing to the Big Thing, one of the \iVincly .\rrn mining properties. Trails,
mostly built by the Yukon government, have been run from the shores of



247

vVindy Arm to and between all the most important claims. A road has also
been constructed from DugdaJe to the vVhitehorse coal field, a distance of
about twelve miles in a south-west direction, between which points a feasible
railway route can also be found.

In fact, taking into consideration the railway already built, the suitabili
ty of the topography for further railway construction, the government
built roads and trails, and the general natura! advantages of the district,
including the chain of lakes with their fiord-like arms, it may be said that
transportation need be no bar to successful mining.

Clilllate

It is not very long ago that the popular conception of the Yukon was a
region almost impossible of access, covered with perpetual snow and ice.
vVinter photographs, sensational newspaper descriptions of the Chilcoot
pass, the building of the VV. P. & Y. railway, and stories, generally exag
gerated, of the hardships endured by those who joined in the early rush to
Klondike, are mainly responsible for those opinions. I t is certainly true, that
from 1896 to 1898, when the influx to Dawson was at its height, great hard
ships were endured and many lives were lost, but when it is remembered
that the majority of the gold seekers were accustomed neither to a moun
tainous region nor to encounter difficulties in northern latitudes; that pros
pectors frequently set out on their quest with only the vaguest notion of the
route to be traversed; that the route chosen was often the worst possible in
the circumstances, and that a large proportion of the travellers made the
trip during the most unfavourable season, it is not amazing that there was
loss of life, but that there was so comparatively little.

Now that the district has become better known, and railway and boat
lines have been built, it is seen that the climate of the Yukon, and the south
ern Yukon in particular, (that dealt with in this report), is similar to that
in many districts in British Colum hia, and other northerly bu t prosperous
mining camps of the world, and that few more difficulties have to be con
tended with in actual mining operations.

During the past season there was a considerable amount of rain on the
higher summits, but in the valleys the weather was very pleasant. There
was a moderate amount of rain and the temperature was similar to that
experienced during other seasons in southern British Columbia. Added to
this, however, is the delightful feature of the extreme length of the days;
for a month or so there is little or no night, it never becoming completely
dark. At least six months are suitable for surface working and for the neces
sary outside operations contingent on mining, and during many months
work can be carried on by night, without artificial light, almost as well as
by day. Frost, except in connexion with surface workings, does not interfere
with quartz mining.

The district is very subject to high and long continued winds. On the
summits these blow almost continually, and coming off glaciers and snow
capped peaks are exceedingly cold. The length and breadth of the valleys
allow the winds a great sweep which makes the lakes, particularly Bennett
and Windy Arm, very dangerous. Storms of terrific strength cause the almost
smooth waters of these lakes to become rougher in a few minutes than, from
their size, would be deemed possible. The wind dies down during the early
hours of the morning, and remains calm until eleven or twelve o'clock;
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sometimes, however, the waters continue rough for several days in suc
cession, and as it is only possible, on account of their low temperature, to
exist in them for a few minutes, an upset becomes an exceedingly dangerous
matter and has brought disaster to even the best canoe men.

Flora

Except in some of the valleys----especially along the lower stretches of
the Wheaton- -and on the lower portion of the hillsides, no timber exists;
even in the valleys the forest growth is very light. The lodge-pole pine (Pinus
murrayana), the rough-barked poplar (Populus balsamifera), white pine,
white spruce, balsam fir, and aspen comprise the existing species, with the
exception of a growth of scrubby birch covering the slopes and higher valleys
and often so thick as to be difficult to penetrate. The pine is found on the
hillsides and in the dry valleys; the spruce in the swampy valleys, and the
fir, frequently knotted and dwarfed, on the hillsides, near the timber-line.
A saw-mill was in operation for a time on Mill Haven, but it is not now
runl1lng.

The growing season for wild fruits is very short, but the almost constant
daylight effects a continuous growth, so that the development of vegetation
is surprisingly rapid. Mossberries, blueberries, and low-bush cranberries
were plentiful; raspberries, gooseberries, and black and red currants were
seen.

Game and Fish

Sheep are numerous a few miles west of the railway, and, except where
they have been hunted, are not particularly wild or difficult to obtain.
Large flocks, of a species considerably lighter in colour than the ordinary
Rorky Mountain sheep, were often seen feeding on the hillsides.

Caribou and moose were plentiful in the western portion of the district.
Black bear are common, and the grizzly bear is found. Beaver dams and
beaver cuttings, often quite fresh, were frequently met, chiefly along the
'vVheaton and \;lJatson rivers. Ptarmigan were seen in large numbers on near
ly all the higher ridges and summits, and rahbits were quite numerous.
Grouse of different kinds were less often seen, and ducks and geese only
occasionally.

Topog)'aphy

General

This district occupies a position along the western edge of the Central
Plateau region, or, more particularly, the Yukon plateau, and just east of
the Coast range, which consists of bare granitic mountains. Although in
northern British Columbia and southern Yukon there is no sharp line
between the plateau and mountain provinces, there is, north of the district
here considered, an abrupt change from one to the other.

Viewed from the summits, this Yukon Plateau region appears as a
gently undulating plain, broken only by occasional peaks and ridges that
have withstood the general erosion. Near the Interprovincial Boundary the
plateau has an average altitude of about 5,000 feet near the western edge,
slopes gradually towards its centre and, in all probability, rises again to
wards the east to meet the Rocky Mountain system. It also becomes gradu
ally lower towards the northwest. This upland plateau province is one of
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erosion and not of constructive deposi tion, and in to it the drai nage courses
have cut valleys from 1,000 to 4,000 feet deep, the result being a very irregu
lar topography, the summits of the unreduced ridges and mountain masses
dividing the different waterways. The valley of the Lewes river, near its
source, is cut down to depths of about 3,000 feet below the general level
of the plateau (5,000 feet), out as the general gradient of the river is about
the same as the general slope to the northward of the plateau, there is little
change in the relief to the north of the district included in this report. This
plateau was formerly at a lower elevation, and, with the exception of the
unreduced portions, which now form the irregular peaks and ridges of its
province, was reduced practically to base level, forming a plain sloping to
wards the north and west. A subsequent uplift gave the rivers and streams
renewed life and sufficient activity to begin cutting down their present chan
nels. The flat-topped hills and uplands, separated by these newly-incised
valleys, are particularly well developed northward from the West Farm of
Lake Bennett.

A broad valley up to seven or eight miles wide, floored with silt deposits,
and marking an abandoned waterway, extends from the lower end of Lake
Bennett to within a few miles of the Whitehorse rapid, affording a natural
pass for the railway.

The Yukon river, the fifth largest on this continent, rises in British
Columbia, just south of the 60th parallel, and lies, generally speaking, in
about the middle of this Yukon plateau. The valleys of the lakes at its source
appear to be chiefly formed by glacial action and by being dammed in
places by great deposits of drift material. It may be presumed that these
lakes, in general, mark the positions of the tongues of the great glacier which,
towards the last, disappeared so rapidly that there was not sufficient time
for the lake beds to be filled with glacial material. Tagish lake, in particular,
is very irregular in outline, being part of a flooded valley system.

The two chief, and, in fact the only rivers in the district are the Wheaton
and Watson, which flow into Lake Bennett. Portions of these, particularly
near their mouths, are still cutting channels through the silts and glacial
materials of the glacial period, and are, in consequence, characteristi
cally tortuous.

The district may, in a general way, be described as consisting of groups
and ridges of mountains separated by wide valleys often occupied by lakes,
and running in a north-west and south-east direction, or about parallel
to the western edge of the plateau region, which, like the Coast range, fol
lows the coast line not only through the l:nited States and British Columbia,
but also into Alaska.

These valleys interlock at times in an intricate fashion. The district here
described, although, like the mountains, extending in a north-westerly
direction, embraces, in its northern area, a portion of the plateau country,
and consequently is here more rolling and less rugged.

Windy Arm District

The district referred to in this report as the Windy Arm district, which
occupies a position at the contact of the plateau and mountain region, con
sists of a high and rugged group of mountains rising from 4,000 to 5,000
feet above the lake levels, and lies immediatelv to the north of the British
Columbia and Yukon boundary, between Lal~e Bennett on the west and
Windy Arm on the east, and south of Nares and Tagish lakes. The rugged
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mountains along the southern edge of this district rise, for about five miles
north of the 60th parallel, very abruptly from both sides of Windy Arm.
To the north of this, on the west side of the Arm, the hills gradually be
come lower and slope somewhat gently from the beach. The mountains on
both sides of Lake Bennett are also high and rugged, becoming more so
farther west. This district is surrounded on three sides by deep-cut glacial
valleys; on the east and west sides the streams have, in all cases, hanging
valleys of varying heights through which they Row with a gentle and even
slope until the eroded valley is reached, when they drop abruptly through
canyons and gorges, generally over, as in the cases of Pooly, Montana,
Dundalk and Knob creeks, a succession of falls, to the main valley below.

North of Nares Lake

These mountains, about eleven miles average width, extending for six
or seven miles north of the lake, are high and rugged, having an average
altitude of 3,700 feet above the lake itself, though Mt. Caribou rises about
600 feet higher still. The greatest heights are attained some three to four
miles east of the railway. NI t. vVounded Bull, four miles east of Robinson,
is 4,350 feet above the lake level-or 4,000 feet above the railway- but
between this mountain and Mt. Caribou the hills are lower and more broken,
while to the north they gradually become less and less, and disappear at the
banks of the Lewes river.

:\fount Gray Ridge

Between the \iVatson and \iVheaton rivers rises a prominent feature in
this section, the Mt. Gray ridge, whose summits reach some 4,000 feet above
the level of the lakes. This ridge, about seventeen miles long, is characterized
by very abrupt slopes and escarpments along its western edge, which is
remarkably straight, in a direction somewhat west of north. It affords a
particularly striking example of glacial action in the main valleys. The
eastern side, though wooded to some extent, is for the most part grass
covered, and slopes gradually to the valley below.

North and West of Mount Gray Ridge

The Wheaton river, for about fourteen miles from its mouth, Rows in a
direction slightly east of south; above this, however, its course assumes an
easterly direction. To the west of the lower portion of the stream the hills
in regular relief gradually rise, along their eastern edge, to average heights
of nearly 6,000 feet above sea level. Still farther west there opens out a
level or undulating plateau of about the same elevation.

This plateau feature continues with varying regularity in a north-west
direction to the north of the vYheaton river, in fact to near the northern
edge of the map-sheet.

North of Robinson and west of the railway the hills are Tow and rolling,
typical of the country of the plateau province. The first mountain of any
prominence at all close to the railway is the somewhat cone-shaped and
grass-covered Golden Horn, 5,610 feet above sea level. West and south-west
of it the topography is characterized by rounded hills with very gently
sloping sides; west of this again, towards Mt. Granger, 6,850 feet above sea
level, the country becomes more rugged and rocky, but the eastern edge of
the range proper is here again approached.

Valleys

These different ridges or groups of hills are separated as described
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above by deep, wide valleys, which probably correspond with the valley
systems of the region before the last period of uplift, and which are now, in
places, occupied by lakes or rivers, and which in many cases, especially
where not occupied by the larger lakes or rivers, contain muskeg. Muskegs
are also often found high upon the hillsides and in the high passes between
the hills. In the valley between:\!It. Needle and :\lIt. Folie, partially occupied
by Annie lake, is a somewhat wide and dangerous swamp. This portion of
the valley, a continuation of the Wheaton River valley to the south, has
become blocked by glacial material which in time will be carried away, when
much of the water now being carried to Lake Bennett by the Watson river
will flow down the vVheaton.

Economic Geology

General

Although numerous claims have been staked in this district, quartz
mining, except some development work on the copper properties just west
of \i\lhitehorse, was almost unknown in the Yukon until the latter part of
the season of 1905, when Col. J. H. Conrad initiated work on the \i\Tindy
Arm properties. Since that time a great deal of work has been accomplished.

In other parts of this report will be found details regarding the actual
amount of mining development that has been done, the construction of
aerial tramways, and the building of roads and trails to and between the
different mining properties. The little town of Conrad has sprung into exis
tence, and prospectors have been encouraged to do more prospecting, with
the result that a number of promising properties have been discovered.
A great many men have been employed, the mineral resources of the district
are in a fair way to being developed, and what promises to be a permanent
industry has been established. The commencement of the work on these
Windy Arm properties, therefore, marks an important era in the history
of the district, even though the properties in question are all, as yet, in the
development or prospect stage.

The whole southern part of the Yukon was formerly included in the
\iVhitehorse mining district, but this summer became of sufficient mineral
importance to warrant sub-division, and the \i\:indy Arm portion, including
most of the Watson and Wheaton Rivers district, is now included in the
Conrad mining district, with a recorder's office at Conrad.

In opening up these properties a great many difficulties had to be
overcome. YIost of the claims are situated high on the mountain sides, and
all supplies, provisions, and even the wood for fuel and timbering had to be
packed up on mules and horses. To haul up machinery of any kind was very
expensive. Now, however, most of the timber and supplies are carried up by
aerial tramways. The rigours of the winter, and- -high up on the hills-
even those of the spring and fall, have to be considered. Moreover, it was
difficult to get men to work \"ho could be called miners. The ordinary
wage paid is $3.50 per day of eight hours, with board and lodging.

A telephone system connects the different camps with ronrad and
Caribou Crossing. A telephone will be found at practically every claim where
anyone at all is working. This great convenience is very cheaply installed,
and facilitates work in many respects. There are also small gasoline launches
on Windy Arm useful for making quick trips around the lake. The Cleanor,
which is quite a large steamer. runs twice a week between raribou Crossing,
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.-\tlin, B.C., Conrad and VJhynton, B.C. A number of other steamers and
small boats are in use on Windy Arm and in the vicinity.

Windy Arm Properties

Beginning with the \Nindy Arm district, some of the important prop
erties going southward are the Big Thing group, the Montana, ]oe Petty,
Aurora, Thistle, Uranus, M. & M., Vault, Venus No. 1, Venus No. 2, all
owned by the Conrad Consolidated; the Ruby Silver, owned by private
parties; and the Venus Extension, Beach, Red Deer, and Humper No. 1,
owned by' the Anglo-American Consolidated Mining Company.

Big Thing. A wagon road from Caribou Crossing, and trails from
Conrad, and from the upper terminal of the Montana tramway, have been
built to this property, which is situated about five miles in a north-westerly
direction from Conrad, and differs from all the other properties in this dis
trict, having granite for its country rock. The quartz veins of the others
are in true fissures in the porphyrite, etc., of the Windy Arm series. The
principal vein on the Big Thing was struck this summer at the end of an
80-foot drift. A cross-cut was then run sixty feet on the ores, and a winze
was sunk which was about fifty-five feet deep at the time visited last, early
in October. The vein, which dips into the hill, was widening rapidly in the
bottom and becoming almost flat. I t was about ten feet wide and appeared
to be of the elongated lense type. The gangue is chiefly quartz and is very
porous near the surface, showing the effect of considerable leaching action.
The associated minerals are chiefly oxides and carbonates, which should
change to the sulphides, etc., at a moderate depth. Stibnite, arsenopyrite,
and pyrite were found near the bottom of the shaft. High assays are occasion
ally obtained in gold and silver, and it is claimed that the ore body will
average close to $30.00 per ton.

The Montana is situated about four miles south of the Big Thing and,
like it and most of the Windy Arm properties, is high up on the bleak
mountain side. A $90,000 Riblet aerial double cable tramway runs from the
northern extension of the Montana, the Mountain Hero, to Conrad, a dis
distance of 18,697 feet, and has its upper terminal 3,464 feet above the lower.
This tramway was built to the mouth of a cross-cut tunnel started on the
Mountain Hero, and was intended to tap the Montana vein at a consider
able depth, but ore has not as yet been struck in this tunnel. The tramway
was commenced about the same time as the tunnel, and it is somewhat un
fortunate that it was completed before the most favourable point for its up
per terminal was known. During the past summer, however, supplies, tim
ber, and fuel were sent up very cheaply, not only for work in the Montana
and Mountain Hero, but also for the Big Thing, Aurora and Thistle, so that a
considerable saving was effected. \Naste rock from the dump was sent down
the greater part of the time to keep the tram running. The tramway will
continue to carry up supplies and to bring down the ::'vlontana ore from the
Montana workings, and any other claims in the vicinity.

A gasoline engine was installed on the :'vlountain Hero this summer to
operate a compressor to run the machine drills used for a time in the Moun
tain Hero tunnel. The compressor was placed on a prominent point on the
side of Montana creek just below the tunnel, so that water power would be
available to run it during certain seasons of the year. Stone houses have been
built here as well as on the Big Thing for offices, bunk houses, and cook
houses.
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A drift was run about 700 feet on the vein, which has a strike of about
~. 430 Vi., and dips to the south-west at 10° to 150. The gangue of this vein
is similar to that of the other properties of this district, i.e., mainly quartz
in a fissure in the porphyrite-Iarge interlocking crystals being very charac
teristic. The vein is from two to five feet in width, with a streak of rich ore,
eight inches to eighteen inches wide, next the hanging-wall. This richer por
tion is reported to assay about $90.00 but the average of the vein is much
lower and is said to run $20.00. An incline is being run on the ore and about
the first of October, when last seen, at a depth of 320 feet, the lode was about
eight feet from wall to wall with, however, over four feet near the centre or
almost barren, leached, and somewhat decomposed porphyrite streaked with
quartz stringers.

The values are mainly in silver, the chief mineral being galena. There
were also found native silver, lead carbonate, argentite, pyrargyrite, tetra
hedrite, pyrite and arsenopyrite. Some ore shipments have been made to
ou tside smelters.

Trails have been built from this mine to the Big Thing, Conrad city,
the Aurora, Thistle, Vault, Granus, Joe Petty and Venus.

The Joe Pett), is situated on the north side of Pooly creek about 2,800
feet above 'vVindy Arm, and has a strong vein about six feet wide composed
of alternating layers of decomposed iron-stained quartz and mineralized
country rock. A shaft has been sunk about fifty feet and drifts have been
run each way. A forty-foot tunnel has also been run with drifts at the end.
No work was done on the property this season.

The NI. & M., to the east of the Joe Petty, has a narrower vein---twelve
to fifteen inches wide-which is high grade ore and can be traced for a con
siderable distance. The rich silver minerals, argentite, pyrargyrite, and
stephanite, were seen here.

The Uranus is situated immediately across Pooly creek from the J oe
Petty and just above the upper forks of the stream.*

A tunnel has been run in on the south side of the main creek to cross
cut the vein, which has not been struck as yet. Farther south on the other
side of the hill and on the north side of the south branch of the creek a tunnel
has been driven 180 feet on the vein, which varies in width from one to four
feet. An upper tunnel was also started this summer on the north side of the
south branch of the creek where the vein has a width of three and a half feet,
but owing to difficulty in regard to contracts was only driven a short dis
tance.

On the Thistle and A urora, higher up the creek, above the F ranus and
Joe Petty, and over 3,000 feet above 'v\'indy Arm, prospect work was carried
on the greater part of the summer, and some very rich ore was reported.
The ore is chieAy quartz, carrying cha1copyrite, zinc bJende, malachite, and
stephanite.

The Vault is situated on the south side of Pooly canyon about 2,000 feet
above, and abollt a mile from the beach. When last seen (October) a drift on
the vein was in about 325 feet, and a lower tunnel had been started for

* On Mr. McConnell's sketch map of this district he has named the main branch of
the creek Uranlls creek, and the canyon below the forks, Pooly canyon. In his report accom
panying the map he speaks of this main branch as Pooly creek. Pooly being the older name,
the main creek, including the middle branch, or the above-mentioned Uranus creek, will be
referred to as Pooly creek, and the other two branches the North and South branches
respectively.
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which a 300 feet contract had been given. This, the same lode, in all proba
bility, as the Venus, can be traced for a considerable distance. It is in places
twenty to twenty-three feet in width and is nearly all well mineralized
quartz. In places there are four to six feet of almost solid galena. The vein
here, as on the Venus, varies greatly in width, and at times is not more than
a foot or so broad, but on the Vault so far, except at the entrance to the tun
nel, its character and ore values are fairly uniform. An aerial tramway to
the beach is under construction, and a shorter one spans the canyon for the
transport of wood and supplies.

Situated as this property is, in Pooly canyon, whose walls rise ap
parently almost perpendicular, for hundreds of feet, work was for a time
carried on under many difficulties. \Nood and supplies were packed up from
the beach to the head of the canyon, and then down to the Vault over a
trail cut out along its sides. Even a place large enough for a small tent
had to be blasted ou t of the sides of the canyon. ~ow, however, the tramway
carries over the wood and supplies, and quite comfortable frame bunk and
cook houses have been built, in addition to a building at the mouth of the
tunnel that serves for blacksmith shop, etc.

Venus No. 1. Un this property, which adjoins the Vault on the south,
a shaft has been sunk on the vein for fifty-two feet, and drifts running each
way prove the quartz, which was only about ten inches wide at the surface,
to have opened out nearly three feet. Several feet of iron-stained, fissured,
mineralized rock lie next the quartz. Fifteen tons of ore shipped to an out
side smelter, it is stated, have averaged sixty-five dollars per ton in silver.

Venus No. 2 lies south of and adjoining the Venus ~o. 1. A cross-cut
tunnel was put in about one hundred feet to the vein which dips to the
west into the mountain, and drifts were run about the same distance each
way. Some stoping was done, the lode being eighteen inches to sixteen feet
in width. In the stopes there is four to eight feet of good ore which will
average over $20.00 in gold and silver. A lower cross-cut succeeded by drift
in each direction, has also been run 544 feet to the vein, which is narrower
and leaner than in the upper tunnel, but the narrowing is unlikely to be
very extensive as the vein looks well for a few hundred feet both to the
north and south.

The chief minerals are galena, lead carbonate, arsenopyrite, chalcopy
rite, malachite and pyrite, while a considerable amount of jamesonite and
antimony ochre occurs. The ore is chiefly argentiferous galena. Where the
vein is wide it consists of alternating bands of quartz, and mineralized
country rock. Some ore has been shipped to outside smelters from this
property, mostly in the nature of test shipments.

A fifty horse-power gasoline engine operates a compressor here to run
the machine drills used on this property, but water-power from Pooly canyon
is being installed. An aerial two-bucket tramway 1,525 feet long runs from
the lower Venus tunnel to the beach, the upper terminal being 958 feet
above the lower. The engine house, bunk, and cook houses, are situated on
the beach below the mine workings.

The Ruby Silver claim lies to the west of, and adjoins, the Venus No. 2,
and has produced some very rich ruby silver ore. The vein is from three to
eighteen inches in width.

Un the Venus Extension adjoining the Venus .No. 2 on the south, are
two veins al>out thirty feet apart which can be traced right across the prop
erty, and practically up to the upper workings on the Venus :Ko. 2. The
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upper vein apparently corresponds to the Venus vein; the lower one is prob
ably an off-shoot from it that has not been discovered on the Venus ground.
The upper vein contains about four feet of good ore, over half of which was
being sacked in October. The sacked ore will probably run $50.00 to $60.00
per ton. An incline, sunk on the ore, was down about forty feet. The lower
vein contains about two feet of ore, chiefly argentiferous galena with a con
siderable amount of arsenical iron and pyrite.

The Beach claim, lying to the south of the Venus extension and separa
ted from it by the Nipper fraction, is supposed to be on the same vein as the
Humper No. 1; it has over ten inches of ore, claimed to average about
$150.00 in silver, and probably $5.00 in gold. The chief minerals are galena,
argen ti te, zinc blende and pyrite.

The Red Deer, lying to the west of and adjoining the Venus Extension,
has in places about six inches of almost solid galena, which is reported to
run over $90.00 per ton.

The Humper .vo. 1 is a very promising looking property overlooking
Windy Arm from a height of about 2,200 feet. It adjoins the Beach claim
to the south-west. Only about seventy feet of work in the form of drift had
been done. The vein, which strikes almost true east and west, and dips at
about 45° to the north, is from eighteen inches to four feet in width and
carries argentite, ruby silver, and stephanite, with some native silver,
galena and pyrite. About eight inches of the vein are said to average over
300 ounces in silver, and a narrow streak of argentite half an inch to three
quarters of an inch thick, which is quite persistent, is said to give 3,000
ounces of silver. Some small, but high grade shipments of a few tons each
have been made from this property and others of the Anglo-American
Consolidated Mining Comp3.ny.

From what could be learned in the examination, all these Windy Arm
deposits have the same general characteristics and have been prorluced by
the same causes. They are all mineralized quartz veins in true fissures, the
crystals being generally large and interlocking to some extent, but in a
general way pointing to the centre, showing the growth of the veins. As
cending thermal waters have probably been chiefly accountable for the de
posits. The systems of fissures consist of main lines, with secondary parallel
ones, with a certain amount of replacement between the different fissures
of country rock by minerals. Some of the walls showed much slickensiding,
indicating that the fissures are fault fissures. In these cases the ores are more
liable to be persistent, and to continue to greater depths, than if the fissures
were merely minor breaks due to cooling or tension, etc., without the walls
having been pushed over one another, and thus generally indicating a
more extensive disturbance and consequent fissuring.

Besides these properties some native copper is found on the east side of
Windy Arm in an augite porphyrite, and appears to have been deposited
in seams and in little patches very similar to the occurrence noted by Mr.
J. C. Gwillim in the Atlin district. However, so far, it has not been found ill
workable quantities.

Some work was done this summer on the Rams Horn on the east side
of Windy Arm, and very good looking quartz ore carrying galena, zinc
blende, cha1copyrite and pyrite was seen there, but the veins examined
were too narrow to be profitably worked.

West of Lake Bennett and on the east side of M t. Gray some work has
been done on the College Green. This claim is one of four located along a
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band of lime about fifty feet wide, and running in an easterly direction to
the shore of the lake. ('opper minerals, chiefly chalcopyrite, are found along
this line which occurs in the porphyrite formation, and on the ('ollege Green,
where it probably looks the best, the ore occurs in irregular bunches and
veins. Further work here might disclose a workable body of ore.

The ore values given in this report were obtained from a number of
samples taken, and also from assay returns kindly shown the writer by
mine managers, superintendents, prospectors, and others during the season.

Watson and Wheaton Rivers Claims

Reference has been made to the excitement caused this season by the
discovery, made between the Watson and vVheaton rivers by D. Hoclnett
and J. Stagar, of quartz carrying free golcl and telluride minerals. The first
claim staked was the Gold Reef on Gold hill on June 21, about fifteen or
twenty miles south-west from Robinson, and, as has been said, within the
next ninety days over 700 claims were located.

A belt of schists, approximately half a mile wide, outcrops in a north
westerly and south-easterly direction near the eastern edge of the granite
formation, both schists and granites being cut by dikes of greenish por
phyry and porphyri te. I t is in this disturbed belt that the quartz veins occur,
either in true fissures in the granite or between the planes of schistosity of
the srhists. These veins are often well mineralized, the chief minerals being
galena with occasional gray copper, rhaJcopyrite, and pyrite. Outcrops of
quartz, very much resembling each other, are seen in almost parallel lines,
at short intervals, and with the same general strike from the Watson river
to about eight or ten miles south of the Wheaton river-a distance of about
twenty miles. Although most of the veins found were in this belt, only about
two miles wide, Mr. Porter and others discovered, towards the end of the
season, some large deposits of pure stibnite and other minerals at a con
siderable distance west of the belt. Details regarding the geology of these
deposits are included in the geological portion of this report.

The first discoveries were made on Gold hill, Mt. Hodnett, and Mineral
hill, all in the line of strike of this belt and just south of the Watson river.
One vein of solid quartz is, for long distances, ten to fourteen feet wide and,
in places, is fairly well mineralized with galena, argentite, chalcopyrite,
malachite, and pyrite. In the vein traversing the Gold Reef, which is in the
schists, is well defined on the surface, and which appears to be four or five
feet wide, a pocket or streak of very rich ore was found carrying coarse free
gold and the rich telIuride minerals sylvanite, hessite and telluric ochre.
Further work on this claim, however, failed to disclose any more of the rich
ore.

A group of claims, the Custer, Alice M. and Ramon, staked just south
of the Gold Reef on a gray copper vein, looked somewhat promising,
although no work had been done when seen. The width of the vein was
difficult to define, on account of wash and slide rock, but it is probably
about six feet and appears to be well mineralized.

The Legal Tender, staked by J. Perkins, lies to the. north-west of this
group and is on a very steep, rugged, side hill on the south bank of the
\i\Tatson river. The vein is, in a fissure in the granite, where exposed, three
to three and a half feet in width, and consists of quartz carrying argenti
ferous galena with some chalcopyrite, malachite and pyrite. The values are
chieAy in silver and are claimed to average about $40.00 per ton.
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On the Big Bend mountain, to the south of the \Vheaton river and seven
or eight miles south-west of Gold hill, and in the line of strike of the mineral
helt, a number of claims were staked by L. Belnew, O. Dickson, J. Perkins,
and others on well defined quartz veins in the granite; they carry galena,
chalcopyri te, pyrite, etc. Sou th-west of this, in the same direction, on :VI t.
Stevens, the veins in the granite were again found and most of the outcrop
was staked-Messrs. Stevens, Hogan and partners doing the first staking.
On the hill to the west a number of similar looking locations were made by
Messrs. GilJiam and partners on quartz veins in the schist carrying galena
and chalcopyrite. In fact this whole belt, from one-half to two miles wide,
was practically staked from north of the \i":atson river to west of the north
end of Mill Haven-a distance of about twenty miles--and naturally a
great many valueless locations were made, though several have good surface
indications.

Assays running as high as $300.00 or over were occasionally obtained,
as also a number of fairly average assays from $20.00 to $60.00, but with the
exception of a small amount of work performed on the Gold Reef, no real
development has been attempted.

But there is a large amount of mineralized quartz in this section of the
country and, considering the little prospecting accomplished, the results are
very encouraging, and should stimulate both prospectors and capitalists
to investigate this belt more closely, following it to the north-west and pros
pecting on its western limits.

Coal was found about two miles to the east of Gold hill, at the same
horizon as that in the vVhitehorse coal fields to the north, but whether it is
in sufficient quantities to be of economic value remains to be seen.

Union Mines

A group of four claims, known as the l'nion Mines, is situated on the
hills just to the west of Annie lake, about nine miles due west of Lansdowne
siding and about three or four miles east of Gold hill. These claims were
first staked by W. F. Schnabel in 1898, and are supposed to cover the ground
known as the Lost Mine. Some work has been done on the properties and
preparations are being made to continue developmen t during the win ter.
A ten ton shipment of ore, Mr. Schnabel informed the writer, gave returns
of over $20.00 per ton. The values are chieAy in silver and a little gold.

,\s these claims are, in all probability, the first staked in the southern
Yukon, their history is somewhat interesting. The writer obtained the fol
lowing information, chiefly from :vIr. Schnabel.

In 1893 Thomas Kerwin and two others staked claims in this vicinity,
and took out ore which assayed $1,200.00 and over to the ton. Kerwin died
and, later on, while lying on his death-bed in Juneau, Alaska, Kerwin told
the Catholic sisters of his discovery and willed his interests to them. He de
scribed approximately the place, maintained that his old camp would be
found on a creek near which a pick, driven into a tree, had, hanging on it,
a shovel and coffee pot. After considerable searching Mr. Schnabel and
others coming in by Lake Bennett and the Wheaton river found this old
camp, as described, but could not find the' ore. However, the veins of the
present Union mines were found on the hill just to the north of the camp
and were staked in 1898. They were held more or less continuously until 1903,
when the four claims now held were staked and have since been the property
of Messrs. Schnabel, Folie and partners. \iIr. Schnabel showed the writer
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an old original location notice signed by Kerwin and partners, which was
wrapped up in a piece of oil cloth and was found in a crack in an old post on
the ground of the present mines. The owners who have built cabins and cut
trails, besides doing considerable prospecting in the vicinity, still expect
to find the rich ore of this Lost Mine on their ground.

Whitehorse Coal

Several seams of anthracite coal, on which a number of claims known as
the \i\'hitehorse coal claims have been staked, outcrop along the north side
of the pass (2,000 feet above the railway at Ougdale) at the head of Coal
creek, about twelve or fourteen miles in a southerly direction from Ougdale.
A tunnel about sixty feet long has been run on one of these seams and a few
open cuts have been made; otherwise the coal is entirely undeveloped. The
strike at the tunnel is true north 63° west with 42° dip to the north-east.
The general strike of the measures· -which were traced over twelve miles
is about north 74° west. The seams measured were nine feet eight inches, ten
feet four inches, and two feet six inches respectively. Numbers of other
seams may exist and probably do, and as the measures are very favourably
situated for working and prospecting, a small amount of work should give
much definite information. The measures appear to be quite regular and are
easily accessible. There is a very good grade from the W. P. & Y. railway,
into these claims, and considering their proximity to the Whitehorse copper
deposits, the town of Whitehorse, and the Watson and Wheaton Rivers
claims, this coal, which should make a good fuel, should prove of consider
able value in the near future. No seams of coking coal were found.

Four samples of the coal were taken, and have been analysed by Dr.
Hoffmann of this Department with the following results:

A is an average sample of the nine foot eight inch seam at the end of the
six ty foot tu nne!.

B is an average outcrop sample of the two foot six inch seam.
C is an average outcrop of the ten foot four inch seam.
o is an average sample of an outcrop found in the creek just below the

tents that were occupied when the claims were worked. This may be the
same seam as one of the others.

A. B. C O.
\i\·ater ........... 2'15 3'76 3'78 2'35
Volatile combustible matter ... 6'01 8'34 10'06 6'65
Fixed carbon ...... ....... 69'86 62'50 38'38 42,27
Ash ....... . . . . . . . . 21'98 25'40 47'78 48'73

--- -_ ...

100'00 100' 00 100'00 100'00

A trip was made at the end of the season down the Lewes river in order
to examine the coal measures in the vicinity of the Tantalus and Five
Fingers mines and at Tantalus Butte.

Tantalus Mine

This mine is situated on the left limit of the Lewes river, about one
hundred and ninety miles down the river from Whitehorse. The coal out
crops on the river banks, and is naturally well situated for economic working.
The cars are hauled out of the tunnels by mules, and by cable up an incline,
at the top of which the coal is dumped into bunkers ready for loading.
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"

"

(~oke per cen t .

Most of the river steamers burn this coal, and about 7,000 tons will be
loaded this season.

There are three seams opened up, only the lower two of which are being
worked at present; others may be found, as the formation is, in most places,
heavily covered. The coal is worked by the stall and pillar system from two
tunnels, which, when visited in October, were in 692 and 708 feet respectively
on the bottom and middle seams. From the bottom seam nine rooms had
been or were being worked, and were up from SO to 115 feet, No. 1 having
been run up 160 feet to the surface for air. From the middle seam there were
ten rooms up from 70 to 150 feet. Although the seams are dirty, the coal
could easily be sorted; but as wages are S5.00 and board, for underground,
and $4.00 and board, for surface work, no sorting has yet been attempted.

The following section was measured near the end of the tunnels:

l
coal 2 feet, 4 inches.
Sh~e 0 7

Bottom seam. . . . . . . . .. Coal 2 " 0
Shale 0 " 8
Coal 2 11
Shale. . . .. 4 0
Coal 2 3
Shale 0 " 2
Coal 0 11 7

Middle seam Shale 0 2
Coal. 2 " 0
Shale 0 2
Coal. . .1 8
Shale. .7 0

T {
Coal 3 0

op seam Sh Ia e .
The measures are quite regular and can be traced over twenty miles

down the Nordenskiold river to the south and for over ten miles to the
north, from which it may be inferred what an enormous amount of coal this
district contains. vVhen the measures have been prospected they may be
found to extend much farther. Only coal near the river is at present of
economic value. The dips are to the east and vary in the tunnels from 24°
to 40°. Three average samples, E, F, and C, were taken respectively from
the breasts of the bottom and lower seams and from the top seam where
cross-cut from the middle seam, probably about 300 feet in. These samples
analysed by Or. Hoffman gave: E. F. C.
Water. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O· 75 O' 76 O' 82
Volatile combustible matter. . . . . . 23' 61 24·74 25' 12
Fixed carbon. . . . . . . . . .. SS' 21 58' 60 66' 03
Ash. . . . . . . . . . . . . . . . . . . . . . . . . . . 20' 43 15· 90 8' 03

--- --- ---
100'00 100'00 100'00
--- --- --

75'64 74'50 74'06

These results show that the coals in the laboratory make a good coke,
and it is hoped that they can be used when the copper deposits of Whitehorse,
and the minerals in the other parts of the Yukon, become further developed.
I t is also hoped that these coals may be found much nearer Whitehorse.
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32'28%
53' 51 %
4'73%

4'26%
40'26%
10'81%
44' 67%
55'52%
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Tantalus BII tte

At Tantalus Butte, across the river frum the Tantalus mine, the same
measures again outcrop, but dip to the west, showing the presence of an
intervening synclinal fold. The coal outcrops are near the top of the Butte,
about four hundred feet above the river, wash and terrace material covering
the formation lower down. The best seam seen contained five feet of good,
firm, clean-looking coal with one foot of coal and shale on the bottom.
Other seams were dirty and narrow, but good ones may be here obscured by
drift, etc., as practically no work has been done except small surface cut
tings. Altogether, the general conditions of the measures, including dip,
strike, etc., are similar to those at the Tantalus mine, and the property will
probably be worked in the near future. The surface samples obtained did
not give a firm coke, but possibly fresh coal would give a different result.
The following is the result of an analysis, by Dr. lIoffmann, of an average
outcrop sample from the best seam.
Water. . . . .
Volatile combustibl(' matter.
Fixed carbon ..
Ash .

Five Fingers Mine

This is situated on the east side of the river about ten miles north of the
Tantalus mine. A considerable amount of coal has been shipped from here,
but the old workings are closed now on account of being dangerously
situated on the steep day and sand bank of the river, subject to mud slides.
The old slope was down about 350 feet with rooms run off it, the seam in the
lower rooms being three and a half to four feet wide. The new slope now
being sunk is to the north and in safe ground, and at the time visi ted was
down about 525 feet, dipping to the east at 16°. This seam, which is not
the same as that mined in the old workings, was at this depth about two
feet wide, and was apparently becoming wider. I t had previously narrowed
to about six inches. An average sample of the two feet, analysed by Dr.
Hoffmann, gave:
Water. . .
Volatile combustible matter .
Ash .
Fixed carbon. . . . . . . . . . . .
Coke per cen t . . . . . . . . . . .

The coke is a firm coheren t coke.
These measures are not the same as those at the Tantalus mine which

appear in the valley about three and a half miles to the east of the Five
Fingers mine, and also up a small creek about three or four miles to the east
from the Five Fingers rapid.

Geology

General

In studying this portion of the Yukon, as in portions of British Columbia
to the south, a striking similarity in the geology is noticed in a north-west
and south-east dirertion, all the main horizons extending parallel to the
Pacific coast line.

The principal geological formations have been placed in the following
divisions, beginning with the oldest:



261

Schists

Lying next the granites along the western edge of this district, in places,
are some schists, chiefly chloritic, sericitic and hornblendic, and sericitic and
schistose quartzites, which are probably the oldest rocks observed this
season.

Lower Cache Creek Series

This series consists of cherty quartzites, slates, argillites, altered dia
bases and basic andesites, some serpentines, and some thin beds of limestone,
and is probably Lower Carboni ferous or C pper Devonian.

Limestone

Uverlying the slates, cherts, etc., of the above class is a considerable
thickness of limestones forming a range of hills along the eastern edge of this
district. It is probably Carboniferous, and perhaps belongs to 1>r. Dawson's
Upper Cache Creek series.

Granite

Cutting the above formations are the granites of the Coast range, which
are now generally considered to be Jurassic.

Wi.ndy Arm Series

This consists chiefly of fine-grained, greenish, freshlooking porphyrites,
but includes some diorites, gabbros, andesites, basalts, tuffs, etc.

Tutshi Series

This name has been given by Mr. McConnell to a series of bedded rocks,
chiefly tuffs, tufaceous sandstones, conglomerates, etc., which have been
found to overlie the Windy Arm rocks conformably and, in fact, to pass
gradually down into them. Both appear to belong to Dr. Dawson's Por
phyri te series.

Granite Porphyry

Cutting all the above formations are some dikes and masses, generally
quite small, of granite and syenite porphyry.

Scoria and Basalt

Overlying all are some recent lavas of Tertiary age.

Older Schistosc Rocks

These rocks occupy altogether but a small area, chiefly in the form of a
narrow disconnected belt, with occasional small outlying areas adjoining the
granites. They can be traced almost continuously, with an average width of
about one-half mile, from the vVest Arm of Lake Bennett, north to the
vVatson river. They vary greatly in appearance and mineralogical composi
tion, and probably represent rocks of different origins and different ages.
Their occurrence and general description corresponds somewhat closely with
those found by Mr. J. C. Gwillim in the Atlin district, and placed in Division
IX in his table of formations, and considered by him to be Lower Palceozoic.
They also all probably belong to Mr. McConnell's 'Older Schistose rocks',
including the Klondike series, Moosehicle group, and Nasina series of the
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Klondike gold fields. :\1r. Brooks! considers the Nasina series to be Lower
Pal<eozoic or Pre-Cambrian, and :\1r. :VIcConnel1 2 considers a portion of the
Klondike series, and probably the whole series, to be referable to the age of
the Pelly gneisses3, and to be probably nearly contemporaneous with the
~oosehidegroup4. So the probability is that these rocks are all Pre-Ordovi
clan.

Some fine-grained, light-coloured, fine schistose, chloritic and sericitic
schists, which break up readily into very thin schists, and are generally
somewhat glossy in appearance, are found along the eastern edge of Mt.
Stevens, somewhat to the east of the main belt. These are evidently very old,
and correspond lithologically to Mr. McConnell's Klondike schists founL!
to the north, and described in his report on the Klondike gold fields. No
other rocks at all closely resembling these were seen in the district. A number
of quartz veins, frequently several feet in width, outcropping for several
hundred feet, and often carrying copper minerals and occasionally galena,
were noticed in these schists. The veins occur generally along the foliation
planes of the schists, and seldom in true fissures.

On the hills just to the west of Mt. Stevens the schists are wider than
elsewhere observed. Towards their western margin they are generally quite
coarse, presenting the appearance of extremely crushed hornblende
granites, breaking readily along the planes of schistosity, and present a
coarsely mottled appearance due to the occurrence of large al tered feldspar
crystals. These probably correspond to the Pelly gneisses. Farther east are
some greenish, chloritic, as well as some fine grained and more quartzitic
schists. These are all somewhat closely foliated, though they do not, as a
rule, cleave along the planes of schistosity, but break into more block
like pieces; have not, to nearly the same extent, the glossy sericitic or
chloritic appearance of the Mt. Stevens rocks, and are generally more
compact. Quite a number of quartz veins, generally parallel to the schistosity,
and often well mineralized with pyrite, copper minerals and galena, and
carrying gold values, occur in these schisls.

The schists, having a width of about a third of a mile, are again seen on
Gold hill, where they are very similar to the eastern portion of the belt west
of Mt. Stevens. From here they can be traced for some distance towards
the Wheaton river to the south, through :\1 t. Hodnett, and towards the
'vVatson river to the north. These are greenish, generally dark-coloured,
fine-grained and closely foliated, but only occasionally cleave along their
planes of schistosity. An examination of their sections and specimens
of the Gold Hill schists shows them to be generally sericitic or schistose
quartzites grading into silicified slates, or rocks originally containing much
argillaceous material, but which have by shearing received their slaty or
even schistose structure. The specimens examined are all decidedly of
sedimentary origin and the banding, in some cases, appears to be due to
bedding rather than to shearing. The rocks are, however, very much altered,
and the original minerals are to a great extent replaced by secondary ones.
These schists closely correspond lithologically with Mr. McConnell's

1 Twenty-first Annual Report of the United States Geological Survey, part II.
2 Report on the Klondike Gold Fields, p. 17 B.
3 Described by Mr. Brooks in the Twentieth Annual Report of the United States

Geological Survey, part VII, pp. 460-463, and by Mr. R. G. McConnell in the American
Geologist, Vol. XXX, July, 1902.

• Report on the Klondike Gold Fields, p. 23 B.
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Nasina series in the Klondike district, and probably belong to it. Quartz
veins several feet wide, and quite persistent, are found in these schists, and
it is; in one of these on Gold hill that the rich free gold quartz carrying the
telluride minerals, hessite, sylvanite, and telluric ochre, was found this sum
mer. Other veins also carry copper minerals, such as chalcopyrite, gray
copper, malachite, melaconite, pyrite, galena, etc.

Very similar schists to those on Gold hill were found on ;\1t. Stony ex
tending south to the north shore of \Vest Arm, and north as shown on the
accompanying map. :\To economic deposits were seen here.

As only a hurried examination was made of these rocks no more definite
information concerning them could be obtained. All the schists aGove de
scribed have, therefore, been given the same geological colour on the map,
and, though not necessarily of the same age, are probably for the most part
detached portions of older schist series which have been included in the
Coast granites, and are to some extent covered again by the more recent
rocks.

Cache Creek Series
Li,nestone

Extending along the eastern edge of the district is a somewhat straight,
prominent ridge of white limestone hills particularly noticeable on the
eastern side of the mouth of Windy Arm. The limestone is usually fine
grained and is often in the state of marble. Some beds contain much quartz
and often weather very rough; others are mainly composed of cherty matter.
A similar limestone is shown on Mr. Gwillim's AtJin map, in the north-west
corner, which practically joins the north-east corner of the district covered
by this report. He considered this limestone to be probably of Carboni
ferous age, and Or. Dawson states in the Report of Progress for 1887 that
parts of the rock, thin sections of which he examined, proved to be largely
composed of the remains of Fusulin<e, which are so typically Carboniferous
and even Lower Carboniferous. He considered these beds to belong to his
Upper Cache Creek series, described in his report on the Kamloops map
sheet and in other reports, and which is found in the interior of British
Columbia practically from the north to the south, and to maintain many
of its characteristics over the entire area.

A few small outcrops of the upper portions are seen projecting through
the higher series of rocks to the west of the main range, especially just east
of \1t. Needle, west of the railway; along the railway on the east side; just
north of Lansdowne, and at the north-east corner of Mill Haven, at which
last place, however, on account of the surrounding deep glacial wash, the
contact with the other formations is not exposed.

No fossils of much importance were founel in these limestones. The
following imperfect specimens were obtained, and have been examined by
Dr. J. F. Whiteaves, of this Department. He says:

"One fragment of a Cyathophylloid coral." This was found in the
limestone range east of \iVhitehorse.

From the limestone hills about three miles west of De \iVitte were found:
- -"A few specimens of a small, smooth compressed .\thyroid or Terebra
tuloid shell, which do not show the characters of the interior nor those of
the beak and area of either valve." Also a "fragment of a bivalve shell with
sculpture like that of Rafinesquin-a alternata." "These are Pal<eozoic or pos
sibly Triassic."
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Lower Series

1~nderlying the limestones is a series of cherty quartzites, cherts, slate,
metamorphosed argillites and sandstones, serpentines, altered diabases and
Clnclesites, which, with the exception of the schists farther west, ar<=' the
oldest rocks in the district and underlie particularly the eastern portions,
being invaded by the granitic intrusions to the west. Lying, as these rocks
clo, under the limestones, they are naturally found along both sides of the
range above referred to, where the erosion and folding have been sufficient
to expose the rocks beneath it, the limestone appearing to lie in a shallow,
almost flat, synclinal fold with the older rocks exposed on both sides. lVIr.
Gwillim found these rocks in the Atlin district, where they outcrop in a
similar manner to those seen along both shores of \i\Tindy Arm ancl elsewhere
to the east.

Tht' rocks here placed in the Lower Cache Creek series closely corre
spond lithologically with those of this series described by Dr. Dawson,*
ancl underlie the Fusulina limestones above mentioned.

They also correspond with Division VI JI on \ilr. Gwillim's Atlin map
which inclucles "cherty quartzites, black slates, biotite slates, and lime
stones." The cherty q uartzi tes, slates, and cherts are the most characteristic
rocks of this series and the ones most easily identified. The altered igneous
rocks are, especially where the outcrops are few and small, somewhat diffi
cult to distinguish from the also somewhat altered igneous rocks of the
Windy Arm series, which overlies the limestone.

The best exposures observed of these old sediments outcrop on Copper
gulch (on the east side of Windy Arm), and about a mile and a half up a
gulch on the west side of \\findy Arm about two mi les below Conrad. These
ou tcrops are very similar except that the exposures on the west side of the
Arm consist mostly of cherts and the cherty quartzites, whereas up Copper
gulch quite Cl variety of rocks are seen, from finely bedded, and often highly
folded and twisted slates, to vcry fine-grained, black compact altered
argillites, and to the cherts and cherty quartzites which vary in colour from
gray to black and in structure from finely bedded to massive.

The cherty quartzites are very noticeable and somewhat peculiar in
character. They generally occur in well defined beds only a few inches thick,
are always fine-grained, resembling cbert, and are usually gray or light
coloured except where iron stained, when they very often present a red ap
pearance 011 their weathered surfaces. They occasionally become nearly
black, and at times are greenish or nearly white in colour. The argillites
are fine-grained and generally black, ranging, however, from dark gray to
black. They are often massive, but at times are somewhat slaty, finely
bedded and quite siliceous, having a tendency to pass into cherty quartzites.

The slates are generally finely hedded and possess the typical slaty
structure, cleaving quite readily along the foliation planes, and are occasion
ally very much folded and disturbed. They are in places more massive, how
ever, and become very siliceous and grade into quartzites that vary from
fine-bedded to massive.

Owing to these exposures being greatly disturbed, and of a very im
perfect nature, no idea could be obtained-without much detailed work -as
to the relative ages of the various members of the series. A somewhat COI1-

• Report on Explorations in British Columbia; Heport of Progress 1876-77, and Pt. I3,
Vol. vIr Annual Report.
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tinuous but narrow outcrop of these slates and cherts is to be seen along
the west side of Windy .\rm for about two miles south from the limestone
exposure at its mouth. Also, west of this, and connecting with the outcrops
just above the Indian village across from Caribou Crossing, the same slates
prevail and are often quite quartzitic. Gp a small creek that heads just east
of Mt. Escarpment signal, and runs into Windy Arm about two miles
above the mouth of the Arm, the typically red, iron-stained cherts and
cherty quartzites outcrop in the canyon in which the creek runs. Some out
crops of slate were also noticed in the south bank of the creek and above the
cherts, while up from the mouth of a small creek running into the lower
end of )Jares lake, from the north, are typical slates and quartzites. Small
exposures of these rocks were noticed immediately south of the limestone,
half a mile east of \iVindy Arm, and another exposure about half a mile wide,
of dark finely bedded slaty rocks, often possessing quite a schistose structure,
occurs about a mile above Conrad.

A series of metamorphosed sandstones, alternating with beds of lime
stone, outcrops along the north side of McDonald creek on the east side of
Lake Bennett. This outcrop is approximately one mile wide along the lake
shore, and extends nearly to the head of the creek. This series consists uf
highly metamorphosed, well-bedded, generally fine-grained, hard, dark
gray to reddish brown sandstones, which are somewhat calcareous through
out and decompose readily. They alternate with beds of limestone from
fifty to one hundred feet in thickness, which are generally well-bedded, but
are sometimes more massive. \!umeroui' granite dikes one to four feet in
width cut these beds in all directions. The series differs from any other seen
during the season, but lithologically resembles part of the ~ache Creek
series. I t is calcareous, con tains limestone bands and is older than the gran ite;
it has, therefore, been assigned to the Lower Cache Creek series.

Apparently associated with the slate and slaty rocks along \iVindy Arm
are some schistose rocks, al tered diabases, basic andesi tes, and serpen tines,
which are older than the granites and which are also here included in this
Lower Cache Creek series. These rocks in places closely resemble the some
what altered porphyrites and tuffs of the 'vVindy Arm seril:s, and, where the
outcrops are small and the characteristic appearance of the rocks in the field
is not pronounced, it is difficult to distinguish them. In fact, as the work
clone this season was necessarily of a somewhat preliminary nature on
account of the large area covered, it is quite possible that some of the region
mapped as the Windy Arm series properly belongs to this Lower Cache
Creek series, or that the latter should be subdivided. The altered igneous
rocks included in this series are, in most cases at least, somewhat nC'wer
than the cherts and slates, but more detailed work is needed to accurately
map them separately.

The fact that coarse syenitic and granitiC" dikes invariably cut these
igneous rocks, and do not cut the \;\'indy Arm rocks, is a helpful feature in
distinguishing them, as is also the fact that the Cache Creek igneous rocks
are much altered.

On the east side of Sugar Loaf hill some splendid specimens are found
of old, very basic eruptives which are in places almost entirely altered to
serpentine. Another small area of similar basic rocks, although not so ex
tensively altered, uccurs on a smaI! rounded hill about two miles to the
sou th of !VI t. Escarpmen t signal, and another at abou t the head of the sou th
branch of Copper gulch, one mile south-west of this summit. In these two



266

localities the rocks present a very rough, red, iron-stained appearance.
On the east side of Windy Arm, and south of Rams Horn creek, is a ridge
rising with a continuous high rugged escarpment facing the Arm, which,
practically as far as the British Columbia and Yukon boundary, is com
posed chiefly of rather fine-grained, greenish, chloritic, schistose rocks which
have been much altered, and are traversed everywhere, and in all directions,
by a network of fine quartz veinlets, and which are also frequently cut by gra
nitic dikes from one to six inches wide. These same rocks outcrop on the west
side of Windy Arm north of Pooly canyon, as shown on the map; also at
Conrad and to the north for some distance, and on the eastern side of the
Arm below Conrad, extendinR to near the limestone. Here they are, as in
some other places, heavily impregnated with pyrite. In all cases these rocks
present the same general altered appearance, the granite dikes are numerous,
and the quartz veinJets are always present.

On the west side of Sugar Loaf hill, and next the granites are some very
basic, dark, altered, schistose rocks in which actinolite has been extensively
developed. To the east of this hill, and extending to the north and south
ridge about three miles away, are some rocks which have been much altered
and broken and which weather very roughly and are generally quite basic,
and often are heavily iron-stained un weathered surfaces. Thin sections of
these rocks show them to be much altered basic andesites grading, in some
cases, towards basalts. Similar rocks also outcrop on some small hills about
one and a half miles to the north of the summit of the Montana tramway,
which is somewhat over half way between the lower and upper terminals,
and also along the tramway below this point, and to the north. On the hills
to the south of Mt. .:\ares station are similar outcrops.

From the above descriptions it will be seen that although the rocks of
this Lower Cache Creek series cover only a very small portion of the area
surveyed, they are of a somewhat varied character. In fact it is the intention
to place all these older rocks (i.e., older than the Coast granites), except
the schist series, in this Cache Creek series. Dr. Dawson has stated that the
age of the Lower Cache Creek rocks may be older than Lower Carboni
ferous, and that the series may include portions of Devonian age. The rocks
placed in this series this season are probably of the same age.

Granite

The Coast granites which were intruded originally as a great batho
lithic mass in Jurassic times, and which extend along the western edge of
this district, are mostly fresh and unaltered in appearance, and are often
granite and granitoid rocks, generally gray in colour, and rich in hornblende,
and are, for the most part, considered to be grano-diorites. They are as a
rule coarse-grained and towards the edges of the intrusive mass, often be
come porphyritic and, from the abundance of pink orthoclase, in places,
assume a pinkish appearance.

Along the west side of Mill Haven, and extending some distance to the
north and west, is a much crushed and altered belt of these granites from
which a section was examined microscopically by Or. G. A. Young of this
Department, who says:-- "Grano-diorite, composed essentially of quartz
and plagioclase feldspar. The rock has been subjected to pressure which
has fractured and deformed the 4uartz; in some cases the individuals have
yielded entirely to the pressure and involved the feldspars in their ruin."
These rocks ou tcrop along the western side of the Wheaton River valley.
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A few small hills of the granite occur in this belt, as would be expected, but
for some reason have escaped this crushing action.

The granites that outcrop along Lake Bennett near Caribou Crossing,
and cut the Mt. Gray ridge, are generally coarse-grained and hornblendic,
containing, at times, black mica, and are in all probability of the same age
as the granites to the west. \iVherever these granites could be found in
contact with the porphyrites of the Windy Arm series, dikes of the porphy
rites were seen cutting the granites.

Windy Arm. Series

Newer than these Coast granites is a series chiefly consisting of porphy
rites, diabases, andesites, tuffs, and basalts which cut through and overlie
them, by far the greater part of the rocks being porphyrites which are
generally fine-grained and greenish in colour and present a fresh, unaltered
appearance. So predominant is this porphyrite that it might be considered
a porphyrite series, but as the ores of the Windy Arm district occur in it,
the writer has called it the vYindy Arm series. Thin sections of specimens
of these porphyrites from various parts of the district possess a strong
similarity, and consist chiefly of phenocrysts of plagioclase which at times
consist of interlocking individuals either somewhat broad or of lath-like habit,
or of minute laths, or the plagioclase individuals may be more tabular in
outline. Sometimes augite is abundant in the ground mass, and in a few
places specimens were found containing augite phenocrysts. Pyrite is often
found and in places hematite and magnetite are present in considerable
quantities. When the rocks have been much altered, secondary minerals,
as chlorite, are abundant. In places these porphyrites grade into diabases,
andesites, etc., and true diorites and even gabbros have been found, but
these are quite exceptional, and are probably due to cooling under different
conditions. Tuffs and ash rocks are very plentiful in this series and vary
considerably in appearance and composition. The porphyrites apparently
grade into basalts with the typical prismatic jointing and also into the tuffs
and ash rocks, and these into true sediments. The porphyrites have broken
through their overlying beds and have flowed through and over them
mostly in the form, apparently, of great laccoliths, sheets, etc., the flow
structure being frequently well marked. V\'here the porphyrites come in
contact with the coast granites, dikes of them fill the latter, and there are
numerous cases where the porphyrites fill inequalities in the surface of the
granites. Violent explosions accompanied the eruption or eruptions, causing
the formation of tuffs, which are often very coarse. These are very charac
teristic, and are met frequently over the entire district. Often they present
on weathered surfaces the appearance of conglomerates due to particles,
lumps, etc., either quite fine or several inches in diameter, of one porphyry
or porphyrite in a ground mass of a somewhat different looking porphyry or
porphyrite. There have been great showers of ashes and finer material
which have consolidated into generally fine-grained, greenish rocks showing
bedding structure which is often quite pronounced, giving the rocks the
appearance of fine-grained sandstones and shales. In places these particles
have fallen into water, and show to some extent water sorting action, and
are mixed with argillaceous and other sedimentary materials. These rocks
seem to grade into true sediments as shales, conglomerates, bedded cherts,
cherty quartzites, etc., which carry coal seams. It is somewhat difficult
to draw any decided line between the true sediments and the bedded tuffs
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and ash rocks, which seem to lie conformably on one another. However, it
has been decided to attempt this for economic reasons, and the true sedi
ments with some of the upper bedded ash rocks and tuffs are included in
the Tutshi series described below. The rest are included in the Windy Arm
series. The whole series appears to correspond to nr. Dawson's Poq;hyrite
series found to be so extensive in British Columbia, and which he described
somewhat in detail in the Report of Progress of this Department for 1876-77.
This \~'indy ,'\.rm series also corresponds, in all probatJility, to the rocks of
Division IV on Mr. Gwillim's i\tlin map above referred to, and includes the
corresponding representatives of the greenstones of his Gold Series Division
\'1, which are newer than the granites. The corresponding representatives
of the other members of Division \'[, which are older than the granites,
have been included in this report, and on the map in the Lower Cache Creek
series. In the writer's summary report on this district mention was made of
some altered sediments newer than the limestones. These upon examination
proved to be mostly tuffs, and have been also included in the Windy Arm
senes.

The whole series is somewhat calcareous, and the porphyrites generally
contain enough lime -due chiefly to tlw alteration of the feldspars-to cause
effervescence wi th acid. Bands of Iimestone, locally spoken of as limestone
'dikes', occur in a number of places, up to fifty feet in width. Probably the
most noticeable instance, generally about fifteen feet wide, extends along
the west side of the \If t. Gray ridge from the north end of the ridge to sou th
of west of Mt. Pvramid station. On .iVIt. Needle it is seen about three-fourths
of the way to the top where it dips into the hill at low angles and extends
almost in a straight line to about three-fourths of a mile west of Mt. Pyramid
station, where it outcrops along the top edge of the main part of the ridge
and has been in places staked off as mineral claims. A somewhat similar
occurrence, from fivp to fifty feet wide, has been described above as being
on the east side of Mt. Gray, and running at about right angles to the shore
of Lake Bennett, and along which the College Green and other claims have
been staked, copper minerals having been deposited along the contact of
lime and porphyry.

Typical porphyrites of this series outcrop around the Windy Arm
mining properties, and practically the whole of Mt. Gray, Mt. Ptarmigan
and M t. Twin consist of these rocks. The coarse tuffs are well seen along the
top of the :Vlt. Gray ridge, particularly the top of Mt. Needle and Mt.
Gilliam. They are also seen around the station at Mt. Twin and just south
of the Thistle mine up towards Mt. Matheson, and at other places.

Along the ridge from nails peak towards :VIt. Matheson, and along the
high ridge south of the Big Thing group, are typical basalts.

The rocks along the western edge of Mt. Needle, which are chiefly ash
rocks and tuffs, as seen in the distance, show distinct bedding, the beds
being generally from one to four feet wide or even wider. On approaching
them the bedding is not so evident and probably would not be recognized.
This same feature was noticed in other places.

In the Windy Arm district, in particular, red belts or zones of rock from
a few feet up to several hundred feet wide occasionally occur, and are often
spoken of as porphyry dikes. These in most cases are only portions of the
porphyrite that are particularly rich in iron, oxidatioll having given the
red colour to the rock which, if broken, will be found to be red only on the
weathered surfaces and as far as the weatherin~ p'(tends. l\t one place.
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however, on the west side of Lake Bennett, below the mou th of the \Nheaton
river, a belt of these porphyrites contains a considerable amount of hematite
as well as pyrite and magnetite, and seems to be permeated throughout by
the red colouring. On the east side of Lake Bennett is a somewhat sharp
ridge of red iron-stained hills about two miles from the lake and extending
south from :VlcDonald creek three or four miles, the rocks of which upon
being examined microscopically proved to be tufaceous sandstones which
lie between porphyrites.

The rocks of the narrow belt extending along the eastern face of Mt.
Stony, and lying between the schists on the west and the badly sheared
granites on the east, are generally fine-grained and greenish in appearance,
and in places have an apparent schistose structure. Under the microscope
they prove to be highly altered basic volcanics almost entirely changed to
20isite, epidote and actinolite. These have therefore been included in the
Windy Arm series,- -the same force which has so broken and crushed the
granites to the east probably having also altered these.

The whole of :VI t. Lakeview is corn posed of Iigh t-coloured rocks showing
apparent bedding in places, but a number of thin sections were examined
which, under the microscope, proved to be typical ~orphyrites very similar
to the others of thE' \Nindy Arm series. Along the foot of the mountain, how
ever, and just north of the signal, some exposures of dark, finely bedded tuffs
were seen.

Tu tshi Sel-ies

This name was given by Mr. McConnell to include the "Argillites,
tufaceous sandstones, conglomerates, etc.," of the Windy A.rm district, and
the writer has adopted the name for all rocks in the area that appear to
belong to this same series. These Tutshi rocks, which in all probability, as
mentioned above, correspond to the rocks of Mr. Gwillim's Division III
on his Atlin map, belong, as well as the Windy Arm series, to Dr. Dawson's
Porphyrite series and correspond lithologically and stratigraphically with
his Jackass :vrountain series (Report of Progress for 1871-72), which he has
decided overlie conformably the rocks described in the report of 1875 as
belonging to the Porphyrite series. This latter consists chiefly of igneous
products, and the Jackass Mountain series resembles rocks of ordinary
aqueous origin; but as rocks which were originally flows are vcry difficult
to distinguish from thuse of the same chemical composition, though of
fragmental origin, as ashes, sands, etc., they have all been placed under the
same name, and in his report of 1876-77 all are included in the Porphyrite
series. As this Porphyri te series covers such a large portion of the district,
and as coal occurs in some of the beds, it has now been decided to distinguish
them on the map as far as possible, although it is to be understood that no
sharp lines are drawn between them. All rocks, therefore, which are of
aqueous origin, and all those associated and interbedded with them, are
placed in this Tutohi series, as water action has had mor(' or less effect on all
of them and has not affected the rocks of the Windy i\rm series. Dr. Dawson
considered the Porphyrite series to be rrobably a link between the Jurassic
and Cretaceous, making the Jackass Mountain beds Lower Cretaceous.The
fossils found this season in these Tutshi beds, being all typically Lower
Cretaceous, further bear out this correlation.

In the vicinity of the Cnion mines, and on the eastern slopE' of Mt.
Folie, are some fine-grained, very hard, brittle, often cherty, well and often
thinly bedded rocks, generally red with iron stain. They break up into sharp
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angular pieces and prove, when examined petrographically, to be for the
most part cherty quartzites, and banded cherts, containing much pyrite,
and the base chieAy a chemical precipitate. ~umerous specimens of a type
of fossil were found and have been examined by Dr. Whiteaves of this
Department, who says :-"Prioncyclus woolgari (Vlantell)-Several crushed
specimens of an Ammonite that are possibly very young individuals of this
species. In the Upper Missouri country, and elsewhere in the United States,
P. woolgari is regarded as a characteristic fossil of the Fort Benton group.
In Canada a few good specimens of it were collected by Mr. McConnell in
1880, in the lower 200 feet of the La Biche shales, at two localities on the
Athabaska." This band of reddish weathering rocks is seen outcropping for
some distance in a north-westerly direction, passing just to the east of Mt.
Perkins signal and forming the central part of Red ridge for some distance
on both sides of the signal, where there are porphyrites, tuffs, etc., of the
Windy Arm series.

Just to the west of this belt, and outcropping on the ridge running west
from the Union Mines and about midway to Pugh peak, are some shales,
conglomerates, cherts, and cherty quartzites, carrying some coal seams.
These rocks are of the same horizon as the coal measures which have been
opened up about seventeen miles in a south-westerly direction from White
horse. The chief horizon marker consists of a number of heavy beds of a
peculiar looking conglomerate, made up almost entirely of hard, well
rounded, generally small pebbles of slates, cherts, quartzites, etc., in a sili
ceous matrix,--giving the rock a very cherty, hard appearance. Some black
shales both finely and coarsely bedded were found next the coal seams.
Also, adjoining them and the conglomerates are a number of beds of hard,
fine-grained, often brightly coloured bedded cherts which are banded, the
bands being generally narrow, about a quarter of an inch or less, and prettily
coloured, the colours varying from grays to reds and blacks. There are, too,
some light coloured, thinly bedded, and also some more coarsely bedded
shales and light coloured sandstones. The rocks here are very much folded
and distorted, and no attempt to measure a section was made. Three or
four coal seams, apparently only a few inches in width, were seen, but their
actual thickness was not determined. The area of these measures here is
somewhat small.

Just west of the granite on Mosquito hill, and extending to the west of
the two shown on the top of the ridge, appear the red, iron-stained, fine
grained, hard, brittle, cherty quartzites, etc., as seen on Mt. FolIe. \Nest
to the main part of Mt. Goat, outcrops are very scarce, but those seen are
tufaceous sandstones, tuffs and porphyrites. The main part of the mountain,
however, consists of bedded rocks, as tufaceous sandstones, tuffs, cherts,
etc., similar to those just west of Mt. \Jlosquito, and some coarse irregular
conglomerates differing considerably from the conglomerates of the coal
measures, in not having the cherty, slaty pebbles and being much less
uniform in composition. There are here some finely bedded gray and green
ish, and some almost black fine-grained tuffs and ash rocks, looking like
shales, and some coarser ones that on account of being bedded might be
mistaken for sandstones. Some fossils from this mountain have been ex
amined by Dr. Whiteaves who says:--

"Trigonia, small, arcuate, and beaked species. Two other Pelecypoda,
imperfect and undetermined. Shales with numerous valves of an Estheria or
of very young specimens of Inoceramus. Also two crushed fragments of a
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small Ammonite, apparently referable to Prionocyclus woolgari." These are
all placed under the head 'Cretaceous' and are probably lower Cretaceous
as described above.

A low ridge, the Watson ridge, running just west of the Watson river,
seems to have been caused by a heavy bed or beds of conglomerate which,
being harder and more difficult to weather than the surrounding rocks, have
been left above the level of the wide valley in which they are situated.
The conglomerates appear to be the same as those on M t. Goat, M t. Caribou,
and Mt. Granger, being light coloured, and consisting of generally well
rounded pebbles of granite, porphyry, porphyrite, etc., varying in size from
small up to four or five inches in diameter. In addition to these conglo
merates-which do not resemble the conglomerate found in the coal meas
ures, the ridge consists chiefly of fine-grai ned, well-bedded, dark, cherty,
shale-like rocks and quartzites, and some lighter coloured, coarser bedded
tuffs. Just across the railway from here is a parallel, but lower and less
prominent, ridge of similar conglomerates which extends along the
western side of Mt. Caribou, and has in places a reddish appearance due to
iron-stain.

The western side of M t. Caribou consists of conglomerates, simi tar to
those on the ridge across the railway, the so-called argillites, tuffs, etc., all
having a general strike of about true N. 13° E. Overlying the conglomerates
are some thinly bedded, dark, somewhat soft, argillite-Iooking rocks com
posed chiefly of volcani" material. Overlying these again are some more
coarsely bedded, fine-grained, almost black, very hard, slate-like rocks
which prove, however, when examined under the microscope, to be tuffs.
Besides these are some lighter coloured tuffs generally fairly well-bedded,
and varying in texture from fine-grained to about that of an average sand
stone. These bedded fragmental rocks, which are mostly pyroclastics, ex
tend along the ridge to the north of M t. Caribou and sou th of the signal for
some distance, but as the deep draw is approached dividing this mountain
from Mt. Nares the rocks become nearly all grayish and greenish porphy
ri tic looking tuffs and tufaceous sandstones, and grade in to true porphyri tes.
I t is, therefore, difficult to draw a line here between this and the Vi1indy Arm
series.

The top of Mt. vVounded Eu 11, to the north of here and east of Robi nson,
is chiefly composed of the red weathering, fine-grained, hard, cherty quart
zi tes, banded cherts, etc.

The southern part of VIt. Golden Horn, and the low ridge of hills to
the south-east of it running north from Mt. Mosquito, are also composed
almost entirely of the reddish, weathering hard rocks almost identical in
appearance with those at Red Ridge signa!, and in the vicinity of the l'nion
mines and elsewhere. Thin sections of these rocks examined microscopically
prove them to be the same, and to be bedded and banded cherts and cherty
quartzites containing pyrite, the base being chiefly a chemical precipitate.

The wide valley in which the railway runs west of Caribou and :VI t.
Wounded Bull, and which, particularly in the vicinity of Lewes lake, is
floored with heavy silt deposits, is probably underlaid by these Tutshi rocks.
They outcrop along both sides of the valley, there is coarse float in a number
of places, and one outcrop was found along the railway about two miles
sou th of Robinson.

The outcrops seen on M t. Double from the east side of Coal lake on the
west, and including the long ridge extending from it in an easterly direction,
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are chiefly light coloured, fairly well-bedded, generally coarse-grained
tufaceous sandstones and massive beds of conglomerates, the la tter bei ng
generally quite coarse and composed of well-rounded, very irregularly sized
pebbles and boulders up to five or six inches in e1iameter, of granites, porphy
rites, and the general types of the other rocks of the district, which are often
only very loosely cemented together. Outcrops, except on the summits of
the mountains and ridges, are very scarce and it would seem that these
sandstones and conglomerates, which weather less readily than some of the
finer-grained and softer, more shaly rocks with which these are associated
in other places are accountable for the summits and ridges, and that the
luwer portions of the hills, which have weathered to a greater extent, are
composed of these softer rocks. Dips and strikes are very irregular and of
little value here. These sandstones and conglomerates are very similar to
those seen on Mt. Caribou, Mt. Granger, and elsewhere. Just west of the
M t. Double signal are also some of the harder, reddish-weathering cherty
quartzites, as seen to the south-east of Golden Horn, on Red ridge, and else
where as mentioned above.

Coal ridge, which extends along the western side of Coal lake and just
across from Mt. Double, is also composed of rocks resembling those to the
east of it, the conglomerate being very noticeable, and also the red, cherty
beds which form the nurthern end of the main part of the ridge.

On Mt. Granger, farther to the west, the same beds continue as were
seen on Coal ridge and M t. Double, these being all in the general line of
strike. Commencing a short distance to the south of the summit of this
mountain, anel extending over the northern edge to the granite contact, are
the red, hard, fine-grained ,cherty quartziticrorks described above. The strikes
here as elsewhere are very irregular. One near the granite contact was true
N. 28° E. with Cl dip of 70° to the north-west. The general strike is here more
nearly east and west. Underlying these beels is a great thickness of hard,
coarse, light-coloured sandstones and conglomerates similar to those on ;\ilt.
Double, with a few intercalated, finer, darker, and softer beds, most of them
probably pyrodastics. These extend to nearly the foot of the mountain,
i.f'., on its south side, the conglomerate beds being of great thickness, in some
illstances several hundred feet, and apparently overlying the coal measures
which outcrop in the valley to thf' south of Mt. Granger. This was the only
place seen this season where anything approaching a complete section of this
Tutshi series coulel be measured, and even here it would be somewhat diffi
cult to arrive at anything like accurate results, till' coal measures being to a
great extent covered with glacial wash material, and the higher rocks being
considerably disturbed. :Vloreover it was very late in the season when this
district was examined, and recent heavy falls of snow, covering considerable
portions of the formation, made these somewhat rugged hills dangerous to
traverse. However, this series here has a considerable thickness, probably
between three and four thousand feet at least.

As mentioned above, only a partial section of the measures was seen,
as they OLltcrop along the valley' having approximately the same general
strike, and are mostly heavily covrrecl with drift. Descriptions of the coal
are given ill the economic portion of this report. The general strike of the
measures is about true 1\'.74° \IV. At the tunnel the strike is true N. 63° V/.
with a 42° dip to the north-east. The most noticeable beds in thesf' measures
are the conglomerates which are similar to those seen between tht' l!llioll
mines and Gold hill, and arc readily distinguishable from other conglo-
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merates in this district. They are generally much finer and of more even size,
and all the beds not only present a very similar appearance but are quite
uniform throughout. They are composed of pebbles of cherts, slates, and
quartzites, and are generally somewhat dark in colour and very hard, and
usually cherty in appearance, the pebbles bei ng well cemen ted together
with a siliceous material. There are at least six of these beds here, generally
from seventy-five to one hundred feet in thickness, but some narrow beds
of only a few feet were observed. These cherty conglomerates have evidently
been derived from the cherts and slates of the Lower ('ache ('reek series,
and are probably the lowest true sediments above them in this district.
The rest of the measures consist mostly of somewhat coarse, light-coloured
sandstones, some beds of finer and darker shales being also seen. The con
glomerates, sandstones, etr., of \ilt. Double extend to the south to a point
about midway between the station and the north branch of the \Vatson
river, as shown on the map, where the \Vindy Arm rocks commence. Near
the con tact the COil I measures from the sou th of Mt. Granger strike across
this ridge, and were traced to the deep valley separating it from NI t. Lakeview.

In the Windy Arm district, to the south alld on the north-east side,
particu larly, of j\'l t. Bru te, are some pecu liar fragmen tal rocks. These, very
irregular in texture, are composed chiefly of volcanic ashes, lapilli, and
quite coarse materials that have fallen into the sea and have been cemented
together, often by clays. These rocks, not noticeably bedded and showing
very little sorting action, have the general appearance of conglomerates.
To the south, and running in a southerly direction to the he"d of McDonald
creek, keeping to the west of it, is a rather narrow exposure of the reddish
weathering cherty quartzites, etc.

There is also the belt of these Tutshi rocks noted by j\Ir. McCollnel1 in
the southern portion of the Windy Arm district. Outcropping along the
shore of the Arm above vVhy'1ton, S.c., and extending in a nort.h-westerly
direction to the north of NIt. Dundalk, keeping south of Knob hill, they
consist chiefly of conglomerates, tufaceous sandstones, tuffs, ete. The
conglomerates are somewhat coarse and similar to thosf described above as
occurring on M l. Granger, etc. The sandst.ones are generally light-coloured,
hard somewhat coarse, massive, and usually in very thick beds. There are
also some much finer, darker coloured thinly bedded tuffs, which are par
ticularly noticeable for some distance along Windy Arm, where they aprear
as hne-grained, dark argillites. All these rocks appear to be pyroclastics, and
thin sections of the so-called argillites, examined under the microscope,
are seen to be tuffs. The only fossils found here are imprints of some valves
of young specimens of a species of Inoceramus which were examined by
Dr. vVhiteaves, and which he considers the same as the species found on
NI t. Goat, and probably Lower Cretaceous.

These Tutshi rocks are frequently cut by porphyry dikes, generally
hnc-grained and greenish in colour; in a few places light-coloured pink
porphyry dikes were observed to cut both the Windy Arm and Tutshi rocks.
These dikes, which probably belong to some period of volcanic activity in
Tertiary times, ilre in all cases too narrow to be shown on the accompanying
map.

From the coal seams at the Talltalus mille, which are of the same
horizon as those south-west of \Nhitehorse, and to the east of Pugh peak,
as described above, some fossil plants have been examined by Dr. Pen hallow,
who says:-"AII the material appears to be the same as the specimcl\ of
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Thyrsopteris elliptica, Fontaine, as figured by Ward in the 'Status of the
\1esozoic Floras of the "Gnited States', vol. XLVIII, pI. LXXI, figs. 12 and
13; and to this the present specimens are provisionally referred. 1t is to be
observed, however, that there seems to be some question as to the correct
ness of Ward's reference, since the specimen cited is quite distinct from the
original type of Thyrsopteris elliptica as described by Fontaine (in 'Potomac
Flora, vol. XV, p. 133, pI. XXIV, figs. 3, 3a.'), and it is quite possible that
further and more complete specimens may show this to be an entirely new
species. A somewhat related flora was described by me in 1898 as obtained
by Mr. J. B. Tyrrell from the Nordenskiold river. All the specimens shown,
however, were specimens of Cladopliebis, and they indicated Cretaceous age.
"The specimens from the Tantalus mine present a flora with the same facies
as those from the Nordenskibld river, and the whole conform to the flora of
Kootanie age. (Lower Cretaceous,---sometimes assigned to the J urasso
Cretaceous period, near the close of the J urassic and at the beginning of the
Cretaceous.) "

This further evidence bears on the correlation of the Tutshi series as
made above.

Granite Porphyry

In a number of places intrusive dikes, and masses of granite and syenite
porphyry were seen cutting all the other rocks except the Tertiary basalts,
etc. The areas of these are as a rule too small to show on the accompanying
map, being generally dikes less than five hundred feet wide, but occasionally
wider.

One of the most noticeable was a typical syenite porphyry, cutting Red
ridge about one-half mile west of the signal, and continuing through Mt.
Perkin to the eastern edge of Pugh peak, about one-half mile from the
summit, being from nearly a half mile wide on Red ridge to about eight
hundred feet wide east of Pugh peak.

Just west of Mt. Double summit is a similar dike about two hundred
feel wide. This, however, on account of scarcity of outcrops of any kind,
could only be traced a short distance.

On the south-east portion of the ridge forming the eastern portion of
:vIt. Lakeview is an exposure of these syenite porphyries, cutting through
the Windy Arm porphyrites, which are here somewhat lighter coloured
than usual. Outcrops were also seen forming portions of the summits of
Caribou and Minto mountains and elsewhere.

Scoria and Basalt

The newest rocks in this district are some recent dark basic lavas,
which are of Tertiary age, and which are only seen in the northern portions.
I t is these lavas that have flowed across the valley of the Lewes river ancl
caused the Whitehorse rapid and Miles canyon. Along the sides of the latter
these basalts show particularly well the prismatic jointing peculiar to these
rocks, causing them to appear as vertical pillars. These rocks also extend
to the west some distance, and are seen occasionally to the west of the rail
way along Johnson creek. The western portion of Black ridge, to the west
of the Golden Horn, is composed of these lavas.

Boulders of scoria, often several feet in diameter, are thickly strewn over
the surface along the north and north-west sides of VIt. Double, and to the
west of Golden Horn. These, like the lavas, in most places are quite vesicular,
the cavities not as a rule being yet filled with secondary minerals.
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These Tertiary lavas somewhat resemble those of the \Nindy Arm series,
but the latter are more disturbed and have the cavities of their originally
vesicular rocks almost invariably filled with secondary minerals, while those
of the former are commonly open and are much fresher looking.

For the greater part of the work of microscopically examining the rocks
mentioned in this report I am indebted to Dr. G. A. Young, of this Depart
ment and to Dr. R. A. Daly.

Superficial Deposits

Filling the wide valleys of this district are, in most places, cOllsiderable
thicknesses of gravels, clays, silts, etc., which completely obscure the rock
formations. All such valley deposits have been mapped under one geological
colour.

They were not studied in detail, but the silts which fill a considerc.ble
portion of the wide valley bottoms, particularly of the valley in which the
railway runs to the north of Caribou Crossing, and are often thick, were
very noticeable. These silts are the overwash of the glacial epoch, and are
now being trenched by the different rivers and streams. Particularly in the
vicinity of Lewes lake, which was partially drained during the construction
of the railway, these are well seen and are very typical. They were evidently
deposited in sluggish water, and at a considerable distance from the source
of the material. Nearer the edge of glaciation the materials are more heavily
bedded, much coarser, are cross-bedded to a greater extent, and show every
evidence of being fluvial deposits, and of having been deposited in swiftly
running water.

A noticeable feature in this district is a widespread layer of volcanic ash
or pumiceous sand, which forms a single layer and is evidently due to one
period of eruption. I t is much more recent than the silts and other glacial
deposits, having been deposited in the river valleys, etc., after they had been
cut down to about their present levels. In fact this ash is almost at the very
surface, the grass roots being often in it. The layer is very even, except where
it has been washed down from the hillsides into the valleys, and it evidently
fell very gently, as snow might. It has an average thickness of from three to
six inches, increasing to the north-west.

Map

In connexion with the map of this district, it should be said that, as the
work was somewhat rapidly done, no attempt at elaborate detail has been
made. To accurately differentiate and map the various formations would
require a great amount of work. Towards the north, outcrops are very scarce,
hence it was difficult to assign exact geological boundaries to the d ifferen t
formations. However, the map* probably indicates the different geological
horizons accurately enough for the presen t needs of the district.

* The map is not included in this volume, but the area is in the Whitehorse map-area
(Geol. Surv., Canada, Paper 44-14) and is presently being- remapped. (H. S. B., 1956.)" .
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1908
Introductory Notes

In his Summary Report for 1908, Mr. R. W. Brock, Director, gives the
following resume of the field work for that year in Yukon:

"Mr. D. D. Cairnes, assisted by Dr. O. Stutzer, was engaged in the
Tantalus district near Whitehorse, defining the Coal area, with the object
of determining the character of the coal and discovering the point nearest
transportation where a commercial supply exists. Mr. Matheson had charge
of the topographical work in connection with this investigation.

"Mr. ]oseph Keele, who wintered on the divide at the head of the
Pelly River, continued his exploration across the continental divide to the
Gravel River, and descended this stream to the Mackenzie."

The information contained in Mr. Keele's preliminary account,
published in the Summary Report for 1908, is all contained in his final report
released in 1910 as a complete and separate volume. Only the final report is
repri nted here.

PRELIMINARY REPORT ON A PORTION OF THE YUKON TER
RITORY, WEST OF THE LEWES RIVER AND BETWEEN

THE LATITL'DES OF WHITEHORSE AND TA~TALUS

by D. D. Cairnes

The work during the seaSOll of 1908 was virtually a continuation of that
COlllmenced last year, being chiefly devoted to the mapping, and geological
examination of those areas north of Whitehorse and south of Tantalus,
known to contain coal or to be underlain by coal-bearing formations; it
being more particularly desired to ascertain the nearest points accessible
to Whitehorse at which coking coal, similar to that at Tantalus, could be
obtained. During the greater part of the season I was ably assisted in geol
ogy by Dr. O. Stutzer, lecturer in geology at the Royal School of Mines,
Freiberg, Saxony; while Mr. H. Matheson performed in an efficient manner
the greater part of the topographical portion of the work.

Men, horses, and supplies were obtained in \Nhitehorse, whence a start
was made for Tantalus situated at a distance of 131 miles along the \Nhite
horse-Dawson road. The trip occupied twelve days, during which time cer
tai n reported coal discoveries along the rou te were investigated, and a rapid
geological reconnaissance was carried on with the view of assisting in the
determination of the best localities to map during the season.

Areas Mapped

,\ctual mapping was commenced at a point about 4 miles south of
Tantalus, in order to extend to the south the Tantalus sheet which, begun
d uri nl; 1907, reaches from there to the north, and includes the district in the
vicinity of the Tantalus and Five Finger coal mines. The territory examined
and surveyed during the first part of the past season, extends from the limits
of the older sheet, in a southerly direction for about 3S miles, with an average
breadth of about 12 miles. It includes the first range of hills west of the
Nordenskii::ild river and the moun tai ns 011 the east side of this stream as far as
the easterly limits of the coal-bearing strata.
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Between the southern bounds of the district thus examined and the
northern edge of the Lake Laberge map, lying to the south, and surveyed
during 1907, lies an unmapped area 14 or lS miles wide. Since this strip of
country was not known to be of economic interest, it was decided to omit it,
and to devote the latter part of the season to the gathering of data for ex
tending the Lake Laberge sheet to the south and west, so as to include
certain known coal areas. This added portion is about 19 miles long by 14
miles wide, and extends along the wagon road from a point 2 or 3 miles above
Braeburn to within about a mile of Kynocks.

In addition to the work in connexion with these coal areas, the writer
made a rapid trip up the Hutchi river to :vIacks' Copper and to the Gilltana
Lake claims. On the way south from Whitehorse, during the latter part of
September, a day was spent at Conrad, investigating the latest developmen ts
on Windy Arm.

Physical Features

The entire district strictly belongs to the interior plateau region of the
Yukon Territory, which, originaJJy eroded to peneplain conditions, was
subsequently subjected to a rather rapid uplift. Consequently the erosive
agencies were greatly augmented, and the plateau thus formed was soon
dissected, so that now it is only in places that distinct remnants of it are
left, and these are not particularly evident within the area examined this
season. The district consists, in a general way, of low, rounded hills, with
only here and there a higher and more rugged peak or ridge relieving the
otherwise monotonous landscape, though few rise more than 1,700 feet
above the surrounding valleys.

The Nordenskiold river and its three chief branches, the main water
ways of the district, flow in wide, flat valleys, generally at least one mile,
and often nearer two miles broad, forming the most pronounced topo
graphical features of the country. One other important valley, though con
taining only a very small creek, apparently extends to the north end of
Lake Laberge, and joins the Nordenskibld valley about 6 miles above
Montague. AJJ the main valleys have beautifully terraced slopes rising
from S or 10 feet to several hundred feet above the vaJJey bottoms, possibly
indicating successive uplifts of the district.

The effects of glacial action gradually decrease towards the north, and
although glacial markings were seen within S miles of Tantalus, towards
the northern end of the district, yet the chief results of glaciation have been
to fill the valleys, cover the hillsides, and often the summits as well, with great
thicknesses of gravels, clays, silts, etc. To such an extent is this the case
that in many places there is almost an entire absence of rock outcrops,
thus rendering the bedrock geology very obscure.

All the valleys of the district are dotted with irregularly shaped lakes
ranging in size from mere ponds to others 6 or 7 miles in length. They often
have no apparent inlets or outlets and seemingly originated during the
final stages of the glacial epoch.

General Geology

V/hat are believed to bE' the oldest rocks seen this season were discovered
only in one place, where they consist of a group of chiefly fine grained, dark
coloured amphibolite schists with light coloured, grnerally reddish gneisses.
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They resemble members of the older schistose rocks and are considered
to be of Pre-Ordovician age. l

In a gulch just north of Poplar mountain are some dark, generally
thinly bedded, highly disturbed slates and cherts, resembling members of
the Lower Cache Creek series of Carboniferous or possibly Devonian age. 2

At numerous points in the southern portion of the district are outcrops
of limestone similar to that seen in the southern portion of the Yukon, and
there considered to be of Carboniferous or possibly Devono-Carboniferous
age. 3 Fossils have been collected from these rocks, and it is hoped that when
examined they will definitely decide the age of the beds.

Newer than the above limestones, but older than the Cretaceous, are
some quartz porphyries which outcrop over considerable portions of the
district. They genera))y are reddish blue to reddish gray in colour; and
feldspars, biotite and quartz occur in well outlined, easily discernible crys
tals lying in a ground mass varying in grain from felsitic to quite coarse.
A series of generally fine grained volcanics, chiefly tuffs, porphyrites,
gabhros, etc., are also present in the district and belong to about the same
period of igneous activity as the quartz porphyries.

Younger than all of the preceding groups is a series of Cretaceous age,
consisting of a great thickness of sediments overlain by volcanics and bedded
tuffs. Fossils were collected from this series, but as yet they have not been
examined. In the Conrad district the representatives of these sedimentary
and volcanic beds were placed in the Tutshi series. i

The basal member of the Cretaceous is a coarse, massive conglomerate
having a total thickness of 500 to 800 feet, and in places, possibly more.
The component pebbles and boulders are chiefly of granite, quartz porphyry,
fine grained, green volcanics and limestone, those of granite predominating.
This conglomerate is of frequent occurrence and is overJain by a thick group
of conglomerates, sandstones, shales, etc., varying in thickness in different
localities, from 1,000 to 3,000 feet or more.

The lower half of the column of Cretaceous sedimentary beds above
the basal conglomerate is characterized by the presence of dark coloured,
hard sandstones, with considerable thicknesses of dark to almost black,
thinly bedded clay slates and shales. These are overlain by a group con
taining the lower coal horizon, and consisting chiefly of massive, coarse,
friable sandstones, gradually becoming lighter coloured towards the top,
where, in places, there is a thickness as great as 1,000 feet of almost perfectly
white- -except where iron stained-coarse sandstones composed of clear
white, quartz pebbles cemented by a pure white, calcareous base.

The upper half of the group of Cretaceous sediments largely consists of
massive beds of conglomerate, sometimes aggregating as much as 1,500 feet
in thickness, and in this horizon occur the Tantalus coal seams. The pebbles
of these conglomerates are altogether of chert, quartz or slate of the Lower
Cache Creek series.

Overlying the above conglomerates is a group of fine-grained, bedded
tuffs, often appearing as thinly bedded, dark to almost black, shales. These
are intimately associated and interbedded with greenish tuffs showing no

J Cairnes, D. D.- -"Report on a portion of Conrad and \Nhitehorse Mining Districts.
Yukon", pp. 24-25, Geological Survey, 1908.

2 Op. cit .. pp. 26-29.
3 Op. cit., pp. 25-26.
, Op. cit., pp. 31-36.
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bedding and appearing to pass into porphyrites, etc. In fact, in this district,
the truly bedded deposits laid down under water, grade into and are so
closely associated with the volcanics that it has been found impracticable
to map them separately.

~ewer than the above series of sediments and vo1canics is a very exten
sive group of andesites, dacites, tuffs, etc., different members of which respec
tively cut or overlie the older formations. It is this volcanic group which is
found overlying the conglomerate containing the coal horizon in so many
places, and which renders the exploration of the coals very difficult.

Youngest of all is a volcanic group, in all probability of Tertiary age,
consisting of scoria, basalt and basalt tuff, the tuff being the newest rock in
the district. The basalts are either reddish or bluish in colour and are gener
ally quite amygdaloidal. The tufaceous beds are often as much as 1,500 feet
in thickness and are commonly quite coarse, containing bombs ranging
from one to even two feet in diameter.

EconOlnic Geology

Coal

There are two coal-bearing horizons of economic interest in this portion
of the Yukon Territory. An upper horizon occurs near the top of the thick
assemblage of conglomerate beds forming the upper half of the group of
Cretaceous sediments, and to this higher zone belong the seams at the
Tantalus mine and on Tantalus bluff. A second, lower coal-bearing horizon
lies towards the base of the Cretaceous column as seen at the Five Fingers
mine, also at a point west of the 69-mile post from Whitehorse on the
Whitehorse-Dawson road and elsewhere.

The seams of the Tantalus bluff and the Tantalus mine doubtless ex
tend a number of miles to the north and south of these places, but prospect
ing for coal is rendered particularly difficult there by the thick mantle of
glacial and recent alluvial material which covers the greater part of the dis
trict. Beginning within a distance of two or three miles south of Tantalus,
the Cretaceous sedimentary rocks are, for the greater part, covered with
more recent Tertiary basalts, basalt tuffs, etc., so that although in the 20
miles immediately south of the Tantalus mine there is believed to be a
great amount of coal, it will, in most places, require very careful prospecting
to find it suitably located for mining purposes.

South of this district in which the strata have been so largely covered
by later volcanics, the coal-bearing formations have been removed by
erosion for a distance of over 30 miles to where a belt of the conglomerate of
the upper coal horizon was found, traversing the district in a direction some
what north of east. About 4 miles east of the wagon road the formation
passes beneath a great thickness of volcanics, but to the north-west, the
formation is believed to extend a number of miles, and may exist as a con
tinuation of the outcrops seen crossing the Hutchi River valley about 30
miles from the mouth of the river. The formations near the road are in the
form of a double synclinal fold, the upper portion of the formation, and con
sequently the upper coal horizon, being here eroded away. The seams of the
lower horizon, however,were seen in several places, being particularly well
exposed along a small creek about 4 miles west of the 69-mile post from
Whitehorse. At this point a number of seams were uncovered and others
probably exist, as very little prospecting has been done here. Of the seams
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Water ,
Volatile combustible matter. . .
Fixed carbon. ' , , , , , ... , , , .. , .. ."" .
Ash.. , .. ,. , .. ' . ' .. , .. , " .

seen, one was 7 feet wide, one abuut 4 feet wide, and several between 6 and 8
inches in width. The following are approximate analyses by fast coking of
these coals, furnished by Mr. F. G. Wait, of the Mines Branch. .\Io. 1
represents an averagf> of an 18 in. seam, and No. 2 of a 7 ft. 6 in. seam:

1. 11.
8' 98 12' 02

29'62 34'28
48'30 42'56
13'10 11'14

100'00 100'00
Coke, non-coheren t. . . . . . . . . . . . . . . . . . . . . . 61' 40 53' 70
Ratio of volatile combustibles to fixed carbon 1:1' 63 1 :1' 24
The ash in No. 1 is white; in ;\To. 2, pale reddish brown.

Coal was seen also along the side hills to the east of the wagon road
between the 117- and 118-mile posts, but the very thick covering of glacial
material made the measuring of the seams very difficult. Une seam, less than
2 feet wide, was seen on a small creek which crosses the road between the
113- and 114-mile posts. The following is an approximate analysis by fast
coking of a sample from this seam by F. G. Wait, of the :vIines Branch, who
states that the coal "is probably a lignite which has been altered by in
trusi ves."

\Vater. . . . . . . . . , .
Volatile combustible m<ltter. '
Fixed carbon. . . . . . , , .
Ash, reddish brown ..

4'68
15'59
72' 26
7'47

100'00
Coke, non-coherent. . . . . . . . 79' 73
Ratio of volatile combustibles to fixed carbon. . . . . . . . . 1 :4' 64

All information that can be gathered concerning the Tantalus, Tantalus
Butte and Five Fingers mines has already been published.* The areas de
scribed in this report, and two other areas previously mentioned**--one
along the Lewes river between Hootalinqua and the Big Salmon river, and
the second at a point a short distance from the Tantalus mine- include all
the places north of Whitehorse and south of Tantalus at which the upper
coal horizon is known to occur.

Mack's Copper

A few miles to the south-west of \1ontague, and only a short distance
west of the western edge of the Tantalus map, are a number of mineral
claims, locally known as Mack's Copper, because originally they were mostly
owned by Mack brothers. The property is reached, usually, by a branch
road leaving the v\'hitehorse-Dawson road about 6 miles above :Vlontague,
and following approximately the old Dalton trail south-westerly up the
Hutchi river. From a point about 8 miles in on this road, a trail ascends the
hills to the north of the claims which virtually are on the summits about
4 miles distant from and 1,900 feet above the valley. Practically all the ore
in the vicinity appears to be on one claim.

* Gp. cit.
** Cairnes, D.D.-"Report on portions or the Yukon Territory, chiefly between White

horse and Tantalus", Summary Report for 1907, Geological Survey Branch.
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The ore, which occurs in a fine grained, greenish, porphyrite at or near
its contact with limestone, consists chiefly of magnetite, with hematite in
minor quantities, both being more or less impregnated with copper minerals,
chiefly chalcopyrite, malachite and azurite. The main mass of mineral is in
the form of a small knoll of almost solid iron ore, about 200 feet wide, by,
perhaps, 300 or 400 feet long. On the south side of the hill the iron carries
considerable copper, while the ore on the top of the knoll shows no copper,
possibly because of leaching. A cross-cut tunnel has been started in one of the
most promising places on the hillside, and when visited was in about 35
feet.

The only other work done on the property is in the form of an open-cut
on an adjoining knoll to the west. The ore bodies in the two places ap
parently are not connected. The ore body in the more westerly locality is only
10 to 12 feet wide and lies next to and more or less in the limestone. The
richest ore is found here, but has only been traced a short distance; it may,
however, continue farther along the limestone, for the contact is so deeply
covered with superficial deposits that only a few feet as yet have been un
covered.

The following samples were taken by the writer and have been assayed
by Robert Smart, government assayer at \i\·hitehorse. No. 1 is an average of
the end of the tunnel, No. 2 is an average of the best 4 feet of the open-cut.

1. 11.
Trace O' 025
Trace 3' 400
l' 80 5' 55

The GiIltana Lake Claims

Most of these claims were staked during the season of 1907, though a
number were located during the last summer. They are located on both
sides of Gilltana lake, which lies some 15 miles in a north-westerly direction
from Hutchi lake and village. Locally the claims are known both as the
Gi 11 tana Lake claims, and as the H utchi copper.

The ore on the north-west side of the lake occurs at the contact be
tween granite and limestone, and is in the form of narrow lenses of mineral
ized matter and quartz. The widest lens seen had a breadth of about 4 feet,
but as a rule, the bodies are only from 1 foot to 2 feet wide and have at present
no economic value.

Across the lake the claims are chiefly located over the face of a hill
rising about 1,200 feet above the water. The country rock is mainly mica
schists, interbanded with which are some beds of quartzite and limestone,
the latter generally being narrow-3 to 4 feet wide, but sometimes as much
as 50 feet thick. The strata strike about parallel with the lake and dip into
the hill, so that the different bands of schist extend along the face of the
hill, one above the other, maintaining an almost horizontal outcrop. In
places these bands have become mineralized with magnetite, generally
carrying copper minerals, chiefly chalcopyrite and malachite, and these
constitute the ores bodies. The original schists show all degrees of mineraliza
tion and replacement, from portions entirely non-metalliferous to others
now consisting of almost solid iron ore.

The best of these mineralized bands or zones average from 6 to 10
feet in width, although one was seen having a breadth of 20 feet and con
sisting of almost solid ore. The mineralized bands generally can be traced
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Trace
Trare
9'00

Trace
Trace
1'35

for 50 to 100 or even 200 feet, when the iron and copper minerals gradually
disappear, or at times seem to be continued along other parallel bands.
Three prominent, with other less important bands, were observed at dif
ferent elevations on the face of the hill.

At the surface the copper minerals appear to have been leached out,
but may be found re-deposited lower down. On the Helen claim, up Franklin
creek, some open-cut work has been done, and there, in places, streaks of
copper ore 1 foot to 3 feet thick were seen, included in wider bands that
are much richer than observed elsewhere.

Apparently the ores are connected in origin with the intrusive granites
found in the vicinity. The strata have been cut by dikes of light coloured
hornblende andesites and dark fine-grained basalts, but these have had no
visible effects on the ore deposits. The district is well worth prospecting and
a number of the claims look very promising.

The following represent the results of assays of two samples from this
district. :'-Jo. 1 is a sample taken across the strike of one of the best looking
bands which had a width of about 6 feet. :'-Jo. 2 is a sample of one of the
3 foot streaks of copper ore on the Helen claim.

Gold, ou nces per ton.
Silver, ounces per ton. . . . . .. ..
Copper, percentage .

Windy Arm

Since the season of 1905 the Venus has been worked continuollsly with
very satisfactory results, so that now a large amollnt of ore has been blocked
out and some small, though high-grade shipments have been made to out
side points. During the past year this is the only property in the district
upon which work of any considerable importance has been performed; the
reason for this inactivity being chiefly difficulties in company organization,
etc., rather than the Jack of promising conditions on the claims themselves.

The first concentrating mill built in the Yukon has, this season, been
completed. 1t is situated on Windy Arm just below the Venus, the ore being
carried from the workings to the mill by an aerial tramway. A 100 h.p.
boiler, and a 75 h.p. engine, at present generate the motive power, but a
water-power plant is being installed. The ore is first hand-sorted, then
passed over a grizzly and the overs crushed by a Blake crusher. The ore is
sized by trommels giving three products. Fine crushing is performed by a
set of high-speed rolls and a Huntington mill. A set of jigs and four Callow
screens concentrate the crushed and sized materials. The slimes are settled
in six Callow settling tanks, and afterwards concentrated on three Wilfley
tables and two Frue vanners.

The mill appears to have been well designated and constructed, and
it is hoped that its erection will mark the introduction of the properties of
the Conrad district into the class of producing mines.

Flora and Fauna

The principal varieties of trees in the district are white spruce, black
pine, balsam poplar, aspen and willows. The white spruce is, by far, the
commonest of these, covering perhaps half of the hillsides. Only in a few
places were patches and isolated specimens of black pine noted, these being
chiefly along the valley bottoms. Balsam, poplar, aspen and willow occur
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very plentifully in the valleys and on many hillsides, giVIng place very
often to thick, dense growths of dwarf birch towards the summit.

Crowberries were very plentiful on all the hillsides. Black and red
currants, blueberries, high bush cranberries and strawberries also occur.

:vIoose and bear are rather common in many places, caribou heing less
often seen. Fresh beaver cuttings were noticed in several places. Lynx and
porcupine are very plentiful; while foxes, wolverines, wolves, and coyotes
are in somewhat smaller numbers.

The lakes and streams are generally well filled with fish, chiefly grayling
and pike. Salmon also come up the streams in great numbers in the autumn
months.

The wide and extensive valleys of the i\;ordenski6ld and its branches
are often covered with very luxuriant p;rowths of certain wild grasses and
timothy. Oats accidentally scattered along the roads, are seen to grow well.
Many varieties of vegetables grown in Dawson, Whitehorse and inter
mediate points, compare very favourably with those imported. It is well
known that horses generally winter safely in the valleys without being fed.
A collection of the common plan ts of the district has been made by the
writer, and these have been examined by :vIr. John :vracoun, of the Geo
logical Survey, who considers them as proving the district suitable for
agriculture, since the specimens are similar to those found in the Canadian
Northwest and more particularly in the vicinity of Prince AJbert and
Edmonton. For these and other reasons it is hoped that it will not be many
years before this district proves itself to be an important one for stock
raising and agricultural purposes.

RECON~AISSANCEACROSS THE MACKENZIE MOUNTAINS ON
THE PELLY, ROSS AND GRAVEL* RIVERSt

by Joseph Keele

The present report is based on the results of investigations made during
a portion of the years 1907-8, in the mountain region lying between the
Pelly and :vI ackenzje rivers.

Since 1897- -the year foHowing the discovery of gold in the Klondike
field work has been carried on in the Yukon territory by various members
of the Geological Survey. This work has, hitherto, been confined principally
to the areas where active mining was in operation, and these have been
described more or less in detail.

Owing to reports brought in from year to year by prospectors and
others concerning minerals in the outlying districts, a more extended
knowledge of the territory seemed desirable, hence 1 was instructed to
examine the country in the vicinity of the upper Pelly river, and sub
s~quentJy carry on an exploration across the mountains to the :Vlackenzie
nver.

I was accompanied throughout most of the jourIley by two residents
of the country engaged at Dawson: namely, R. B. Riddell, and J. :VI.
Christie. I t is impossible to speak too highly of the services rendered by
these men; suffice it to say here, that owing to their skill, energy and fore
sight, an expedition, which in less capable hands was liable to be attended

• Gravel River is now known as Keele River. (H. S. B., 1956.)
tThis was published as a separate in 1910, Publication No. 1097. (H. S. H., 1956.)
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by disaster at any stage, was carried through In safety and comparative
comfort.

Through the courtesy of the Yukon government, the services of Mr.
Robert Henderson- assistant to the territorial mining engineer-were
placed at our disposal during the summer of 1907. Mr. Henderson did some
careful prospecting, and collected specimens on the Pelly, Hoole, and
Ketza rivers, and on several creeks.

From July 1, 1907, until July 20, 1908, was spent in the field, only a
portion of this time being spent in actual survey work. Inactivity through
stress of weather; the labour incident to travelling through a mountainous
country, and the necessity of procuring a portion of our food from the
region passed over, consumed the remainder of the time.

The early part of the summer of 1907 was devoted to an examination
of the main Pelly, for a distance of 140 miles above its confluence with the
Ross river; the object being to gain a knowledge of as much of the topogra
phy and geology in that direction as time permitted; also to inquire into
the truth of a report brought down by some trappers of the existence of an
active volcano in that region, and if possihle to trace out the Pelly river
to its source.

After overlooking the region from several mountain tops, and examin
ing the bedrock and stream gravels for evidence of recent volcanic rocks,
the conclusion was forced upon me that there was no truth in the statement.

The course of the Pelly river could be traced for a considerable distance
beyond the poin t at which I turned back, and up to which an actual survey
was made. Afterwards, during the winter journey, the source of what is
believed to be the main Pelly river was seen from a hill near the head of the
Ross river, the drainage being placed on the map provisionally, according
to these observations.

Before setting out on the journey, it was decided to use the Ross river-
one of the main tributaries of the Pelly -- -as a route most likely to lead
across the summit of the V1ackenzie mountains to the head-waters of the
Gravel river, which flows into the Mackenzie. This surmise subsequently
proved correct; for, after following the Ross river nearly to its source, a
gap was found in the mountains, about five miles in length, and containing
the divide. After passing through this gap a small stream was found at its
northeastern end, which proved to be the extreme head of the main branch
of the Gravel river. The unnavigable portions at the heads of the Ross and
Gravel rivers and the divide, were passed over during the late winter; the
necessary outfit being hauled on sleds by three dogs, in relays-the distance
being about 100 miles.

\Ve were entirely thrown upon our own resources after leaving the
mouth of Ross river. During the journey we built two boats and one cabin,
and, until the Mackenzie was reached, saw no person except a small band
of wandering Indians at the head of the Gravel river.

This report is to be regarded only as a first contribution in a study of
the geology and topography of the Mackenzie mountains, from observations
made on a single line across their greatest width. The method by which the
survey was carried on varied with the conditions and exigencies of travel. A
micrometer and compass survey was made of the portion of the Pelly river
examined, together with sketches from transit bearings on some of the
mountains along its course.
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The survey of the Ross river to Lewes lake was made by estimating
or pacing distances along the river bank, and compass bearings.

From Lewes lake to our spring camp on the Grand river, the distances
were measured by a lOO-foot steel tape, and compass bearings; sketches,
and bearings on prominent mountain peaks with the transit, being taken
at intervals.

The Gravel river was surveyed partly by micrometer and compass,
and partly by estimated distances; but in addition to this, mountain peaks
were occupied at intervals of six to ten miles along its course, from which
sketches of the neighbouring country were made, using transit bearings.

Differences of elevation were measured by careful readings of two
reliable aneroid barometers.

On the map that accompanies this report, the Pelly river from Ross
river to Campbell creek was taken from Dawson's survey in 1887; ann the
portion of the :\1ackenzie river shown is from Ogilvie's survey of 1888. The
Macmillan and Stewart rivers are from surveys made by the writer in 1902
and 1905. \i\There the streams are shown by dotted lines, the drainage is
known to exist; but has not been surveyed.

Only such features as can be shown on such a small scale are placed
on the finished map, a fairly comprehensive idea of the relief of the region
being expressed by means of approximate contour lines placed at vertical
intervals of approximately 500 feet. The map is by no means an accurate
one; bu tit will prove a reliable guide for the use of future travellers in
that country.

Historical

In 1887, Dr. G. M. Dawson* made a journey from theStikine river to
the Yukon, following the Liard, Frances, anJ Finlayson rivers. Crossing the
Pacific-Arctic divide at the head of the latter river, he reached the banks
of the Pelly a few miles above the mouth of Campbell creek, and descended
that river to the Yukon.

In Or. Dawson's report is an accou nt of the first exploration of the
Liard and Pelly rivers in 1840, by Mr. Robert Campbell, of the Hudson's
Bay Company. Mr. Campbell named the Pelly river after Sir H. Pelly, a
governor of the company, and the Ross river after Chief Factor Donald
Ross.

In the winter of 1893, :VIr. \i\Tarburton Pike** crossed from the Liard
river to the Pelly lakes, by way of the west arm of Frances lake and Ptar
migan creek. When the spring opened he descended the Pelly and Yukon
rivers to Bering sea. The published account of his journey contains a map
of the Pelly lakes and vicinity, and a short account of the geology by Dr.
Dawson, based on rock specimens brought out by Mr. Pike.

The years 1897-8 saw great numbers of people-attracted by the newly
discovered rich gold field of the Klondike-traveJling over various routes
to reach that desirable goal. Owing to a defective knowledge of the geogra
phy of the country, many attempted to reach that field from the valley of
the Mackenzie. Of the thousands who cbose that route, several died, the
greater number turned back, but a persistent remnant filtered by various
passes through the mountain barriers into the Yukon country. Of tbe latter,

* G. M. Dawson. The Yukon District and British Columbia, Ann. Rept. Geol. and
Nat. Hist. Survey of Canada, Vot. Ill, Part I B.

** Warburton Pike. Through the sub-Arctic Forest. Edward Arnold, London, 1896.
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was a party which started from Fort Norman on the Mackenzie river in
the month of November, 1897, hauling their outfits on sleds, under the
guidance of an Indian. They followed the Indian trail to the Gravel river,
and went up the Twitya river to the divide. After crossing the divide they
followed one of the branches of the Hess river, reaching boating water on
this stream in April, 1898, and descended the Hess and Stewart rivers to
the Yukon. Little was learned from their experience besides tales of hard
ships endured, except the fact that they crossed the divide through a low
pass containing several small lakes which were at least 1,000 feet below
timber line.

During the season of 1902, Mr. R. G. McConnelP and myself made a
reconnaissance survey of the Macmillan river and a portion of its main
branches, to within about eighty miles of its source.

In 1905, 12 explored the Stewart river as far as the Tasin mountains,
and during the same year Mr. C. Camse1l 3 crossed the divide and surveyed
the Wind and Peel rivers.

Previous to the present exploration nothing was known of the upper
Pelly, the Ross, and Gravel rivers, and the great area which they drain.

Some of the early explorers who travelled down the Mackenzie, noted
the mouth of the Gravel river in passing, but there is nothing more concern
ing it in their journals, with the exception of Mr. A. H. Murray,4 of the
Hudson's Bay Company, who mentions it as a probable route from the
Mackenzie to the Yukon waters. He, however, ascertained from some
Indians who knew the country, the impossibility of using such a route.

The name of the river appears to have been given by the fur-traders,
from the number and extent of the gravel bars on its lower reaches. The
Indian name for the main river is the Bacotyeh, signifying the "meat
drying river", and the north branch they call the Twitya, or the "river
that flows from a lake".

Indians

A small band of Indians, numbering about 110, including men, women
and children, inhabit the country in the vicinity of the Ross and Pelly
rivers. These people trade their furs with Messrs. Lewis and Field, who
established a small trading post at the mouth of the Ross river about 1900.
Previous to this they traded at the distant Hudson's Bay Company's upper
post on Liard river. These Indians have always been careful during their
hunting expeditions not to approach too closely the headwaters of the Ross
or Pelly rivers on account of evil spirits, in the shape of gigantic Indians,
who were supposed to inhabit the mountains about the divide.

About 100 Indians hunt and trap on the Gravel river and its branches,
trading fur and dried meat at the Hudson's Bay Company's post at Fort
Norman. They are called the Mountain men in distinction to the Indians
who hunt on the plains around Great Bear lake and trade at the same post,
and are a superior class of men to these or the Pelly Indians. The Mountain
men and their families generally leave Fort Norman in September, walking
over a direct trail to the Gravel River valley, up which they trap and hunt.
Sometimes during the late winter they cross the divide, to the headwaters

I Summary Report of the Geo!. Survey of Canada. 1902.
']. Keele. The Upper Stewart River region, Yukon.
3 C. Camsell. Peel River and tributaries, Yukon and Mackenzie.
'A. H. Murray, Journal dated Youcon, May 1, 1848. Bulletin of the Archives Branch,

Ottawa.
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of the Stewart, Macmillan, and Ross rivers, where certain kinds of fur are
more plentiful. In the spring they return to the Gravel river and build
mooseskin boats, in which they descend that river to the Mackenzie. The
Mountain Indians have hunted on the Gravel river for a long time; there
are meat-drying racks everywhere along the stream banks. Some of their
signs are very old, showing evidence of stone implements having been used.

I t was probably a long time before they grew bold enough to cross
the divide, but even now they are careful not to go far down the streams
on the western slopes for fear of meeting the fierce Yu kon Ind ians; so that
mutual fear and distrust have established a dead line over which repre
sentatives of neither side pass.

The white trappers who came up the Yukon tributaries in the years
following the Klondike rush, having no traditional fears, made large catches
of marten and beaver in this avoided territory.

In 1898, Mr. Frank Braine brought a party of Indians from Fort
Good Hope, across the Mackenzie mountains, and established them on
the Stewart river at the mouth of Lansing river. He erected a trading post
at this point, bringing up his supplies from Dawson every summer.

The Indians on the Peel and Wind rivers have gone over the summit
to Dawson to trade of late years, instead of to Fort McPherson as formerly.
So that gradually the evil repute of this great mountain divide is passing
from the life of the Indians.

The Indians, unfortunately, are not thriving; disease yearly decimates
their thin ranks, and even the picturesque and hardy Mountain men are
succumbing under its dreadful influence.

Topography

General Description

The highlands which lie between the Yukon and Mackenzie rivers are a
portion of that great mountain system known as the North American
Cordillera, which forms the western border region of the continent.

Two of the well-known topographic types that exist in the better known
southern portion of the Cordillera have their northern counterpart in this
regIon.

The country of comparatively low relief bordering the Lewes and
Yukon rivers, to which the name Yukon Plateau has been applied, cor
responds in position and topography to the Interior Plateau region of
British Columbia.

The higher and more rugged mountains to the east, which form the
water-parting between the upper Liard and Yukon on one side, and the
main Mackenzie river on the other side, represent the northwestern con
tinuation of the Rocky mountains proper. The name Mackenzie mountains
is given to this portion of the system.

The Mackenzie mountains appear to be well defined; their axis is
crescentic, the southern point lying in the valley of the Liard river, and the
northwestern extremity reaching the lowland between the Yukon and
Porcupine rivers.

It is the greatest mountain group in Canada, and appears to consist
of two ranges, an older western ranRe, against the eastern edges of which
a newer range has been piled.

The names Selwyn range and Ogilvie range have been applied in former
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reports and on previous maps, to cover a considerable portion of these
mountains. It has been found impossible to define the limits of these sub
divisions, on topographic grounds, hence the name Mackenzie mountains
has bee n given to the highlands as a whole. The name Selwyn mountains
has been restricted to the mountains lying between the forks of the Mac
millan river and Hess river, but it remains for future investigators to assign
the proper limits to the Ogilvie range.

A number of important rivers have their source in, and flow for con
siderable distances through the Mackenzie mountains. Draining the eastern
slopes and falling into the Mackenzie are the Nahanni, Root, Gravel,
Carcajou, Arctic Red river, and Peel river. On the western side and trib
utary to the Yukon are the Pelly, Stewart, Klondike, and Chandindu;
while the southern and southwestern slopes are drained by branches of
the Liard.

The western front of the Mackenzie mountains merges into the Yukon
plateau at various localities, so that it is often difficult to define the border
line between these two topographic provinces. Several detached mountain
groups are so well separated from the main range that they have been
treated on former occasions as distinct features, and they are also described
accordingly in the following pages.

On account of structural differences, the eastern portion of the Macken
zie mountains is more capable of subdivision as regards topographic features
than is the western side.

There are two, or probably three parallel ranges which cross the Gravel
river, trending in a northwest-southeast direction, with crests dominating
the country on each side of them.

On Pere Pettitot's map,* published in 1875, the mountains flanking
the western side of the Mackenzie river are designated the Sa-yunne-kwe or
Ti-konan-kkwene, signifying 'rocks of the bighorn' and 'backbone of the
earth'. These names, with a slight variation in the spelling, have been
adopted for two of the ranges.

The Sayunei range crosses the Gravel river at its junction with the
Natla, and the Tigonankweine range crosses below the mouth of Twitya
river.

Yukon Plateau

Bordering the Lewes, Yukon, and lower portion of the Pelly rivers, is a
broken upland country in which hills, valleys, ridges and mountains succeed
one another in an irregular manner and without system. A spectator, stand
ing on one of these hills at an elevation of 2,500 feet above the river, sees
flat-topped or dome-shaped hills, connected by a multitude of long, level or
gently-sloping ridges, the whole forming a fairly even sky-line. Overlooking
the depressions in which the drainage channels lie, the observer could con
ceive the tops of the ridges and hills to indicate the remnants of a former
plain, of a roJJing or undulating character.

The assumption here is, that a plain of such a description once stood
at a much lower elevation, but has since been uplifted. The effect of the
uplift was to increase the erosive power of the streams over the area, and
consequently to cut the plain to pieces, thus evolving the present type of
topograph y.

In the vicinity of the Yukon and Pelly rivers the flat-topped summits

* Bulletin de la Societe de Geographie, Paris, 1875.
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of this region have a general elevation of about 2,500 feet above the rivers,
or about 4,000 feet above sea-level.

The principal valleys within this area have gently-sloping walls, with
a tract of fairly level lowland a few miles in width bordering the rivers.
These strips of lowland along the main rivers constitute the only available
land for agricultural purposes in the region.

The higher portions of the plateau are covered with grass or scrub,
while dark green coloured groves of spruce partly cover many of the bottom
lands and extend a considerable distance up the slopes of the valleys. In
many places level terraces follow along the sides of the hills, forming wide
and easy steps, which are usually thinly wooded with poplar or small pine
or covered by a rich grassy turf. In fact much oi the Yukon plateau resembles
the attractive foothill region east of the Rocky mountains, in the Province
of Alberta.

Plateau Ranp:es

The Pelly river flows through the plateau region, from the mouth of the
Macmillan river to the Yukon, a distance of seventy-five miles. East of
this point is a belt of broken and rugged country, but with mountains of
i\lpine character, whose higher peaks rise to a height of 7,000 feet or more
above sea-level. These mountains, which roughly trend northwest, are
groups rather than a continuous range, being often widely separated by
extensive Jow-Iying drainage channels, or by stretches of hilly country of
low relief.

Several of these mountain groups are known by distinctive names
the Pelly and Glenlyon mountains border the Pelly river to the south, and
the Macmillan, McArthur, and Kalzas mountains lie to the north of the
Macmillan river.

The change from the plateau region to the more rugged type of moun
tains is generally by a gradual transition, but in some instances these rugged
masses rise from the plateau as from a pedestal, hence the name plateau
ranges is used here for purposes of description.

Spurs from the main ranges lying to the east approach close to these
plateau ranges, so that it is often difficult to define the western border of
the former, especially as the same type of mountain and a similar topogra
phy exist in both divisions.

The valleys that branch in all directions through the plateau ranges
are generally basin-shaped, having broad alluvial flats bordering the rivers,
and easy side slopes reaching to the summits.

It has been suggested by Or. Oawson that these isolated mountains
may represent the remnants of a former range, having an axis nearly parallel
with the main range, and antedating it as a physical feature. But since
several of these mountain masses are known to have granite cores, which
harden the sedimentary rocks in their vicinity, and the great thicknesses of
argillites in the country rock elsewhere are easily weathered, their isolation
may be due to prolonged differential erosion, acting on a generally uplifted
and deformed region.

The Pelly and Glenlyun mountains, however, are more widely separated
from the main range than any of the other groups, by a belt of plateau
country -rather higher in elevation than the Yukon plateau-which
extends southward from the Pelly river, embracing the upper Liard and the
Frances rivers. There is not sufficient knowledge at present concerning



290

these mountains, to state their relationship to the plateau or the m;'lIn
ridge with any degree of certainty.

Mackenzie Mountains

The high, rugged mountains, farther up the streams, east of the flank
ing groups, and including the divide, present a fairly massive front, with no
important lowland areas breaking their continuity.

The crest line of these mountains is uneven both in course and in
profile, for included within them are groups of mountains of a more sub
dued type, and many wide, branching valleys, that are trenched well back
to the main divide. The structure is characterized by folding, generally
on a broad scale, which has thrown the strata into a series of anticlines and
synclines; but the folding is sometimes close, and in certain cases the folds
appear to be overturned and overthrust. Many structural details, however,
are concealed by the easy, well-wooded valley slopes, but the outcrops for
long distances on the rivers often show steeply-inclined beds of the same
kind repeated at intervals.

The topographic features are governed to some exten t by the geology,
for although the main drainage ways, as adjusted at present, cut across
hard and soft strata alike, many of the wide valleys are carved out of the
soft strata, while the higher ridges and peaks are formed of the uplifted
hard beds. The highest peaks and the ones displaying the most rugged
crests are huilt of granite stocks or pillars, which from their hardness, and
greater resistance to weathering, continue to stand above the surrounding
sedimentary rocks.

The surface features in general, are those which result from long
continued differential erosion, acting on a generally uplifted and deformed
region. tertain modifications have been introduced by glacial action, such
as the smoothing of inequalities in the bedrock, and the flooring of the main
valleys with dril t, thus submerging the lower slopes of the mountains. The
lakes and ponds of various size which so often occur in the valleys, owe
their origin, in many cases, to glacial action.

The higher mountain peaks of this region often exceed 7,000 feet in
height above sea-level, and a few isolated peaks probably measure 8,000
leet, whiJe the summits of many of the groups associated with them do not
exceed about 6,000 feet, the vertical relief being from 3,000 to 4,500 feet.

The summit of the thristie pa~s, between the heads of the Ross and
Gravel rivers, stands at a considerable elevation, being about 4,525 feet
above sea-level, but there are routes on the :\1acmillan and Stewart rivers,
leading to the Mackenzie waters, which are said to traverse valleys lying
well below timber-line, containing small lakes and an ill-defined water
parting at the divide.

The mountains in the vicinity of the watershed are not higher than
many of the groups situated at considerable distances from it, so that the
divide is not the most important element in the relief of the region, and does
not form a natural division line separating the eastern and western slopes
as distinct topographic provinces.

The development of valleys at the headwaters of streams is further
advanced on the western side of the divide, this advantage being probably
due to the greater amount of precipitation, and consequently the greater
erosive power exercised on that side.

About forty miles east of the divide the topography changes in a marked
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degree, and a more compact and rugged mountain region is entered. The
drainage channels of this region are confined in narrow valleys, with steep,
barren slopes of rock and tal us, the rivers in the bottom flowing in a very
contracted bed, which at rare intervals opens out into a narrow alluvial flat.

The structure of these mountains differs from that of the ranges to the
west, being apparently due to fracturing, buckling and faulting of the
strata, and the residual masses present the appearance of a series of faulted
and tilted blocks. The principal lines of fracture are in a northwest-south
east direction, and the beds have a prevailing southwesterly dip.

Escarpments produced by tilted strata, overlooking fault valleys, are
the most prominent features, but they do not appear to persist in alignment
for any great distance.

The highest peaks are roughly pyramid-shaped masses, carved from
the harder of the stratified rocks of which the mountains are built. They
vary in elevation from 6,500 to 7,500 feet, with a height above Gravel river
of 3,500 to 6,000 feet. The denudation of these mountains has not reached
such an advanced stage as that exhibited by those to the westward; the
valleys are narrow and steep-sided, and the grade of the drainage channels
is much steeper.

The Mackenzie mountains, as a whole, have a maximum width of about
300 miles; there is no well-defined crest line, but they appear to be rather a
complex of irregular mountain masses, which are the result of deformation
and uplift. The topography of the western portion bears evidence of long
continued differential erosion, while the eastern portion has the appearance
of being in a more youthful topographic stage. Both in geology and structure
the eastern portion of these mountains is closely related to the Rocky
mountains in southern Canada.

Mackenzie Valley

On the Gravel river the high mountains approach to within a distance
of about fifty miles of the Mackenzie river, and are then replaced by a belt
of foothills about 3,000 feet in height above sea-level. These foothills in
turn decline in elevation and finally die out in a broken, wooded plain,
abou t 600 feet above sea-level, bordering the M ackenzie river.

About twelve miles eastward of the Mackenzie rises a narrow range of
mountains, parallel to the river. These are known as the Franklin range.
They are a spur of the Rocky mountains which crosses the Mackenzie river
at latitude 62° 30', or near the mouth of the Nahanni river. They attain their
greatest elevation opposite the mouth of the Gravel river, the principal peak
being Mount Clarke, about 5,000 feet. According to Pere Pettitot, this
range can be traced almost to the shores of the Arctic ocean.

Drainage

A portion of the drainage of the western slope of the Mackenzie moun
tains falls into the Frances river, and thence by the Liard and Mackenzie
rivers into Beaufort sea, but the greater part is taken by tributaries of the
Yukon river to Bering sea. All the drainage of the eastern slope falls into
the Mackenzie river.

There is a great disparity both in river development and stream grades
between the two sides of the divide.

On the western slope the water flows from near the divide, for a long
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distance, through valleys of mature erosion with an easy grade before
reaching the master stream, the Yukon; while the streams on the eastern
slope fall rapidly for a comparatively short distance and reach a much
lower level at their junction with the Mackenzie. For example, the Ross and
Pelly rivers have a combined length of 450 miles, and enter the Yukon at an
elevation of about 1,500 feet above sea-level, while the Gravel river, 255
miles long, enters the Mackenzie at a height of about 200 feet above sea
level.

Owing to the great difference in precipitation the streams from the
west side of the divide carry down to the Yukon more than twice as much
water as the streams over an equal area on the eastern side. Thus the
Gravel river and its branches do the work on the eastern side of the divide,
while the combined efforts of the Hess, Macmillan, and Ross rivers are
required to carry the water from the western slope; the Gravel river being
about equal in volume to the Macmillan.

The higher mountains uf the western slopes are more or less covered
with snow during the greater part of the year, and receive a moderately
copious rainfall; so that they are the gathering ground of numerous streams.
These flow into the forks of the Pelly, Macmillan, and Ross rivers, which
have a general southwest direction before joining the main stream. The
greater part of the main drainage ways, therefore, lies transverse to the
strike of the rocks, and to the trend of the mountains. The main Pelly
river, however, flows in a general northwesterly direction, along the strike
of the rocks, and in a valley flanked by parallel mountain ranges.

The time of flooding generally occurs early in June, when the rushing
waters of the streams become powerful erosive and scouring agents, effective
ly removing the surface deposits of various kinds which floor the valleys,
sometimes to great depths. These deposits, which consist of glacial drift
and silts, form the banks of the streams, but an occasional spur of ruck
ou tcrops on the river.

In flood-time the water reaches far up the banks, sapping and under
mining them, and the rivers, with the greatly increased current due to their
swollen condition, quickly carry away the material that falls in, so that the
rivers are constantly widening the trench in which they flow. There is a
certain amount of constructive work done, as bars and new islands may be
built up or banks made higher, but the whole process is a continual shifting
of material from one point to another down stream.

As the rivers shrink in volume, long beds or bars, composed of the
coarser pebbles derived from the banks, are exposed along the water's edge,
and the water unable to attack the friable banks becomes clear; then the
rivers cease to be active agents of erosion until next flood-time.

During the winter the rivers shrink considerably in volume, being fed
altogether from underground water. In some of the small branches, water
from a local source is liable to overflow the ice at intervals, and promptly
freezing after each overflow builds up a considerable thickness of ice, which
may extend down stream for miles. The remains of these icefields, often
10 feet in thickness, may be seen in July.

In spring, the small side streams are the first to open, then the pressure
from the increase of water in the main streams arches the ice-sheet, and
finally breaks it up. The broken ice usually jams at some point lower down, the
pent-up water behind the jam breaks out again, and sweeps the river clear of
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ice. This operation is repeated until the entire river is open, no ice being left
at the margins.

After the ice goes out there is generally low water in the rivers until
the summer floods come.

The small lakes which occur at intervals on the Ross river are features
not possessed by any of the other rivers, for although lakes of various
sizes are of common occurrence in the valleys of the region, they are not
situated directly on the main drainage system, but drain into them by
brooks.

The lakes on the Ross river are shallow basins, a few miles in extent,
and not more than 45 feet in depth. They are gradually being filled by
sedimentation, and their level lowered by cutting down at the outlets; so
that if present conditions continue undisturbed they will in time be obli
terated.

The Gravel river on the eastern side of the divide is a vigorous stream,
still in its youth, but sufficiently developed to have eroded its bed for the
greater part of its course to a fairly even grade. I t gathers a considerable
volume of water in its early stages, and flows in a general northeast direction
to join the Mackenzie.

From its source at the divide, to the point at which it leaves the moun
tains, the river scours bedrock in a continuous rapid, or flows over boulders
which are too large to be carried.

The Gravel river receives three large tributaries--having a slightly
higher grade than the principal stream- -which probably head at the
main divide.

The principal streams are independent of rock structure, and except
in a few minor deviations flow across the strike of the rocks; but most of
the smaller streams, conforming to the trend of the rocks, enter the main
streams at right angles, thus producing a rectangular system of drainage.

The side streams are all steep and carry down a great deal of debris
to the main stream, which, owing to its high grade and volume is able to
handle all the material delivered to it.

As the river leaves the high mountains it drops some of its load, due
to a slight decrease in velocity, and not having time to sink a bed in this
material, the river flows across it, and splits up into several smaller channels.
On entering the plain bordering the Mackenzie there is a further deposition
of load, and as the river now has room to spread out, it forms a network of
channels, about a mile wide, all flowing swiftly around gravel bars. These
bars are nearly all composed of coarse gravel and small boulders, the fine
material being all swept down stream, the amount of the latter material
carried by the stream exceeding the amount of coarse material deposited.

There is very little decrease in velocity as the Mackenzie river is ap
proached, and the Gravel river finally rushes into the greater river, with an
impact that carries its water and sediment several hundred feet into the
latter before it is brushed aside by the flood of the great river.

The Gravel river has built up an alluvial flat at its mouth, and several
alluvial islands in the Mackenzie below this point are probably due to the
great load of sediment carried in at flood-time.

A rough measurement of the Gravel river above its mouth, taken on
July 19, gave a width of 700 feet, a middle depth of 8 feet, and a surface
velocity of five miles an hour; the approximate discharge being 25,000 cubic
feet per second. It is probable that the river shrinks greatly in volume by
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th~ end of August, as the snow is then almost completely gone from the
mountains, and the rainfall is very light.

There are no lakes in any part of the valley of the main Gravel river,
and none were seen from any of the mountains overlooking its tributaries.

Clhnate

The region lying between the Yukon and Mackenzie rivers possesses,
as a whole, an extremely variable climate within the year, while the topo
graphic provinces included within this area exhibit certain climatic dif
ferences; the peculiarities being chiefly as regards precipitation.

The Yukon plateau, protected from the prevailing westerly winds by
mountain ranges from 5,000 to 10,000 feet in height, has an arid climate,
very little wind, and temperature ranging from 80° in June to -60° in
January.

The western slopes of the .Mackenzie mountains, of higher elevation
and exposed to the prevailing winds, have a comparatively high precipita
tion, and periods of high winds, while the eastern slopes being on the lee
side receive a small precipitation, and immunity from the high winds. The
aver<:tge monthly temperature, however, does not vary much over the three
provinces.

June is a perfect summer month with practically no darkness, and on
fair days nearly twenty hours of bright sunshine; the temperature some
times reaches as high 'as 90°.

January is the coldest month of the year, with about five hours' sun
shine on unclouded days; the temperature seldom rises above zero, and for
several days is down to - 60°, or lower.

Three months of the year, from :Vlay 25 until August 25, are practically
free from frost in the valley bottoms.

July, August, and September are the months of greatest rainfall, which
is scanty over the Yukon plateau, being only about 7·5 inches in the year.
There are no recorded measurements in the mountains to the eastward, but
it is probably not less than thirty inches annually.

The greatest amount of snow falls during the late autumn and early
winter. In Ylarch, 1908, the snow was five feet deep in the valley of the Ross
river near the divide, but on the Pelly river it would not be more than half
that depth at the same time.

On the east side of the divide the snowfall is light, being three feet less
than on the west side in 1908.

On and after September 1, fresh snow begins to appear on the moun
tains, while rain is falling in the valleys. The first few falls of snow generally
disappear from the valleys, but remain on the mountains, consequently there
is a much greater accumulation of snow there.

The small watercourses begin to freeze about the middle of September;
the ice begins to form on the larger streams early in October, and they are
generally closed by the end of that month.

The water becomes very low in winter, the streams being fed alto
gether from underground sources, and very little erosion of any kind goes
on then, as no rock fragments or debris of any kind were seen on the snow
slopes on the mountains.

In the lengthening days of May the snow begins to disappear in the



295

valleys, principally by insolation and evaporation, and by the first of June
very little remains except on the mountains.

The rivers open between May 10 and 20, and flood-water comes down
early in June, after which a period of high water continues until about the
middle of July, or later if the season is a rainy one.

Owing to the thawing of the frozen ground, there is considerable
moisture in the mountains above tree line, even after the snow is gone. This
water collects in pools or runs down the slopes in rills, carrying a certain
amount of rock waste to lower levels.

When mountains become low enough to permit a growth to cover
their summits the protection thus afforded by tree, shrub and moss keeps
the frozen ground beneath from thawing, so that those mountains are
practically at a standstill as regards sub-areal denudation, and can only
be attacked by headwater stream erosion.

The effect of insolation in east and west lying valleys is well marked in
the difference presented by the aspect of the valley slopes. Those facing the
south are generally of easy and uniform grade, with large, open, thinly
wooded tracts, or bare ground; while those facing northward have steeper
declivities, which are closely wooded or moss covered.

On account of the long period of sunshine during the days, nearly all
the snow disappears from the Mackenzie mountains before the summer
ends.

Vegetation advances very rapidly in summer, and where the soil is
good, vegetables of many kinds may be grown along the river banks in the
principal valleys.

Small fruits, such as raspberries, blueberries, red and black currants,
and two varieties of cranberry are abundant and of good quality.

The change from an arid climate to one of greater humidity is apparent
by the growth, to anyone ascending the Pelly river. The lower part of this
river is very attractive in appearance, the valley being bordered by open,
grassy terraces, and the immediate banks of the river bearing groves of tall
white spruce. This aspect disappears on the Ross river, where a ragged
growth of white and black spruce covers the banks and the valley bottom,
and the slopes are covered with a thick carpet of moss, under a light growth
of black spruce, interspersed with willow and alder swamps.

In passing over the divide an arid region is again reached on the lee
side of the mountains, where growth is sparse and the soil is of poor quality.

Tree growth extends to within a short distance of the summit of
Christie pass on the western side, but on the eastern side trees are not seen
until a descent of about 900 feet is made.

Fauna

The Yukon territory contains some of the best sections of game country
in Canada, and many trappers and prospectors have been able to live for
long periods almost entirely on the proceeds of the riRe and net.

Of late years, however, game of all kinds has become very scarce in
some localities, owing to the extensive killing carried on by those who hunt
for the market offered by mining camps.

The Indians having lately acquired high-power magazine guns, are
responsible for a great deal of slaughter, as the average Indian who gets
into a band of big game shoots as long as his cartridges hold out, whether
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he can use the meat or not. Head hunters who come into the country in
search of fine specimens, do a great deal of damage, as they have been known
after a day's hunting, to leave enough meat to spoil on a hillside to supply
a prospector with provisions for a whole winter. These men at the end of
their hunt will take out about twelve heads each, which would mean the
killing of twenty animals.

The moose is the chief game animal, and is still plentiful in the valleys
of that part of the Pelly river and its tributaries which Row through the
Mackenzie mountains.

Almost any fine day in summer, from the top of a mountain, a few
moose can be located in the valleys below, by the aid of a pair of field-glasses.

The valley of the Ross river affords a good range for moose, as it is
sprinkled with numerous small lakes, and several extensive willow patches,
which furnish the most desirable food and environment.

There are a few moose scattered along the valley of the Gravel river,
but it is not a good moose country, as there are no small lakes, and on
account of the narrow valleys, and low timber-line, the area over which they
can feed is restricted.

Cariboo are found in small bands on some of the mountain groups on
the Pelly and Macmillan rivers. They select mountains of a subdued type,
having large expanses of tableland, and as long as their favourite moss is
plentiful do not leave that neighbourhood unless forced to.

It is true that cariboo collect in large numbers in the northern part of
the Mackenzie mountains, and moving herds were frequently seen on the
headwaters of the Klondike river, but there is no such herding or movement
on the part of the small bands on the Pelly branches.

Cariboo were observed only at one locality on the Gravel river, near
the edge of the first timber, about twenty miles from the divide.

The mountain sheep are in small scattered bands, and inhabit only a
few selected mountain groups. They require a feeding ground above timber
line, from which the wind blows the snow in the winter time, and con
venient crags to afford a place of retreat from enemies. During the summer
the sheep venture down to the valleys, in search of alkaline clay, which
they desire to lick at certain periods; but for the most part they keep above
timber-line.

The sheep on the Stewart river are all pure white, while those on the
Macmillan and Pelly rivers range in colour from white to almost black.

Sheep are plentiful on parts of the (";.ravel river, particularly on the low
mountains between the Sayunei and the Tigonankweine ranges. Among
the hundreds of sheep seen by the writer in this locality none but those
with pure white wool were observed.

The sheep are highly prized for their heads, and on accoun t of their
flesh, which is the best of all the wild meat, consequently they are hunted
to extermination in any of the accessible localities.

Black, brown, and grizzly bears are more or less numerous, bu tare 1I0t
often met with, except in the month of August, when they come out along the
banks of the Yukon tributaries to feed on the salmon.

Black and grey timber wolves are scattered throughout the region,
but they are very rarely seen during the summer months. In winter they
assemble in packs, and make regular hunting trips up and down the valleys,
killing large numbers of moose.

The salmon come up the Pelly river and its tributaries about the latter
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end of July, reach the spawning grounds in August and are all dead by the
end of that month.

Thousands of salmon in all stages of decay were lying along the bars
and on the bottom of the Ross river, when we descended that stream in
August.

Whitefish, inconnu, and pike are found in greater or less abundance,
in all the streams and lakes in the region. A net set in any favourable place
rarely fails to take some of the above varieties.

Grayling were plentiful on the Pelly river, and numbers were easily
taken with a rod and line, using an artificial fly for bait.

Grayling, herring, and a variety of brook trout were the only fish found
in the Gravel river, there being an abundance of grayling; but herring and
trou t were rarely taken.

Great numbers of wild geese breed along the main rivers tributary to
the Yukon, the nesting sites and feeding ground being among the willows
and on the mud bars close to the streams. Scattered pairs of swans frequent
the small lakes in the wide valleys during the summer, but they gather in
large flocks in the late autumn before taking their departure to the south.
The geese and swans do not frequent the Gravel river, as the conditions
there are unsuitable.

Fur Trade

Furs are the principal articles of value at present derived from the Pelly
river and its tributaries.

During the year 1898, and the few following years, numbers of white
men ascended these rivers in the search for gold, but never succeeded in
finding it in paying quantities.

Some of these men, attracted by the great extent of country in which
fur-bearing animals were found to be numerous, settled temporarily in the
country to make a living by trapping.

The few that still keep up the search for gold are forced to spend
considerable of their time in trapping and hunting as a means of sub
sistence.

The following estimate by Mr. R. B. Riddell, who trapped for several
years on the \tIacmillan river, gives an approximate idea of the value of the
rurs taken on the Pelly and Macmillan rivers:

Year No. of Kind of fur. Value.
Trappers.

1901. .. ............. IS Principally marten ............ $ 7,000

1902. . . . . . . . . . 40 ........ 15,000

1903 ... SO 20,000

1904. SO Marten and lynx .. . . . . . . . . . 18,000

1905 .. 30 Principally lynx ... 8,000

There were also a small number of beaver, wolverine, and fox taken
each year, and included in thl: above estimate.
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The Indians take nearly an equal amount of fur, making a total for the
Pelly trade during the above five years of $136,000.

In 1904, lynx invaded the Pelly region, coming from the south, and dis
appeared during 1907, moving northward.

The marten disappeared soon after the arrival of the lynx; they re
turned in 1907 to the parts of the region not frequented by lynx, but in this
year both marten and lynx are reported as being very scarce.

The movements of the lynx were probably governed by their food
supply, because in the years previous to 1904, rabbits were extremely
abundant in the Pelly country, and the lynx appear to have followed the
rabbits. In the following years the number of rabbits steadily declined, and
in 1907 they had practically disappeared.

\Nhile the movements of small carnivorous animals are governed by
food supply, their disappearance from a certain locality can often be ac
counted for by the fact that they are trapped almost to extermination.

The Indians seldom trap a locality out, as they are forced to move their
camps often in search of game, and consequently trap lightly over a large
area.

The white man brings in most of his provisions, establishes himself in
some chosen locality, builds a headquarters cabin, and a number of small
outlying shelters, and devotes all his time to trapping, using steel traps as
well as dead-falls. Consequently in a few years the fur in his neighbourhood
diminishes to such a degree that he is forced to select new grounds or seek
some other employment.

Forests

A monotonous growth of coniferous forest of varying density covers
the bottoms of the valleys in the Pelly basin, and reaches far up the sides of
the mountains.

The limit of tree growth averages about 4,500 feet above sea-level; it
varies according to the aspect and nature of the slope.

The forest consists of white and black spruce, aspen and balsam
poplar, black pine, balsam fir, and birch; and a few small larch were observed
on the Pelly a few miles above Wood side river.

The principal tree is the white spruce, which grows at its best on the
alluvial banks and islands on the lower part of the main rivers, where it
attains a diameter averaging about 12 inches. Timber of this size is confined
to a narrow strip on each side of the rivers; in the valley beyond this strip,
the trees are smaller and of poorer quality, having an average diameter of
about 7 inches.

A small quantity of timber is cut every year along the PeJly and
Macmillan rivers, and taken down to Dawson in rafts, where it is sawn into
lumber, but the supply of commercial timber is limited, there being only
sufficien t for local use.

The black pine grows only on a limited area, being confined to terraces
along the lower part of the rivers; the trees do not exceed about 9 inches
in diameter.

The balsam fir is found on the mountain slopes all the way up to tree
line, but does not grow in the bottoms of the principal valleys.

Toward the headwaters of the streams the timber becomes smaller and
more scattered. Except for a few stunted balsam at the sOllthern entrance,
the Christie pass is quite devoid of tree growth.
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The valleys at the headwaters of the Gravel river are entirely bare
of trees, the first timber met with after leaving the Ross river being fifteen
miles beyond the watershed, and consisting of a meagre growth of black
spruce confined to the river bank.

The balsam fir and black pine are absent on the Mackenzie slopes, but
the larch extends up the valley of the Gravel river for about 150 miles.

The timber resources of the Gravel river are very moderate, the white
and black spruce trees of any importance being confined to the alluvial
Rats, which on this river are very limited in extent, and the best white
spruc.e groves average about 10 inches in diameter.

The height to which timber will grow on the mountain slopes varies
very considerably in the Gravel River valley, but the average height is
about 4,000 feet above sea-level. Generally very few trees grow higher than
about 1,000 feet above the river, owing to the steep slopes of rock and talus
of the valley walls.

The valley of the Mackenzie river in the neighbourhood of the Gravel
river is sparsely wooded with an inferior tree growth.

Transportation

Small steamers of light draught and sufficient power can ascend the
Pelly river, during high-water stages, as far as the mouth of the Ross river,
a distance of 250 miles from the Yukon, or up the Macmillan river as far
as the forks. At least one steamer comes up to Ross river every summer,
carrying trappers and prospectors with their freight; also bringing supplies
for a fur-trading post at this point. The charge on freight from Dawson is
$50 a ton, and for each passenger $50; the journey can be made in six days,
but usually takes longer.

The traveller who wishes to go further, either tracks his own boat up
stream or walks across country.

Pack-horses could be used over a limited portion of the country,
particularly along the open benches of the main valleys, but the wet mossy
Roor, the thick growth, and the scarcity of feed in the upper valleys would
be found serious obstacles to their use.

Dogs are frequently used as pack animals by the trappers and Indians
during the summer; a good dog will pack forty or fifty pounds. In winter
most of the travelling is done on the rivers, with dogs hauling the necessary
outfits on sleds or toboggans. If the loads to be hauled are heavy, the trail
must be broken a day ahead to allow it to freeze hard enough to hold up the
dogs.

It is quite possible to boat up the Pelly river, but with heavy loads it is
a hard task, as the current is strong and steady and there are numerous stiff
riffles. Two portages must be made, either going up or down stream: one at
Hoole canon of half a mile, and another at Wolf canon of one and three
quarter miles, these canons being, respectively, 23 and 143 miles above Ross
river. Two rough bedrock rapids occur: Hoole rapid, just below the river
of that name, and Slate rapid, about sixteen miles above Campbell creek.
A boat with small load can be lined up both these rapids, on the west bank,
and can be run with safety by competent boatmen coming down stream.

Beyond Wolf canon the Pelly is navigable for small boats for a distance
of at least forty miles.

About six miles of swift broken water is encountered on the Ross river,
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after leaving the Pelly. Above this there are about seventy-five miles of
river with a moderate current, and several shallow riffles. Above this there
is a stretch of twenty miles of swift water, in which occur four short rapids,
past which goods have to be portaged, but the empty boat can be hauled up
with the line.

Sheldon lake is the limit of boat navigation in low water, but in high
stages of water, John lake, or even Wilson lake, might be reached, with
light loads, and much labour. Wilson lake is about thirty miles from the
divide, over a winter trail. Suitable water for boating on the Gravel river is
reached at a distance of about thirty miles beyond the divide, and from this
point to the Mackenzie the current never moderates, the river being swift
throughout its course. The Gravel river is best descended at high water
stages, when the larger boulders are covered and the rougher rapids drowned
out. The Indians use mooseskin boats about 30 feet long, 6 feet wide and 4
feet deep, made of eight or ten mooseskins stretched over a stout green
spruce frame.

It is practically impossible to take a loaded boat up the Gravel river.
The Hudson's Bay Company have recently placed a new steamer on

the Mackenzie and Slave River route, which has accommodation for several
passengers, as well as a good freight capacity. This steamer makes two trips
each summer down the Mackenzie, on the first trip going to Fort McPher
son on the Peel river, but on the second journey not farther than Fort
Norman. On the first trip up stream this steamer connects with a regular
line of transport to Edmonton.

Geology

General Description

The rocks which were found in the vicinity of the Pelly, Ross, and
Gravel rivers may be divided into three main groups: (1) Stratified rocks,
(2) Intrusive rocks, (3) Metamorphic rocks, the first group being by far
the most widely distributed.

The term stratified rocks is used to include shales, slates, sandstones,
conglomerates, limestones, dolomites and cherts, and beds of lava and tuff.
Beds of these rocks occur interstratified with one another, and with few
exceptions have been disturbed by various causes from the attitude in which
they were originally laid down, the deformity of the beds being often
extreme.

The intrusive rocks are mostly coarsely granular, being of a granitic
character, and occur only in small bodies widely separated from each other.

The metamorphic rocks which result from the alteration of either of
the others, have a wide distribution in some parts of the Yukon territory,
but are limited to a small area on the Pelly river. They consist chiefly of
schists and gneisses; the metamorphism is very pronou nced, the original
characteristics of the rocks being obscured by the development of new
minerals and different structure. The term metamorphic rocks is used for
this series, because it is descriptive of these rocks as a whole; in the sedi
mentary group there are also metamorphosed rocks, but the alteration in
those is not usually so marked, and it seldom obliterates all clue to their
ongln.

The group of sedimentary rocks of which the Mackenzie mountains
are built shows a generally different lithologic character on either side of
the divide. The western portions of the mountains are composed of rocks
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which appear to have been laid down mostly as shallow water deposits,
with frequent changes in the kind of material deposited, and under unstable
conditions due to intermittent volcanic action. The processes of mountain
building, and the intrusion of various bodies of igneous rocks have partly
changed the original character of many of the beds in these sediments.

The sedimentary rocks on the eastern side of the divide are, for the
most part, the result of sedimentation and precipitation carried on farther
from shore lines and under condi tions which were unchanging over long
periods. The mountain building has not altered these sediments to any
extent, and with one exception they were, wherever observed, entirely
free from association with igneous rocks of any kind.

The main line of traverse followed from the Pelly to the Mackenzie
was in a northeasterly direction, or across the trend of the rock formations,
so that all the principal members of the rock groups were observed at some
points. But there are large areas where no rock exposures were seen, this
being the case in the lower part of the Ross river and during the winter
journey across the watershed. The observations on the Ross river are sup
plemented by observations on the lVIacmillan and Stewart rivers made in
former years, over similar rocks; ohservations on the eastern slopes are
confined to the Gravel river alone.

Fossils collected at a few localities were sufficiently preserved to give a
definite position in the stratigraphic column to the beds in which they were
found. A brief account of the fossil fauna, and their relationship to the
stratigraphy, as far as known, is given in the subdivision on stratified rocks.

Owing to incompleteness of data, in a region of folding and faulting,
the writer is unable to give the proper sequence and thickness of the strata,
and for this reason no local names are given to any subdivision because
they cannot be defined at present as stratigraphic units.

Rock FOrJnations and Distribution

The crystalline schists which occur on the Pelly river at many points
from the Yukon up to Ketza river, are the most important rocks in the
region, as placer gold is generally found associated with them. Above Ketza
river they are exposed at only a few places, and are not seen at all beyond
Campbell creek.

Their extension south of the Pelly is not known, bu t as they are found
on Hoole river it is probable that they extend to the base of the Pelly
mountains, and then trend in a southeasterly direction along the upper
Liard and Frances rivers.

The crystalline schists are found along the Ross river for a distance
of about twenty miles above its mouth. They consist in this locality of
greenish and dark grey quartz mica schists, and actinolite or talcose schists,
derived from both sedimentary and volcanic rocks.

The greater part of the schists are highly altered sediments, but
associated with them are some basic igneous rocks which have been in
truded along the bedding planes of the older formation and subsequently
sheared and al tered.

The various rock members which make up this formation have been
subjected to such a high degree of metamorphism that their boundaries and
original structure have been destroyed, and a schistosity common to them
all has been developed.
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The strike or trend of the rocks is generally northwestward, and they
dip Cl t various angles, the strata being broadly folded as a rule.

Quartz veins and stringers are numerous in places, but on the Pelly
quartz does not consti tu te as laq!;e a portion of the rock mass as it does in
similar rocks at other localities.

The crystalline schists have a wide distribution in the Yukon territory,
and have been described ill a few localities under the name Nasina series;
the rocks in the area under consideration probably represent the same series.

Nothing is known of the age of these rocks, except that they are older
than adjoining and overlying sedimentary rocks in which fossils of Ordo
vician age have been found, but they may be pre-Cambrian.

The contact between the crystalline schists and the Palceozoic rock has
not been observed at any point where traverses were made from one to
another.

The crystalline schists on the Pelly river are replaced in the vicinity
of Ketza river by thinly bedded black and grey cherty quartzites, associated
and interbedded with white marble.

Above the mouth of Campbell creek several masses of greenstone occur
which are intrusive in the quartzites, and the marble is replaced by massive
beds of yellowish weathering crystalline dolomite.

At Slate rapids, and for some miles above, grey argillites both of shaly
and slaty varieties, with some limestone beds, form the banks of the Pelly
river, the slates at the rapids being overlain conformably by several thick
beds of chert breccia, which are made up principally of small fragments.
The mountains above the mouth of \Voodside river are made up of very
compact laminated quartzite interbedded with schistose slates. The beds
seen along the river assume all possible attitudes, and no fossils were found;
so that from the brief examination given to them, it is impossible to state
what the sequence is. Some slabs of black argillite containing graptolites
were found among the gravel on a bar near Slate rapids, which would in
dicate that a middle Ordovician horizon exists somewhere in this vicinity.

On going up the Ross river, the black shaly argillites of False canon,
seventeen miles from the Pelly, succeed the crystalline schists, which were
last seen a few miles below this point. Beyond False canon the few exposures
seen for the next fifty miles consisted of thinly bedded quartzites and
argillites, similar to those on the Pelly river, or of small detached masses
of diorite, and andesite.

A fairly continuous section, of about fifteen miles in length, seen along
the river below Lewes lake, shows a remarkably complex series of closely
folded rocks, with rapid alternation in bedding and composition. These
consist of red, green and grey slates, or argillites, chert, quartzite, limestone,
sandstone, gri ts, and volcanic tu ffs.

='Jo organic remains of any description were found in this group, but
they are placed provisionally as Silurian, for reasons which are given further
on.

The argillaceous rocks of the group are varied in colour, and in the
degree of alteration, and exhibit a slaty cleavage at right angles to the
bedding, or a shaly structure, where the beds are made lip either of thinly
laminated layers or of wedge-shaped fragments.

The most important limestone band in the series varies in thickness
from 10 to 150 or 200 feet in thickness, in beds of 2 to 12 inches thick, and
dark grey in colour.
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The sandstones are made up chiefly of quartz fragments; they are very
hard, and do not weather easily. A thin section under the microscope shows
that the material has been crushed and strained prior to the consolidation
of the rock, so that it is evidently derived from the erosion of the under
lying crystalline schists.

The grits are made up of quartz grains about the size of corn, without
much cementing material, and occur in rather massive beds which are well
displayed in the walls of Prevost canon. There are varying degrees of
coarseness in these quartzose clastics, and they often occur interbedded
wi th grey shales.

The strong red colour of some of the slates, and the rather remarkable
quartz grits, have served to identify this group of rocks at the following
widely separated localities: The Pelly river, in the vicinity of Wolf canon;
the lVIacmillan river, near Russell creek; and the Stewart river at Tasin
mountains.

On the Ross river this group of rocks is succeeded and apparently
underlain by dark grey argillites or black slates, cherts and quartzites; and
the exposures from Lewes lake to the divide show a monotonous succession
of these types.

A bed of black indurated shale from one of these exposures about seven
miles below John lake contained graptolites of upper Ordovician age.

There is a great quantity of argillites and cherts with some dark coloured
limestone on the upper part of the :Y1acmillan river, which lVIcConnell*
places above the red slates and associated rocks, but they are similar in
every respect to the Ross River rocks, above Lewes lake.

The beds of chert breccias which form a considerable thickness at the
upper part of the section on the Vfacmillan river were not seen at all on the
Ross river, otherwise the sections on the two rivers are very similar.

There is a wide band of thinly bedded black chert south of the red
slate beds on both streams. Whether these cherts are part of the main area
of similar beds which occur on the upper part of the streams or not, is
doubtful.

On the Ross river the red slate and associated beds appear to lie in a
basin formed by the cherts and argillites. On the Macmillan river the
attitude of the rocks apparently indicates a descending series on going up
stream, until the red slate beds are reached, but lVIcConnell remarks that
the regularity of the dip is probably due in a large measure to overturn
folds and faults.

The mountains of the watershed at the head of the Ross river are
formed of alternating beds of dark compact quartzite and grey shale and
slate.

About ten miles east of the divide some yellowish crystalline lime
stones occur in low isolated cliffs along the embryo Gravel river, but the
principal rocks are dark sandy shales, striped grey slates and micaceous
sandstone or quartzose schists. Rocks of this character extend eastward
to Mount Sekwi, about fifty miles from the divide, and then end abruptly.

The relationship of the rocks on the upper part of the Ross and Gravel
rivers-including the divide-to the great body of cherts and argillites
lower down the Ross river was not determined, and no fossils were found,

* Summary Report, Geological Survey, 1902, p. 31.
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but the striped grey slates included in them resemble those associated with
the red slates and quartz grits.

A radically different geological province begins at ~vlount Sekwi, and
limestones, dolomites, sandstones, and conglomerates, etc., of various
bright colours, replace the sombre rocks to the westward.

The distribution of these rocks is at present knuwn only in a very
limited way, but it is probable that formations similar to those subsequently
noted here, will be found to have a wide northwest-southeast extent on the
eastern slopes of the Mackenzie moun tains, from the Liard to the Arctic
Red river.

The structure, the character and sequence of the strata, and the
organic remains, all indicate that the eastern part of the ;Vlackenzie moun
tains is geologically as well as physically the northern counterpart of the
Rocky mountains, and that at least two series of rocks, the Bow River and
the Castle Mountain groups of southern British Columbia and Alberta,
are represen ted here.

Stratified Rock"
Palreozoic Strata

Cambrian. Purple and greenish arg-illites, in beds from a few inches to
over a foot in thickness, are exposed at the base of the mountain, at the
junction of the Natla with the Gravel river. Above the argillites are dolo
mites, calcareous sandstone and limestone; these beds have a total thickness
of about 4,000 feet, and incline at a low angle to the southeast. The doJo
mites form a considerable portion of the section, the lower beds are white and
crystalline, while those near the top are a striped grey colour. All have a soft
yellow coating on the exposed surfaces. The limestone uccurs in thin slabs
containing fossils, is rather impure, and weathers to a bright yellow colour.

A small collection of brachiopods found in these beds was submitted
to Or. Ami, who referred them to Billingsella of Hall and Clarke, a form
usually characteristic of the C'ambrian system. :'-Tot having foreign material
to compare them with, he sent them to Or. Schuchert, of Yale l'niversity,
who recognized the species to be 'Billingsella ColoradaJnsis', Shumard,
usually referred to the middle Cambrian, but which has also been recorded
in the upper Cambrian. The form Ro-orthis desmopleura, Meek, sp., was also
identified in the same specimens.

Below the mouth of the Natla river the mountains are composed of
rorks quite different from the foregoing, which dip up stream and appear
to pass under them. This strata is made up in descending order of:

Brown micaceous sandy slates. . . . . . . .. 1,100 feet
Conglomerate. . . . . . . . . . . . . . . . . . . . . . . . . .. 2,000 "
Coarsely laminated hematitc and siliceous slate.. 100"
Dolomite and argillite. . . . . . . . . 1,000 "

4,200 "

No fossils were found in any of these rocks, and they were only seen
along this portion of the river, being cut off by a fault at their northern
end. The conglomerates form the wall rock of Shezal canon.

These rocks from their position probably constitute the middle or
lower portion of the Cambrian*, and prooably correspond to the Bow River

• It is possible that they may be Precambrian.
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series described by McConnell*, while the rocks found above the mouth of
Natla river are referable to the Castle Mountain group.

Ordovician. That part of the Tigonankweine range through which the
Gravel river flows is built up of rocks which are here included in the Ordo
vician.

Below the mouth of Twitya, on the north side of the Gravel river, the
rocks lie nearly horizontal, the base of the section showing about 4,000 feet
of alternating beds of argillite, dolomite, and limestone; above these are
about 1,500 feet of sandstone. ] ust below the sandstone is a sill of diabase
about 100 feet thick and several miles in extent.

Fossils were found in a thick bed of limestone on a mountain a few
miles north of the mouth of Nidhe brook. Mr. L. M. Lambe reports the
following forms from a small collection of fossil corals brought down from
this point:

Favosites aspera?, d'Orbigny.
CalapfEcia canadensis, Billings.
Halysites catenularia, var. gracilis, Hall.
Columnaria rugosa, Billings.

Also a cephalopod, referred by Dr. Ami to
A ctinoaras Bigsbyi, Stokes,

a form eminently characteristic of the Black River formation in eastern
Canada.

The great development of sandstones in this section is remarkable.
They get thicker going eastward, and opposite the mouth of "\Iainlin brook,
they form, with only an occasional shaly parting, the entire mountain mass,
or about 4,500 feet of horizontal strata.

The prevailing colour of the sandstone is reddish, but in several places
it is grey, with rusty specks. The beds vary in thickness from a thin, flaggy
variety up to 3 feet. The red sandstones are mostly indurated, some of the
beds being changed to 4uartzite.

About seven miles below John lake, on the Ross river, a small collection
of graptolites was obtained from some black indurated shale interbedded
with cherty argiJJites, and cherts. Dr. Ami reports the following forms, and
refers the beds containing them to the upper part of the Ordovician system:

Orthograptus quadrimucronatus, Hall.
Leptograptus fiaccidus, Hall.
Orthograptus or Clossograptus, sp.

Silurian. The eastern part of Mount Sekwi, on the Gravel river, is
composed of dove coloured limestones in beds, varying from a few inches to
a foot or more in thickness, thrown into a vertical attitude.

The limestone beds pass into grey argillites, having slaty and schistose
phases, and are interbedded with sandstone or quartzite.

The bulk of the limestones appeared to be unfossiliferous, but a small
loose piece found on the mountain side contained some fossil shells, which
proved to be a CamarotfEchia, closely related to C. acinus, Hall; also part
of a corallite of a Cyathophyllum.

Some distance east of Mount Sekwi the above beds assume a nearly
level position, but gradually rise again until they are tilted toward the west
at a high angle. ......

* R. G. McConnel1. Ann. Rept. Geol. and l\at. Hist. Survey of Canada, 1886, Vol. I I
Part D.



306

The section here shows over 2,000 feet of rather pure limestones, the
bottom beds being of a compact dark grey variety; the beds at the top are
light coloured, porous, and semi-crystalline, and some shaly and silicified
beds occur at intervals.

A partly silicified bed of limestone near the top of the section showed
a profusion of badly preserved organic forms, principally large branching
corals.

Of the few of these brought out, Lambe reports the following forms:
Favosites, sp.
Streptelasma, sp.
Acervularia gracilis, Billings.

Also two specimens of a Stromatoporoid, Actinodictyon Keelei*, described
as a new species by Or. Parks, and a Pentamerus, which was kindly examined
by Or. Charles Schuchert, of Yale University, New Haven, who pronounces
it to be apparently an undescribed species, and nearest to Papillosus.

Devonian. The sandstones classed as upper Ordovician extend down the
Gravel river nearly to Inlin brook, and are then replaced by limestones,
more or less massive, but the contact with them was not seen. The limestone
beds are broken into several faulted blocks, dipping to the southwest, with
low escarpments facing the northeast, and here constitute the eastern
foothills of the Mackenzie mountains.

o fossils were found in the limestones of the foothills, but they are
probably lower Oevonian. As the foothills decrease in altitude going east
ward, the limestones become less tilted and broken, the bedding is thinner
and several shaly layers appear. Brachiopods are abundant in some of these
beds, particularly Atrypa reticularis (L.) and Atrypa spinosa, Hall, and the
following corals which were determined by Lambe:

Streptelasma rectum, Hall.
Phillipsastrrea verneuili, :vIilne-Edwards and Haime.
Hederella canadensis, Nicholson.

~esozoic Strata

Fossils of Triassic age were found by the writer in some impure lime
stones, in the upper Stewart River region in 1905, and a large area of rocks
was coloured as Triassic on a map of that region published a few years
ago. Since then there has been reason to believe that these rocks are Palceo
zoic, and that only a small remnant of Triassic rocks was enfolded with
them.

A similar case occurs on the Pelly river below the Ross river, where a
small undefined area of rocks was found by Dawson to contain plants of
upper Cretaceous age, but the different character of these rocks to the
surrounding crystalline schists renders them conspicuous in this locality.

A few exposures of soft sandstone and conglomerate were found lying
unconiormably on the chert beds on the Ross river above Sheldon lake.
No satisfactory examination oi these could be made at the time, on account
of the snow, but they are probably of lVIesozoic age.

About twenty-five miles from the Ylackenzie some soit sandstones and
conglomerates are exposed for a few miles, along the north bank oi the
Gravel river; the beds are inclined slightly toward the west, and have a
thickness of about 200 feet.

* W. A. Parks. 'Silurian Stromatoporoids'.
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The sandstones are coarse grained and nodular, of yellowish or grey
colour, grading into fine conglomerates, which are made up chiefly of black
cherty argilli te fragmen ts.

No fossils were found in these rocks, and although no exposures were
seen below this point, they art' probably part of the same series found on the
Mackenzie river, in this neighbourhood, which McConnel1 refers to the
upper ~retaceous.

The Cretaceous beds occupy the depression between the base of the
Mackenzie and the Franklin ranges, and have a width of ;lbollt twenty
miles in the vicinity of the Gravel river. They overlie Devonian limestones
and shales.

Tertiary Strata

The Tertiary rocks which occupy a basin of limited extent on the
Mackenzie river at the mouth of Bear river, are described in detail by
McConnell* in his report.

Basalt occurs in low bluffs, for Cl distance of about fifteen miles along
the Pelly river near Hoole river. It is pre-glacial, and Dawson has classed
it provisionally as miocene from analogy with similar deposits in British
Columbia. Noth'ng further was learned of its age or origin by the writer.

Igneous Rocks

The unaltered igneous rocks appear in this region only as small isolated
masses among the sedimentary or metamorphic rocks.

Granite was seen about ten miles up the Ross river, where it forms a
ridge abou t 1,800 feet high on the north side of the river.

The rock is a fine-grained, brownish coloured, biotite granite, and is
intrusive in the crystalline schists which are seen exposed around the base
of the ridge.

This granite is different to the bodies which sometimes form the centre
of the mountains in the sedimentary rocks, being finer grained and of a
more acid type. I t has been exposed to erosive inA uences for a long period,
and the profile of the ridge is similar to adjacent ones composed wholly
of sedimentary rocks.

Several importan bodies of igneous rocks occur as stocks, or cores, in
the higher mountains, or mountain groups. iVlount Sheldon, overlooking
the lake of that name on the Ross river, is so formed.

The rock here is a grani te porphyry, of exceed ingly coarse grai n, in the
form of a pillar, which has eaten its way up through the Pal~ozoicsediments.

The contact is well defined; the granite has merely baked, and rendered
brittle the argillites enclosing it.

The granite is well jointed, and weathers into a serrated crest, the
argillites being worn away for a distance of several hundred feet below the
summit.

As the granite stocks or pillars become unroofed they offer greater
resistance to weathering than the mountains composed entirely of sedi
mentary rocks, hence the mountains possessing granite centres persist
longer at high elevations, and are also more conspicuous by reason of their
bolder outlines and more rugged crests.

Itsi mountain and Mount 'vVilson are of this character, and several

* R. G. McConnell. Ann. Rept. Geol. and Nat. Hist. Survey of Canada, Vol. IV,
1888-89, Part D, pp. 95-100,
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mountains on the Ylacmillan and Stewart rivers, which are prominent
topographic features, were found to be built of granite.

On the banks of the Ross river between Big Timber creek and the first
rapid, are a few isolated exposures of granodiorite and rhyolite, both bedded
and massive, but the relation of these bodies to the sedimentary rocks and
to each other was not seen.

On Pelly river below Slate rapid are a few outcrops of diabase, intrusive
in slates and quartzites. This rock is fine grained and much altered, is
traversed by veinlets of quartz and calcite, and becomes slightly schistose
at the margins.

Large boulders and blocks of similar rock were seen on the lower part
of the Ross river, but were not found in place in that locality.

Igneous rocks appear to be almost absent on the Gravel river, the
only occurrence observed being a sill of diabase intruded between beds of
horizontal sandstone.

The diabase was first seen below the mouth of Twitya river, where it
forms a cliff 100 feet high, about 3,000 feet above the river, on the moun
tain on both sides of the valley. Some miles farther on a fault brings the
diabase down to the level of the river. It is coarse grained, and much
decomposed, with a roughly columnar structure.

Superficial Deposi ts

The valley floors of the Pelly river and its tributaries are all covered
with drift deposits of varying thickness. Most of this material appears to
have been laid down by the complex action incident on the occupation of
the region by glaciers.

A complete section of the drift shows rolled gravels at the bottom, then
boulder clay, above which are sands and gravels, usually stratified, with silt
on top. The deposits are very irregular, and their sequence varies in every
section examined, it being frequently found that two layers of boulder·
clay are separated by stratified sand and gravel.

The drift is usually thickest along the lower portion of the streams,
where sections are generally seen rising to a height of 300 feet above the
river, while older terraces of similar material rise to a height of 900 feet.

Although there are some detached thick heaps of drift material in the
upper valleys, the drift sheet is usually thin, and boulder-clay is either
altogether absent or else confined to patches of small extent.

Deposits of drift are found on the Ross river throughout the greater
part of its course. The immediate banks are usually low, averaging about
15 feet, and only rising in a few places to 40 or SO feet, but remains of older
terraces of drift 100 feet or more in height occupy the base of the valley
slopes. The boulder-clay member of the drift on the Ross river is dark in
colour, not very coherent, and contains mostly fine pebbles, differing in
many respects from that of the Pelly, which is yellow in colour, generally
stiff and carries chiefly large pebbles. The gravel, clay and silt on the Ross
river is stratified in fairly regular beds, and does not exhibit the confused
arrangement so common on the Pelly and Macmillan rivers.

The wash gravel in the river bed is principally composed of small
fragments of chert or argillite derived from the prevailing country rock,
which crumbles down very fine, but in contrast to this fine material large
angular or partly rounded blocks of granite and fine-grained greenish
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diabase are strewn at intervals over the bed of the river, or are perched
on the banks.

A large deposit of unsorted drift material which con tains a good per
centage of rounded granite pebbles occurs on the river below Lewes lake,
and terraces of the same material rise to a height of 300 feet above the
present level of the lakes. The wide valley containing Prevost river intersects
that of the Ross at this locality, and it is probable that during the shrinkage
of the ice an overloaded glacial stream from both valleys dis,harged at this
point, building up sufficient material to act as a dam and pond the water
for some distance above.

Another extensive deposit of glacial material occupies the valley
bottom about ten miles above Sheldon lake, of which bluish earthy clay,
abounding in pebbles, is the chief component. In this the Ross river has
sunk its channel to a depth of 450 feet, leaving two series of very perfect
terraces which border the valley for several miles.

In the upper part of the valley of the Ross, the principal deposits of
drift are in the form of esker ridges extending from the base of the slopes,
the material composing these ridges being sand and gravel or boulders, with
very little clay.

About the middle of Christie pass there are some mounds about
200 feet high composed of angular quartzite and fragments of slate from
the surrounding mountains, also several rounded and sub-angular granite
pebbles, but very little sand or fine material. Three of the mounds occupy
isolated positions in the middle of the pass, while others are attached as
benches to the northern side. They have a gently-rounded outline with
flattened summits, and appear to be remnants of a large area of drift.

The Gravel river after leaving the divide flows in a shallow trench
sunk in the rocky floor of a poorly developed valley.

~o superficial deposits of any importance were observed above the
mouth of Tsichu brook; below this point are a few sections of roughly
stratified gravels about 100 feet in thickness.

This deposit is not of any great horizontal extent, as a bedrock bench
200 feet higher than the gravel bench rises a short distance beyond the
latter. A few patches of typical yellowish boulder-clay, but showing peculiar
lines of bedding, are found in this vicinity. Granite boulders of large size
are very numerous; these litter the beds of the side streams, and are scattered
over the valley slopes.

An important terrace of gravel about 200 feet high occupies the tri
angular space of a few miles in extent at the junction of the Natla with the
Gravel river.

The terrace is composed of river gravels, with boulders and pebbles of
sandstone, dolomite, limestone, and slate, but only a few small granite
pebbles are present, and below this point granite is altogether absent from
the river wash.

Where the banks of the stream are not of solid rock, they are generally
composed of the above material, but mostly in low banks from 10 to 20 feet
in height.

At several points, the river banks are the truncated alluvial cones
brought down by the side streams, and these generally contain a large
proportion of angular or only partly rounded fragments of rock.

Sections of a thin sheet of boulder-clay are seen at intervals. This



310

material is generally stratified, and contains a layer of gravel and sand
without admixture of clay.

Above the mouth of Nainlin brook, the river bank is composed of
about 120 feet of dark blue clay, quite structureless, and containing a few
pebbles, the larger of which have flattened and scratched surfaces. Most of
the pebbles are small and well rounded, the greater part being of granite
and gneiss of various character.

Granite pebbles are absent from the gravels for a distance of seventy
miles above this point, and they were evidently carried up the valley of the
Gravel river by glaciation from the east, the pebbles being typical of the
rocks of the great Lauren tian area.

On the opposite shore below this point are banks of the usual Gravel
River boulder-clay about 80 feet high, showing hands of gravel and silt.
The boulder-clays from the two sources show marked differences in colour,
composition and structure.

Below this point the granite pebbles in the wash increase in size and
number, but are not found up the side streams above a level of about
200 feet higher than the main river.

The thickest deposit of drift on the river occurs about eight miles below
the mouth of Inlin brook, where the river turns eastward through the
foothills.

The base of this section shows typical boulder-day, above which are
bedded silts, and above the silts is another deposit of boulder-clay; on top
is a bed of earthy non-coherent clay containing only a few pebbles. All these
materials are of a dark-grey muddy colour, and have a total thickness of
abou t 500 feet.

The broken plain bordering the Mackenzie is underlain by blue clay
with a more or less gravelly admixture, on top of which is yellowish sand
or sandy gravel. The gravels contain a large proportion of black chert or
slate pebbles derived from the underlying C'retaceous conglomerate.

About four miles from the Mackenzie the Gravel river swings against
a clay bank about ~OO feet in height, and of a dark-grey colour. The lower
part of this clay is stratified, and appears to be quite devoid of pebbles,
but the upper 50 feet or so contain scattered pebbles.

The river is undermining this bank, and at intervals large masses of
clay, becoming detached from the face, fall with a roaring noise into the
swift water.

Glaciation

I t would appear that during the glacial epoch a thick deposi t of ice
acrumulated among the mountains, the gathering ground being on the
western slopes.

This ice sheet, judging from the height at which foreign material was
found on the mountains, was about 3,000 feet in thickness, and aIU--)ugh it
did not cover the highest peaks was thick enough to override the lower
mountains and ridges, so that the glacier was a confluent one over the
region and also the northern extension of the great Cordilleran glacier.

The movement of the ice during its maximum development was con
trolled to a great extent by the main drainage valleys, and flowed down
those almost, but not quite, to the Yukon river.

When the ice became thick enough on the western slopes of the Macken
zie mountains it began to pour through the gaps and passes of the divide and
to send streams down the valleys of the Gravel river and its branches.
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The ice divide appears to have been situated at one period of the
glaciation to the west of the present watershed, because granite drift was
carried from the western side part of the way down the eastern slopes, but
it is probable that on the shrinkage of the glacier the ice divide shifted to
the present watershed, as the accumulation of drift in C'hristie pass appears
to have been deposited at a zone of stagnation, or where there was no
movement of the ice.

The depth which the ice of the Cordilleran glacier attained in the
valley of the Gravel river was not satisfactorily determined, the effects of
glaciation not being so pronounced as on the Pelly and its tributaries. 1t is
probable, however, that there was a depth of at least 2,000 feet on the lower
part of the river.

The valley of the Mackenzie river was occupied by an ice sheet of
considerable thickness, which pushed up the valley of the Gravel river,
before the ice from the C'ordilleran glacier began to pour down.

A large boulder of gneiss was seen at the mouth of Nidhe brook, at a
height of 1,800 feet above the Mackenzie river, showing that the two ice
sheets merged somewhere in that vicinity. The drift pushed up by the
Mackenzie glacier is mostly all cut away by the present stream for a long
distance below that point, and the first large accumulation occurs above
the mouth of Nainlin brook, thirty miles below the mouth of Twitya river.

According to McConnell's* observations, the ice from the gathering
ground on the Archcean area to the east, poured westward through the gaps
and passes in the Franklin range, and, flooding the Mackenzie valley, was
deflected northward by the great barrier formed by the Mackenzie moun
tains, in a stream approximating 1,500 feet in depth.

Camsell** noted water-worn pebbles and boulders of gneiss on the
summit of Mount Goodenough, a mountain built of Cretaceous strata,
about 3,000 feet high, overlooking the delta of the Mackenzie.

According to these later observations then, ice from two gathering
grounds, an eastern and a western one, combined in the Mackenzie valley,
and the maximum thickness of this ice must have been considerably over
3,000 feet.

1t is probable that local glaciers remained in some of the higher moun
tain groups after the general disappearance of ice from the field. The only
permanent ice of any account now remaining in the region is confined to a
few small patches about a square mile in extent, in the cirques of the I tsi
mountains, which lie between the Ross and MacmilJan rivers.

EconoITlic Geology

Prospecting for gold began on the Pelly river as early as 1882. For some
years subsequently, a few miners working on the gravel bars made as much
as $10 to $20 a day each, their operations being confined to the lower
portion of the river. Since then prospecting has been carried on along the
greater part of the river and many of its tributaries; but no mining of im
portance has yet been done in the region.

Fine and coarse colours of gold are found in the gravels over a large
area, but no coarse gold in paying quantities has yet been located on bedrock.

• R. G. McConnel1. Ann. Rept. Geul. and Nat. Hist. Survey of Canada, Vol. IV.,
1888-89, Part D, p. 27 .

•• C. Camsell. "Peel River and tributaries", l.eol. Surv., Canada, 1906, p. 40.
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There appears to be a close connexion in the Yukon territory between
the crystalline schists and the placer deposits. In the valley of the Pelly,
these rocks appear to occupy a belt extending for a distance of about ten
miles on each side of the river, which flows generally parallel to their strike.
In the vicinity of Campbell creek, however, the Pelly river turns north
eastward, while the belt of crystalline schists continues in a southeasterly
direction along the Frances and upper Liard rivers.

In 1875, some prospectors from the Cassiar gold fields, in search of
new grounds, reached the headwaters of Frances river, and worked on some
bars, obtaining gold which paid at the rate of $8 to $9 a day, and there is
no doubt that the Yukon gold fields would have been entered and discovered
at that time from this quarter, if the route were an easier one, and not so
remote from any base of supplies.

For the last few years work in the Pelly district has been confined to
the streams entering the Pelly from the south, from and including Lapie
river to Hoole river.

These streams head in the Pelly mountains, a high range, lying south
of and parallel to the course of the Pelly. Along the base of these mountains
lies a wide abandoned river valley, floored with wash gravels and contain
ing several small lakes. This old valley is separated from the Pelly river by
a narrow belt of low rocky hills, through which the streams have cut chan
nels. The gravels of the old valley carry coarse and fine colours of gold,
and the streams in flowing across it concentrate a portion of this gold on
bedrock.

The best prospects so far have been found on some of the small trib
utaries of Hoole river.

The Duncan mining district, to the north of the Pelly, resembles the
country in the vicinity of the latter in many respects. Coarse gold in paying
quantities was found in that region about ten years ago, and almost every
year since then discoveries of more or less importance have been made.
f n spite of the large area over which gold has been found in the Duncan
country, there are serious difficulties hard to overcome, which prevent it
from becoming a successful mining camp. These are: underground water,
large boulders, and lack of adequate transportation to ensure a supply of
provisions for miners.

Fine gold is found in the gravels all along the Pelly, from the Yukon
to Campbell creek, but none is found above this point.

Mr. Henderson tested a few bars above Hoole canon, using two sluice
boxes, about 12 feet long, and collected several pounds of the heavy dark
sand which accompanied the gold. A greyish-white, malleable mineral in
small scales, which was presumed to be platinum, is abundant in this sand.

The samples were submitted to Mr. R. A. A. ]ohnston, mineralogist
to the Geological Survey, who states it to be ferro-nickel, a rare mineral,
but of no commercial value in such small quantities. The bulk of the black
sand is composed of magnetite and garnet.

The bars that produce best on the upper Pelly, begin about a mile
below Hoole canon and extend up stream for about sixteen miles.

The surface gravels to about a foot in depth yield approximately
2~ cents to the pan, and 1t cents at two feet below the surface. The boulders
are not large and the gravels are not frozen.

A few years ago three men rocked on the bars above Hoole canon, and
made about $2.50 per day each. The gold is very fine and hard to save, but
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Mr. IIenderson says that with better appliances for washing the gravel,
and saving the gold, it is possihle to make from $S to $6 per day.

Veins and stringers of quartz, which are probably due to the after
effects of igneous intrusions, are abundant in the crystalline schists. The
occurrence of gold was not traced directly to the quartz seams in this
locality, but the gold in deposits of economic importance has been limited
to those areas in which the rocks are highly altered, and disturbed by
frequent intrusions.

During the glacial period part of the ice which filled the Pelly valley
came from the southeast, and moving over a large area of schists and slates,
transported some of the pre-glacial accumulation of gold from these rocks.
I t is probable that the gold in the bars of the main river is derived from the
glacial drift. The river does a certain amount of cutting into these deposits
at every flood stage; the gold scattered through the drift is fine enough to
be carried in the turbid water. The concentrations of gold are generally
restricted to small areas at the head of each bar, and on account of their
shallowness and small extent, diggings of this nature are soon exhausted.

The mineralization of the schists by the igneous intrusions was not
confined to the deposition of gold, as in other localities various minerals of
more or less importance are found associated with coarse gold on bedrock.
These minerals are cassiterite (oxide of tin), scheelitc (calcium tungstate),
bismuth, stibnite (antimony sulphide), zinc blende, arsenical pyrites and
iron pyri tes.

Although these minerals have not been reported from the Pelly region,
it is possible that they occur there, anrl on account of their heaviness are
likely to be found concentrated in sluice-boxes.

Under present conditions, however, it is unlikely that anything but
gold, which is by far the most valuable mineral known to occur there, will
be sought for.

From the superficial examination given to the country in the vicinity
of the Ross and Gravel rivers, it appears to be a most unattra,tive one to
the prospector or miner.

There is a marked absence of vein quartz either in the bedrock or
stream gravels along the route. The intrusion of the granites in the sedi
mentary rocks does not appear to have been accompanied by any mineral
ization. The excess of silica usually accompanying granite intrusions appears
to have permeated the argillites in an amorphous form, altering them to
cherts. The silicification of the bedded rocks is on a large scale, as there are
several thousand feet of chert beds extending over a large area.

An assay was made of a specimen from the bed of quartz conglomerate
which crosses the Ross river at Prevost canon, but no trace of gold was
found.

At least two parties of miners have prospe,ted in late years on the Ross
river, but without success. Chas. \;Vilson, who has prospe,ted on the upper
portion of the river for the last three years, informed me that he only got
colours of gold in one small stream flowing into the :\1acmillan river, and
that he found no coarse gold at all.

The explanation of Wilson's persistence in remaining in an apparently
barren field is that he is in search of the legendary McHenry mine, a phenom
enally rich deposit of placer gold supposed to exist in this vicinity. Mc
Henry is said to have been a miner from the Dease Lake diggings, who
penetrated to this region on a prospecting trip many years ago, and took
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out forty pounds in weight of coarse gold and nuggets. Various reasons were
given for not returning again to his Eldorado, but he gave certain approxi
mate directions by which it might be located, and many prospectors have
been beguiled into the quest. A great deal of the country between the
Macmillan and the headwaters of the Kahanni has been traversed in search
of this lost mine.

Quantities of drift lignite are found along the lower part of Campbell
creek, but the seams from which it was derived were not found. There is
probably a small Cretaceous area lying on the schists in this neighbourhood
similar to the one at Five Fingers on the Yukon river.

Drift lignite is also found on the lower part of the Gravel river, which
is no doubt derived from the Tertiary coal-bearing areas of the Mackenzie
basin.

Hematite occurs on the Gravel river about ten miles below the mouth
of Natla river. This iron ore is coarsely laminated with red siliceous slate,
having a thickness of from 50 to 100 feet, and is interbedded between
conglomerate and uolomite. An assay of an average sample of this ore was
made at the assay office of the Mines Branch, and gave only 25 per cent
of iron.
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1909

Introductory Note

In 1909, the Director, Mr. R. W. Brock, includes the following note in
his Summary Report for that year (pages 2, 3) on field work in Yukon:

"Mr. D. D. Cairnes spent the season on the \Vheaton River, near
Whitehorse, Yukon Territory. He discovered some coal seams in this
district which may prove important. The district is extensively mineralized.
Mr. Cairnes also visited certain quartz veins east of Whitehorse, and some
copper deposits recently found on \i\'illiams and Merrice Creeks near Yukon
Crossing."

In the late summer of 1909 Mr. Brock visited Yukon territory, and the
following first report was compiled from notes taken by him at that time.
The succeeding report, on the Wheaton River district, is by D. D. Cairnes
for the same year.

YUKON TERRITORY
by R. W. Brock

Careross

The most serious attempts to establish lode mll1ll1g in this northern
section of the Dominion are the operations near Carcross, in what has been
termed the Conrad district. A recent report by !VIr. D. D. C'airnes* describes
the district and its ores in detail.

In the time at our disposal, we were able to visit only the Venus and
adjoining claims on Windy Arm. A small concentrator has been built on
the lake shore, connected with the mine, 900 feet above it, by an aerial
tram. About 3,000 feet of development work has been done, consisting
principally of a cross-cut tunnel of 600 feet to the vein, and drifts on the
vein 500 feet long on each side of the cross-cut. At the ends of the drift
are winzes, 150 and 180 feet deep respectively. There is also a raise to the
surface. The vein, which is very persistent, varies from 1t to 4 or 5 feet in
width. It is oxidized for about 350 feet below the surface. The oxidized ore
is said to run about $10 in gold and $10 in silver. Below the zone of oxidiza
tion the gold value is reported to be higher. The vein, angling down toward
the lake, may be traced on the surface westward for several claims. An aerial
tram connects the Vault to the lake, and another connects the Montana
with Conrad. Other claims on which considerable work has been done are
the Thistle, Aurora, and Pelly. The Venus and adjoining claims were being
operated at the time of our visit.

The chief interest at present in this section centres in the developments
at the Big Thing, about five miles from Carcross. I was not able to get out
to this property. The vein is said to run from 5 to 16 feet in width, and to
carry a quartz-arsenical-gold ore of good grade. A shaft has been sunk at
an angle of abou t 45°, to a reported depth of about 610 feet. I t is said to be
the intention to tap the vein by a cross-cut tunnel, from the mouth of which
an aerial tram will carry the ore to the railway.

* "Report on the Conrad District", by D. D. Cairnes, Geological Survey, No. 982.
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Whitehorse

A day was spent at \Vhitehorse visiting the copper claims in th~ vicinity.
These deposits are of the cuntact metamorphic type, like the Boundary
Creek and Texada Island deposits. They have been described by l\1 r. R. G.
McConnell in a recently published report*.

Concerning the three best developed iron ore bodies, !VIr. McConnel1
estimates the tonnages that may be considered assured as follows:

l'ueblo

"The Pueblo ore body consists of an impure mass of hemati te, 300 feet
in length, with a maximum width of 170 feet. The surface section measures
approximately 33,000 square feet. The ore body has been proven to a depth
of 100 feet, and at 70 feet a drift of 120 feet failed to cross the lode.

"Assuming that the ore body carries its surface size' down to the bottom
of the shaft, it would contain 3,300,000 cubic feet of ore above that level.
The weight per cubic foot is not definitely known, as the hematite is inter
mixed with various impuri ties such as garnet, epidote, quartz, calci te, etc.;
but probably averages about 8 cubic feet per ton. This would give a tonnage
of 412,500 above the 100-foot level. It is probable that the lode extends
some distance below the 100-foot level, and a considerable additional ton
nage might safely be added.

"Copper contents probably averag-e 3 per cent. Gold and silver values
are small, about $1."

Best Chance

"The ure body is a mass of magnetite, 360 feet long with a maximum
width of 65 feet. The surface section measures approximately 13,120 square
feet.

"The workings are shallow, and have not proved the deposit to a
greater depth than 35 feet. In addition to this the lode projects 15 to 20
feet above the surface. A total depth of SO feet represents the proved portion
of the lode at present. With a depth of SO feet the lode contains 656,000
,ubi, feet of magnetite, weighing, at 8 feet per tOil, 82,000 tons.

"The grade of the ore in copper is about 3 per cent. The gold and silver
values are small.

"The probable tonnage is at least double of that given."

Acetic Chief

"The Arctic Chief ore body on the main level, 65 feet below the surface,
has a length of 190 feet and an average width of 30 feet, the section measur
ing 5,700 sfJuare feet. A shaft from the main level proved ore for a further
distance of 25 feet, or a total distance of 90 feet. The surface section is on a
slope, and part of the ore body has been removed by erosion. Assuming
80 feet as the average depth of the lode, the contents measure 456,000 cubic
feet, weighing, at 8 feet to the tall, 57,000 tons.

"Average copper con ten ts. . . . . . . . . . . . . .. 4 per cen t.
Average gold. . . . . . . . . . . . . . . . . . . . . . . .. $4 per ton.
Average silver 2 ozs. per ton.

"Numerous smaller iron masses and irregular lenses of bornite-chalco
pyrite-ore occur throughout the district."

* Report on Whitehorse Copper Belt, Ceol. Survey, Pub. No. 1050.
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It is likely that the ore on the Pueblo will extend below the present
workings at least 50 feet, so that 250,000 tons might be considered as
probable ore for the Pueblo. This would give over 800,000 tons on these
three properties alone. But the ore may extend for a considerable distance
below the present shallow workings. The experience elsewhere on deposits
of this type has usually been that considerably more ore is recovered than
has been estimated from limited development work. These deposits, there
fore, appear to be already capable of producing an important tonnage, with
promising prospects for future developments.

N one of these properties were worki ng at the time of our visit. I t is
reported that a spur irom the railway will be completed to the Pueblo in
the spring, and that shipments may then be made. Some prospecting was
being carried on in the 'Wheaton River district a few miles to the south of
Whitehorse. Low grade copper ores similar to the Whitehorse deposits
were found this year at \i\lilliams creek, near Yukon Crossing. Concerning
these \i\lheaton River and the Williams Creek prospects, information will
be found on a later page in the summary report of YIr. D. D. Cairnes. The
Wheaton River district contains silver, lead, gold, and antimony veins of
some promise. Mineralization is widespread. Coal similar to that at V/hite
horse and Tantalus was found this summer bv Mr. Cairnes on Bush moun
tain. The Tantalus coal mine is producing. J

Klondike

Dawson was reached on the night of August 19. The first day was spen t
in Dawson itself. Un August 21, I went 10 miles down the river to see a rock
bluff on the east bank which was reported to pan gold. In the afternoon
the party visited the dredge operated by Mr. Simpson on Bonanza creek. On
August 23, we started to visit the creeks, accompanied by Mr. F. T. C:ong
don, M.P., and Commissioner Henderson. Mr. Gray, of Dawson, was with
the party for a couple of days, and Sheriff Eilbeck for the rest of the time.
The district is well supplied with good roads, so that an automobile was
used throughout.

We first went up Hunker creek and down Dominion creek to 33 Below,
stopping at Peter Rost's, where ,ve witnessed a clean-up. A pan of fine
nuggets from new ground on Caribou creek served as an interesting reminder
that discoveries of rich ground can still be made. Returning to the summit,
the night was spent at the roadhouse. i\ext morning a stop was made below
the Dome to visit the tunnel being run in from Dominion Creek slope, to
prospect quartz veins that have been located on the surface. From the
tunnel we proceeded to Sulphur creek, and down Sulphur to Granville,
where we spent the night. On the 25th we returned to Sulphur, and down
Hunker to Dawson. ~ext day, Bonanza, Eldorado, and Quartz creeks were
visited. The night was spent at Quartz, and the following day we proceeded
up Quartz to the Dome and down Bonanza to Dawson. The following day I
accompanied Mr. A. l\'. c:. Treadgold to H unker and Last Chance creeks,
and spent the day on the White Channel gravels. On August 29, Mr.
Templeman left Dawson for Victoria via Skagway, while I continued down
the Yukon, to visit the placer camps of the lower Yukon and Seward
peninsula, returning to \'irtoria via Nome.
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Present Conditions

Gold mmIng in the Klondike is rapidly changing in character. I ndi
vidual mining is being superseded by large scale operations, with such en
gineering and mechanical aids as water, led in from a distance, electrical
power, mechanical lifts, dredges, etc. The Yukon Gold Company is working
on the largest scale, and is abollt to increase its effective operations. The
Yukon ditch has been completed from Twelvemile to Gold hill, a distance
of about 70 miles. In its course across country it is alternately ditch, flume,
and pipe (the latter as a huge inverted syphon in crossing valleys such as the
Klondike). Hillside springs and marshes present difficulties in maintaining
the ditch, but it is rapidly becoming 'seasoned' by skiIlfuIly applied natural
means, and, it is hoped, will soon have the stability of a natural water
course.

Seven dredges are being operated successfully by this Company and
three mechanical lifts. These plants are operated by electricity furnished
by the Company's power plant near Little Twelvemile. The main, high
voltage transmission line is 36 miles long, besides which there are 18 miles
of branch lines and 8 of secondary lines. In all, ten dredges are working
in the Klondike, three on the river itself, five on Bonanza creek and two
on Hunker creek.

A very extensive scheme for power development is under way on the
Klondike river about 30 miles above Dawson. Water from the North Fork
of the KloncIike will be utilized to generate power to be transmitted over all
the mining district. Individual claims are being rapidly consolidated,
usually by purchase, into larger holdings. With a greatly increased number
of plants, it \viIl still take years to clean up the gravels of the district.
Practically all the worked-over ground and underlying bedrock will be
re-treated by mechanical devices. High-level gravels for which there was no
available water, and claims which by reason of mechanical difficulties
could not be attacked by the individual miner, will furnish a big additional
field for large-scale operation. McConnell, in 1906*, estimated future
production at about $63,000,000, making no aIlowance for rich discoveries.
The work done since then is said to have shown that this estimate was
thoroughly conservative, and that the actual production will be considerably
in excess of these figures.

Some attention is being directed to the quartz possibilities of the
Klondike, and many claims have been staked. The neighbourhood of the
Dome, Goldbottom creek, and Victoria gulch are the localities so far in
most favour, but interest is not confined to these. Little work, however,
has been done, and no decisive data have yet been obtained.

On the Dome property a tunnel is being driven into the hill from the
Dominion Creek slope, with the intention of prospecting several quartz
veins which it is expected will be cross-cut between 950 and 2,000 feet. The
prospect is equipped with a small compressor plant, and at the time of our
visit the tunnel was in 920 feet. For the first 150 feet the ground is frozen;
i~side the frost line, the rock is solid Klondike schist. A few slips occur and
small quartz veins, also bunches of quartz and calcite. Most of the slips
and veins dip into the hill, but a few with it. The movement along the slips
appears to have been small. In one instance a slip faulted a 2-inch quartz
vein, causing a displacement of about a foot and a half. These small veins

* Gold Values in the Klondike High Level Gravels, Geol. Survey, Pub. No. 979.
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give the impression of being persistent. The slips are not very numerous,
and the ground inside the frost line is as solid and free from disturbances
as in most mineralized areas. Near the surface, in the frost zone, the ground
is broken in to smal1 blucks which are grad ual1y working downhill. This
'creep' is quite pronounced. Since our visit, it is reported that two ledges
have been encountered from which good assays have been obtained.

Near the close of the season, a two-stamp mil1 on the Lone Star group
at the head of Victoria gulch made a test run of over one hundred hours on
surface quartz, with results that are said to be entirely satisfactory. Mc
Connell, in his report on the Klondike Gold Fields (p. 65), speaking of
these veins says, "the prospects are certainly encouraging, and warrant
further investigation".

The prospecting on the rock bluff 10 miles below Dawson, and below
the Indian village of Moose-hide, shows that attention is not wholly con
fined to the placer creeks. The bluff consists of coarse, quartz-mica s,hists,
with numerous quartz stringers, a few of which are said to pan gold. But
the rock which attracted attention is a basic igneous dike which cuts the
schists. On the exposed surface it is rusty-weathering with a marked sphe
roidal structure. We did not succeed in obtaining colours, but subsequent
pannings are reported to have yielded positive results.

As yd there is nothing definite on which to base a judgment regarding
the quartz possibilities, but there are facts in connexion with the geology
of the district and the occurrence of placer gold, which have a bearing on
the question, and furnish at least suggestions with regard to prospecting
for quartz. Detailed descriptions of the district may be found in McConnell's
Klondike Gold Fields (Geological Survey, No. 884), and his 'Gold Values
in the Klondike High Level Gravels' (Geological Survey, !\io. 979), and
need not be repeated here. But the salient points \vhich strike the visitor
may be worth mentioning.

Geological History of the Klondikc

The complete geological history of the district is, of course, somewhat
more complicated than represented in the following notes. The district is
not glaciated, and the present topography is the result of weathering and
erosion. Viewed from an eminence, the streams are seen to possess wide
valleys with gently sloping sides rising to rounded hills with broad, rather
flat tops. Outcropping rocks are conspicuously absent. Broad amphitheatres
at the heads of the creeks are characteristic. Rock-waste subdues the
outlines of the hills, and deep gravel deposits cover the gently sloping val1ey
bottoms. Here is seen a region in a state of advanced maturity. But reju
venescence occasioned by a recent uplift is also observable. The Yukon
has sawn a trench 700 feet or so into the bottom of the old valley. The
Klondike, responding to this lowered base-level, has correspondingly
trenched its old bed, and Bonanza and Hunker creeks have channelled their
valleys in harmony with the new Klondike level. The creeks south of the
Dome are still in the old channels, for the Indian river has not yet advanced
its new canon as far up as the mouths of these streams.

For a period extending a long distance into the geological past, COA

ditions of weathering, erosion, and deposition have obtained, with no
disturbances sufficient to seriously interrupt these processes, to erase their
effects or sweep away their products. This fact, brought into notice by the
topography of the district, is accentuated by an examination of the gravels
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themselves. The old valleys, except where covered by recent accumulations
or cut into by the rejuvenated streams, are floored with 'White Channel
gravels', which rest on a yellowish, clay-like bedrock, the weathered,
rotted country rock. The 'vVhite Channel gravels' themselves are bleached
mixtures, consisting largely of fine sericite and quartz pebbles. Pebbles of
country rock have decomposed and fallen to pieces, or if present, disintegrate
at a touch. Stratification is gone. Decomposable minerals have broken
down. Soluble elements have been leached out, and stable combinations
like sericite formed of what remains. Magnetite is practically absent,
though originally it must have been plentiful. Only the most resistant
minerals, such as quartz and sericite, with some gold, are left. \i\Teathering,
therefore, has been an important and long-continued process on the rock
surfaces, in the hillside wash, and, finally, in the stream accumulations in
the valley bottoms.

The country rock consists of sericite and chloritic schists, with some
dark, graphitic argillites cut by some dikes of igneous rocks, quartz por
phyries, rhyolites, and andesites. Quartz veins and stringers, some, at least,
gold-bearing, are abundant in these schists. Exposures are not numerous,
being largely confined to occasional outcrops on the summits or in the
canons of the rejuvenated streams. But the large amount of quartz in the
debris which mantles the solid rock evidences the presence of quartz veins
where they are not exposed.

The old White Channel gravels, representing a natural concentrate
from a great mass of gold-bearing material through long ages, by weather
ing and stream action, are rich in gold. The gold occurs in a well defined
paystreak, as is usually the case in stream gravels. The present stream beds
where they have cut down through the \\'hite Channel paystreak were
enormously rich, as might be expected since they represent a reconcentra
tion of an already rich concentrate. Where the White Channel paystreak
was untouched, the present stream bed was apt to prove lean. Going up
stream, the gold usually becomes less worn, rougher, more angular, and
coarser. The gravels are not always of pay grade to the heads of the creeks
nor always to the mou ths of the creeks; some of the tribu tary gulches are
rich and some have proved barren. Often gulches which head together are
paired as to gold contents. If one is rich the other is rich; if one is poor the
other is poor. Gold in the recent gravel freshly derived from its original
source is similar to gold in the corresponding White Channel gravel. Many
of the gold grains and most of the nuggets, enclose quartz. Quartz pebbles
are found containing gold, some at least very rich in gold. The quartz of the
boulders is similar to the quartz of the veins, and gold of the veins to the
gold of the gravels. From the foregoing and other facts, it is obvious that the
gold is absolutely local in origin, derived from the basins of the pay gulches
and creeks.

Quartz Possibilities

The extraordinarily rich gravel represents the concentration of a great
mass of gold-bearing material. There are several possibilities regarding the
source of the gold. It might be derived from disseminations through the
country rock. A gold value of a few cents a ton, such is the volume of
country rock weathered and eroded, would more than account for all the
millions in the gravels. But this interpretation does not fit the facts. In
addition to those above alluded to, it may be recalled that Eureka creek,
which is gold-bearing, is not in the Klondike schists at all, but in the ~asina
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series, which almost everywhere else is unproductive. It is then practically
certain that the gold of the gravels has come from the quartz veins. When
one considers the extremely local occurrence of the gold, the suggestive
form of the nuggets, the overwhelming importance of quartz in the gravel,
the widespread occurrence of quartz in the very nuggets themselves, the
'kindly' appearance of the quartz of the pebbles and the actual occurrence
of gold in this quartz and also in some of the veins so far uncovered, the
numerous veins on the rich creeks, etc., no other view seems at all tenable.
But granting this, there still remain several possibilities. The gold may be
somewhat uniformly distributed throughout the innumerable quartz
stringers and veins, in which case they would almost certainly be too lean
for profitable exploitation. The probabilities, however, are that this is not
the case, and such facts as are known do not suggest this possibility. To
begin with, this is not the usual characteristic of gold-quartz veins. Again,
quartz is widespread; gold confined to particular creeks and gulches. Some
of the quartz boulders are likely-looking, some very unpromising; suggest
ing that they are from veins of different origin and contents. Other facts
also tend to indicate that the gold is confined to certain veins. The large
nuggets and the richness of the gravels at the heads of some of the pay
channels would suggest that in the auriferous veins themselves the gold is
already concentrated to a certain extent at least. The rich kidney of quartz
found on the New Bonanza claim, Victoria gulch, is an example.

Up to this point, the argument is all in favour of the possibilities of
rich quartz veins, but here some uncertainties enter. The gold might be
concentrated in ore shoots, as is usually the case in veins. These might be
large and workable bonanzas or small and pockety. The pay ore may have
been largely removed hy erosion, and for the most part, only low-grade roots
of veins left. Veins, though rich, might be too small or irregular for mining.
McConnell admits that most of the veins seen by him were of this character.
On the other hand, comparatively few of the veins have been exposed, and
it is quite possible that large and regular veins are to be found. So far,
developments on ,the Dome property tend to strengthen this possibility.
Moreover, the small veins might occur in groups or zones that collectively
might be capable of development, or the country rock in the neighbourhood
of a vein might prove sufficiently mineralized to give workable dimensions
to the ore body. There is not yet sufficient information available to deter
mine the actual conditions in the Klondike with respect to these last points,
so that the future of the lode mining cannot be predicted with certainty.
As just shown, the balance of the evidence, so far as it goes, is distinctly
favourable, and the stakes are tempting. In my opinion, then, it is well
worth while making serious attempts to locate workable quartz.

In this connexion it is interesting to note that prospecting for quartz
in the placer camps of Alaska is furnishing encouraging results. Some
promising gold-quartz has been found in the Koyukuk and Chandalar
regions. At Fairbanks, according to information furnished by A. H. Brooks,
of the United States Geological Survey, prospecting for quartz or veins
has been carried on at a number of points. Veins varying from less than an
inch wide to 12 feet have been found. The rich ore has thus far been con
fined to stringers or veins under 3 feet thick, but valuable material is re
ported in places in the adjoining country rock. Though many of the indi
vidual stringers pinch out and some of the veins are faulted, others may be
followed for several hundred feet. Development work is as yet limited, but
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the prospects are considered sufficiently encouraging to warrant serious
development and further prospecting for quartz veins.

On the Seward peninsula, quartz seems to be receiving greater at
tention than ever before. This autumn a magazine was started at Nome
in the interests of quartz mining on the peninsula. The Big Hurrah mine, in
the Solomon River region, has been operated for a number of years, and has
the distinction of being the first lode mine on the peninsula. It has a stamp
mill, and seems to have demonstrated that in certain spots at least, mineral
ization is sufficien tly concen trated, and veins sufficien tly large and continu
ous, to make a lode mine. Here is one place where a northern placer has
developed into a lode mine, and where some of the placer gold has been
traced to its source.

Notes for Prospectors

The prospects for developing lode mines in th<> Klondike I would con
sider to be quite as promising as in the lower Yukon. The most attractive
prospecting ground is naturally on the creeks which have had rirh gravels,
for since the gold is local in origin and, presumably, derived from quartz,
they indicate the existence of auriferous veins in their basins. Some guidance
as to the best points to prospect in the individual basin is furnished by the
gold in the gravel. For example, the head of a creek or a tributary gulch that
has a bedrock which would retain gold, but does not contain pay gravel,
would be an unpromising field for prospecting. On the other hand, the valley
walls or the gulches at the head of pay gravel would be likely ground. For
instance, Victoria gulch with ~o. 7 pup is almost at the head of the produc
tive part of Bonanza creek. The gold is coarse, and in the upper part very
rough and angular. Here, evidently, one is 'hot on the scent'. On No. 7
pup the gravel is angular, and consists of almost unworn slide rock. This
should be a good place to prospect. Gay gulch, which heads with Victoria
gulch, is also auriferous. This and the divide between the two gulches
furnish favourable ground. A study of the geological maps and reports,
and a consideration of the production from the various claims, will furnish
numerous suggestions regarding other good points for attack.

vVhen the gravels of a creek appear to be enriched on a certain claim
as if from a local source of gold, it should first be determined if the excess
supply has been derived from the White Channel paystreak. Only when
this has not been the case may such enrich men t be taken to indicate the
presence of a rich vein in the immediate vicinity. If coarse or unworn gold
suddenly makes its appearance where normally only fine and worn gold
might be expected, this would be indicative of a fresh, local supply from a
nearby source. Such would be a favourable place to prospect.

Prospecting will be slow and tedious, hampered as it is by the lack of
rock exposures and the mantle of loose rock. The latter is steadily creeping
down hill, a point to be remembered when float is discovered. \i\'hen a vein
is found and sufficiently uncovered to show the character of the vein material
unmixed with 'wash', unless it is of pay grade it is usually unwise to sink
on it or otherwise test it at depth in the hope that values will improve. If it
is felt to be worth further development, it is usually better to prospect it
horizontally rather than vertically. This can be done either by trenching,
or if the cover is too deep, by drifting. Either will be cheaper and more
rapid than sinking, and will test the vein as successfully, for the chance of
striking better grade material along the vein is quite as strong as, if not
stronger than down it, and much more of the vein is tested in the same time
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and for the same money. If, however, pay ore is encountered, it is advisable
to sink on the ore as well as to follow the vein horizontally, for gold often
exhibits a tendency to concentrate on the surface, and it is, therefore,
necessary to demonstrate that the values continue downward. Until the ore
shoot is well developed, so that certain knowledge is to be had of its posi
tion, dip, continuity, value, etc., in no case should expensive work be under
taken elsewhere than on the ore, under the assumption that it goes down, or
has any particular attitude. 'Stick to the ore' is advice to be heeded. These
points may seem too elementary to be worth making, but justification is
furnished by the amount of money wasted in young camps, everywhere,
by disregarding them, and by the frequent expenditure of time and money
in a way that detracts from rather than adds to the value of the claim.

For the encouragement of prospectors it may be noted that, up to a
certain point, the greater the number of veins that prove barren or almost so,
the greater are the chances that some occur that are rich, for the reason
that the fewer sources there are for the gold, the richer these sources must be.

Some light on the value of the quartz of veins might possibly be had
from the quartz boulders of the gravels. Many will no doubt be from barren
veins; many are cavernous. These probably held auriferous sulphide minerals
which have been leached and the accompanying gold dropped out, in which
case the values found would be too low. But tests made with discrimination
and judgment might furnish some instructive results.

Placer Prospects

I t is to many a matter of surprise that the discovery of the Klondike
has not been followed by that of other important placers in the Yukon.
The possibility of this is not yet exhausted. Prospectors from the Stewart
are bringing out encouraging reports of creeks, tributary to this river. In
some respects the conditions are very favourable for placer mining. From
information which appears to be reliable, the placer prospects of the Stewart
River district are to be taken seriously. Two dredges are heing operated
on the river.

Information obtained from the Klondike may be used with advantage
in prospecting for new placers. Here, as noted above, the essential points
were, gold-bearing country rock (auriferous by reason of gold-bearing veins),
a very long period of concentration of the gold through weathering and
erosion with, in places, a reconcentration of the already rich gravels. The
same conditions were essential in the formation of the placer camps of the
lower Yukon--notably at Fairbanks and the Seward peninsula. (At Nome
reconcentration was effected on several beach lines.)

The presence or absence of the essen tial factors in a district, except
the auriferous character of the country rock, can be speedily recognized by
an inspection of its topographical features and the condition of the surface
and of the old gravels. Whether the country rock is gold-bearing, and so
could have supplied gold to the gravels, is not so readily determined, but
in certain cases, at least, this can be more readily ascertained (or at all
events its probability indicated) by an examination of the materials of the
gravels, the slide rock, and outcrops than by the more laborious digging
and washing of the gravels.

For instance, in the Klondike, the amount of quartz, and particularly
the suggestive character of the quartz in the numerous milky, cavernous
boulders, would indicate a strong probability of the occurrence of gold,
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which, coupled with the pronounced evidences of mature weathering and
erosion, and reconcentration, would have attracted the observant pros
pector and encouraged him to expend the necessary time and labour to
thoroughly test the gravels.

If these underlying principles regarding the formation of placers are
borne in mind, it will assist one in eliminating unpromising districts and in
confining his attention to creeks where there are inherent possibilities for
success.

Other Districts

Placer mllllng is still in progress on tributaries of Sixtymile and on
Fortymile rivers. Dredging is in progress on the latter.

The Sourdough coal mine below Fortymile river is in operatiun.

White River District

The encouraging developmen ts of the copper properties on Copper
river, Alaska, to which a railway from the port of Cordora is being built,
and the similar prospects on the north side of the Wrangell mountains in
the Nabesna-White River district, has re-awakened interest in the pos
sibilities of the upper portion of the White river on the Yukon side of the
International Boundary line.

In 1905, McConnell made a reconnaissance survey of this district, his
report being published in the Summary Report of the Geological Survey
for 1905 (pages 19-26). In 1907, very fine specimens of rich bornite and
chalcocite were brought out from this district.

In 1908, Messrs. Moffit and Knopf of the Cnited States Geological
Survey, examined the Nabesna-White River district, Alaska. Portions of
their report of special interest to Canadians, because referring to the
Yukon, are here reproduced:

Mineral Resources of Alaska, 1908
(A n excerpt from United States Geological Survey Bulletin 379, 1908)

Copper
General Conditions of Occurrence

The reported presence of native copper in vast quantities was, as
already pointed out, the original incentive that drew the pioneer to the
White-T\abesna region. Prospecting in search of these deposits has shown
that copper in its bedrock sources is widely distributed in the form of
sulphides (chalcocite, bornite, and chalcopyrite), and on the basis of the
facts revealed by the little developmen t work that has been done, it may
be stated that most of the native copper found in the region is an oxidation
product of those sulphides. In mode of occurrence the copper ore shows two
different habits, geologically distinct. In one, so far the better known, it
occurs associated with the Carboniferous basaltic amygdaloids, and in the
other it is found in limestone at or near the contact with the dioritic in
trusives.

Native copper occurs as nuggets in the gravels of many of the streams,
and green-coated lumps of metal up to 5 pounds or more in weight are
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occasionally found in the wash of creeks draining areas of amygdaloid
bedrock. This stream copper was the source from which the Indians ob
tained their supply when it was an object of barter among them. From the
accounts of Hayes and Brooks, Kletsan creek appears to have heen the
placer locality best known to the natives.

Metallic copper occurs also in the surface croppings of sulphide de
posits in the amygdaloids, where it is undoubtedly an oxidation product
of the sulphides that appear in depth. In such places it is directly associated
with the dark-red oxide (cuprite) and more or less green carbonate. At the
prospect known as 'Discovery', which is located in Canadian territory
on \Vhite river, a few miles below the International Boundary, a large slab
of native copper averaging 8 by 4 feet by 4 inches thick, and weighing
probably close to 6,000 pounds, has been uncovered in the slide rock. A
number of other sheets of copper up to several hundred pounds in weight
have been found in the near vicinity. On account of the stimulus that this
find has exerted on the prospecting of the adjacent American territory,
the occurrence merits some description in this report. The stripping of the
bedrock near the great nugget exposes a face of green basaltic amygdaloid
20 feet high and 15 feel wide. The rock is traversed by numerous seams of
native copper along fractures and slickensides, but toward the bottom of
the open-cut stringers of chalcocite begin to appear. About 150 feet from
this prospect an opening on an independent occurrence shows stringers of
cuprite with admixed copper, stringers of glance and calcite, and chalco
pyrite disseminated through the amygdaloid country rock. From these
features it is clear that the metallic copper of this deposit is a superficial
oxidation product of sulphides, that its downward extension is small, and
that the prevailing sulphide at greater depth will probably turn out to be
chalcopyri te.

At a few localities native copper i::; associated with certain highly
amygdaloidal portions of the Carboniferous basalts and intergrown with
the white minerals that fill the former steam cavities in the ancient lava
flows. Slaggy looking portions produced by the weathering and removal
of the amygdules from the lava and amygdaloid that is cut by small
irregular veinlets filled with the same minerals as those forming the amyg
dules appear to be the most favourable places for metallic copper. The
copper in the vesicles and stringers is associated with calcite and delicately
spherulitic prehnite, but in some of the veinlets calcite, prehnite, quartz,
a black lacquer-like mineral, partly combustible, and chalcocite, instead of
metallic copper, are associated together.

At a number of places throughout the region narrow stringers of chalco
cite cutting the ancient basalts are encountered, but so far as known none
have any great persistence. Near the head of Cross creek, locally known as
Copper creek, a thin quartz-chalcopyrite vein cutting the bedded volcanic
rocks has been discovered. At other localities some irregularly disseminated
sulphides, in some places chalcocite, in others bornite, occur in the basalts,
but these do not appear to be connected with definite vein or lode systems,
and are consequently of an unencouraging character. Oxidation of these
sulphides and disintegration of the containing rock give rise to the nuggets
of cuprite and native copper that are found in the talus slopes at several
places in the region.

In contrast to these occurrences, which, as shown by the foregoing
discussion, are limited to the ancient basalt Rows, copper is found as bornite
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and as chalcopyrite intergrown with contact-metamorphic rock in limestone
adjoining diorite intrusives. In deposits of this type the ore mineral is
associated with garnet, coarsely crystalline calcite, epidote, specular hema
tite, and scattered flakes of molybdenite. The garnet is commonly crystal
lized in dodecahedra, and is intimately intergrowll with the bornite and
chalcopyrite. On account of its weight and especially its appearance, which
is not unlike that of cassiterite, it "vas mistaken for tin ore by some of the
early prospectors. Only two deposits of this character were seen in place,
but evidences of energetic contact metamorphism were detected at a number
of other localities. An extensive contact zone has been produced along the
junction of the diorite and the massive limestone exposed on the ridge west
of Copper pass. Various contact-metamorphic rocks, pyritiferous as a rule,
are present in this zone, and these rocks on oxidizing give rise to large iron
stained outcrops, which contrast strongly with the surrounding white
limestone. In connexion with the discussion of the contact-metamorphic
deposits, it may be stated that the writers were shown some specimens of
copper ore containing abundant large octahedra of magnetite and blebs
of chalcopyrite in a gangue of coarse calc spar. This ore was undoubtedly
obtained from the vicinity of an intrusive diorite-limestone contact, but
whether commercially valuable ore bodies of this character exist in this
region, which is so remote from transportation facilities, is yet to be de
monstrated, in view of the fact that copper deposits of contact-meta
morphic origin are characteristically bunchy and low grade.

Conclusions

The White-Nabesna region can be more easily prospected in some
respects than many other parts of Alaska, on account of the relative abun
dance of bedrock exposures. Most of the showings of ore found thus far are
situated well up on the mountain sides, generally beneath walls of rock
cliffs and above the encumbering talus slopes. This is, of course, to be
expected in a region that is incompletely prospected, but it entails the dis
advantage that the prospects are located far from timber. The greater
number of the copper prospects are found in the Carboniferous basaltic
amygdaloids, a relation which is also essentially true for those of the
Chitina country. The geologic investigation of the region bas established
the fact that these volcanic rocks have a considerable distribution, and
underlie the greater part of the \Nrangell mountains. Much of this territory,
however, is unfortunately not accessible on account of its numerous glaciers
and extensive ice-fields.

The main interest of the \iVhite-Nabesna region has centred in the oc
currences of native copper. ~o phenomenal ore bodies have yet been dis
covered, but it has been shown that primary native copper occurs in the
amygdules of zeolitic amygdaloids, a mode of occurrence unknown on the
Chitina side of the Wrangell mountains. This discovery is sufficiently
encouraging to warrant further development, and it is hoped that the nature
and extent of the deposit will soon be demonstrated.

From the descriptions given in the preceding pages, it will be apparent
that a lode-quartz region of some promise has been discovered in the Nut
zotin mountains, near the International Boundary, and that, as yet, it has
been but imperfectly explored by the prospector. I t was shown that the
intrusion of quartz diorite produced a number of contact-metamorphic
bodies of copper sulphides, and the occurrence on Jacksina creek suggests
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that the magma was also capable of effecting an auriferous mineralization.
From the meagre data at hand it is perhaps unsafe to venture on generaliza
tions, yet it is probable that the quartz veins are genetically related to the
intrusion of the post-Carboniferous quartz diorites and that, therefore, the
intruded areas are those most likely to be mineral bearing. Such areas are
known to occur throughout the Nutzotin mountains at a number of localities,
especially along the northeastern flanks. Brooks has mapped a large area of
granular intrusive on the lower Nabesna. It is probable that in the vicinity
of such masses the search for lode quartz may be prosecuted with the most
hope of success.

THE WHEATON RIVER DISTRICT, YUKON TERRITORY
by D. D. Cairnes

The season of 1909 was devoted to mapping and geologically investigat
ing a portion of sou thern Yukon, ex tend ing 5 to 7 miles on each side of
\iVheaton river, commencing 6 miles above its mouth at Lake Bennett, and
continuing over 20 miles up stream. This tract Ranks the Coast range of
mountains on their eastern side; while its southern edge is from 12 to 15
miles north of the 60th parallel of latitude (the British Columbia-Yukon
boundary).

During the summer of 1906 I surveyed and examined a portion of the
Conrad and \iVhitehorse mining c1istricts*. including \Nindy Arm and the
mining properties in the vicinity, and the lower stretches of Wheaton river.
Since this was completed, a large number of mineral discoveries have been
made along this latter stream. Some are situated in the western part of the
area described in the above-mentioned report; but the majority are farther
west. In fact, promising showings are to be fOlllld in various places, nearly
to the headwaters of the Wheaton. The belt investigated during the past
season includes all the known promising mineral properties south of the
Whitehorse Copper Belt, and east of vVindy Arm and the White Pass and
Yukon railway.

Claims have been staked in nearly all parts of the district surveyed
this past season, and, in spite of the extremely small amount of assessment
or development work of any kind that has, in most places, been performed,
several properties present a very encouraging appearance. Considering how
slightly the district has been prospected, it is somewhat remarkable that
so many deposits of ore have been found; and it is improbable that the best,
or more than a small portion of all the valuable deposits has yet been
discovered.

As soon as transportation charges on the railway have been reduced, so
that outfits and supplies may be obtained at a more reasonable cost, and
ore and concentrates shipped out at a moderate rate, there can be little
doubt that prospecting and mining will be stimulated, resulting in a number
of these properties becoming important producers.

A base-line, about two miles long, was measured along a tangent on the
White Pass and Yukon railway, commencing about half a rrlile north of
Robinson. From this base a triangulation was carried over the district. The
topography was filled in chiefly by the photo-topographic method, aided to

* Cairnes, D. D., Geol. Surv., Canada, Report on a Portion of the Conrad and Whitehorse
Ylining Districts, Yukon Territory.
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some extent by plane-table traversing. This latter method was also employed
in surveying all roads, trails, etc.

During the season, I was assisted by E. W. Banting, B.A.Sc., and W. A.
Bell, who performed in an efficient manner the greater portion of the
topographical part of the work. lVIr. Bell also assisted, at times, in the
geological work.

Topography

The district described in this report is included in the western portion
of the Yukon plateau, and extends westward to the eastern edge of the Coast
Range mountains. This plateau province, which has heen described in
previous reports*, is strikingly developed along the Wheaton river. It is
quite evident that the rolling expanse of almost featureless upland is a
portion of a recently unlift~d, and subsequently, deeply dissected, almost
base-levelled surface. The general level of this elevated tract is from 2,500
to 3,000 feet above the main intersecting stream beds, or 5,750 feet above
sea-level. Occasional monadnocks, or generally rounded hills, rise in places
above the surroundi ng expan::;e of upland, and consti tu te the only consider
able inequalities which subaerial erosive agencies have left to break the
monotony of the planated surface. The geological formations have no rela
tion to, and do not accord with, the land surface, the formations being, as
shown farther on in this report, of various origins, ages, textures, attitudes,
etc.

The walls of the main valleys are p;enerally steep, forming almost
perpendicular declivities at numerous points. This feature of the topography
has been accentuated and produced, in some instances, by glacial action.
The main ice masses occupied these depressions and were effectual in
straightening them and planing the slopes, and in widening and lowering
their floors; causing the valleys to be wide, deep, and steep-sided. The
smaller tributary streams flow ...vith gentle gradient in wide, shallow de
pressions, over the upland surfaces, bu t generally plunge suddenly over the
edges, by a succession of falls, through ravine-shaped incisions, to join the
main streams below.

Numerous well defined terracfs, at various elevations up to 700 or
800 feet above the stream beds, extend along the Wheaton valley and along
Partridge pass, Becker creek, and others of its main tributaries.

Below the Big Bend of the 'Wheaton, the river valley has an average
width of about one mile. Above the Big Bend, however, it is generally only
one-quarter to half a mile wide. The stream itself is still active, removing
the glacial gravels, sands, clays, etc., which, at one time, filled the valley to
a depth of several hundred feet. The river channel is exceedingly tortuOllS,
the course of the stream being easily altered in these slightly resistant
glacial materials. The valley walls rise abruptly 2,500 to 3,000 feet on each
side.

Flora and Fauna

The district is but sparsely forested: trees and shrubbery growing
principally in the valley flats, and seldom extending up the hillsides more
than 700 or 800 feet above the main depressions. The only trees of any

• D. D. Cairnes-Report on a Portion of the Conracl and Whitehorse Mining Districts,
Yukon. Summary Reports of the Geol. Survey Branch· 1906, 1907, 1908.
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considerable size are the white spruce (Picea alba); black pine (Pinus
Murrayana); and balsam fir (Abies subalpina); the spruce being by far the
most plentiful. Some good groves of the latter species, straight and well
grown, were noted in the valleys, the trunks seldom being larger than 12
inches in diameter, 3 feet from the ground. Black pine is occasionally found
interspersed with the white spruce, or at times forming separate groves,
either in the valleys or on the hillsides. The balsam fir is generally on the
slopes near timber-line. The two latter varieties seldom have more than a
lO-inch stump. Willow (Salix); dwarf birch (Betula glandulosa); aspen
poplar (Populus Iremuloides); balsam poplar (Populus balsamifera); and
western balsam poplar (Populus Irichocarpa); cover a considerable portion
of the valleys, and are found on the majority of the sidehills up to an eleva
tion of 4,000 feet above sea-level. The dwarf birch, in places, also extends
to the main plateau line.

Several varieties of wild fruit were noted in the district: mossberries;
high-bush cranberries (Viburnum pauciflorum); and low-bush cranberries,
were quite plentiful in places, also black currants (Ribes Hudsonianum);
red currants (Ribes rubrum); gooseberries; blueberries (Vaccinium); straw
berries (Fragaria cuneifolia); raspberries, and Saskatoon berries (Amelan
chior florida) were noted.

Moose and sheep are fairly plentiful in mdny localities, as are also
black, and grizzly bears. Caribou are less often seen. Wolves, wolverine,
beaver, otter, marten, and lynx, are somewhat rommon. Cross, black, and
silver foxes are also occasionally found. Ptarmigan exist in great numbers on
the higher elevations, and grouse of different varieties are fairly plentiful.
Rabbits, which a few years ago were so abundant, are now very scarce.

The streams and lakes are generally well supplied with grayling and
trou t.

Climate

The climate of southern Yukon is similar to that of many districts in
British Columbia and other northerly but prosperous mining camps of the
world, and in actual mining few more climatic difficulties have to be over
come, here, than in localities farther south. All necessary outside and surface
work in connexion with mining and similar industries may be continued at
least six months in the year. Besides, on account of the very long days at this
northern latitude, surface work may be performed during a considerable
part of the summer by night as well as by day, without the aid of artificial
light. The ground, in many places, is continually frozen to varying depths,
but this does not interfere with mining operations, except while work is
being done at or near the surface.

The rivers generally open early in May, but on some of the lakes the ice
remains until the first week in June. Slack water stretches freeze over any
time after the middle of October, but occasionally the rivers remain open
until well on in November.

Transportation and Communication

Two wagon roads have been built from Robinson, on the White Pass
and Yukon railway. One leads to Gold hill, a distance of 20 miles, and the
other, which is over 30 miles long, extends up Wheaton river. From these
and branch roads, which can readily be constructed, access can be had to all
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parts of the district, the different mining claims being from 12 to 3S miles
distant from the railway. A road could also easily be built, if necessary, down
the Wheaton valley to Lake Bennett, along the eastern side of which the
railway has been constructed. There is also an exceptionally good grade for
a railway, to near the headwaters of Wheaton river, from either Robinson
or Lake Bennett. The \Nhite Pass and Yukon railway connects at Skagway
with lines of boats sailing to Vancouver and Seattle.

General Geology

The geology of this district is somewhat complex, and many types of
rocks are represf'nted, including sedimentary, metamorphic, volcanic, and
plutonic. Highly altered schists, gneisses, and limestones, as well as more
recent andesites, have been extensively invaded by granitic rocks. This
complex is overlain by Jurasso-Cretaceous sediments which have been
intruded, and, in part, buried in turn hy andesites, andesitic tuffs, eruptive
breccias, granite and syenite porphyries, and basalts. Newer than all these
is a widespread series of trachytes, rhyolites, tuffs, and breccias, which are
hidden in places by superficial deposits.

Table of Formations

Qua ternary.

Pleistocene and late
Tertiary ....

Jura-Cretaceous.

. . Superficial deposits ..... Gravels, sands, silts, clays, volcanic
ash. etc.

( Wheaton River volcanics Rhyolites, trachytes, tuft', breccias, etc.
" ~ Carmack basalt. Basalt and basalt IlIffs.

l Klusha intrusives Granite and syenite porphyries .

. . . Chieftain Hill volcanics. Andesites, tuffs, and breccias.

1
Tantalus co.nglomerate. Chiefly conglomerates with some sand

stones, shales and coal seams.
.. Laberge senes Conglomerates, greywackes, sand-

stones, shales, etc .

J urassic ... . . . . . . Coast Range intrusives . Granites, granodiorite, and diorites.

. . Perkins volcanics.. . Andesites and andesitic tuffs.

Lower Pal<eozoic or older. Mt. Stevens series Schists, gneisses, and limestones.

Mount Stevens Series

The oldest rocks comprise a series mainly of chloritic, sencltlc, and
greenstone schists, schistose, quartzites, limestones, and gneisses. The
schists are chieRy fine-grained, greenish, chloritic rocks, varying in structure
from highly fissile to but slightly schistose. The sericite schists are generally
soft and friable, yellowish to greyish in colour, and finely foliated in struc
ture. The greatest thickness of limestone beds occurs on Schist mountain,
where they have an aggregate thickness of approximately 700 feet; the rock
varying from white to bluish, and from subcrystalline to crystalline. The
most prominent gneisses are fme-grained mica gneisses and coarsely crystal
line rocks presenting the appearance of crushed gabbros. All these rocks,
which are believed to be of lower Palreozoic age or older, have been much
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altered and plicated, and OCCllr in the form of small isolated areas hrought
up as infolds in the newer rocks- chiefly in the granites. A considerable
portion of the ores of the district occurs in the schists of this series.

Perkins Volcanics

More recent than the Mount Stevens group is a very homogeneous
series, the Perkins series, consisting chiefly of considerably altered, hard,
fine-grained, dark-greenish, andesites and andesitic tuffs.

Coast Ra.nge Intrusives

]nvading both of the auove-mentioned series are numerous outlying
areas of the granitic rocks of the Coast Range batholith, believed to be of
Jurassic age. These rocks are generally fresh and unaltered in appearance,
predominantly greyish in colour, and under the microscope prove to be
generally granod iorites. In places they are qui te porphyri tic -feldspar
phenocrysts H to 2 inches long having been frequently noted. The greater
number of the quartz veins of the district are found in these granitic rocks.

Laberge Series

:\Tewer than the granites arp the rorks of the Laberge series of Jurasso
Cretaceous age, which consist of shales, sandstones, greywackes, conglo
merates, and breccias. These beds are similar to those seen along Lake
Laberge and elsewhere in the Braeburn-Kynocks and Tantalus coal areas.
Medium textured, greenish-grey, heavily bedded greywackes frequently
alternate with fine-grained shales and slates. The conglomerates consist
chiefly of volcanic materials, the component pebbles and boulders-which
are as much as 6 inches in diameter -being usually firmly cemented to
gether. ] t is in the greywackes of this series that the ores of the Union
mines have been deposited.

Tantallts ConglOlnerate

Resting conformably on the Laberge beds are thuse of the Tantalus
conglomerate series, which have here an aggregate thickness of 300 to 400
feet. These conglomerates, etc., which are associated with all the bituminous
and anthracitic coals so far discovered in southern Yukon, have been
described in the author's previous reports on this territory. The series
consists chiefly of generally dark coloured, heavily bedded conglomerates,
the component pebbles of which consist entirely of chert, quartz, and slate.
Associated and interbedded with the conglomerates are a few beds of
sandstone and shale, and coal seams. The sandstones are composed, chiefly,
of the same materials as the conglomerates, but in a more finely-divided
state. The shales vary from light grey tu almost black, are generally thinly
laminated, and grade into typical slates.

Chieftain Hill Volcanics

Cutting all the above-mentioned formations is a series of mica-horn
blende, and augi te andesi tes, andesi tic tuffs, breccias, etc. They occur in
some places chiefly as dikes, but in others form quite extensive sheets and
flows. They vary from mica andesites, with greenish-grey to reddish ground
mass, in which are well defined plagioclase and biotite phenocrysts, to fine
textured, dark green basaltic-appearing augite andesites. They correspond
to, and include the members of, the Schwatka and Hootchi series of the
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Braeburn-Kynocks and Tan talus coal areas; bu t the characteristics that
served to distinguish these formations in these latter localities are not here
in evidence.

Klusha lntrusives

Newer than these andesites are numerous dikes of granite and syenite
porphyry, from 4 or 5 feet to several hundred feet wide. These are generally
light grey, coarsely crystalline rocks, and correspond to the 'Klusha In
trusives' of the Lewes and X ordenskiold Rivers coal districts.

Carmack Basalt

Dikes and sills of a medium textured, dark coloured basalt, occur in
numerous places, and cut all the above-mentioned formations. This basalt is
similar to that seen to the north, in Miles canon, and at other points in the
vicinity of Whitehorse, also in the Tantalus coal area, farther north, and
has, in the latter district, been included in the '('armack Basalts'. These
rocks and the KJusha intrusives are considered to be of late Tertiary age.

JVheaton River Volcanics

The most recent consolidated rock formation of the district consists
of a series of trachytes, rhyolites, tuffs, breccias, etc. These are prevailingly
light yellow in colour, becoming reddish in places owing to the oxidation of
small particles of iron pyrites. They are generally soft, and weather and
decompose readily, breaking, as a rule, into thin slabs. The mountain slopes
on which these rocks outcrop-when seen from a distance-are bright
yellow or red in colour, and are invariably covered with tal us.

Sltperjicial Deposits

The main valleys in this district are floored with glacial deposits, which
generally reach well up on the hillsides, extending in places even to the
higher elevations. The channels of the main streams are entirely in these
gravels, sands, silts, etc., insufficient time having elapsed since their depo
sition for the water to remove them from these depressions. In fact, some of
these principal pre-glaciaI waterways are still completely filled with such
material. Overlying these Pleistocene deposits are more recent accumula
tions, composed of fluvial and littoral sands, gravels, and silts of the present
waterways; muck, volcanic ash, and soil. The volcanic ash, which has been
mentioned in nearly all reports on any portion of southern Yukon, is a
notable feature in this district, consisting of a single, very evenly distributed
and widespread layer, which is 3 to 6 inches thick along Wheaton river,
and evidently due to one continuous, but short period of outburst. It is
much more recent than the silts--the most recent of the glacial deposits;
in fact, it is almost at the very surface, the grass roots extending down into it.

Economic Geology

With the exception of some coal seams found in one locality, this
district, from the standpoint of economic geology, is of interest chiefly for
its ore deposits. These might be arranged under three classes:

(1) Quartz veins generally carrying galena, and in places, telluride
minerals, chiefly sylvanite and telluric ochre. Arsenopyrite, zinc blende,
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pyrite, grey copper, bornite, chalcopyrite, malachite, azurite, dc., mayor
may not be present in small amounts.

(2) Fissure veins composed chiefly of stihnite with inferior amounts of
zinc blende, in either a quartz or a calcite gangue.

(3) Contact deposits.
Deposits belonging to this last class have been found only on one

property; but the veins occur in all parts of the district, those carrying
antimony minerals being, however, limited to the extreme southwestern
portion of the area.

The mining properties are here considered in order, frum east to west.

Union and Nevada Mines

The Cnion li1ines properties were located a number of years ago, and
a general description of them has already been published*. They are situated
on the east face of Idaho hill, and consist of three claims on which are a
number of nearly parallel veins occupying fissures in a fine-grained, greenish
grey greywacke. The majori ty of the veins have a general strike of N. 67° W, **
and dip from 60° to 80° to the southwest. Ten veins in all were seen, having
an average wid th of 4 inches to 12 inches; and others probably exist. The
minerals are chiefly galena, arsenopyrite, zinc blende, pyrite, and chalco
pyrite, and occur in a quartz gangue. Several veins from 8 inches to 10
inches thick, and highly mineralized with galena, arsenopyrite, and zinc
blende, were noted. The thickest discovered is 30 inches, ami consists, on the
surface, of decomposed material, chiefly quartz, pyrite, and galena. These
ores generally carry some gold, but are chiefly of value for their silver and
lead contents. All the work performed on these properties is of the nature
of surface prospecting.

The Nevada Mines are a group of claims adjoining the L nion mines.
Several quartz veins showing some arsenopyrite, pyrite, galena, and zinc
blende, have been found in them, and, to some extent, have been developed.

Stevens Mountain Claints

The Buffalo Hump Group, owned by Mc George Stevens, and consisting
of the Sunrise, Golden Slipper, and \iVheaton-all located on the north side
of Stevens mountain-- -are probably the most widely known claims in the
vicinity.

On the Golden SlipfJer claim, several hundred pounds of very rich quartz
have been found, containing free gold and sylvanite. Although, when
visited in August, the surface had been prospected somewhat carefully
and a drift 85 feet long, with a 20-foot cross-cut had been driven, the source
of the high grade float ore had not been discovered. The formation is chiefly
granite.

OIl the Sunrise claim is a 7-foot quartz vein in a fissure in granite, which
carries some galena and free gold. Little prospecting has been done here,
hence it is not known, even approximately, how much gold and silver the
average quartz carries.

On the Acme claim, owned by O. Dickson, is a lenticular quartz vein,

• Cairnes, D. D. Report on a portion of the COllracJ ancJ vVhitehorse Mining Districts,
Yukon .

•• All bearings in this report are astronomic, or true, the ma~netic meridian being
generally about 33° to the east of the astronomic.
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in chloritic schist, the quartz being in one place over 30 feet thick. It
appears, however, to be very slightly mineralized.

On the Hawk Eye group o[ three claims, owned by the 'Tally-Ho
Boys', and situated on the Wheaton River slope of Stevens mountain,
are two quartz veins averaging 20 inches, and 3 to 4 feet, respectively, in
thickness, which have been prospected to some extent.

On none of these claims on Stevens mountain has ore been iound in
place so far, rich enough to pay for mining. Still, extremely rich float has
been found near the summit of the hill in several places; and [ram the size,
angular character, and amount of the material, it is quite evident that it
has come but a short distance, and belongs to the hill on which it is found;
so that it is hoped that the vein or veins from which it is derived will be
discovered.

Big Bend Mountain Claims

The il1cDonald Fraction, which is situated near the western edge of
Big Bend mountain, is probably the best appearing prospect on this hill.
Outcropping on it, and occupying a fissure in granite, is a 2-foot vein of
quartz, well mineralized, chiefly with argentiferous galena, which, it is
claimed, contains gold and silver in very encouraging amounts.

The Silver Queen and Gopher claims are on the west side of Big Bend
mountain, near the :VfcDonald Fraction, and are the principal claims in a
group of seven, owned by the 'Tally-Ho Boys'. On the former is a 3-foot
vein of quartz in granite, and on the latter in greenstone schist is a lenticular
vein, which, at one point, is as much as 7 feet thick. These veins are reported
to carry important amounts of gold and silver.

The Tally-Ho Group

On the west side of the Tally-Ho gulch, which extends along the
western end of Big Bend mountain, the 'Tally-Ho Boys' have located eight
claims. The development work, for this group, all of which has been per
formed on one claim, consists of a 250-foot drift; a 10-foot winze; a 40-foot
raise, and a cross-cut about 15 feet long. The ore occurs in a brecciated
fault zone 4 to 5 feet wide in the granite formation, and consists of a quartz
gangue impregnated with galena, the quartz varying in width from 2
inches to 4 feet. Of five assays of samples taken by the author, the average
was close to $80 per ton in gold and silver.

Beeker Creek Claims

On the east side oi Becker creek, and on the west face of Anderson
mountain, is a strong, well-defined quartz vein, 4 to 5 feet wide, contained
in a fissure in granite. The strike of the vein is, approximately, N. 68° W,
and its atti tude is nearly vertical. I t can be traced nearly the en tire length
of the Rip and Wolf claims, and, in most places, is well mineralized with
argentiferous galena. A basalt dike 2 feet wid€' has split the vein, and
continues in it, for at least 2,000 feet.

On the Rip claim, owned by \iVm. McGrew, a drift 90 feet long has
been driven on the vein, the basalt dike in this distance crossing from one
side oi the ore to the other. The quartz obtained here should pay to work
even under present conditions.

On the Wolf claim, owned by Messrs. Clark, Dickson, and ]ohl1son,
the basalt dike splits the vein into two about equal parts. Approximately
40 feet of open-cutting and drifting have been performed on this property.
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The Fleming claim, located in July, 1909, by 'VIr. H. E. Porter, is
situated on a small hill on the west sidE' of Becker creek, and facing the
\iVheaton river. Here, certain beds of gneiss, which constitute a portion of
the old pre-Ordovician series, have been more or less replaced by quartz,
calcite, epidote, garnet, hematite, magnetite, pyrite, and chalcopyrite
with its oxidation products azurite and malachite. The schists strike
N. 42° V,:, and dip at 60° to 70° to the northeast. To such a degree has the
replacement proceeded that for a width of 30 feet, one schist band has been
almost entirely altered to iron and copper minerals, with some epidote,
quartz, etc. The 30 feet probably average about 1 per cent copper. Other
similar but narrower bands were noted.

The origin of the ore is almost certainly directly duE' to the invasion
of the granites which outcrop along the south side of the hill.

Claims on Gold Hill and Vicinity *
Considerable excitement was caused during the season of 1906 by tIlE'

finding of quartz carrying free gold and telluride minerals on what is now
the Gold Reef claim on Gold hill· -midway between the Watson and
Wheaton rivers, and 20 miles southwest of Robinson.

Since 1906, considerable development has been conducted on thE' Gold
Reef; but only a few pockets, from the size of a man's head, to one of 500
or 600 pounds of the rich ore-which contains free gold, sylvanite, hessite,
and telluric ochre-have been found: elsewhere, the vein, which is 4 or
5 feet wide, is almost barren, containing only occasional disseminated
particles of pyrite, and but slight amounts of gold and silver.

Of the large number of other claims which were located in this vicinity
in 1906, the only one on which any development work, other than assess
ments, has been performed is the Legal Tender. The vein on this property
is in a fissure in granite, and is 3 feet to 3 ft. 6 ins. thick, and consists of a
quartz gangue in which are disseminated particles of argentiferous galena
and chalcopyrite. The ore is claimed to have an average value oi ~40 per ton.
A lOO-foot drift has recentlv been driven on the vein.

During a recent assess~ent on the Lucky Boy prospect, a quartz vein
- -at least 7 feet wide-was uncovered, which carries some copper glance,
chalcopyrite, and malachite. As the vein is only stripped for a distance of
6 feet, very little information concerning it is available.

Carbon and Chieftain Hills, and Vicinity

A number of claims were staked on these hills during the season of
1893 by two prospectors: Frank Corwin and Tom Kirkman; who, during
the season, did considerable prospecting work on them. These men did not
return again, and the ground remained vacant until rediscovered in .-\ugust
1906, by Mr. H. E. Porter, who located eighteen claims on the hills. This
caused a general stampede to the vicinity, resulting in the staking of Cl

great number of claims.
A large proportion oi these claims, located during this rush, are still

held, but on only a few has any work, other than assessment, been ppr
formed.

Mr. Porter and Mr. William J. Fleming, of Chicago, own three claims
on Carbon hill, namely, the Porter, the Empire, and the Excelsior, which
have recently been surveyed. Un the Empire are the old workings -now

* D. D. Cairnes-A Portion of the Conrad and Whitehorse Mining Districts, Yukon.
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caved in-of Corwin and Kirkman. On the Porter claim a drift is being
driven to cross-cut a number of parallel veins, and when measured on
August 20, was in 160 feet. The veins which are all in fissures in granite,
strike about N. n° W, and dip from 40° to 50° to the northwest. The best
appearing onE' of these varies from 14 inches to 3 feet in thickness; can be
traced over 200 feet on the surface, and has every appearance of extending
murh farther. The ore appears to be chiefly stibnite and sphalerite, in a
quartz gangue. In places there are 12 to 14 inches of stibnite, with very
little gangue mineral. Five feet below this vein is another, from 6 to 12
inches thick, and similar to the former, but not so highly mineralized. There
are also two other veins within a few feet, which are from 2 to 6 inches wide,
and consist of quartz with small disseminated particles of galena and grey
copper, and, apparently, no antimony minerals. Samples from these two
veins have assayed as much as $80 per ton in gold and silver. I n a gulch on
the north side of Carbon hill, Mr. Charles Goddell has located some claims
on two parallel veins which are not more than 20 or 30 feet apart, and are
exposed for over 2,000 feet. These strike N. 80° W, have an almost perpen
dicular attitude, consist ('hiefly of quartz carrying some stibnite and arsenical
iron, and are 2 feet, and 2 to 6 feet thirk, respectively.

Besides the above-mentioned, a number of other veins from 6 inches
to 2 feet thick, were noted. These are more or less highly mineralized, chiefly
with antimony minerals, and occur, not only in the granite, but also in the
overlying sedimentaries.

The two main claims on Chieftain hill are the Morning-owned by
Messrs. ,\nderson and Eisenhauer; and the Evening-owned by Messrs.
Dixon and Johnson. These properties are located 011 the same vein, which,
near where it crosses Chieftain gulch, is 5 feet wide, and consists of quartz
highly impregnated with stibnite; a portion of the vein-2 feet wide
heing almost entirely composed of this mineral, which exhibits beautiful
columnar and radiated structures. Fifty feet from this place, in each direc
tion, the vein has narrowed to from 6 inches to 1 foot. This vein is in a
fissure, in a fine-grained, greenish andesite; it strikes almost due east and
stands nearly perpendicular.

Bush Mountain Coal Area

The Tantalus conglomerates which, in thE' southern Yukon, are known
to be coal-bearing, were found outcropping about one mile west of the
Union mines, on the ridge joining Bush mountain and Idaho hill, and
search was made for coal, which, if found in this locality, would be of
considerable value. Three seams were discovered: one over 6 feet, one
18 inches, and one of unknown thickness, but at least 3 feet. There were
indications of other seams; bu t as the ground was frozen and the coal deeply
covered, to have made a section of the measures, or even to have determined
the thickness of thE' different beds of coal, would have entailed a very
considerable amount of work. The measures were traced from the summit
of the ridgE' to near the valley bottoms of Schnabel and Folie creeks on the
south and north sides respectively. These creeks are here two miles apart,
and, opposite the coal, arc about 2,000 feet lower than the summit of the
ridge between them. The belt of coal-bearing formation is about half a
mile wide, ancl the rocks comprising it are much folded and disturbed. The
coal, which is bituminous, and of the same age as that at vVhitehorse and
Tantalus, should make a good fuel.
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Quartz Claims East of Whitehorse

After the close of the regular field season, a visit was made to certain
quartz claims east of the Lewes river, near Whitehorse.

These claims are situated near the summit of one of the most southerly
of the limestone hills in the range facing the town of Whitehorse on the
east. The Lewes river, after flowing along the southern end of this range,
turns suddenly at nearly right angles, and continues toward the north along
its western face. Hence, the claims, being on the southwest corner of the
range, are about equidistant from the river in either a southerly or westerly
direction. They are about 8 miles in a direct line, or 12 miles by trail, in a
southeasterly direction from Whitehorse; and the shaft on the GoJconda
claim is approximately 1,600 feet above the level of the town.

A good pack train, 7 miles long, has been built to these claims from
Canyon City at the head of Miles canon. Canyon City is situated on the
east side of the Lewes river, on the opposite side of the river from, and five
miles above, Whitehorse. A good grade is obtainable for a wagon road from
the claims to the river, either at Canyon City or other points above or
below: the claims being nearest the river at points a few miles above Canyon
City.

The claims themselves and the greater portion of the higher elevations
in the vicinity are exceptionally well forested for this portion of the Yukon
Territory. The principal timber trees are the white spruce (Picea alba),
and balsam fir (Abies subalpina) , the former being more abundant than the
latter. Trees with 16-inch stumps were noted, and those with 14-inch to
16-inch stumps are fairly plentiful. The average, however, of the larger
trees is not more than 10 inches in diameter, 3 feet from the ground.

There is also an abundant supply of water on the properties.
All the rocks seen on the claims and on the hills in the vicinity belong

to the limestone series which outcrops so extensively along Tagish lake; in
the neighbourhood of Whitehorse; alonR the Lewes river; and elsewhere
in the southern Yukon. Although not positively proved, it has been sup
posed* that these rocks are of Carboniferous age. These limestones are, as
a rule, very uniform, and generally appear as heavily bedded, subcrystalline
rocks, varying from dark grey to almost white, but prevailingly light grey
in colour. The chief impurities in them consist of small siliceous-at times
cherty-aggregates. Rarely, beds of somewhat arenaceous or argillaceous
material occur in the form of calcareous shales, and it is in a series of these
that the quartz has been deposited, along which the Golconda group of
claims has been located.

The GoIconda group consists of four claims: the GoIconda, Florence M.,
Concord, and Mohawk, all of which have recently been surveyed. The first
two were located by Mr. Arthur Thompson in 1899, and are still owned by
him. The other two have been located since and are owned by Mr. P.
Campbell, of Whitehorse.

The quartz along which these claims are located occurs in a soft, friable,
thinly bedded, somewhat iron-stained, calcareous shale, which will often
split into large flakes l6 to i inch thick. These shales have a total average

• G. M. Dawson-Report of Progress, 1887. R. G. McConnell -Report on Whitehorse
Copper Belt, Yukon Territory, and D. D. Cairnes- -Report on Portion of the Conrad and
Whitehorse Mining Districts, Yukon.
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thickness of about 100 feet, and are interbedded in the typical heavily
bedded limestones, which strike :N 41 ° Wand dip 40° to 50° to the north
east. Veinlets of quartz traverse these shales in all directions, the majority,
however, following the bedding planes, and, in places, they become plentiful
enough to form considerable masses of quartz. I n places, a great part of the
entire 100 feet is more or less invaded by these veinlets; individual stringers
widening out occasionally to several feet thick. The greatest amount of
quartz occurs near the centre of the shale belt, where for a width of from
6 to 26 feet it is almost free from rock; the material for a few feet on each
side also consists to a greater or less extent of interlacing quartz stringers.
This constitutes the Golconda vein, which can be traced the entire length of
the four claims staked along it, which comprise the Golconda group.

The main group follows the general strike of the shale and limestone
beds, and its dip appears to coincide with that of the enclosing strata.

The quartz, l>eing much harder than the shales, weathers less readily,
hence it stands out as a ridge from 4 to 12 feet high.

That the quartz is entirely confined to the shales and is not found
elsewhere is, apparently, entirely due to the fact that, the solutions carryin~

the quartz found greater facilities for circulation through these soft, friable,
thinly bedded materials than through the more compact, heavily bedded
limestones. Moreover, the shales have, naturally, been more shattered,
crushed, and broken than the stronger beds on either side; thus giving
additional fractures and planes of circulation in the shale belt for the
invading solutions.

Nearly all the work in this group has been performed on the Golconda
claim, and consists chieRy of a vertical shaft, apparently 60 or 70 feet deep.
The shaft may be somewhat deeper than this, however, as when it was
visited it was impossible to see the bottom on account of water. A few small
cuts, etc., comprise the remainder of the development work on the group.

Except close to the Golconda shaft the quartz is apparently entirely
devoid of mineralization except for rarely seen particles of free gold and a
slight amount of pyrite, which, in weathering, gives the quartz in places
a somewhat reddish appearance on the surface. Close to the Golconda shaft
the quartz contains some disseminated particles of chalcopyrite, and its
oxidation product malachite.

I t is claimed that assays as high as S40 a ton in gold have been obtained
from this quartz. I made, however, two carefully taken, average surface
assays: one at the top of the Golconda shaft, and the other from a place on
the Mohawk claim, where some work has been done. Large samples were
taken, and carefully quartered down. These were assayed by the Mines
Branch, and in each case the result gave only traces of gold and copper.
The Mohawk sample ran only a trace in silver; but the one from the Gol
conda claim gave 0·11 ounces silver to the ton.

It is possible that these samples do the properties injustice, as it is
well known how difficult or next to impossible it is, in the case of a vein of
free-milling quartz, to obtain a correct estimate of its value from the results
of a few samples. A great many samples must be taken, and, when possible,
a few tons of the material treated, before it is possible to decide as to its
worth.

WillialTIs and Men,itt C"eeks

After completing the work in the vicinity of Whitehorse, a few days
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were spent on V/iJliams and :Vlerritt creeks, wherE' recent copper prospects
are attracting some attention.

Merritt creek empties into Lewes river on its left limit, five miles below
Yukon Crossing; while Williams creek joins thE' river one mile farther
down. These two creeks, for several miles from their confluence with the
Lewes, have almost parallel courses, at practically right angles to this
river. Yukun ('rossing is about 155 miles from Whitehorse, measured along
the vYhitehorse-Dawson wagon road, and 230 miles from Whitehorse, by
the river, and is midway between \"/hitehorse and Dawson.

Merritt creek was formerly known as Merrice creek; and was so called
after Homer Merrice, who discovered placer here in 1898. By a mistake,
and believing it to be the original, the present name bas been adopted.
Williams creek is named after a prosper tor by that name, wbo was one of
the first to locate on this creek in 1898.

During the season of 1898 these creeks were prospected for quartz and
placer, for 25 miles from the Lewes river, and the old workings of this time
can still be seen in many places. From then until 1907-when practically
all the claims now being held were located-the district was unoccupied.

The only two rock formations which exist at all extensively in this
district consist chiefly of granites and amphibolites. The latter are the
older ancl are much altered, dark green, sheared eruptives, which consist
chiefly of plagioclase and green hornblende, in nearly equal amounts. The
schistose structure is generally quite pronounced; still, the rocks are practi
cally never thinly foliated. The granites are generally greyish to pinkish,
coarsely crystalline rocks. A thin section or a typical specimen examined
uncleI' the microscope showed it to be composed chiefly of orthoclase,
microcline, acid plagioclase, quartz, and biotite, with accessory apatite,
titanite, and magnetite, and a great amount of secondary cpidote and
chlorite. III all probability, these granites belong to the series of granitic
rock:; composing the Coast Range batholith, which are generally considered
to be Jurassic. The amphibolites lithologically correspond to certain pre
Ordovician rocks which have been studied in the vicinity of Dawson*,
and elsewhere in the Yukon Territory.

The granites have invaded the amphibolites to such an extent that the
outcrops of the two formations appear to be about equally extensive:
tongues, dikes, and irregular-shaped masses of the former being found
everywhere, where rock, in place, is to be seen.

The ore deposits of this locality occur either at or near the contacts or
these two formations, and are everywhere of the same character, consisting
of veins of quartz impregnated with copper minerals, chiefly bornite,
chalcopyrite, and malachite. Particles of free gold are also believed to have
been found on one property. The only apparent reason for the quartz being
always so near the contact is, that the mineralizing solutions which have
deposited the ores have found easier places for circulation in these some
what decomposed and fractured zones. The ores are apparently genetically
connected with the granites, the ore-bearing solutions being an after effect
of the intrusion of the granite mass.

The ores of the district are all of such a nature as to lend themselves
readily to treatmen t by concen tration.

All the claims and copper grants in the vicinity, on which any work has
---

* R. G. McConnell. "The Yukon Gold Fields", Geol. Survey Branch, Canada.
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been performed, or on which any ore is known to have been discovered, were
examined. The only ones, however, on which any considerable amount of
ore was seen, or which, from their surface showings, give promise of being
of value, are the Bonanza King, the Homestake, the Monte Cristo, and the
Dawson. It is quite possible, and even probable, that there is a considerable
amount of ore in this locality which has not yet been discovered, since the
surface is, in most places, covered with superficial deposits.

The Bonanza King is situated about one mile from the Lewes river, on
Nancy Lee creek-a tributary of Williams creek-joining the latter on its
left limit. This property is one of eight claims comprising the Bonanza
King group, owned by :.vIessrs. J. Munroe, J. View, and M. H. Boulais. All
the development work on the group has been performed on the Bonanza
King and Dawson claims. The work on the Bonanza King consists of 150
feet of drifting and cross-cutting, and a 30-foot shaft. The entrance to the
drift is 250 feet above the level of the Lewes river, at the mouth of Williams
creek; and the top of the shaft is 250 or 300 feet distant from the mouth of
the drift, and 200 feet above it.

The shaft is sunk on a vein of quartz which is 6 feet wide at that point;
but is lens-shaped and narrows rapidly in each direction. The vein is in
granite, near its contact with the amphibolite, and carries considerable
bornite, chalcopyrite, and malachite. Particles of free gold are also believed
to have been found here. Two samples of the better mineralized portions of
the vein, one taken near the surface and the other about 15 feet from the
surface, were assayed, and gave, respectively, the following results*; (1) gold
-trace; silver-trace; copper, 3·29 per cent; (2) gold--trace; silver-trace;
copper, 4·21 per cent.

The vein in the drift occurs in the contact between the granites and
amphibolites, and, where first encountered, is wider than elsewhere observed,
having a width of 5 feet. It narrows to a few inches in a distance of 20 feet,
in the direction in which the drift has been run. It was found, however, on
the surface on a level with the drift, and at a distance of 50 feet from where
first cross-cu t, and has here a thickness of 3 to 4 feet.

Both the vein at the shaft and the one in the drift strike approximately
in the same direction: ~. 45° W, bu t are not connected with each other. It is
possible that other similar deposits exist along this contact, either between
the two already found, or farther to the northwest.

The formation has here been considerably shattered and broken. One
very prominent fault plane, indicating a displacement of considerable
magnitude, was noted in the cross-cut and drift, having a strike about
parallel to the strike of the veins. So that the faulting will serve to further
complicate the working of these deposits.

An average sample of the 5 feet of quartz in the drift was assayed, and
gave the following: gold, 40 cents; silver, 0·30 of an ounce; copper, 1·56
per cent.

On the Dawson claim a 40-foot drift has been driven on a quartz stringer
in the amphibolites near their contact with the granite. The quartz, at the
surface, was only 2 inches or 3 inches wide, but at the end of the drift was
18 inches. The ore is very similar to that on the Bonanza King.

On the Monte Cristo claim, which is also on Nancy Lee creek, and is

*All assays given in this report were made in Ottawa by the Mines Branch of the
Department of Mines, Canada.
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owned by Messrs. Thompson and Granger, a vein has been discovered
which, where exposed, has a thickness of 5 feet. Within a few feet of this
are several parallel stringers a few inches wide. The vein-filling consi~ts

chiefly of quartz, bornite, chalcopyrite, and malachite. The surface is
covered, nearly everywhere in this vicinity, with drift and the products of
weathering and decomposition, making prospecting very difficult; so that
the chances of finding ore, at all, are but slight, even though there were a
number of valuable veins on this and the adjoining properties.

An average surface sample of this 5-foot vein was assayed, and gave as
follows: gold, 20 cents; silver, 0·20 of an ounce; copper, 1·00 per cent.

The Homestake is one of six copper grants of 160 acres each, located on
Merri tt creek, and owned by :Vlessrs. c:. L. Johnson, Chas. Seagam, and
1. B. Sanburn. The development work for the group has all been performed
on the Homestake grant, which is located on the south side of Merritt
creek, two and a half miles from the Lewes river. The valley of the creek
at this point is 300 feet above the average level of the river, at the creek
mouth, and the main workings of the property are about 150 feeL above the
creek bottom. There is a good grade for a road to this \Jroperty, from the
river, up Merritt creek.

The widest vein found on this property, and on which nearly all the
development has been expended, is 6 ft. 6 ins. wide, where it outcrops on the
surface. A drift has been driven on it, which, including several cross-cuts
run off it, has an aggregate length of 155 feet. The vein in the drift has a
width of from 12 to 55 inches, and is in the greenish schistose rocks near
their contact with the granite formation. Besides this main vein, other
stringers up to 10 inches wide were encountered in the drift and cross-cuts.

The formations along the face of the hill have been considerably shat
tered and faulted, causing the veins in the drift and elsewhere in the vicinity
to be often broken, rendering the working- of them somewhat difficult.

The main vein in the drift strikes about N. 83° E, and dips to the
northwest at 45° to 55°. Outcropping along the face of the hill, and a few
feet below the drift, is a connected series of elongated quartz lenses whose
maximum width is 3 to 4 feet; which is traceable for over 200 feet, and
strikes N. 42° W, the lenses usually dipping at 80° to 85° to the northeast.

Higher up the hill four other veins have been uncovered, having, where
exposed, widths of 14 inches, 16 inches, 2 feet, and 3 ft. 6 ins., respectively.

The wider veins are often of a composite character; consisting of a
zone of amphibolite, along the foliation planes of which, more or less quartz
has been introduced. In the drift, where it is widest, the vein consists of
a number of layers of schistose rock alternating with tabular masses of
quartz, the two being in about equal amounts. In places, however, along
this vein, and along others on this and neighbouring properties, the greater
part of the quartz in a cross-section occurs in a single mass or lens; the
lenses are, occasionally, connected, forming practically continuous veins
for considerable distances.

An average surface sample from the 6 ft. 6 ins. of quartz above the drift
was assayed, and gave: gold, 20 cents; silver-trace; copper, 0·28 per cent.

An average sample was also taken of a number of large pieces of the
better grade of ore from the d ifferen t surface exposures on the Homestake
property. This assayed: gold, Sl; silver, 1·30 ounces; copper, 0·92 per cent.

The solid rock formations on the Homestake and neighbouring grants
are nearly everywhere covered, and the finding of the quartz has been
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generally due to some such fortunate accident as the finding of particles of
quartz attached to the roots of an overblown tree. Since quartz has been
found at so many points, with little bedrock visible. it seems quite probable
that a large number of veins would be exposed if the mantle of superficial
materials could be removed.
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1910
In 1910 no field work was done in Yukon Territory.

1911
Introductory ~otes

In his Summary Report for 1911, page 4, the Director, Mr. R. W.
Brock, includes the following notes on field work in Yukon Territory:

"Mr. D. D. Cairnes was engaged on the Yukon-Alaska boundary line
between the Yukon and Porcupine Rivers.

"For the geological work in both Yukon and Alaska, a geological
section to the Arctic Ocean is needed, and the Ceological Surveys of the
United States and Canada are co-operating in this work, Canada becoming
responsible for the section along the boundary line from the Yukon to the
Porcupine River, and the Gnited States for the section from Porcupine
River to the Arctic Ucean. The total length of the combined section will
be about 340 miles.

"Returning from the field, Mr. Cairnes examined a number of quartz
properties in the neighbourhood of Dawson."

The preliminary reports by D. D. Cairnes, published in the Summary
Reports for 1911 and 1912 and dealing with his explorations along the
Yukon-A.laska Boundary north of Yukon River, are not reprinted here as
the information they contain was later published in Memoir ::--Jo. 67 as a
single complete volume, with maps, and a supply of this publication is still
available. Only that part of Cairnes' report for 1911 describing 'Quartz
Mining in the Klondike District' and including a note on Dublin Gulch
and vicinity is reproduced here.

QUARTZ :\'lINING IN THE KLONDIKE DISTRICT
by D. D. Cairnes

After completing the regular season's work along the 141st meridian*
(the Yukon-Alaska boundary) a few days in September were spent in the
examination of a number of the more promising quartz properties in the
Klondike district, mainly in that purtion of Dawson Mining district which
is situated along and between Indian and Klondike rivers and their tribu
taries.

Considerable interest has of late been displayed concerning the quartz
veins of the Klondike, and special efforts are being made to develop the
lode mining of this district, in the hope that a revenue may eventually be
derived from this source that will continue to foster the mining industry
of this portion of Yukon when the placer deposits have become exhausted,
which it is thought, however, will not be for many years to come.

Summary and Conclusions

Quartz veins are very plentiful in the schistose rocks of the Klonclike
district, and although the greater number of these deposits are small and

* For the results of this work see pp. 17-33 of this Summary Report.
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non-persistent, still the aggregate amount of quartz is very great. Occasional
very encouraging assays have been obtained, but with rare exceptions it is
not even approximately known what average amounts of gold the deposits
in the different localities contain. The quartz is practically all free-milling
and is but slightly mineralized, the only metallic constituents apparent
being pyrite, and rarely magnetite, chalcopyrite, galena, and native gold.

More systematic sampling and assaying should be conducted to obtain
a fair general idea of the gold content of the quartz, and the various deposits
should be more thoroughly prospected to ascertain their probably lateral
and vertical extent. In case the results of these tests prove sufficiently
encouraging, it would be particularly advantageous to have a stamp mill
built at some convenient point capable of handling readily and quickly
5 or 10 ton samples from the various deposits of the district; in this manner
claim owners could obtain sure and ready information concerning their
properties. This is virtually the only way that reliable results can be obtained
from these Iow-grade, free-milling deposits, as it is almost impossible to
obtain perfectly satisfactory results from ordinary assay samples, and the
expensf' of shipping small samples to outside points is practically prohibitive.

The Quartz Deposits

A great amount of quartz occurs in the old schistose rocks that are so
extensively developed in the Klondike district, and in some localities it is
in sufficient quantity to even constitute a considerable portion of the whole
rock mass. The quartz occurs prevailingly in veins which exhibit con
siderable variety of form, and are as a rule small and non-persistent, but
range in size from mere threads to masses several hundred feet in length
but in most places less than 10 feet in thickness; one vein, however, on
Yukon river below the mouth of \.aribou creek, exceeds 30 feet in thickness.

The most common type of vein is lenticular in form, the individual
lenticles measuring but a few inches in thickness and less than SO feet in
length; in places, however, individuals as much as 10 feet in thickness occur,
but even these are rarely traceable for any considerable distances. The
lenses in most places follow, in a general way at least, the strike of the
schistosity of the containing rocks, but along their dips they frequently
cut the wall-rocks at various angles.

Typical bedded or sheeted veins are also characteristic of some localities;
in this type of deposit the quartz occurs interleaved with the folia of the
schists, the individual quartz bands being generally but a few inches in
thickness; in places such deposits occur in zones up to 10 feet or more in
width that consist entirely of alternate quartz and schist JamelJ<e exhibiting
a wide range of relative proportions.

Typical fissure veins were also noted, but on account of the decidedly
schistose and fractured character of the enclosing rocks, these veins readily
pass into the lenticular or sheeted types, due to the fact that the solutions
from which the quartz was deposited, were naturally frequently diverted in
whole or in part from the particular channels along which they might at
any time be travelling, 011 account of the multitude of cleavage and fracture
cracks which intersect these rorks, affording thus numerous routes for
percolating waters. All types of veins are thus liable to bifurcate or branch
out, and smaller veins frequently unite to form larger deposits. In places
along lines of previous excessive fracturing, mineralized zones occur in
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which several of the vein types are represented; lenses, sheets, pockets, and
various irregular deposits of quartz may be 'separated by and include
varying amounts of wall-rock, and the whole be intersected by, or associated
with numerous stringers and fissure veins of quartz.

A notable feature of some of the veins is the presence in them of oc
casional feldspar crystals indicating their relation to certain pegmatites
in the vicinity. In this connexion Mr. McConneII says*: "A few examples
of typical pegmatite veins or dykes occur in the district, and in one case, a
coarse-grained pegmatite vein was observed to pass along its strike into a
purely siliceous rock. The aqueo-igneous origin of the pegmatites, and their
close genetic connexion with certain classes of quartz veins, maintained by
various writers, is supported by the facts observed in the Klondike district."

The quartz veins are in most places but slightly mineralized; pyrite and
more rarely magnetite occur in places in sufficient quantity to produce a
reddish coloration on the exposed and oxidized portions of the veins, and in
a few places the quartz contains particles of galena, chalcopyrite, and native
gold.

The Economic Importance of Quartz

Often fair and occasionally even high assays are obtained, and in places
the quartz shows native gold, but, except in possibly a very few instances,
it is not known even approximately what average amounts of gold the
quartz contains. From the various properties that have been examined,
however, the gold that does occur is always either associated with metallic
sulphides or is at or near the contact between the quartz and schists; in
the latter case the gold is generally found in both vein material and wall
rock.

It would thus seem possible that some of the fractured zones that have
become irregularly impregnated with quartz, may prove of greater value
than the more clearly defined massive veins, since the former contain a
greater area of contact-surfaces in the same volume or weight of material.
However, the majority at least of the mineralized zones that have been
examined, do not appear to be sufficiently persistent to allow of their con
taining sufficient quantities of pay-ore to make a mine; it is possible,
nevertheless, that larger and more richly mineralized zones may yet be
found. In a number of places several veins or mineralized zones which were
noted in close proximity to each other could be worked conjointly. These
would yield a considerable tonnage, and would become important producers
if the bulk of the quartz will pay for milling. It is thought that, since the
majority of the veins are non-persistent, the successful exploitation of the
quartz of this district will largely depend on finding groups of veins or
mineralized zones sufficiently close to allow of their being worked con
jointly.

The deposits that have already been discovered in Klondike, in all
probability represent but a small portion of the quartz that actually exists
in the district, as bedrock is covered by superficial deposits in most places,
except along the summits of the hills and ridges, and along the sides of the
secondary valleys, where the bulk of the quartz occurs that has so far been
found; other discoveries have been largely accidental and due frequently

* McConnell, R. G. "Report on the Klondike gold fields": Ann. Rept., Geol. Surv.,
Canada, Vol. XIV, p. 63 B.



346

to placer operations. It is, therefore, probable, that future prospecting and
development will disclose numerous deposits that are at present unknown.

~10re development should be performed, however, in connexion with
the quartz deposits of the district that have been already discovered, with a
view to ascertaining their extent, and more systematic sampling and assay
ing should be performed in order to determine within reasonable limits, at
least, the average values of the materials they contain. I t seems probable
that at least the upper weathered and decomposed portions of a number
of the deposits could be profitably milled, due to the fart that the district
has not been glaciated, and a certain surface concentration of gold is to be
expected, and in places is known to occur.

Prospectors and others interested in Jode mining frequently do not
sufficiently realize the importance of assays, and when thesp are made, in
probably the majority of instances in Klondike district, they are from
samples that are not representative of the deposits from which they are
taken. Two reasons seem mainly to account for this condition: one is that
it is not as convenienl to have assays made in Yukon as in most mining
districts, and moreover it is frequently realized how difficult it is to obtain
really representative assay samples from free-milling deposits.

The most reliable and satisfactory results for such ores are obtained
from mill tests of at least 5 or 10 ton lots. A sampling mill capable of making
tests of 10 ton samples of the different quartz Jeposits of this district would
greatly facilitate the development of the industry, and would stimulate
prospecting throughout the district. With such a mill situated somewhere
in the vicinity of Dawson, sufficient information could be obtained in a
short time, possibly in one or two seasons, to demonstrate whether the
Klondike has or has not a future in quartz. If these deposits are not prof
itably workable, the sooner this is known the better it will be for those
owning, holding, and developing such properties; also if a number of
deposits are sufficiently rich to become producers, the earlier this fact is
established the greater will be the benefi ts that will accrue to the terri tory
in general and to those most interested. In the meantime, however, it is
important that more definite information be obtained concerning the
extent and average value of thp various deposits throughout tlw district.

Mining Properties
General Statement

Among the more promising quartz properties in the Klondike district,
and those on which the most energy has been expended in development,
are: the Lone Star grou p, near the head of Victoria gulch, a tribu tary of
Bonanza creek; the Violet group, situated along the divide between EldoracJo
and Uphir creeks; the VIitchell group, on the divide between the heads of
Hunker and Goldbottom creeks; the L10yd group and neighbouring claims,
situated along the divide between the heads of Green gulch and Caribou
gulch, tributaries respectively of Sulphur and Dominion creeks; and several
groups of claims on Bear creek near where joined by Lindow creek. Uf these,
the Lone Star was the only property on which any work, other than the
necessary assessment duties, was being- performed during the summer
of 1911.

In addition to tlw above-mentioned properties, considerable enthusiasm
has been aroused during the past two seasons over a number of rlaims
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staked on Dublin gulch, a tributary of Haggart creek \vhich drains into
the south fork of McQuesten river. This locality is not in the Dawson mining
district, but is in the Duncan ('reek mining district; it is, nevertheless,
frequently spoken of as being in the general Klondikf' district and will be
here so considered.

The Lone Star Group*

The Lone Star group is situated near the head of Victoria gulch, a
tributary of Bonanza creek. This property is owned by a join t stock com
pany with head office in Dawson and having a capitalization of $1,500,000;
the president, Dr. Wm. Catto, as well as the secretary-treasurer, and the
majority of the board of directors also reside in Dawson.

On these claims two main veins, or really olle vein and a mineralized
zone, have been discovered, which have been, by the owners, designated
respectively the 'Corthay vein' and the 'Boulder lode'; these ocrur in much
metamorphosed sericite and chloritic schists. The Boulder lode strikes
N. 50° W.,** dips from 70° to 80° to the S.VV., and is in most places at the
surface from 3 to 10 feet in width, containing 1 foot to 7 feet of quartz. This
'lode' has been traced definitely along its outcrop for 400 feet, and quartz
is exposed at various points in the same general line of strike for 600 feet
farther, indicating that this zone may persist for this distance. The quartz
occurs prevailingly in lenses, sheets, and irregular bodies ranging in size
from those that are only microscopically observable to others 3 or 4 feet
in thickness; these are in t<.:rbanded or in terfoliated wi th the sch ists, ancl
generally agree with them in strike, but along their dips cut the planes of
schistosity of the enclosing rock at various angles up to 90°. In places masses
of practically solid quartz as much as 4 or 5 feet thick occur, but such a
condition is rather exceptional. ;'\Jumerous fissure veins or stringers less
than 6 inches in thickness, intersect the main zone. in various dirertions.

The Corthay vein strikes .f\i. 14° W., has an almost perpendicular
attitude, and where it has been explored is much more regular than the
Boulder lode; this deposit also resembles more an ordinary compound
fissure vein, and consists mainly of quartz which is in most places from 3 to
6 feet in thickness.

The quartz of both the C:orthay vein and the Boulder Jode is but
slightly mineralized, the only metallic constituents that were noted being
pyrite and native gold. The pyrite occurs as scattered particles or in small
bunches, and is in sufficient amount in places to give the quartz a rusty
appearance where weathered. The native gold occurs mainly as occasional
grains and nuggets both in the quartz and wall-rorl<, but prevailingly near
their contart, and is in places quite well cryslallized.

An open-cut about 70 feet long, 10 feet wide, and having all averagp
depth of approximately 15 feet, as weJJ as 8 or 10 smaller surface cuts or
pits have been dug at intervals along the strikp of the Boulder loue. A
cross-cut tunnel 310 feet long has also been driven, from which, when
examined in September, 1911, about 40 feet of drifting had been run on the
Boulder lode which at this depth of approximately 60 feet was much
narrower than at the surface and contained in most places less than 2t feet

* McCollneJl, R. G. "Report on the KJonclike gold fields": Ann. Rept., Geo!. Surv.,
Canada, Vol. XIV, pp. 64 £3-65 B.

** All bearings given ill this report are astronomic or true. Thp maguetic declination
in the Klondikt: district is in most places 35° east.
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of quartz. A vertical shaft has been sunk through the schists and tapped the
Corthay vein at a depth of 60 feet where the quartz was about 4 feet thick.
Another shaft 40 feet deep has been sunk on the Corthay vein and was
connected with a drift from the tunnel by a 30-foot upraise; a drift 70 feet
long was also run from the bottom of this shaft.

A four-stamp Joshua Hendry mill has been erected on this property,
and a gravity tramway 3,500 feet long has been constructed to convey the
ore from the workings to the mill on the creek about 900 feet below. A power
line 4 miles long was about completed in September, which was to convey
power to the mill from the power line of the Northern Light and Power
Company on Bonanza creek, the cost of the power to be at the rate of three
cen ts per horse-power.

Miners working on this property and in the vicinity receive $4 per day
(10 hours) and board.

The manager of the Lone Star group claims to be able to mine and mill
the ore from this property for $3.50 per ton. It is not known what average
amounts of gold the quartz und adjoining rock there contain, but a number
of promising assay returns have been received and the tests that have been
made indicate that at least the somewhat decomposed superficial portion
of the Boulder lode and possibly of the Corthay vein as well should pay to
mill. No definite information was obtained concerning the remaining por
tions of the deposi ts.

The Violet Group*

The Violet group is situated on the divide between Eldorado and Ophir
creeks, about 5 miles from Grand Forks, and consists of four claims and a
fraction, all of which are Crown granted. It is claimed that $60,000 has
been spent in developing this property which, however, was sold by public
auction in September, 1910, and acquired by the present owner, Mr.
H. H. Honen.

Three veins are reported to have been discovered on this property, but
the bulk of the work has been done on one of these which strikes in a south
easterly direction with the enclosing schists, but dips across them. This vein
is in most places from 3 to 6 feet in thickness, and the quartz composing
it is crystalline and contains considerable reddish feldspar giving it a pegma
titic appearance. The quartz contains considerable iron which near the
surface weathers and gives the vein a rusty appearance; particles of galena
were also noted. It is not known what amounts of gold this vein contains
but it is stated to average $10 to $11 per ton.

Three shafts, respectively 55 feet, 35 feet, and 150 feet in depth have
been sunk on the property, and 300 feet of drifts have been driven; in
addition, one open-cut SO by 12 by 15 feet approximately, and a number of
smaller cuts have been dug.

The Mitchell Group

The Mitchell group is situated on the divide between the heads of
Hunker and Goldbottom creeks, and consists of abou t 27 claims which are
owned by Mrs. Margaret J. Mitchell.

A number of quartz veins occur on this property, but as the surface of

* McConnell, R. G. "Report on the Klondike gold fields"; Ann. Rept. Geo!. Surv.,
Canada, Vo!. XIV, p. 65 B.
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the ridge on which these have mainly been discovered is in most places
covered with superficial materials, it is not known either how many veins
may be present, nor even how many veins the known occurrence of quartz
represent, as considerable stretches of bedrock are still covered between
the different exposures. Quartz occurs in a number of small cuts or trenches
more or less in alignment, that have been made on one part of the property
at intervals throughout a distance of about 2,000 feet, yet this by no means
proves that the quartz all belongs to the same vein; in places, trenches were
sunk to bedrock across the supposed line of strike of this vein, and no
quartz was encountered; and further, the exposures themselves are, in
places, decidedly lenticular in form. For 600 to 800 feet, however, quartz
has been found along a N. S° W. direction wherever bedrock has been
exposed to view, which is at frequent intervals; it would thus seem that for
this distance either a fairly regular fissure vein or a nearly connected line
of quartz lenses occurs. Other parallel lines of exposures were also noted,
indicating that at least 3 or 4 veins and possibly many more than this
number occur.

The quartz is all deposited in sericite schist, and whenever contacts
between the quartz and wall-rock were noted the quartz cuts the schist
folia along both dip and strike. The veins range from a few inches to 7 or
8 feet, but are in most places from 2 to 4 feet in thickness; the quartz gen
erally contains almost no metallic constituents, but in places exhibits
considerable disseminated pyrite which causes weathered surfaces to have
a rusty appearance. A few particles of galena and native gold were also
noted.

Only a few samples were taken from this property, but the results
obtained from the analysis of these few, all indicate that the white un
mineralized quartz rarely carries more than traces of gold, which mineral
almost invariably occurs either associated with the metallic sulphides or
near the contact of the quartz and schist, and in either material.

The development work performed on this property consists mainly of
a number of open-cuts, shallow trenches, and pits, and also a shaft 80 feet
deep, from which a SO-foot drift has been driven. The shaft was filled with
water when visited, but a grab sample was taken from the dump, which
assayed $5 in gold per ton*; this is the highest assay obtained from the
various samples taken by the writer from the Mitchell group, although
much higher returns are believed to have been received from other samples
taken previously. It, therefore, appears that, although the aggregate amoun t
of quartz on this group of rlaims is considerable, by no means all the material
will pay for treatment. The various veins should thus all be systematically
sampled, to obtain an estimate of their probable average values, and to
determine approximately the veins and portions of these that will pay for
mining and treatment.

The Llo-yd Group

The Lloyd group is situated at the head of Green and Caribou gulches,
tributaries respectively of Sulphur and Dominion creeks, and consists of
17 Crown-granted claims owned by Messrs. James Lloyd, J. :\. Segbers, and
Wm. Nolan.

*All the samples that were taken by the writer from the various claims in the Klondike
district durini the past season, were assayed by the Mines Branch of the Department of
Mines, Ottawa.
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A number of exposures of quartz 2 to 6 feet in width occur on this
property, but in only a few places could the thickne~ses of the veins, and
their relations to the wall-rocks be determined; the other known occurrences
of quartz were either still more or less covered with superficial materials, or
the various shafts, cuts, etc., that had at one time exposed the veins,
contained considerable water or other materials that had drained or fallen
in since the work was performed. One vein, however, was well exposed in a
2S-foot shaft near the cabin; this deposit has an average thickness of about
3 feet, strikes .:--J. S8° W., dips at angles of 60° to 70° to the N.E., and cuts
across the foliation planes of the schist wall-rock with every aplJearance,
in the shaft at least, of being a typical regular fissure vein. The wall-rocks
everywhere observed are sericitic or chloritic schists.

The quartz outcrops on this property are in most places from 2 to 3
feet in thickness, and represent at least 3 or 4 veins and possibly more. Jn
different portions of the claims exposures of quartz, approximately in align
ment, were noted at various intervals extending throughout distances of
several hundrecl feet, but until more development has been performed, it will
be impossible to decide whether these lines of exposures each represent one
continuous vein or several more or less connected lense-shaped deposits
such as characterize the schistose rocks of that district.

The quartz is chara,teristically white and generally but slightly
mineralized; however, in some places, the veins carry considerable dis
seminated pyrite which where oxidized gives the quartz a reddish iron
stained appearance; occasional particles of galena were also noted.

Concerning the average gold content of the quartz, but little is known.
The writer took only three samples from the different veins of the L10yd
group, and all yielded merely traces of gold. However, one of the owners of
these claims had what he considered to be an average sample of one of the
veins tested during the time J was in Dawson, and this gave $10.60 in gold
to the ton; and other still higher assays are believed to have been obtained
at different times. In this connexion, however, it is to be remembered, as
previously men tioned, how extremely difficuJ tit is to get satisfactory
results from assay samples of low grade free-milling ores; the samples taken
by the writer may not be at all representative of the veins from which they
were taken. To obtain reliable information concerning such ores, either a
great number of assays must be taken, or mill tests must be made.

Considerable prospecting work has been performed upon this group
of claims, mainly as follows: about 10 shafts having an average depth of
approximately 30 feet have been sunk, the deepest of these being down S6
feet when visited in September; in addition a number of open-cuts and
trenches have been dug.

Bear Creek

A number of quartz claims, probably 30 or 40 in all, owned by John
.\ficholas and others, have been located on the right limit of Bear creek near
the junction of this stream with Lindow ,reek. The schistose bedrock at
different points on these claims, contains deposits of quartz impregnated
with more or less pyrite, and in places showing particles of native gold
that is occasionally quite crystalline. It is not known what average amounts
of gold the veins in this vicinity contain, but it is claimed that a number of
promising results have bepn received.
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Dublin Gulch and Vicinity

Dublin gulrh is a tributary of Haggart creek which drains into the
south fork of McQuesten river. A considerable number of claims have been
located on Dublin gulch and in that vicinity, extending throughout a belt
about 8 miles long. This locality has not been visited by the writer, but some
quartz deposits near Dublin gulch were examined and reported upon by
:vir. Joseph Keele* of this department in 1904.

During the past two seasons, especially, a number of discoveries that
are reported to be very promising have been made in the Dublin Gulch
locality, with the result that a considerable renewal of activities and enthu
siasm has been evidenced; old claims have been relocated, new claims have
been staked, and prospecting has received a decided stimulus. Some of the
main claim holders in the district are Or. Wm. CaUe, Mr. Jack Stewart,
and Messrs. Fisher and Sprague.

vVhile in Dawson, the writer was shown a large number of specimens
of the ores from Dublin gulch and the surrounding district; these all con
sisted mainly of quartz carrying varying quantities of mispickel (arseno
pyrite or arsenical iron lJyrite) and occasional particles of pyrite; the quartz
in places was coated with a yellow ferric arsenate. A few typical samples
were selected and an average assay has been made from these, which yields
3·98 ounces of gold, or $79.60 per ton.

* Keele, J. "The Duncan Creek mining district": Ann. Rept. Geal. Surv., Canada,
Va!. XVI, 1904, pp. 38A-39A.
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1912
Introductory Note

In his Summary Report for 1912, page 2, the Director, Mr. R. VV.
Brock, includes the following note on field work in Yukon Territory:

"M r. D. D. Cairnes completed the geological section along the 141st
meridian between the Yukon and Porcupine Rivers. This is part of a geo
logical section across the northern Cordillera undertaken in co-operation
with the United States Geological Survey, which assumed responsibility
for that portion between the Porcupine and the Arctic Ocean. This section
is being made as reference section for the correlation of the geological forma
tions of Alaska and the Yukon district. The most interesting result of Mr.
Cairnes' work is the recognition of the Cambrian formation in this section,
which consists of dominantly sedimentary rocks of Mesozoic, Palceozoic,
and Precambrian age; the entire Palceozoic appears to be represented."

The preliminary report by D. D. Cairnes, which followed in the
Summary Report for 1912, and which dealt with his explorations along the
Yukon-Alaska Boundary north of Yukon River for that year, has not been
reprinted as the information it contains was later published with that of
the Summary Report of 1911 in Memoir No. 67 as a single complete volume,
with maps, and a supply of this publication is still available.



353

1913
Introductory Note

In his Summary Report for 1913, page 4, Mr. R. W. Brock, Deputy
Minister, Department of Mines, provides the following note on field work
in Yukon Territory:

"Mr. D. D. Cairnes conducted a geological reconnaissance along the
Alaskan-Yukon boundary line in the Upper White River district, where
native copper occurs in economic importance at one point. During the
season the Chisana placer gold district in the adjoining portion of Alaska
attracted attention; as the conditions are similar on both sides of the line,
it is hoped that placers may be located on the Canadian side."

The preliminary report by D. D. Cairnes published in the Summary
Report for 1911 and 1912 dealing with his exploration in the Upper White
River district is not reprinted here, as the information it contains was later
published in Memoir No. SO, of which a supply is available.
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1914
Introductol'Y Note

In his Summary Report for 1914, page 3, R. G. :\1c('onnell, Deputy
Minister, Department of Mines, submits the following note on field work
in Yukon:

"D. D. Cairnes spent the summer in general exploratory work in the
southwestern part of Yukon Territory. i\ large part of the area was little
known either geologically or geographically and, since placer gold, gold ores,
copper ores and lignite were known to occur there, it was considered im
portant that its mineral resources generally should be reported on. Mr.
Cairnes made a number uf traverses across the district and examined most
of the creeks."

EXPLORATION IN SOUTHWESTERN YUKON
by D. D. Caimes

Introduclion

Reasons for \Vor]{

The summer of 1914 was spent by the writer in conducting general
exploratory work throughout the southwestern 1J0rtiun of Yukon Territory
north of the latitude of v\"hitehorse. The work was undertaken for the
purpose of obtaining as much information as possible relative to this ex
tensive region, concerning the greater part of which very little was known of
a geologiral or even, in places, of a geographical nature.

Placer gold has been mined un a number of creeks in Kluane district
since 1903, and has also been produced in small quantities from Nansen
district since 1910, having been originally discovered there in 1899. Deposits
of lignite were also known to occur in Kluane district, and placer gold, gold
ores, copper ores, lignite, and other minerals were reported to have been
found at a number of other points throughout this general region. Neverthe
less, although this section of Yukon would thus seem to possess considerable
promise of future eronomic importanre, almost the only authentic informa
tion available concerning it was the result of the work of .Mr. R. G. Mef~on
nell who spent the summers of 1903 and 1904 in Kluane district l and along
certain headwaters of \i\1hite river2 , and even these investigated areas
include only a very small portion of Southwestern Yukon. :lVIoreover, since
1904 practically no information at all had been obtained concerning the
entire region here under consideration, until 1913 when the writer devoted
part of the summer to the examination of Upper White River district,3
which, however, also occupies only a small section of the extreme western
part of this wide, largely unexplored tract.

I McConnell, R. G., "Headwaters of White River": Geol. Surv., Canada, Sum. R"pt.
for 1905, pp. 19-26.

2 McConnell, R. (;., "The KllIane :Vlining district": Geol. Surv., Canada, Slim. Rept.
for 1904, pp. 1A-18A.

3 Cairnes, D. D., "Cpper White River district"; Geol. Surv., Canada, Sum. Rept. fur
1913. "Upper \iVhite River district": Geol. Surv., Canada, Mem. No. 50, 1914.
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It seemed very desirable, therefore, and even urgent that as much
economic and scientific data as possible should be obtained concerning this
region, particularly since placer gold in economically important amounts had
been discovered during the summer of 1913 in Chisana district*, Alaska,
not more than 30 miles west of the Yukon-Alaska International Boundary
line. As a result of the finding of gold in Chisana, a large number of pros
pectors, miners, and others hac! passed through or visited the adjoining
portions of Yukon, and many of these prospectors had either remained in
Yukon or had returned there, and were reported to have made important
discoveries of valuable minerals in various localities. Accordingly the
writer was instructed to spend the field season of 1914 in Southwestern
Yukon, and to obtain as much general information as possible concerning
this region, special attention to be given to the occurrences of economically
important mineral deposits.

VVork Pcrfornlcn

The greater part of the summer was devoted to traversing, although
some areal mapping was also pf'rformed. The different traverses were
located so as to crosscut the major geological and physiographir features or
terranes of Southwestern Yukon along a number of somewhat widely
separated lines, and were so arranged as to connect with or pass through the
leading mining areas. It was hoped to obtain in this way the greatest
amount of valuable information concerning this region, in the shortest pos
sible time.

Commencing at \Nhitehorse, a traverse was run along the wagon road
to Kluane, a distance of 150 miles, and the geology was mapped along the
route for a width of from 2 to 6 miles, the mapped portion being, however,
in most places from 3 to 4 miles wide. Along this traverse, as in the case of
all the other traverses this season, the width to which the geology was
mapped on either side, was conditioned largely by the accessibility of rock
outcrops.

From Kluane, a traverse was extended to Tansen creek, Cl distance of
103 miles. Trails were followed where they occurred, but for thf' greater part
of this distance no trails, or at best, only poorly defined Jndian trails were
available. The geology was mapped along the line of trawl for a width of
from 3 to 6 miles, the mapped strip being in most places, however, about
4 miles wide. During this trip the gold-bearing gravels on Ruby creek and
on Fourth-of-July creek and its tributaries, were examined. Also an area
10 miles long, by n miles wide, including Nansen creek, was geologically
mapped. This area is here designated ?\Tansen rlistrict, anu includes all the
known gold-bearing creeks in that vicinity.

Returning again to Kluane, a traverse was made along the upper
(south) end of Lake Kluane to near the north end of the lake, and was from
there continued up Burwash creek, clown Wade creek to Donjek river,
down the Donjek and across this river to Wolverine <reek, up Wolverine
creek to its head, thence down Harris creek to Generc river, across the
river, and from there to Canyon City, a distance from Kluane of 132 miles.
A blazed trail was followed the greater part of this distance. Between

* Cairnes, D. D" "Thl' Chisana Gold Fields": Jour, Can. M£n. IitSt., \'01. xvii, 1914,
pp. 33-64.
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Kluane and Canyon City, the placer gold gravels of Bullion, Sheep, Bur
wash, and Arch creeks were examined; the lig-nite deposits at the head of
Sheep creek and between the upper portions of Burwash creek and a trib
utary of Duke river were investigated; and the copper deposits along
Quill creek, and between this stream and Burwash creek were visited.

After arriving in Canyon City, which is situated near the southern end
of Upper White River district, camp was moved to near the mouth of Pan
creek. The gold-bearing gravels on this stream and on adjoining creeks were
then examined, and afterwards about a week was devoted to completing
the geological mapping in the northern portion of Upper White River
district. A number of hills or mountains within this district were not ex
amined the previous summer (1913) owing to lack of time, as the writer had
to leave the field early in August to act as guide on certain of the excursions
of the International Geological Congress.

Having completed the geological mapping of Upper White River
district, a traverse was commenced at the mouth of Sanpete creek, and
extended to the mouth of Coffee creek on Yukon river, a distance of 91
miles. Throughout this distance, the geology was mapped for a width of
from 2 to 4 miles, the mapped strip, in most places, being, however, about
3 miles wide.

Altogether about 476 miles were traversed, and as the geology was
mapped along the routes travelled for an average width of about 4 miles,
approximately 1,900 square miles were geologically mapped along these
traverse lines; in addition, the topography was also approximately sketched
along both sides of the travelled routes. Also, Nansen district with an area
of over 75 square miles, as well as portions of the northern part of Upper
White River district, were mapped, making a total of about 2,100 square
miles of geological mapping. Further, the gold-bearing gravels, copper
deposits, lignite seams, and other occurrences of economically important
minerals were examined throughout Kluane and ='Jansen districts, as well as
in portions of Upper White River district.

I n traversing, the distances were estimated by means of an odometer
or measuring wheel. The routes were plotted, and the topography on either
side of the traverse lines was sketched on a plane-table sketch board. Sun
azimuths were taken morning and afternoon to correct the magnetic read
ings of the compass needle on the sketch board. The work was plotted in the
field on a scale of 192.~-OO or about 3 miles to the inch. In Nansen district,
the base lines on the various creeks, run by H. G. Dickson, D.L.S., of
Whitehorse, Yukon, were used as a base, and these traverses were extended,
where it was found necessary, to complete a drainage map of the area, on
which to plot the geology.
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Extent of Report

In this summary report the more salient features of economic interest
will be described and the general geology of certain areas or localities will
be briefly outlined, where such an outline is necessary to a clear under
standing of the importance of the mineral deposits. It is the intention of the
department later to publish a memoir in which the writer will give all the
information available concerning the southwestern portion of Yukon,
including detailed descriptions of the geology, mineral, and other natural
resources.

Mineral Resources

The mineral resources of the portion of Southwestern Yukon here under
consideration include mainly, so far as is known at present, placer gold,
copper deposits, and coal. Quartz veins containing gold, silver, and, in
places, copper, occur in certain localities, but no veins have yet been dis
covered containing these minerals in suffirient quantities to be of present
economic value.

Of these resources, placer gold is of the most immediate economic
importance, leaving out of consideration the copper deposits of the White
horse belt which were not examined by the writer during the past summer,
but which are included in the region represented by the accompanying map.
In addition to the occurrences in the Whitehurse belt, deposits carrying
copper minerals have been found in a number of other localities within this
portion of Southwestern Yukon, but none have so far been discovered that
could be exploited under existing conditions. Extensive deposits of coal
(lignite) occur in Kluane district and vicinity, and constitute a valuable
future asset, but at present there is only a very small local consumption,
and owing to its inaccessibility, it is not at present shipped to other points.

Placer Gold
Distribution

Placer gold has, up to the present, been found mainly in Kluane and
Nansen districts, though promising discoveries have been made on two or
three creeks in Upper White River district; and at a number of isolated,
widely separated points, other finds have been made, some of which may
prove to be of economic value.

On Koidern river* which joins White river on the right bank** about
18 miles below the mouth of Generc river, important discoveries of gold
bearing gravels are reported to have been made. On Albert creek, which
empties into the northern end of Lake Sekulmun, a number of claims have
been located, and both Indians and white men stated to the writer, that they
had found very encouraging prospects on this stream. A number of men have

* Also known as Lake creek.
** In Yukon, the terms right limit and left limit are commonly used to designate the

right bank or left bank of a stream, meaning the right or left side, respectively, as observed
by a person facing downstream.
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recently been engaged in prospecting on KJotassin creek, an importan t
tributary of Donjek river, and on certain of its branches, and in some cases,
report quite satisfactory results. Un several of the upper tributaries of
Nisling river, in addition to the creeks inrluded in Nansen district, prospect
ing has been carried on during the past two years with encouraging results.
On Coffee creek prospecting work was performed during the winter of
1913-14, but it is believed that no deposits of gravels that would pay to
work were found.

So far as the writer's information goes, only in Kluane and Nansen
districts, are gravels known to have been found as yet that can be profitably
exploited. Throughout a large portion of this extensive region, nevertheless,
the geological conditions are particularly favourable for the accumulation
of valuable deposits of gold-bearing gravels, the bedrock formation over
wide areas, consisting dominantly of the older schists similar to those so
extensively developed in Klondike and Sixtymile districts. Further, the
northeastern part of the region lies entirely outside of the glariated zone.
This feature of non-glaciation is important since it means that wherever
gold has been concentrated in thE' stream gravels, it probably remains un
disturbed, and that the gold-bearing gravels are not overlain by vast
accumulations of glacial detritus as they are farther to the west and south.
In the Klondike, these two conditions appear to be mainly accountable for
the richness of the stream gravels; in the first place, the bedrock con
sists dominantly of the old, highly mineralized schists which originally
carried the gold; and in the second place the district has not been glaciated.

In spite of the fact, however, that Southwestern Yukon would thus
seem to be geologically so favourable for the occurrence of placer gold, as
well as other minerals, very little prospecting has been done except in a few
scattered localities, and the mineral resources remain almost entirely
unexplored. It is quite possible or even probable, therefore, that important
finds of placer gold will yet be found in this general section of Yukon Ter
ritory, and it would be well in prospecting, that particular attention should
be given to the northeastern unglaciated portion of the district.

Klltane District

General Description. Kluane district is situated in the western portion
of Southwestern Yukon, and lies along the northeastern slopes of the St.
Elias range of mountains, between latitudes 60°50' and 61°40'. It is so
named because it includes Kluane lakE', a body of water over 35 miles in
length, which lies near the centre of the district.

Attention was first directed to Kluane district as a mining area during
the summer of 1903, when placer gold was found to occur at a number of
points. Discovery claim on Fourth-of-July creek was staked on July 4, of
that year, by Dawson CharJie, a well-known Indian of Carcross. During the
remainder of 1903 and the summer of 1904, a great number of placer claims
were located, the majority of the creeks throughout the district being staked;
and from that timf' to the present, the district has continued to produce
placer gold. The output, however, has always been small, and the number
of men engaged in placer mining since 1904, has decreased yearly.

The present status of the placer mining industry in Kluane mining
district, is summarized in the report of iVIr. A. D. MarLennan, :Ylining
Recorder, who writes of it in his annual report for the year ending April 30,
1914, as follows:
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"Seventy-one renewal grants and twenty-five relocation grants were
issued during the year. Actual mining reached its lowest ebb during the
past year. The season was unfavourable for much successful mining.

"On Burwash, Sheep, and Bullion creeks, the unusually high water
caused considerable damage to mining outfits, and by the time this damage
was repaired and work resumed, the stampede to the new placer camp in
Chisana, Alaska, attracted the miners of Kluane district. The stampede to
Chisana, however, urought a number of miners and prospectors through
Kluane district, and of these a number remained, and are now prospecting
on different creeks of the district."

Thus, throughout the entire Kluane mining district, only 96 plarer
r1aims were held on April 30, 1914, and very few locations were made dur
ing the summer.

For a description of the Kluane mining district, inrluding an account of
the mineral resources, the general geology, the original discoveries, and of
the developments until and including 1904, the reader is referred to Mr.
McConnell's report on the district. 1

Geologically, Kluane district is divisible into a northeastern and a
southwestern part, lying on opposite sides of K[uane lake, and nearly equal
in areal extent. The northeastern division is situated within the Yukon
plateau physiographic province, and is underlain dominantly by mica and
quartz-mica schists which range in character from finely-textured and
highly schistose rocks, to coarsely textured members having in places a
decided gneissoid appearance. These srhists belong to the Yukon group2
which includes the oldest rocks known to occur in Yukun or Alaska, and are
thought to be of Pre-Cambrian age. This group of rocks as developed in
Kluane district has been locally named by Mr. McConnell, the Kluane
Schists3 . These schists have heen invaded by granitic intrusives which are
extensively developed in places, and are believed to be of Jurassic or Creta
ceous age.

The southwestern portion of Kluane district lies along the inner or
landward edge of the St. Elias range, and includes rocks ranging in age from
probably Pre-Cambrian to Tertiary. Of the rocks exposed between Bullion
creek and the lower (northern) end of Kluane lake, certain of those ou t
cropping along Bullion creek are believed to be the oldest. They include
mainly phyllites, cherts, and limestones, and are thought to belong to the
Tindir group2 which is probably of Pre-Cambrian age. Overlying these
rocks are several hundred feet of calcareous, argillaceous, and arenaceous
sediments which are known to range in age from Silurian to Triassic, and
may include pre-Silurian members and post-Triassic .:vIesozoic beds. These
sediments have been extensively invaded in places by granitic intrusives,
and have also been pierced and overlain by a group of basic to semi-basic
igneous rocks, including mainly andesites, diorites, diabases, and basalts.
These igneous members appear to be mainly of Jurassic or Cretaceous age,
but some may be as old as Carboniferous. All these older rocks are overlain

I McConnell, R. G., "The Kluane Mining district"; Geol. Surv., Canada, Sum. Rept.
for 1904, pp. 1A-18A.

2 Cairnes, D. D., "Geological section along the Yukon-Alaska Boundary line between
Yukon and Porcupine rivers"; Bull. Geo!. Soc. Amer., vol. 25, 1914, pp. 184-187, and "The
Yukon-Alaska International Boundary betweC'tl Porcupine and Yukon rivers"; Geol. Surv.,
Canada, Memoir ::--10.67,1914, pp. 38-44.

3 McConnell, R. G., op. cit., pp. 4A-6A.



360

in places by a thick series of Tertiary ligni te-bearing beds which locally
contain intercalated tuffs. The rocks of this Tertiary series are in turn invad
ed and overlain by basic to semi-basic lavas and associated pyroclastics,
which are mainly of Tertiary age, but may include some Pleistocene members.

The entire Kluane district has been extensively glaciated, and the
valleys are floored almost everywhere with boulder-clay, gravels, silts, and
morainal accumulations, which are in places several hundred feet in thick
ness.

The creeks of Kluane district fall naturally into two groups: those of the
northeasterN and those of the southwestern portions of the district. The
southwestern cret:ks head in the St. Elias range and drain by Kluane,
Donjek, and Yukon rivers into Bering sea. The northeastern streams trav
erse the western or southwestern edge of the Yukon plateau and most of
them head in the Ruby range; they drain either into Kluane lake and
thence to Bering sea, or join the headwaters of Alsek river flowing to the
Pacific ocean. The creeks of each group possess geologically many common
characteristics but the members of each group differ in a number of funda
mental respects, from the members of the other group.

The principal gold-bearing creeks of the northeastern group include
Fourth-of-July creek with its tributaries, Ruby creek, and Gladstone
creek. Fourth-of-July creek, Ruby creek, and the lower gold-bearing portion
of Gladstone creek, flow in depressions cut through the old Kluane Schists.
The valley bottoms, except near the heads of the streams, are deeply
floored in most places with glacial accumulations, mainly with boulder
clay, through which the present streams are entrenching their channels. The
pre-Glacial channels are thus in most places buried under glacial deposits
and lie below the levels of the present streams. The gold that has been
obtained, therefore, has been mainly derived from the recent gravels which
overlie the boulder-clay, the 'clay bedrock' of the miners, the buried pre
Glacial channels having nowhere as yet been found. On the upper portion
of Ruby creek, however, some gold has been derived from the gravels of
the present stream where they lie on the schist bedrock.

The most important gold producing streams in the southwestern
portion of the district are Bullion creek, Sheep creek, and Burwash creek
with its tributary Tetamagouche creek. Some gold has also been obtained
from Arch creek, a tributary of Donjek river, but as this stream is isolated
from the other gold-bearing creeks of the district, it will be described
separately. .

The bedrock of Bullion, Sheep, and Burwash creeks, ranges in age from
Pre-C'ambrian (?) or lower Palzeozoic to Tertiary, both sedimentary and
igneous members occurring. The old channels on these streams have been
deeply buried under accumulations of boulder-clay and other glacial detritus,
but the present streams, particularly in the lower portions of their valleys,
have lowered their channels through the glacial accumulations, and have
eroded deep canyon-like channels in the underlying bedrock. Thus, except
along the uppermost portions of these streams, the old pre-Glacial channels
have either been destroyed by the present streams or lie to one side of them
and at various elevations above them. This is in decided contrast to the
streams in the northeastern portion of the district, "V here all the old channels
in the lower portions of the creek valleys are below the levels of the present
streams.

Placer mining operations in the southwestern portion of Kluane dis-
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trict, have so far been almost entirely confined to the recent gravels that
have accumulated on the bedrock formations of the different creeks. The
positions of the old channels are in places quite evident, and sections of
them are at certain points plainly in view along the valley sides; but owing
to the great expense and time involved for their exploration, these channels
remain as yet practically unexplored.

Throughout Kluane district, the bulk of the placer gold was originally
concentrated in the old pre-Glacial channels which are now in most places
deeply buried, and a great part of it may be still there. However, to deter
mine the position of these old channels and to prospect them, means a large
outlay of time and capital, and there is no certainty that at any particular
point the old gravels have not been swept away by the ice, and their gold
contents scattered.

Coarse gold has also been found on a number of other streams, but not,
apparently, in sufficient quantities to pay for working. On Cultus creek
some prospecting has recently been done, and on an unnamed tributary
joining that stream on its left bank, gold is reported to have been found in
encouraging amounts. Prospects have also been found on Printers (New
Zealand), McKinley, and Dixie creeks, and some work has been done on
them, in places with fairly encouraging results. It has been reported also
that gold has recently been discovered on some of the upper tributaries of
KlLiane river.

Ruby Creek. Ruby creek heads in the summit of Ruby range, and
flows southwestward into Jarvis river after a course of 8 or 9 miles. It is a
steep mountain stream with a large volume of water in spring and early
summer. As the snows in the upper regions disappear, however, the amount
of water gradually dwindles and in late summer is reduced to about 200
miner's inches. From its head to the point where it joins the valley of Jarvis
river, Ruby creek occupies a narrow, deep, steep-walled depression from
3,000 to 4,000 feet in depth, cut down through the old Kluane Schists. The
valley is deeply floored with boulder-clay nearly to its head; and in the
vicinity of Jarvis river the clay is overlain by extensive deposits of glacial
silts. From about claim No. 21 above Discovery claim, to its head, Ruby
creek has sunk its channel through the boulder-clay, and has eroded a rock
canyon with abrupt walls 10 to 30 feet in height in the underlying schists.
In places along this upper portion of the stream's course, the grade is so
steep-occasionally exceeding 400 feet to the mile-that even the recent
gravels have been washed away and the bedrock exposed. Below claim
No. 21, the stream with its gravels overlies the boulder-clay, and although
several shafts have been sunk along this portion of the creek, none have
succeeded in reaching bedrock. Upstream from No. 21 above Discovery,
bedrock is seldom more than 10 feet below the creek bed, although in places
it is as much as 15 feet; below No. 21 it drops away suddenly and on No. 15
above Discovery, a shaft 68 feet deep failed to get through the boulder
clay. It would seem quite possible therefore thatthe old pre-Glacial channel
crosses the present channel just below No. 21 above Discovery, and that
above this point it lies to one side of the present channel.

Mining operations have been confined to the portion of the creek above
No. 20 above Discovery, and the gold that has been taken from Ruby creek
has practically all been obtained between the mouth of Little Ruby and
No. 20 above Discovery, a distance of about three-quarters of a mile, the
gold being very unevenly distributed throughout the stream gravels. The
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wash along this portion of the creek represents, to a considerable extent, a
residue or concentrate from the boulder-clay, and consists mainly of flat
pebbles and angular slabs of schist, with occasional large granite boulders,
and a few quartz pebbles and bou Iders.

The total gold production of Ruby creek is probably between $6,000
and $8,000. The gold is coarse, rough, and occasionally crystalline, and has
been derived from the underlying Kluane Schists and their contained
quartz veins.

Unless the uld channel is found and proved to contain rich gold
bearing gravels, not much more gold is to be expected from this creek, as
the body of recent gravels is small and has not proved to be high grade.
The old channel might be prospected for either by drifting in on bedrock
above No. 21 aboW' Discovery, or by sinking below No. 21, and drifting
along on bedrock. Two drifts have already been driven in on the right bank
of Ruby creek above No. 21 above Discovery. They follow the nearly flat
surface of the bedrock, in a direction about at right angles to the general
course of the stream. These drifts were caved in when seen by the writer;
but it was stated by Mr. MacLennan that each is over 100 feet long, and
that the surface of the bedrock is smooth and level, as might be expected in
the case of the bottom of a depression planated by ice. Although there is
no certainty of finding gold anywhere under the boulder-clay, as the stream
gravels uf the old rhannels may have been swept away during the glacial
period, the chances of important discoveries on Ruby creek are favourable,
and would seem to warrant a trial. There is little or no chance of finding
gold in paying quantities along the creek, b('low the point where it enters
the valley of Jarvis river, as there the gravels of the pre-Glacial channel
have undoubtedly been scattered by ice which formerly moved through the
Jarvis River valley.

Fourth-of-July Creek and Tributaries*. Fourth-of-July creek is also a
tributary of Jarvis river, but is a much larger stream than Ruby creek, its
Aowage in early summer amoun ting to several thousand miner's inches; it
alsu differs from Ruby creek in dividing up into several branches after
entering the mountains. The creek has also cut a wide, deep valley back
into the Ruby range, and its various branches including Snyder, Alie, and
Twelfth-of-July creeks also occupy ste('p-walled depressions, incised deep
in the southern slope of the mountains..\11 these depressions are typically
V-shaped, and their walls are planated and smoothed from the effects of
intense valley glaciation which extpnds practically to th€' summits on either
side. Both the creek and its tributaries, throughou t almost thei r en tire
courses, cut the KluaneSchists. In places, however, greenstones and granitic
intrusives are encountered, and on Larose creek the granitic rocks are
quite extensively developed.

The valley of the Fourth-of-July creek is floored with boulder-clay to
above the mouth of Snyder creek, and near the edge of the valley of Jarvis
river the boulder-clay is in turn overlain by considerable thicknesses of
glacial silts-some sands and gravels being also included. From a point a
short distance above the mouth of Snyder creek, upstream to near its head,
the boulder-clay has been largely removed and the schistose bedrock is
exposed. The present stream with its recent gravels, overlies the boulder
clay from about three-quarters of a mile above the mouth of Snyder creek

* McConnell, R. G., op. cit., p. 12.\.
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to the canyon which occurs near the edge of J arvis River valley. On both
sides of the stream between these points, the valley is deeply floored with
boulder-clay. At a few points, however, small schist outcrops occur along
the sides of the creek and only a few feet above the water.

A number of claims are still held on Fourth-of-July creek, but during
the past summer (1914) little work was done other than representation
work to hold the ground. Shafts have been sunk in the valley deposits at
various times, with a view to reaching bedrock, one of these shafts being
approximately 70 feet in depth, but the bottom of the boulder-clay and
associated deposits was nowhere reached. In most cases the shafts are
believed to have been abandoned owing to the amount of water encountered.
Even in winter the ground along the creek is not deeply frozen-in most
places to a depth of only about 5 to 10 feet, but at some points for as much
as 20 feet-making sinking very difficult. Where the ground is frozen as in
the Klondike, no water is encountered in sinking, and no timbering is
required. With the exception of shafts sunk in the hope of finding the old
creek channel, mining operations on the creek have been confined to the
recent stream gravels which overlie the boulder-clay - 'clay bedrock'.
These recent gravels with their gold content, really represent mostly a
residual product or concentrate from the boulder-clay, moved by the
stream. They are in most places less than 10 feet in thickness, but at certain
points the boulder-clay extends nearly 20 feet below the stream bed. The
gravels are similar to those on Ruby creek, and consist mainly of coarse
angular and sub-angular fragments of schist associated with which are
pebbles and boulders of quartz and some of granitic rock. Great boulders
of the granitic rock 10 feet in diameter were seen i'n places.

Nearly all the gold that has been taken from Fourth-of-July creek w,\s
found between claims Nos. 65 to 77 above Discovery claim, the total amount
being probably between $6,000 and $10,000. During the past summer,
however, a small patch of fairly rich gravel was fourid on Twelfth-of-July
creek near the mouth of Larose creek, from which several ounces of coarse
gold was obtained in a few days, and other smal1 amounts of gold have
been found at a few outlying points.

The bulk of the gold in the valley as well as in the tributary depressions
was undoubtedly originally concentrated in the old, pre-Glacial channels.
The valley of Fourth-of-July creek is so wide, however, and its bedrock
floor is so deeply buried under glacial accumulations, that there is very little
surface evidence as to the position of the old channel. Near the edge of the
Jarvis River valley, the creek flows through a short canyon with schist
walls rising nearly vertically to a height of 50 feet in places. This canyon
represents a recent stream channel, the old channel being buried under the
glacial deposits flanking it.

To prospect for the old channel it would be necessary to sink to bedrock
and drift. This would probably prove to be very expensive, and there is no
certainty that at any particular point the gravels of the old channel with
their gold contents were not swept away by the ice during the glacial
period. vVhether or not the old channel is found, however, there is still in
places sufficient gold in the gravels of the present stream to yield wages or
better, but it is very unevenly distributed.

Cladstone Creek. Gladstone 'is one of the larger creeks of the district
and trends in a general way almost due west, entering Kluane lake on its
eastern side near the northern end. Its valley, like those of all the other
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creeks on the eastern side of the lake, is deeply floored with boulder-clay
and other glacial deposits. The rocks exposed along the lower 5 or 6 miles
of the valley are dominantly the Kluane Schists. Above this, however, the
granitic intrusives are almost continuously exposed along the valley walls.

A number of claims are held on this creek, but practically the only
gold known to have been recovered was obtained by Messrs. T. T. Murray
and A. Swanson who hold Discovery claim and No. 1 below Discovery,
Discovery claim being located just below the mouth of Cyr creek and about
2 miles from the mouth of Gladstone. These owners have worked their
claims intermittently during the past few years, by the open-cut method,
having worked to a depth of possibly 11 or 12 feet. Their mining operations
have been entirely confined to the gravels of the present stream, which
overlie the boulder-clay, bedrock having been nowhere reached. They have
obtained altogether possibly $2,000 or $3,000, the gold being really a con
centrate from the boulder-clay, which has been transported by the present
stream.

A company of Whitehorse mining men worked this creek during the
summer of 1913 with an Empire drill, owned by the Yukon government.
They tried to locate the original pre-Glacial channel underneath the glacial
deposits, but were apparently unsuccessful.

Bullion Creek*. "Bullion creek is a typical St. Elias stream. It heads in
small glaciers at the summit of the range separating Slims river and Kluane
lake from Duke river, and empties into Slims river after a course of about
12 miles. It is a large swift-flowing stream, very variable in its flow, but
carrying under ordinary conditions about 2,000 miner's inches of water. Its
grade is steep, averaging over 200 feet to the mile, and in flood it assumes
a torrential character." The valley of the creek is a deep, steep-walled gorge
2,000 to 3,000 feet or more in depth, which, though narrow throughout,
widens somewhat toward its lower end, i.e., as the edge of the Slims River
valley is approached. During the Glacial period, Bullion Creek valley was
almost completely filled with boulder-clay and associated glacial deposits.
After the retreat of the ice, the stream began actively re-excavating its old
channel, and from a short distance above No. 20 above Discovery to the
lower end of the valley, has not only succeeded in sinking its way through
these glacial deposits, but has also cut some distance into the underlying
bedrock. Thus from about No. 20 above Discovery to the edge of the Slims
River valley, a distance of about 5 miles, the present stream flows through
a steep-sided gorge with rock walls rising to heights in most places of from
50 to 200 feet. In the vicinity of Metalline creek which joins Bullion near
the upper end of this 5-mile rocky gorge, Bullion creek for about one-fourth
of a mile, forces its way through a canyon so narrow that at a short distance
it looks like a mere cleft in the rock. This remarkable natural feature is due
to a change in the course of the stream at the close of the Glacial period.
After the retreat of the ice, the creek was crowded to the north by the wash
brought down from Metalline creek and, instead of having only to clear
out its old channel as along most other portions of its course, the stream had
to sink a new channel in the bedrock; and as the downward cutting was very
rapid, the incision is narrow. The former channel is plainly in view where it
is cut by Metalline creek, about 200 feet above and on the south side of the
bed of the present Bullion creek.

* McConnell, R. G., op. cit., pp. 13A-1SA.
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Along the greater part of its course from a point a short distance above
No. 20 above Discovery, to its head, Bullion creek has not yet reached
bedrock, and the creek gravels overliE' boulder-clay, the channel walls being
also composed of detrital glacial deposits. These glacial accumulations
continue to the mouth of the valley, bordering the rock-walled channel of
the lower portion of the stream on both sides. They extend also in most
places well up the valley walls, reaching to near the elevations of the border
ing summits. These deposits, particularly the boulder-clay, have weathered
into a great variety of craggy and castellated forms, and constitu te a very
striking feature of this picturesque valley.

The rocks exposed in the valley of Bullion creek, include both sedi
mentary and igneous members which range from probably Pre-C'ambrian
to Tertiary in age. The dominant types are phyllites and limestones,
although shales, cherts, greenstones, and rhyolitic intrusives are all some
what extensively developed. The phyllites are prevailingly greenish, greyish,
or yellowish in colour, and cleave readily into thin plates having bright,
glistening surfaces from the abundance of mica contained in them. The
limestones are nearly everywhere altered to marble, and are mainly 'white,
yellowish, or black in colour. The shales and cherts are mainly dark-grey
to black in colour and thinly bedded, although some massive cherts also
occur. The phyllites and associated limestones, shales, and cherts, partic
ularly along the lower portion of the valley, closely resemble the members
of the Pre-Cambrian Tindir group* and probably belong to that geological
formation. They underlie limestone beds in which on Sheep creek, a mile or
so to the north, Silurian fossils were found. These beds have all been invaded
by greenstones wi th which they are intimately associated. Certain limestone
and shale beds farther up the creek as well as higher up the valley sides, are
probably much more recent in age; Mr. McConnell collected fragments of
corals from these beds, whirh are reported to 'indicate a Carboniferous
age'**. All these older rocks are cut in places by dykes of a nearly white to
yellowish rhyolitic rock which is thought to correspond to a similar intrusive
of Tertiary age which occurs in numerous localities in Yukon. The rock
section along the valley is highly and brightly coloured, and shows a great
variety of shades and tints, adding much to the grandeur and scenic beauty
of the valley.

Bullion Creek channel is Aoored in most places, except in the short
canyon in the vicinity of the mouth of Metalline creek, with a layer of
loose, recent gravels from 6 to 10 feet in thickness. Near the mouth of the
valley, however, the depth to bedrock becomes somewhat greater. These
gravels have been worked in places from near the mouth of the valley to
about No. 40 above Discovery, but from all the information available, it
would appear probable that not more than about $5,000 in gold has been
obtained from the entire creek. At the beginning of last season (1914) no
claims were held on the creek, but during the summer several locations or
re-locations were made, and a few men, generally less than 10, spent a
great part of the summer prospecting the gravels of this stream.

On Discovery claim, about 40 ounces of gold were obtained in a few

* Cairnes, D. D., "Geological section along the Yukon-Alaska Boundary line between
Yukon and Porcupine rivers": Bull. GeoJ. Soc. AmeL, vol. 25,1914, pp. 187-190, and "The
Yukon-Alaska International Boundary between Porcupine and Yukon rivers": Geol. Surv.,
Canada, Memoir No. 67, 1914, pp. 44-58.

** McConnell, R. G., op. cit., p. 6A.
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hours in 1903, but in all only about $1,000 is believed to have been mined
from this ground. On a number of other claims, including Nos. 14,30, and
44 below Discovery, small amounts of gold have been obtained. In many
places, up to No. 40 above Discovery, an average of $3 to $4 per day per
shovel is obtainable, bedrock being reached to about ~o. 40 above Dis
covery. In only a few places, however, has gold been found in sufficient
quantity to pay wages to miners for more than a few days at a time, the
gold being nearly everywhere, apparently, very unevenly distributed.

The Bullion Hydraulic Company, under the direction of Mr. W. L.
Breeze, operated along the lower portion of the creek during 1904, 1905,
and 1906, and spent, possibly, $300,000, mainly in buildings, equipment,
and various initial outlays. Only a small amount of actual placer mining
was done, which is believed to have yielded about $1,000 in gold.

It is quite possible that gold in paying quantities may occur in the
gravels of the old channel where it occurs along the benches, but these
gravels are not known to have been prospected.

The gold on Bullion creek, in common with the other streams in the
northwestern portion of Kluane district, is worn much smoother than that
frOIll the streams to the east of Kluane lake. It occurs on Bullion creek
mainly in flattened pellets, occasionally of considerable size, nuggets up to
an ounce in weight having been found. Some fine gold also occurs. The grade
of the gold is high, averaging about $18 per ounce.

Sheep Creek*. Sheep creek resembles Bullion creek in many respects,
but is a much smaller stream. It heads with Congdon creek, and after a
course of about 8 miles debouches on the flats of Slims river, about a mile
below the mouth of Bullion Creek valley- Sheep and Bullion creeks being
in general nearly parallel. Sheep creek throughout the lower 3 or 4 miles of
its valley, is a very swift stream, the average grade exceeding 300 feet to
the mile; hut ahove the mouth of Fisher creek it has a much more gentle
gradient.

The valley of the creek, in common with that of the other smaller
streams draining the landward slope of the St. Elias range, is deep, steep
walled, and gorge-like in character. During the Glacial period this depres
sion became filled to a depth of 1,000 feet or more with boulder-clay and
other glacial accumulations. After the retreat of the ice, the stream immedi
ately commenced re-excavating its channel, and from about the mouth of
74 pup to the luwer end of its valley, a distance of between 3 and 4 miles,
the rreek has cut down into tl1f' underlying bedrock. Along this portion of
its present course, Sheep creek flows through a narrow canyon with nearly
perpendicular rock walls rising to heights in most places of from 100 to
200 feet. Above and below the canyon, the main valley walls rise abruptly
2,000 feet or more tu the lofty bordering mountain summits. Throughout
this lower portion of its valley, however, the stre:1m in places became super
imposed over bedrock to one side or the other of its former channel, ann at
such points, has been forced to cut downward very rapidly, to maintain
grade, and the resulting incisions in such places are very narrow and c1eft
like in character. Below Fisher creek, at least, the portions of this old channel
which were not again occupied by Sheep creek, and thus still remain un
destroyed, lie for the greater part on the left (northeast) side of the present
stream. Commencing at about the mouth of 74 pup, and extending upstream,

* McConnell, R. G., op. cit., p. 1SA.
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the valley of Sheep creek, particularly near the stream itself, is much less
rugged and rocky in appearance, as throughout this upper portion of the
creek's course. the stream in most places still overlies tlH' boulder-clay, not
having as yet bepn able to sink its bed through the accumulations of this
material. This boulder-clay, with the other glacial debris, borders the creek
channel and extends wdl up on the valley sidps. The stream here has a
moderately gentle grade, and flO\vs in a somewhat open valley which is
strikingly in contrast with the rock canyon below, through which the water
rushes and leaps over a succession of falls to the point where it joins the
valley of Slims river.

The rocks exposed along Sheep creek are extremely varied in age and
character. Along the lower portion of its course, limestones and greenstones
predominate, and near the edge of Slims River valley, some cherts also
occur intimately associated with certain of the limestone beds. The oldest
rocks exposed include a group of marbles, cherts, and shales. The marbles
are irregularly streaked or striped in appearance--nearly white and black
streaks alternating. The cherts are prevailingly dark in colour, although
white or greyish members occur, and nearly all are stained reddish with
iron oxide. These older beds are overIain by more massive limestones which
contain Silurian fossils. On the mountains to the north, Carboniferous
limestones, shales, argillites, and associated beds also occur. All these beds
are in places considerably distorted, folded, and broken, and brecciated
zones are locally prominent. They have been invaded by greenstones which
are extremely varied in character, and include diorites, diabases, andesites,
and basalts. Along the upper portion of Sheep creek, Tertiary lignite-bearing
beds are somewhat extensively developed. These include mainly conglomer
ates, sandstones, shales, clays, and associated tuff beds.

yrining on Sheep creek has been practically all confined to the com
paratively shallow gravels of the present stream channel betwepn claims
Nos. 52 to 75 above Discovery. In all about 5;;10,000 in gold is thuught to
have been ubtained from the stream. The richest ground found was on
No. 74 and the lower part of No. 75, from which Fisher brothers obtained
$7,000 in about 40 days. The richness of this ground is apparently due to the
fact that it lies just below a pup coming in from the left, which a short
distance above its mouth apparently crosses the old stream channel.

The distribution of the gold in the gravels of the present stream is very
irregular and, in most places, the amount of gold is small. Cndoubtedly
other points remain, however, like ~os. 74 and 75 above Discovery, that
occur belm,· the mouths of tributaries cutting the old channel on the benches,
which will pay to \-vork. I t would also seem highly advisable to prospect the
old channel which, where still intact from a short distance above No. 74
pup to the mouth of the valley, lies on the benches, but from a short dis
tance above 74 pup, is below the level of the present stream. The bulk of
the gold was originally deposited in this old channel, and there it still
remains except where swept away by the ice during the Glacial period.

Burwash* and Tetamagouche Creelzs. Burwash creek heads ill the glaciers
of the St. Elias range, and empties into Kluane river 5 or 6 miles below
Kluane lake. It has a length, measured along its valley, of 1R or 20 miles and
trends for a great part of its course arross a high plain or platform-like
surface that fronts the St. Elias range in this vicinity. Burwash crepk is also

* McConnell, R. G., op. cit./ pp. 15A-16A.
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a typical, swift, mountain stream, comparable in size with Bullion creek,
but with a grade less than that of Bullion, amounting to about 125 feet per
mile along the main, central portion of its course. Like all glacier streams,
its daily and seasonal flow is extremely variahle, depending on the strength
of the sun; and in times of flood, it becomes a raging torrent.

From near its head to the point where it enters the valley of Kluane
river the stream is bordered on the left by a mountain wall which rises
abruptly in most places for over 2,000 feet from the creek bed. On the op
posite or right-hand side (looking downstream), however, the creek is
flanked throughout a great part of its course by the high plain, before men
tioned, the surface of 'which is composed of glacial deposits. Into this
glacial upland tract, and prevailingly along its extreme edge, Burwash
creek has cut a deep, trough-like valley. Along most parts of its course, the
stream channel is bordered on the left by a rocky mountain wall, and on the
right by more gentle slopes underlain by detrital materials and covered
with grass and underbrush. At a few points the stream flows through narrow
rock-walled canyons which are difficult to penetrate except in low water.
The canyons are the result of the stream at these points having become
superimposed over rock spurs projecting from the mountain sides. Above
the upper canyon, the valley of Burwash creek suddenly opens out, and has
gently sloping grassy slopes reaching up from 30 to 80 feet to the upland
surface of the glacial platform fronting the St. Elias mountains.

Downstream from apparently just above the upper canyon, Burwash
creek, in the process of deepening its channel, slowly and intermittently
shifted its course to the left until it reached its present position, with the
result that there now occur in most places along the right side of the valley,
a succet;sion o( rock-cut channels containing stream gravels, which represent
former positions of the creek. These channels necessarily become gradually
lower in elevation as the present creek bed is approached, but are now in
most places covered with glacial and other superficial detrital materials.
They have nevertheless been explored at certain points, where they have
been found at no great elevation above the present stream.

Tetamagouche creek is the largest and most important tributary of
Burwash creek, and joins that stream on its left bank either on or just
above claim No. 60 above Dit;covery. The creek follows a rather straight
southeasterly course through a break in the mountains which flank the
left side of Burwash creek, and in the upper portions of its course occupies a
somewhat open valley with gentle slopes clad with grass and underbrush.
Nearer Burwash creek, however, it forces its way through a rock-walled
canyon, so narrow as to be cleft-like in appearance.

The rocks exposed along Burwash and Tetamagouche creeks are some
what varied in character, but dominantly belong to an igneous, basic to
semi-basic group including mainly diorites, diabases, andesites, basalts,
and dunite-greenish and reddish amygdaloids being locally very prominent.
In places, also, sedimentary rocks occur including for the greater part,
shales, slates, argillites, cherts, limestones, and cherty conglomerate, in
which Carboniferous and Triassic fossils were found; these beds have been
intensely invaded by the igneous members. At a few points also, these older
rocks are cut by granitic intrusives probably of Jurassic or Cretaceous age.
All are pierced in places by dykes of a nearly white, greyish or yellowish
rhyoJitic rork which is thought to be of Tertiary age.

The creek gravels of Burwash and Tetamagouche creeks are in most
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places shallow, and are generally somewhat coarse. Along Burwash creek
they are coarser, in most places, near the surface and also as the right bank
of the valley is approached, most of the large boulders having rolled down
from the hill side on the right bank of the stream. The bench gravels remain
frozen throughout the year; but the creek gravels are only frozen in winter,
and even then are in few places if anywhere frozen down to bedrock, remain
ing unfrozen at most points below a depth of 10 or 11 feet. This condition
makes prospecting in the creek very difficult, owing to the difficulty of
handling the water coming into the bottoms of the shafts.

From a mining standpoint, Burwash has been much the most important
of the Kluane creeks, as more gold is believed to have come from the gravels
of this stream than from all the other creeks of the district combined. Coarse
gold has been found from the foot of the lower canyon upstream for a
distance of 8 miles or more, but it is impossible to ascertain the exact
amount of gold that has been mined. From all the information available it
seems probable that in all between $30,000 and $40,000 in gold has been
obtained; and an additional amount of approximately $2,000 has come from
Tetamagouche creek. The gold is characteristically very flat and well worn,
that obtained from the benches being mostly coarse, and that from the creek
much finer, and in places quite fine. Nuggets worth as much as $25 or $30
have frequently been found, but the largest known to have come from
Burwash creek was found on claim No. 65 above Discovery. This nugget
weighed 5 ounces, including less than one ounce of quartz and rock. The
gold from this creek is all very pure, assaying generally from $18 to $18.10
per ounce.

About 40 claims were held on Burwash creek in the spring of 1914, and
when visited by the writer, early in August, 14 men were working along the
stream. The creek has been more or less prospected and mined from the
lower end of the lower canyon up to No. 66 above Discovery. Above No. 66,
one shaft was sunk to a depth of 21 feet, but with this exception practically
no work has been done in the creek gravels, and there has been very little
prospecting of the benches. The gravels of Burwash creek along the present
stream have at a number of points yielded very satisfactory returns, and
the channels along the right bank of the creek have been proved to contain
gold in important amounts at several points.

The creek gravels, particularly above the mouth of Tetamagouche
creek, certainly warrant further exploitation, and the old channels on the
right bench deserve careful investigation. It would seem highly probable
that there is still much gold along this creek, that can be mined at a profit.
Mining operations to be successful, however, must be prosecuted carefully
and under skilled and experienced management.

The gold that has been obtained from Tetamagouche creek has prac
tically all been found below the canyon, and appears to be everywhere very
'spotted' or unevenly distributed throughout the gravel. There are a
number of points below the canyon where sluicing will still yield about $3
per day per shovel, an amount, however, that is considerably below the
wage rate of the district.

Arch Creek. Arch creek lies to the northwest of Burwash creek, and
joins Donjek river from the right about 28 miles above the mouth of the
Kluane river. It is a typical, swift, mountain stream comparable in length
and volume of water with Sheep creek, and in many ways much resembling
that stream.
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The valley of Arch creek is a deep, steep-sided trough-like depression,
the walls of which rise abruptly to the mountain summits on either side,
which rise to elevations of over 2,000 feet above the mouth of the stream.
In this depression as in others already described, vast deposits of boulder
clay and other glacial deposits accumulated, and the consequent re-excava
tion followed. At two points, at least, the new channel became superimposed
over rock spurs to one side of its former course, with the result that the
stream, cutting downward very rapidly through these rock points, produced
the narrow and cleft-like incisions, now known as the upper and lower
canyons.

The lower canyon commences about 1! miles above the mouth of the
creek and extends upstream for about one mile. Above it the valley widens
and, until the rock-walled upper canyon is reached, has more gentle slopes.
Above the upper canyon, the valley again opens out, and the slopes are more
gently inclined. The lower portions of the valley sides, except in the canyons,
are in most places, deeply covered with glacial and other detrital accu
mulations.

The rocks exposed along the lower portion of Arch Creek valley are
prevailingly sedimentary in character, and include mainly limestones,
shales, cherts, and argillites. These are believed to be, for the greater part
at least, of Carboniferous age; but some of the members may be older. The
more massive limestones which appear to be the oldest beds exposed,
resemble the Silurian beds on Sheep creek, and may be of that age. On the
mountains to the south, Triassic beds were also identified. The sedimentary
members along the creek have been invaded by an extensive group of
igneous rocks including mainly diorites, diabases, andesites, and basalts,
which are most strongly developed along the upper portion of the valley.
All these older rocks are in places pierced by granitic intrusives which are
thought to be of Jurassic or Cretaceous age.

Arch creek has been worked more or less since 1904, but although
promising prospects have been found at several points in the lower canyon,
only a small amount of gold has been obtained. PraCtically all the gold
that has been found, so far as is known, was obtained from the lower canyon,
within which the gravels are shallow and easily worked. Neither above or
below this canyon, however, has bedrock been reached. During 1914 about
6 claims were held on this creek, all of which were located along the lower
portion of the stream. When visited in August, Mr. R. W. and Mr. W. B.
Lamb were engaged in sluicing immediately below the lower canyon in an
attempt to reach bedrock, but although they had been so engaged most
of the season, they had as yet not succeeded in penetrating to the bottom
of the valley deposits. The main difficulty with which they had to contend,
appeared to be the presence of numerous very large boulders, some of which
were 6 to 8 feet or even more in diameter. These boulders, although associat
ed with the recent gravels, are really a residue from the glacial deposits
which have already been transported by the stream.

There is still undoubtedly some gold in both the upper and lower
canyons, and in places it may possibly be in sufficient quantities to pay for
mining. It would appear, however, that if placer gold in important amounts
is found elsewhere than in these canyons, it will be mainly on or near bed
rock in the old channel of the stream or, even probably, in portions of the
present stream's channel where it has become superimposed over its former
course. No gravels occurring in this position have so far been explored.
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Undoubtedly the two canyons represent very recent channels, and the
position of the former course of the stream lies to one side of them. An old
channel plainly lies to the left of the lower canyon, and the indications
would apparently warrant the expense of prospecting and exploiting this
channel and its continuation upstream. However, as in the case of all these
intensely glaciated valleys, it is quite possible that the ice during the
Glacial period may have swept away the gravels and whatever gold they
contained. That gold occurred in the former channels of a number of the
creeks of Kluane district is indicated by the fact that some gold, in places
in important amounts, is found in the recent gravels, which represent a
much shorter period of concentration than the gravels of the pre-Glacial
channels.

Nansen District

General Description. Nansen creek is one of the headwater tributaries
of NisIing river, and joins this stream from the north on its right bank. It
flows in a general way almost due south and lies to the north of Aishihik
lake and west of Carmack on Lewes river, the mouth of Nansen creek being
about 30 miles from Carmack and about 29 miles from Aishihik village at
the northern end of Aishihik lake, measured as the crow flies. The term
Nansen district as used in this report includes only the area in the vicinity
of Nansen creek, which was mapped by the writer during the past summer
(1914). This district is about 10 miles long measured in a north and south
direction, by 7t miles wide. It includes all of Nansen and Victoria creeks
with most of their tributaries, and embraces all the streams in that locality
which have been found to contain placer gold.

Nansen creek to the mouth of Summit creek, has a length of about
9 miles, and Summit creek, which is really its continuation, has an addi
tional length of about It miles. It is a gently flowing stream with an even
grade, and the volume of water varies considerably with the seasons, but is
at no time very great. When visited in July, although higher up along the
stream's course there was considerably more water, along the lower portions
of the valley there was not sufficient to maintain the stream, and the only
water in the channel consisted of occasional disconnected pools. The season,
however, had been exceptionally dry. The relatively small amount of water
near the mouth of the stream was largely due to the water sinking through
the loose sands and gravels which overlie the boulder-clay along this portion
of the valley bottom. A mile or so higher up, there was 100 to 200 miner's
inches or even more, and on the East Fork and on Summit creek, the two
uppermost tributaries of Nansen creek, there was approximately 50 miner's
inches of water. Several of the tributaries appeared to carry almost as much
water as the parent stream below their confluence, showing that at different
points along the creek there is loss of water from underground seepage.

Victoria creek is approximately of the same length as Nansen creek,
being about 10 miles long, but it contains more water, possibly twice as
much.

The valleys of Nansen and Victoria creeks are wide, flat-bottomed,
typically U-shaped depressions with steeply inclined walls which rise to an
upland surface having a general elevation of about 5,300 feet, the mouth of
Nansen creek being abou t 3,700 feet above sea-level. Occasional summits
rise a few hundred feet above the general upland, but throughout the
district the hills are generally well rounded and have gentle slopes.
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During the Glacial period, all the larger valleys of the district became
partly filled with boulder-clay and other glacial deposits which floor these
depressions to near the heads of the streams. As the district, however, is
situated near the edge of the glaciated zone in Yukon, the ice action did
not extend more than a few hundred feet up the valley sides, and con
sequently the glacial deposits do not reach far above the present main
valley bottoms. The tributary streams in most places, have deep, narrow,
steep-walled valleys, the larger of which are in most places floored with at
least a few feet of boulder-clay overlain by other superficial detrital ac
cumulations.

The district as a whole is very sparsely forested, but spruce trees suf
ficiently large for building cabins and for ordinary placer mining operations,
grow in places in the valley bottoms, in some of the draws, and on occasional
sheltered portions of the hillsides. A dense growth of underbrush from 4 to
6 feet in height, and consisting mainly of dwarf birch and willows, extends
over nearly the whole district, including even portions of the upland surface.

The rocks exposed in Nansen district are dominantly igneous and
metamorphic, and range from probably Pre-Cambrian to Tertiary in age.
The southern end of the district northward to include portions of Webber
and Dome creeks, is composed almost entirely of old schistose rocks
mainly mica schists, quartz-mica schists, and quartzite schists. These rocks
belong to the Yukon group*, the members of which are extensively developed
in Yukon and Alaska, and are almost undoubtedly of Pre-Cambrian age.

The geological formations exposed throughout the remaining more
northerly portion of Nansen district, are practically all of igneous origin,
and include three rock groups-an older basic to semi-basic group, and two
more recent, acid groups which are genetically very closely related. The
members of the more basic group are much the most extensively developed,
and extend over the greater portion of the northern end of the district.
They are apparently of Carboniferous or early Mesozoic age, and are all
characteristically dark green in colour. They range in character from dense
aphanitic rocks in which none of the mineral constituents are discernible
to the unaided eye, to medium textured, holocrystalline members in which
hornblende, biotite, feldspars, or other minerals are quite apparent, and
include a number of types, mainly diorites, diabases, andesites, and basalts.

The more acid rocks are of two groups, a deep-seated or plutonic
group of intrusive rocks that have prevailingly a granitic habit, and a
related volcanic group including mainly granite porphyries and rhyoIites.
The granitic intrusives are greyish to pinkish in colour, and have the general
appearance of granites. They cut the members of the more basic group,
and are thought to be of Jurassic or Cretaceous age. The volcanic rocks
appear to constitute, at least mainly, marginal or surface phases of the
deep-seated granitic intrusives, but may in some cases represent later erup
tions from the same parent magma. These acidic volcanics range in character
from dense, cherty rhyolites to medium-textured granite-porphyries. The
rhyolitic members of this group along the East fork of Nansen creek, and
elsewhere are much silicified, and resemble cherts. They are, in fact, locally
termed by the miners, 'quartzites', but in places exhibit quite distinct

* Cairnes, D. D., "Geological section along the Yukon-Alaska Boundary between
Yukon and Porcupine rivers": Bull. Geol. Soc. Amer., vol. 25, 1914, pp. 184-187, and "The
Yukon-Alaska International Boundary between Porcupine and Yukon rivers"; Geol. Surv.,
Canada, Memoir No. 67, 1914, pp. 38-44.
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quartz and feldspar phenocrysts. These rocks pass gradually into the more
coarsely textured granite porphyries, which are generally light grey in
colour, but like the rhyolites are in many places stained yellowish to reddish
with iron-oxide.

Discovery of Gold. Placer gold is believed to have been first found in
Kansen district by Mr. Henry S. Back in July, 1~99. Mr. Back had come
from Selkirk on a prospecting trip with a partner, Mr. Ham. Kline, and
found what he considered to be good panning on Nansen creek near the
mouth of Discovery creek. After remaining in this vicinity two or three
days, the partners continued on their journey, and no one is known to have
further investigated the discovery, or to have found gold in the vicinity,
until the spring of 1907, when Mr. Back returned with his son Frank H.
Back and has since been identified with the district.

The first claim to be actually recorded was Discovery claim on Xansen
creek, which was staked on June 13, 1910, by Frank H. Back and Tom Bee.
Since that time mining and prospecting has been intermittently carried on
in this locality. Practically all the creeks in N ansen district were at one time
staked from end to end, bu t many of the claims were allowed to lapse.

Gold-bearing Gravels. Practically all the placer gold that has been ob
tained from Nansen district has come from :\Tansen creek and from two of
its tributaries-Discovery creek and the East fork of Nansen creek with
its tributary the South fork of the East fork of Nansen creek, these two
forks or creeks being locally designated for convenience, the East and
South forks, respectively. Prospects have been found on other tributaries
of Nansen creek, as well as on Victoria creek, and on one or more of its
tributaries, but no gold is known to have been mined from these streams.

Along Nansen creek, the valley bottom is floored with a thick deposit
of boulder-clay, overlying which is a covering, in places 20 to 25 feet thick,
of sands, gravels, muck, and associated deposits. The gold that has been
obtained, has been distributed through the gravels, in places being near
the surface, and at other points being on or near the boulder-clay-the
'clay bedrock'.

From Discovery claim which is just above the mouth of Discovery
creek, about $1,200 to S1,500 has been mined, and on No. 7A above Dis
covery, Messrs. Printz and Delapola obtained 45 ounces of gold by ground
sluicing from the surface gravels between August 5 and October 10, 1912.
Other smaller amounts of gold have also been found, the total amount of gold
obtained from l'iansen creek being probably between ~2,000 and $3,000.

From about claim No. 7 below Discovery up to Discovery claim, fine
gold is known to occur in the gravel overlying the boulder-clay, but the
prospecting so far performed seems to show that it is not in sufficient
quantities to pay for mining. This condition is due partly to the width of
the valley, and to the consequent spread of the gold-bearing gravels over a
broad area in places 200 feet or more wide. Gold is known to occur in im
portant amounts also between the mouths of Courtland creek and East
fork, where it has been found mainly at the surface, occurring mostly in
certain small mounds or irregular wave-like piles of gravel.

During the winter of 1913-14, Messrs. Betterton and Morgan brought
in a Keystone drill, and sunk 10 holes on or near Discovery claim on Nansen
creek. The holes are reported to have all penetrated the boulder-clay, but
it is not known whether or not any of them reached actual bedrock.

On Discovery creek several claims have been worked or prospected, in
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some cases with encouraging results. Gold valued at S;200 or $300 was ob
tained at the mouth of Eliza creek during the winter of 1912-13 by Messrs.
Neilson, McDad and McLean. i\lso in the spring of 1912, Mr. George
McDad, at a point about q. miles from the mouth of Discovery creek, sunk
to bedrock, a distance of 18 or 20 feet, and crosscut from the bottom of the
shaft. He obtained an encouraging amount of gold, the exact value of which
is not known to the writer, but it is reported to have been about $300.

The largest nugget discovered in Nansen district was found by Messrs.
:"Jeilson and McLean on Discovery creek and weighed just about one ounce.

It would seem quite possible that the bedrock channel in Discovery
creek may contain gravels carrying important amounts of gold, but this
channel has not been reached so far, unless in Mr. McDad's shaft and cross
cut above mentioned. At the mouth of the creek the stream, since the
retreat of the glacial ice, has become superimposed over a rock spur along
the right or north side of its valley, and has there cut a narrow canyon
through the greenstones, sufficiently deep to be on grade with the present
surface of the valley bottom of Nansen creek. The former channel of Dis
covery creek plainly lies to the left (south) of this canyon and only a few
feet distant from it. It would seem advisable to at least explore this easily
accessible portion of the old channel.

The East iork of Nansen creek, to the mouth of the South fork, is
covered by seven claims and a fraction. The lower four claims and fraction
are owned by Messrs. Conrad Printz and E. L. C. Delapola, and the upper
three claims, Nos. 5, 6, and 7, are the property of Mr. Albert C'ristensen.
All this ground along the East fork is thought to contain gold in paying
quantities, and it is the intention of the owners to mine as soon as possible
all that has not already been worked.

From the mouth of the East fork up to near the upper end of claim
No. 4, the present stream gravels, which are the gravels there being worked,
overlie boulder-clay, the depth to this 'clay bedrock' being about 6 feet.
This ground has been worked by the owners by open-cutting and sluicing
during portions of the past two summers. :\/[r. Printz claims that the gravels
along this portion of the creek carry gold to the amount of about $1.50
per cubic yard.

Commencing atabout the foot of Mr. Cristensen's ground, the boulder
clay has been entirely removed from the channel of the present stream, and
the gold-bearing gravels are on bedrock which is, along this portion of the
creek, dominantly a highly silicifted and chert-like rhyolite. Mr. Cristensen
has been working his holdings intermittently for the past three years, open
cutting and sluicing in summer, and drifting in winter.

Along the portions of claims 0Jos. 5, 6, and 7, that have been worked,
the depth to bedrock is from 10 to 20 feet, tl1E're being 4 to 6 feet of surface
muck overlying the gravels. The gold is mainly on bedrock, and extends into
crarks and crevices of the rock for 3 fept or more. The pay gravels where
being worked when visitecl by the writer, were about 15 feet wide and
carried about 40 cents in gold to the square foot of bedrock. Higher up,
where the pay streak is only 12 feet wide, the gravels are claimed to carry
80 cents to the square foot.

In all, until July 1914, possibly about $2,000 had been obtained from
the East fork, and the largest nugget found was worth $5.80.

Near the mouth of the South fork, Messrs. Miller and Shaw have been
working during portions of the past three winters, and during part of last
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summer (1914). Their mining has all been done by the method of drifting
on bedrock, hoisting from a shaft, and sluicing. The width of the pay gravels
worked, ranges from 10 to 20 feet, and the ckpth to bedrock is abou t 20 feet.
The bedrock there is a rhyolite similar to that lower down on the East fork
where Mr. Cristensen is working, but in places i, somewhat less silicified
and cherty. During the winter of 1913-14 the owners obtained about $1,200
in gold from their operations, this being the clean-up from 4,500 8-pan
buckets; in other winters they were much less successful. Some of the nuggets
obtained are composed largely of a lustrous black telluride mineral, which
occurs associated with the gold.

On 'vVebber creek, three shaft;; have been sunk, 30, 22, and 40 fL:et,
respectively, to bedrock, and gold in encouraging amounts is reported to
have been found. \i\'hen visited in July (1914) Mr. Courtney Mack was
engaged in extensive ground-sluicillg operations, ill an attempt to strip
bedrock by this mpthod, and to cheaply and quickly handle the overlying,
supposedly gold-bearing gravels. A sectiun exposed there showed frol11 3 to
6 feet of muck overlying the boulder-clay which extends down to bedrock.

On Back creek, a tributary of Victoria creek, lVIr. John Rymar sank
three shafts on claim ~o. 4 below Discovery, which are reported to have
reached bedrock at depths respectively of 26, 26, and 30 feet. Gold in en
couraging amounts is reported to have been found in these shafts and as a
result, the creek has been for the greater part re-located -the claims having
previously lapsed.

It is thought that in all, only from $5,000 to ~7,OOO in gold has been
obtained from ~ansen district; but systematic prospecting has been carried
on at only a few points and it would seem possible that other valuable
placer deposits may yet be found. Special attention should be devoted to
the exploitation of the bedrock channels of the tributary streams, as although
the amount of concentration may have been less in the small than in the
larger valleys, the channels containing the gold-bearing gravels can be
much more easily found along the tribut:lry streams, than in the larger
valleys; and, on the upper portions of the smaller valleys there was little
or no ice during the Glacial period, and whatever gold was accumulated
there in all probability still remains practically where it was originally
concentrated.

Upper White River District*

Cpper White River district adjoins the 141st meridian 'which forms the
Yukon-Alaska Boundary line along the upper portions of White river
included within C'anadian territory. From time to time for a number of
years past, it has been reported that placer gold has been found within this
area; the first authentic discovery that is known, however, was made on
Pan creek during the winter of 1912-13 by \!Iessrs. William E. lames, Peter
Nelsur'; and Frederick Best, who claimed to have found good gold prospects
there, but stated that they were forced to stop work on account of the
inflow of water when bedrock was reached. In the spring, Messrs. James and
Nelson went farther west and became the original locators in Chisana
district, Alaska.

During the autumn and winter (1913-14) following the Chisana dis
covery, prospectors rushed into Upper White River district, which is within

'" Cairnes, D. D., "Upper White River District": Geol. Surv., Canada, lVfemoir No. SO, 1915.
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about 30 miles of the original discovery at Chisana, and a great many placer
claims were located, several streams, including Pan, Bowen (Dominion),
Hidden, Cash (Gold), and Indian creeks being staked practically from
end to end. The only creeks, however, on which gold sufficient to constitute
promising prospects has been found, arc Pan, Bowen, and a tributary of
Bowen known as Hidden creek.

Pan creek is about 3~ miles long and drains over the southwestern side
of Nutzotin mountains into Tchawsahmon creek. The valley of the creek
is a deep, gorge-like, rock-walled incision, through which the stream,
particularly along the lower portion of its course, rushes with great force,
tumbling over a number of falls to reach Tchawsahmon valley.

The rocks exposed along Pan creek comprise both sedimentary and
igneous members. The sedimentary rocks include mainly shales, argillites,
cherts, greywackes, conglomerates, and limestones of Carboniferous or
early Mesozoic age. These are extensively invaded by basic to semi-basic
rocks including diorites, diabases, andesites, and basalts, \vhich are thought
to be, mainly at least, of ahout Cretaceous age.

The gravels along Pan creek are in most places narrow, and down to the
edge of Tchawsahmon valley, are thought to be from 5 to 40 feet deep,
except at or near the lips of the various falls along the stream, where bed
rock in some cases is exposed. The gravels are very coarse, boulders several
feet in diameter being very plentiful, and as they thaw in summer, and in
winter are never frozen near bedrock, prospecting by sinking is almost
impossible; consequently, the gravels on bedrock have nowhere been tested
so far as is known. Some coarse gold has, however, been found in places
along the rock rims of the creek channel, and in the gravels near the surface,
so that further investigation is warranted. The best way to thoroughly test
this creek would be to ground-sluice the gravels, fluming the surplus water
when bedrock was being cleaned. In this way, with the volume of water
in the creek at most seasons, it is quite feasible to strip the bedrock and
exploit the overlying gravels, though the large boulders would be trouble
some.

Three holes have been sunk in Tchawsahmon valley opposite the
mouth of Pan Creek valley, the deepest of which is down about 90 feet.
The ground encountered there was frozen to the bottom of the 90-foot
shaft, where water was encountered and sinking was abandoned. None of
the holes reached bedrock.

Prospecting in Tchawsahmon valley is not considered advisable at
present for a number of reasons. The wide valley bottom-about one mile
in width opposite the mouth of Pan creek-··is floored with glacial and other
superficial detrital accumulations to a depth of 100 feet or more, and there
is no indication at the surface as to the position of any underlyinf; bedrock
channel, so that prospecting under such conditions would be very expensive
and have little chance of reward. Besides there is no chance of finding the
continuation of the bedrock channel of Pan creek within Tchawsahmon
valley, nor of any of the streams tributary to this depression, as glacial ice
has planed away the mouths of these tributaries and scattered the gravels
with whatever gold they may have contained. Any gravels which were
deposited on bedrock in Tchawsahmon valley, and which might have been
gold-bearing, have also in all probability been also redistributed by the
glacial ice.

Bowen creek like Pan creek drains down over the southwestern face of
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the Nutzotin mountains, and empties into Tchawsahmon creek. This
stream, as well as its tributary, Hidden creek, is in most respects much like
Pan creek. Some coarse gold has also been found in them, but so far not in
sufficient quantity to pay for working. However, very little systematic
prospecting has been done in this locality.

Copper Deposits

The only copper deposits that are known to occur in southwestern
Yukon which have actually been mined or which under present conditions
can be worked at a profit, are those in the Whitehorse Copper belt, near the
town of Whitehorse. This area lies within the limits of the map accompany
ing this report, but was not examined by the writer during the past summer,
as Mr. McConnell spent the summer of 1907 there and has written a very
complete and exhaustive report l on the deposits.

Deposits carrying copper minerals have been found at a number of
other points in the portion of southwestern Yukon dealt with in this report,
mainly in Upper White River district, Kluane district, and in the vicinity
of Aishihik lake. None of these deposits have yet been actually shown to be
of economic importance, but some of them may be of value.

The copper deposits of Upper White River district, although possibly
of future importance, cannot be exploited, until better transportation
facilities are provided. These deposits have been described in detail in a
memoir2 recently written by the writer.

The copper deposits generally spoken of as the Aishihik lake, deposits
which really occur on Gilltana lake3, a small body of water near by, and an
isolated occurrence along Hutshi river,4 a tributary of Nordenskiold river,
also promise to have future value, but under present conditions cannot be
profitably mined.

The only other deposits of copper minerals known to be of economic
importance, in this portion of southwestern Yukon, occur in the extreme
northwest corner of Kluane district, in the vicinity of Quill, Burwash, and
Tetamagouche creeks.

The area or belt through which these copper deposits are distributed,
lies along the east side or left bank of Tetamagouche creek, and extends
northward from Burwash creek to include the upper portion of Quill creek.
Throughout this belt a great number of mineral claims have been located
from time to time, commencing about the year 1908, but most of these have
now lapsed.

The rocks are dominantly of igneous origin, although some sedimentary
beds occur. The igneous members include mainly diorites, diabases, ande
sites, and basalts, certain reddish and greenish amygdaloids being particu
larly conspicuous. All these igneous rocks for convenience in description
will in this report be referred to by the general term 'greenstones'. They
are apparently of early Mesozoic or possibly of Carboniferous age, and very

I McConnell, R. G., "The Whitehorse Copper belt, Yukon Territory": GeoL Surv.,
Canada, 1909.

2 Cairnes, D. D., "Upper White River District": Geol. Surv., Canada, Memoir No.
50, 1915, pp. 133-141.

3 Cairnes, D. D., "The GilItana Lake claims": Geol. Surv., Canada, Sum. Rept. for
1908. pp. 30-31.

• Cairnes, D. D.• "Mack's Copper": GeoL Surv., Canada, Sum. Rept. for 1908, pp. 29-30.
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closely resemble the members of the 'Older Volcanics'* in Upper 'White
River district, with which the copper deposits are there associated. The
sedimentary rocks include mainly shales, cherts, argillites, and limestones
of Carboniferous or Mesozoic age, extensively invaded by the greenstones,
the sediments occurring in most places as mere patches overlying the
igneous members.

Throughout this belt, copper minerals, mainly malachite (green copper
stain) and also some azurite (a blue copper stain) and bornite are some
what widely distributed, and occur associated with calcite, quartz, and
epidote, in the greenstones-mainly in the reddish amygdaloids. These
minerals either follow breaks or fault planes, or ramify through the rocks
along irregular fissures, joints, or cracks. The copper and associated minerals
replace the greenstones in which they occur, and in places the containing
rocks are bleached to a nearly white or pale yellowish colour for 6 to 12
inches on either side of the mineralized fissures, join ts, etc.

In places the rocks are only slightly stained along cracks, fissures, etc.,
in other places, calcite or quartz occ,urs associated with malachite, azurite,
and bornite. The deposits are very irregular in form and distribution, and
are usually not very persistent. The only sulphide noted in the belt is
bornite, and the thickest deposit that is known to have been found carrying
this mineral in any perceptible amount, has a thickness of about 4 feet. This
deposit is situated near the summit of one of the highest mountains im
mediately north of Burwash creek, at an elevation of approximately 6,500
feet above sea-level or about 2,500 feet above the mouth of Tetamagouche
creek. The deposit occurs in a reddish amygdaloid which is much altered, in
places, to epidote and through it in places, streaks of almost pure bornite
occur, from 1 inch to 3 inches in thickness. The remaining portions consist
largely of more or less replaced wall-rock with which is associated some
calcite, quartz, epidote, malachite, and disseminatedbornite.

Possibly the most important occurrence discovered iri this belt, is that
locally known as ']accjuot's'. This deposit is situated at a point about 2,400
feet in elevation above the mouth of Tetamagouche creek, arid occurs in a
dark, dense, reddish basaltic rock which is in places a'mygdaloidal. The ore
material which follows a well-defined fault zone with a nearly flat dip, is
from 12 to 24 inches in thickness, and consists mainly of bornite, malachite,
epidote, calcite, quartz, and more or less replaced wall-rock. An average
sample, taken across the deposit at a point where it has a thickness of 18
inches, was assayed by the Mines Branch of the Department of Mines,
Ottawa, and proved to contain: copper, 33·12 per cent, gold, none, silver;
none. Stringers containing bornite are also exposed in the lower canyon of
Burwash creek but are all less than 20 inches in thickness.

Although copper stain, associated in places with bornite, is so widely
distributed, no deposit thicker than ]acquot's was seen, that contains nearly
so high a percentage of copper. Very few of the deposits of any kind are
more than 2 feet in thickness, and all that were seei1 are low grade and give
little promise of containing much ore.

One locally well known occurrence, somewhat different from the ordi
nary type represented, is located about 1! miles up one of the extreme head
water tributaries of Quill creek. This deposit consists of a reddish basaltic

* Cairnes, D. D., "Upper vVhite River District": Geo1. Surv., Canada, Memoir No.
SO, 1915, pp. 87-93.
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rock, amygdaloidal in places, throughout which for a width of 70 feet or
more, green copper stain is somewhat evenly and plentifully distributed. An
average sample was taken across the best 70 feet of this deposit, which was
assayed by the Mines Branch of the Department of Mines, Ottawa, and
proved to con tain: copper 1·43 per cent, gold, none, silver, none.

None of the copper deposits that have so far been discovered in this
locality could be profitably worked at present even under much more
favourable conditions than now exist, as none of them are sufficiently
extensive or persistent to afford any considerable tonnage of merchantable
ore. However, as copper is so generally disseminated throughout the belt,
it is quite possible that somewhere workable deposits will yet be discovered;
therefore further prospecting is recommended.

ConI

Measures containing valuable seams of coal, have for a number of
years been known to be somewhat extensively developed in southeastern
Yukon, mainly in three 10calities-TantalusJ , Braebllrn-Kynocks2, and
Whitehorse3 coal areas, all of which have already been described somewhat
in detail by the writer. Tantalus coal area extends along Lewes and Norden
skiold rivers; Braeburn-Kynocks coal area crosses Klllsha creek and Hutshi
river, tributaries of the Nordenskiold; and \Vhitehorse coal area lies a few
miles to the southwest of the town of Whitehorse.

Two small areas of lignite-bearing beds, occurring respectively on Sheep
creek and on Kimberley and Telluride creeks in Kluane Mining district,
have been briefly described by Mr. McConnell 4 • In addition, a coal field,
which contains a number of valuable seams of lignite of good quality, and
is here designated the 'Duke River Coal area', has recently been discovered
in the northwest corner of Klllane district.

The lignite-bearing beds, which occur along the upper portion of Sheep
creek, include mainly greyish sandstones, and conglomerates, grey to black
shales, also occasional beds of tuff. These beds include several seams of
lignite of good quality, one of which is at least 6 feet in thickness. An average
sample taken across a seam, 3 feet thick, exposed in the lower or south
eastern end of this Sheep Creek area, was analysed by the Mines Branch
of the Department of Mines, Ottawa, and proved to contain:

Per cent
Moisture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10·9
Ash , . .. . .. . .. . .. 9·6
Volatile matter. .. . .. . .. . .. . .. . .. . .. . .. . . ... 41·0
Fixed carbon (by difference) . . . . . . . . . . . . . . . .. 38·5

The rocks of the Duke River Coal area resemble those along Sheep
creek, except that at the points where sections are best exposed and were
examined, no tuff beds were noticed with the sediments. The beds of this

1 Cairnes, D. D., "Preliminary Memoir on the Lewes and Nordenskiold Rivers Coal
District": Geol. Surv., Canada, Memoir No. 5, 1910, pp. 30-38,48-55; also see Map lOA.

2 Cairnes, D. D., Geol. Surv., Canada, Memoir No. 5, 1910, pp. 30-38, 49-50, also
see Map l1A.

3 Cairnes, D. D., "Report on a portion of Conrad and Whitehorse Mining Districts,
Yukon": Geol. Surv., Canada, 1908, pp. 20-21.

4 McConnell, R. G., "The Kluane Mining District": Geol. Surv., Canada, Sum. Rept.
for 1904, pp. 7A, 18A.
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area include mainly loosely or only partly consolidated black and greyish
shales and clays, and yellowish to greyish sands and conglomerates, which
include occasional intercalated seams of lignite. Fossil plants were collected
from the beds of this area, and from those along Sheep creek; these after a
preliminary examination have been forwarded to a specialist for more
definite determination. They are, however, known to be of Tertiary age
and they appear to indicate that the beds from which they were obtained,
belong to the Kenai series* which includes the oldest known Tertiary sedi
ments in Yukon and Alaska, and is generally referred to the upper Eocene.

The beds of the Duke River area are developed throughout a belt
having a width of from 1mile to 5 miles, which extends at least from Duke river
to the Donjek, a distance of about 15 miles. Good sections of these rocks
are exposed along the head of the left fork of Burwash creek, and along the
left bank of a tributary of Duke river. At one point along this tributary of
Duke river, a small sub-tributary has cut a huge amphitheatre about 1,000
feet deep into these beds, and along the walls of this great natural excava
tion, and extending up the sidehills above it, a section from 1,200 to 1,500
feet in thickness is exposed. In this vicinity the sediments have been little
disturbed, and are practically flat-lying. They are imperfectly consolidated,
and weather very readily, so that at a short distance they resemble ordinary
unconsolidated Pleistocene or Recent deposits. Overlying them at this
point are at least 500 feet of Javas and tuffs of Tertiary or Pleistocene age.

These Tertiary sediments, where exposed in the amphitheatre, include
at least 12 seams over 12 inches in thickness, that contain in the aggregate
at least 30 feet and probably nearly 50 feet of lignite of good quality. The
seams are distributed irregularly throughou t the beds, occurring from top
to bottom of the section.

Three samples of these lignites were taken. No. A is an average surface
sample of 4 feet 6 inches of lignite exposed near the head of the left fork
of Burwash creek. 0reither top nor bottom of this seam was seen, the top
having been removed by erosion, and the bottom not being accessible
owing to its frozen condition. No. B is an average surface sample of a seam
4 feet 5 inches in thickness, which was exposed near the top of the huge
amphitheatre on the sub-tributary of Duke river. No. C is an average of a
number of pieces of lignite from 1 foot t03 feet in diameter from a seam at least
3 feet in thickness outcropping in the amphitheatre. Owing to excessive
weathering it was not feasible to strip this seam for a more satisfactory
sample. These samples have been assayed by the Mines Branch of the
Department of Mines, Ottawa, and proved to contain:

Moisture .
Ash. . .
Volatile matter .
Fixed carbon (by difference) .

A. B. C.

10·2 11·2 9·8

:1

9 ·1 5·4 1·6
42·0 40·9 43·9

.. 38·7 42·5 44·7

* Brooks, A. H., "The Geography and Geology of Alaska": D.S. Geo!. Surv., Prof.
Paper, No. 45,1906, pp. 237-244, and Cairnes, D. D., "The Yukon Coal Fields": Trans.
Can. Min. Inst., vol. xv, 1912, pp. 365-367.
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1915
Introductory Note

In the Summary Report for 1915, page 2, R. G. McConnell, Deputy
Minister of Mines, includes the following brief statement on field work in
Yukon Territory:

"D. D. Cairnes spent the early part of the season revising his previous
geological mapping of Wheaton map-area in the southern portion of Yukon
Territory and at the same time paid particular attention to the various
occurrences of mineral deposit,; within the district, especially to those con
taining antimony-bearing ores which, under present conditions, are the
subject of much interest. Later in the season, Mr. Cairnes made preliminary
examinations of the placer and lode deposits of a district in the vicinity of
Mayo, on Stewart River, Yukon Territory. The same officer, towards the
close of the season, investigated the placer mining possibilities of certain
streams (Scroggie, Barker, Thistle and Kirlzman) leading south of Stewart
River."

2WAYO AREA
by D. D. Cairnes

After completing the geological mapping and investigation of \i\Theaton
district*, the writer proceeded to Mayo on Stewart river and thence made a
preliminary examination of the mineral resources of Mayo area. Not only is
this one of the most important placer gold-producing districts of Yukon Ter
ritory, but valuable lode deposits have been recently discovered there from
one of which shipments of high grade silver ore have been made.

The town of Mayo is situated on the right bank of the Stewart near the
mouth of Mayo river which joins the Stewart 168 miles above its point of
confluence with the Yukon-the mouth of the Stewart being 70 miles above
Dawson. During the past summer (1915) A. G. Haultain of the topographic
division of this department made a photo-topographic survey of an area
that was intended to include the more valuable of the known mineral
deposits along the upper tributaries of Stewart river; and it so happens that
nearly all the important discoveries that have been made in this region,
occur within a limited area in the vicinity of lJayo, which includes the town
of ;\!Iayo, all of Mayo river, and a westerly portion of Mayo lake, the largest
body of water known within the entire drainage basin of Stewart river.
Thus the name Mayo** seemed the most appropriate to be applied to this
particular area, and consequently in this report the term Mayo area is
quite an arbitrary one, and refers to the particular portion of Yukon mapped
during the past season. It extends to the south to include a portion of
Stewart river, and the town of Mayo, and reaches thence northward a
distance of 40 miles to include Haggart creek and Dublin gulch; it also
extends to the east to include the upper portions of Duncan and Lightning
creeks, and reaches thence to the west about 38 miles to embrace the mouth

* Cairnes, D. D., "Wheaton district, Southern Yukon": Geo!. Surv., Canada,
Sum. Rept. for 1915.

** The name Mayo was Riven to the lake and river by a prospector named Alexander
McDonald, after Mr. Frank Mayo, one of the partners of the trading firm of Harper
:VIcQuesten and Company. McDonald prospected in this district during the summer of 1887.
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of J ohnson creek, a tributary of McQuesten river. Practically all of the area
lies within the western portion of Duncan Creek mining district.

During the summer of 1900 R. G. McConnell made a geological
examination of Stewart valley from Frazer falls down to the mou th of the
Stewartl-Frazer falls being between 30 and 35 miles above :.\I[ayo. Joseph
Keele, also, during the summer of 1904, made a reconnaissance survey and
geological examination of a portion of Duncan Creek mining district,
including Mayo area, and his report2 contains a great amount of very
valuable information concerning this district. During 1905 Mr. Keele
continued his mapping and investigations to the east of Mayo area3 . In
addition Mr. T. A. MacLean, on behalf of the Mines Branch of this depart
ment, examined the lode deposits on Dublin gulch in 19124• With these
exceptions, practically no authentic information had been published con
cerning the geology and mineral resources of Mayo area, and Mr. Keele's
reports contain practically all the information that was available concerning
the geology, topography, and placer deposits of the district. A number of
important discoveries had been made since 1904 and it was, therefore,
decided to make a detailed geological examination of Mayo area. During the
past season the topographical mapping was completed, and a preliminary
examination was made of the mineral resources of the area. After the com
pletion of the topographical map it is proposed to proceed with the detililed
geological mapping, using the topographic sheet as a base.

Transportation and Accessibility

Mayo area is quite readily accessible. Stewart river generally opens
between May 10 and 15, and remains clear of ice until some time in October.
During the season of open navigation the steamship Vidette, with good
passenger and freight accommodation, makes weekly trips from Dawson
to :VIayo, a distance of 238 miles. During the winter months, there is a
monthly, and during part of the season a bi-monthly overland stage service
between Dawson and Minto Bridge, a small village 10 miles north of Mayo,
and situated at the junction of Minto creek and Mayo river. The distance
from Dawson to NIinto Bridge over the stage road is 174 miles. Mayo and
Minto Bridge thus become the distributing points for Mayo area during the
summer and winter seasons respectively.

The rate charged by the Side Streams Navigation Company on freight
from Dawson to Mayo is two cents per pound. From Mayo, a good wagon
road has been constructed by the Yukon government, to Minto Bridge, a
distance of 10 miles, and from Minto Bridge government roads lead up all
the main creeks, and a hranch has also been extended to the recently
discovered silver-lead deposit on Galena creek. The rates charged for haul
ing freight between ~\tlayo and other portions of the district depend largely

1 McConnell, R. G., "Stewart river": Geo!. Surv., Canada, Ann. Rept., Vo!. XIII,
1900, pp. 39A-43A.

2 Keele, ]oseph, "The DlIncan Creek Mining district"; Geo!. SlIrv., Canada, Sum.
Rept. for 1904, pp. 18A-42A.

3 Keele, ]oseph, "A reconnaissance survey on the Stewart river": Geo!. Surv., Canada,
Sum. Rept. for 1905, pp. 32-36. "Upper Stewart River region, Yukon"; Geo!. Surv.,
Canada, Ann. Rept., Vol. XVI, pt. C.

4 MacLean, T. A., "Lode mining in Yukon"; Mines Branch, Dept. of Mines, Canada,
1914, pp. 127-159.
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on distance. An idea of the charges can be formed, however, from the
following examples-- one of which is a typical rate on ordinary freight out
from Mayo, while the other show::; a reduced rate on ore hauled in winter
down to Mayo. The regular rate on freight from :\1ayo to Minto Bridge, and
thence up Highet creek to :\/Iiddlecoff's, the most important gold-producing
property in Mayo area, is 2 cents per pound, the total distance being 22
miles. For hauling ore from Galena creek to YIayo, a distance of 30 miles,
the rate charged last winter (1914-15) amounted to practically $20 per ton.
From Mayo to the smelter in San Francisco the freight charges amounted
to about $22.25 per ton.

Population

The total resident population of Mayo area during the past summer
amounted to 154 white people, made up of 125 men, 12 women, and 17
children, and about 80 Indians, according to the recurd kept by the Royal
North 'vVest Mounted Police.

General Topographical and Geological Description

Mayo area lies entirely within the Yukon Plateau physiographic
province, and is mainly characterized by being subdivided by well developed,
flat-bottomed, interlocking valleys into numerous, small, isolated mountain
groups and areas of well dissected upland. The higher summits rise to
elevations of from 5,000 to over 6,500 feet above sea-level-Mayo being
considered to be 1,625 feet, and Mayo lake 2,000 feet above the sea. The
former plateau surface has been largely destroyed in this district, and the
shapes of the land forms, except where modified by glaciation, are for the
most part dependent on bedrock structure. The district has, however, been
intensely glaciated. The glacial ice, at one time, extended over practically
the entire area, enveloping all except possibly the highest summits. As a
result, the valley walls have become smoothed, planated, and steepened,
giving to the valleys, typical U-shaped cross-sections. In addition, all the
main valley floors have been deeply covered with large amounts of glacial
detritus which has, in post-Glacial times, been trenched and in part removed
by the streams of the district. Thus on the sides of the present stream
channels, terraces have been produced, which in places are wide and are
characterized by innumerable kettle holes, irreg-ular mounds and piles, and
other erratic forms typical of an old glacial floor. The entire Mayo area is
drained by Stewart river and its tributaries.

The geological formations outcropping throughout the area are domi
nantly old schistose rocks, including mainly mica schists, quartz schists, and
schistose quartzites, with also some crystalline limestones. These cor
respond to the old schistose rocks of the Klondike* and other portions of
Yukon and Alaska, and belong to the Yukon group** which is thought to be
of Pre-Cambrian age. In a few localities, these old schistose members are
intruded by granitic rocks which appear to be mainly grey biotite granites,
probably of Mesozoic age. Occasional dykes of rhyolite, and greenstones

* McC:onnell, R. G., "Report on the Klundike Gold fields": Geo\. Surv., Canada,
,\nn. Rept., Vo\. XIV, pt. B., 1905, pp. 12B-15B.

** Cairnes, D. D., "The Yukon-Alaska International Boundary between Porcupine and
Yukon rivers"; Geo!. Surv., Canada, Memoir 67, pp. 38-44, 1914.
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resembling in general appearance andesites and diabases, also occur In a
few places.

J\1ineral Resources

The mineral resources of Mayo area include mainly, so far as is known,
gold-bearing gravels, and lode deposits, of which the gravels have, up to the
present, proved to be of much greater importance. Coarse gold was found
on Haggart creek in 1895, and since that time there has been more or less
continuous prospecting for placer deposits within the area; and since 1898
or 1899 the district has each year yielded an important production of gold.
As to the lode deposits, ore has actually been shipped from only one vein,
shipments aggregating between 1,200 and 1,300 tons. This ore was high
grade, and its discovery has given a great impetus to the lode mining
industry of the district. The lode deposits of Mayo area, therefore, although
they are not of the same immediate importance as the gold gravels, owing
to the present high transportation costs and other causes, nevertheless
constitute a very valuable future asset to the district.

Gold-BearinlJ: Gravels

The Stewart was one of the first rivers in Yukon Territory to attract
the attention of miners. In the year 1883, and for several years following,
gold was found in paying quantities on the bars along this stream, and it is
estimated that during 1885 and the two succeeding years, the yield amounted
to about $100,000. Since then the production has been small, but a certain
amount of har mining is performed each year. Bars have, in the past, been
worked from the mouth of Mayo river down almost to the mouth of the
Stewart. Steamboat bar, which is situated about 4 miles below the Mc
Questen, and is the richest ever discovered on the Stewart, is reported to
have yielded for some time at the rate of $140 per day per man, as worked
with a rocker. The gold-bearing gravels are rarely over 2 feet in thickness,
and are generally less than one foot. This extreme shallowness of the auri
ferous deposits, combined with the fact that in most places they were con
fined to small areas near the head of each bar, accounts for the rapid ex
haustion of the Stewart River diggings.

Two dredges were installed on Stewart river to more rapidly work these
bar deposits, and, it is believed, with the hope of obtaining coarser gold
nearer bedrock. One of these dredges worked for only a few months in 1910
and 1911, and the other for only about four months altogether, during 1911
and 1912. The dredging operations proved for various reasons to be a
decided financial failure.

Even yet, however, a few men engage each summer in bar mining along
the Stewart between :.vlayo river and Lake creek; and the miner experienced
in this class of work can make from ~3 to ~S per day or occasionally even
more, when the water is low, which is generally from about the first week in
August until the freeze-up. During the past autumn (1915) about twelve
men were so engaged.

In 1895 coarse g-old was first discovered on the streams tributary to the
Stewart, and from that time until the present, new discoveries of importance
have been made from year to year, with the result that for a number of
years past, the placer mining industry in the district has been one of con
siderable importance. Mr. George P. Mackenzie, Gold Commissioner of
Yukon Territory, has estimated that to the close of 1914 the Duncan Creek
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mining district produced about $658,000*. Practically all of this yield came
from Mayo area, except that obtained from the Stewart River bars. This
estimate is thought to be very conservative, since considerable amounts of
gold were mined in the early days of which there is now no official record.
The main streams within Mayo area from which placer gold has been
produced are Highet creek, Duncan creek, Haggart creek, Minto creek near
Minto lake, and Johnson creek. These will be briefly described in order
commencing with Duncan creek on the east, and proceeding toward the
west.

Stream Gravels

For a clear understanding of the gold-bearing gravels of Mayo area, a
general knowledge of the geological history from late Tertiary times until
the present, is necessary. Before proceeding with the description of the
gravels along the individual creeks, therefore, the succession of geological
events within the district will be briefly reviewed as far as they have a direct
bearing on the placer mining industry.

In late Tertiary times, as a result of the general uplift of the Yukon
plateau, including Mayo area, a new erosion cycle was initiated, and deep
V-shaped valleys were rapidly eroded, and well-defined drainage ways
became again established throughout the district. This erosion period was
of long duration, and continued until the streams had gradually acquired
more and more gentle gradients, much more gentle, owing to their greater
degree of maturity, than those traversing Mayo area at present. Conse
quently the gravels deposited along the stream courses of this period were
very well worn and sorted, and as the softer more destructible materials
were removed, they became limited dominantly to quartz and other resist
ant materials. The accumulations of this time are represented in the Klon
dike by the famous White Channel gravels, and in Mayo area by remnants
of higher channels along the benches of certain streams.

This long erosion interval was terminated by the initiation of a period
of deep-channel cutting which has been generally attributed to a somewhat
extensive and gradual upwarp or uptilt of the land surface. This uplift
apparently amounted to several hundred feet in places, and gave the streams
renewed head and vigour enabling them to quickly sink deep channels in
the former valley floors. The bottom of the deep channel on Duncan creek
produced at this time is over 100 feet below the level of the present stream;
also Minto lake is reported to be over 300 feet deep, and Mayo lake is said
to be still deeper.

This period of rapid valley deepening was brought to a close by an
epoch of glaciation and aggradation which followed; but it is somewhat
uncertain whether or not all the aggradation is attributable to the ice
invasion, as the deposits still filling the deep channels have not been care
fully investigated. All of these accumulations that are exposed, including
the uppermost deposits, are, however, either directly or indirectly of glacial
origin. During the Glacial period, ice accumulated until all, except possibly
the higher summits, became enveloped. The ice also scoured and planated
the valley walls, and in places, the floors as well, and must have destroyed,
to a great extent at least, the various remnants of the old stream deposits
left clinging to the valley sides. Thus the pre-Glacial gravels with their

* Personal communication.
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gold content were, to a great extent, transported to form erratic, unsorted,
morainal accumulations. During the time of the actual occupation by the
ice, vast quantities of glacial debris were irregularly deposited over the
valley floors, and to some extent along the walls of the various depressions;
also, great quantities of glaciofluvial sediments were rapidly deposited within
the valleys, in a bedded condition. Gradually, however, with the complete
disappearance of the ice, the sedimentation became less, the streams
resumed more normal proportions, and instead of aggrading their courses,
commenced to re-excavate channels through the accumulations deposited
in the valleys. I n so doing- they became in many places diverted from their
original channels and, in some cases, were deflected from their former valleys
completely. Occasionally, they became superimposed over rock spurs, and
the work of cutting down through these was of necessity very rapid in order
to keep pace with erosion through the softer materials below the spurs. Thus
the numerous, deep, narrow, rock canyons which characterize most of the
streams of Mayo area became incised. Both pre-Glacial and post-Glacial
gravels occur in places at various elevations along the walls of the drainage
ways of the district, and they mark former positions occupied by the
streams in the process of sinking their channels either to the deep-channel
or present-channel levels.

In Mayo area, there are thus six main types of stream gravels*.
High-level gravels.
Terrace gravels-pre-Glacial.
Deep gravels.
Glaciofluvial deposits.
Terrace gravels-post-Glacial.
Present gravels.

The high-level gravels correspond to the White Channel gravels of the
Klondike, and are of pre-Glacial age. In Mayo area they have been to a great
extent carried away by subsequent stream action, as well as by glacial
erosion, but remnants undoubtedly still remain. These gravels must have
originally contained placer gold in very considerable amounts, and wherever
the old channels containing them are preserved, the gold must still remain.

Deep gravels, which are also pre-Glacial, are known to occur along
Duncan, Haggart, and Highet creeks, and elsewhere, but, excepting those
on Highet creek, have been very slightly prospected. Where bedrock was
reached on Duncan creek on No. 53 below Discovery, the gravels on bed
rock are reported to have been quite rich. Gold was undoubtedly originally
concentrated in the deep gravels, and it must still remain in them, except
where they have been disturbed by glaciation. The deep channels on all
the gold-bearing creeks will doubtless eventually be prospected and in all
probability the contained gravels will be mined in many places; but up to
the present it has been found impracticable to prospect these deep channels
along most of the streams owing to the fact that near bedrock the gravels
are not frozen, and when these thawed deposits are pierced, water comes
into the shafts so rapidly that further work is impossible. No doubt this
difficulty will, however, some day be overcome.

The glaciofluvial deposits include the gravels, sands, and silts deposited
by streams, during the Glacial period. These deposits accumulated very

* The term 'Rravels' is here lIsed in a Reneral placer mininS?; sense, to include all gravels
and sands occurring in the various stream channels.
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rapidly; sufficiently so, at least, to aggrade the stream courses, and, there
fore, it is not to be expected that any great amount of placer gold has been
concentrated in them. Locally, however, on Duncan and Minto creeks and
elsewhere, occasional beds of gravel having this origin, contain gold in
workable quantities. These deposits are older than ooth the post-Glacial
terrace, and the present gravels.

The terrace gravels of both pre-Glacial and post-Glacial age were
deposited by the various streams in the process of sinking their channels
to the levels of the deep-channels or present channels, respectively. They
thus occur at various elevations along the walls of their respective valleys-
the post-Glacial deposits being necessarily higher than the level of the pres
ent streams, but the pre-Glacial deposits being at any elevation above the
bottoms of the deep channels. The positions of these terrace deposits are
often indicated by more or less well defined terrace forms. Along Highet
creek, especially opposite Rudolph pup, apparently pre-Glacial terrace
gravels have proved to be very rich; and along Duncan creek, prospecting
has revealed the fact that post-Glacial terrace gravels occur at various
elevations above the present stream, and, in the places discovered, they
contain important amounts of gold. The benches along the various creeks
should thus be carefully prospected, not only for the pre-Glacial high-level
channels, but also for these terrace gravels, as it seems altogether probable
that a very considerable portion of the placer gold remaining in Mayo area,
which can be economically mined at present, occurs in these bench deposits.

It is the gravels along the present stream bottoms, however, that have
been mainly worked in this district, owing largely to the fact that they are
shallow and can be relatively easily prospected. The gold in the present
gravels has been for the greater part reconcentrated from higher gravels
and other unconsolidated deposits, and is, therefore, liaole to be somewhat
unevenly distributed. These gravels are thus generally richest, just opposite
or immediately below points where higher gold-bearing channels have
been tapped, either by the main stream itself or by its tributaries, provided,
of course, that in such places the underlying bedrock is of a nature to hold
the gold.

Duncan Creek*

Duncan creek is one of the larger streams of Mayo area. It is about
14 miles in length, and follows a general southwesterly course, joining Mayo
river about 6 miles below Mayo lake. The present stream flows throughout
a considerable portion of it~ course in a decidedly constricted channel, and
in places is even confined within rock canyons with almost perpendicular
walls. I n many places where both banks are not so steep, one of the walls is
an abrupt rock scarp, showing the channel to be quite recent. On either side
of the channel, a well-defined, wide-topped terrace follows along Duncan
creek throughout the greater portion of its course, being most pronounced
on its left side (limit). The top of the terrace has much less grade than the
creek bottom, and ranges in elevation from about 200 feet above Duncan
creek, opposite the mouth of Lightning creek, to over 300 feet near Mayo
river. About 12 miles from its mouth, Duncan creek forks, the larger branch,
called Lightning creek, continuing in the same general course as the main

* Keele, joseph, "The Duncan Creek IVlining district": Geol. Surv., ranada, Sum.
Rept. for 1904, pp. 2SA-29A.
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creek, while the tributary, known as Duncan or Upper Duncan creek, comes
in from the southeast at about right angles to this course. Commencing
about 500 yards above the forks, Upper Duncan creek flows through a rock
canyon about three-fourths of a mile long, with walls over 100 feet in height.
A deep channel, in most places about 100 feet below the level of the present
creek, follows down Lightning creek to the forks, and thence down the main
or Lower Duncan creek.

The bedrock top of the terrace along Duncan creek evidently represents
a portion of the old floor of the pre-Glacial stream. Subsequent to the uplift
of the district, the creek cut down through this former valley bottom, and
eroded the deep channel along Lightning and Duncan creeks. Later, the
entire Duncan-Lightning valley was filled, largely at least, with glacial and
glaciofluvial deposits to above the level of the main terrace, after which the
stream began to re-excavate its course and, following the direction of least
resistance, only in places became superimposed over its former channel.
Thus the present creek channel with its canyons, rock scarps, and other
recent features, was produced. Remnants of the old, high-level, pre-Glacial
gravels probably remain on top of the terrace, but at only one point-on
Makela's property- have deposits resembling them been as yet found. The
glaciofluvial deposits are very conspicuous both on the benches and along
the valley bottoms. Along the lower portion of Duncan creek, in particular,
the stream cuts through heavy deposits of glacial and glaciofluvial gravels,
sands, and silts. Deposits of glaciofluvial origin are at present being hy
draulicked along Upper Duncan creek, and terrace deposits containing
important amounts of gold are known to occur in places along Lower
Duncan creek. The deep gravels have also been somewhat prospected. I t is
mainly the present stream deposits, however, that have been worked along
this stream.

Gold is believed to have been first discovered on Duncan creek in 1898,
in the canyon just above the forks, the discovery being made by three
Swedes, a father and two sons, named Gustaveson. They were apparently
very energetic prospectors, and it is claimed that, working their ground
secretly and undisturbed for two or three years, they took out gold to the
value of $30,000 or more. Being in such a remote and secluded locality,
however, they did not think it necessary to stake their claims or record their
discovery. As a result, on September 12, 1901, during their absence, a
discovery was staked in the canyon by four other prospectors, Duncan
Patterson, Colin Hamilton, AlIan McIntosh, and Jake Davidson-Duncan
Patterson giving his name to the creek. This discovery and the other claims
located covered the ground formerly worked by the Swedes. During 1902,
Duncan creek was staked from its headwaters to Mayo river, cabins were
built on many of the claims, and active preparations were made for develop
ing the ground. A number of shafts were sunk along Lower Duncan to a
depth of over 100 feet, and 130 feet was reached on No. 104 below Dis
covery2, without getting to bedrock. The depth alone would not have pre
vented the miners from sinking farther, but in every case they were forced
to abandon their shafts on account of heavy water encountered when certain
layers of unfrozen gravels were pierced. During the summer of 1903, a shaft
sunk on No. 53 below Discovery, at some distance from the creek on the
left limit, reached bedrock at a depth of 98 feet. During the winter, drifting

* Discovery claim was on Upper Duncan at the lower end of the canyon.
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was continued toward the creek, the rock bottom yielding gold in small
quantities. The water entering the drift during the progress of the work
was pumped out, but the Aow finally increased beyond the capacity of the
pumps, and operations had to be abandoned just as good pay is reported
to have been struck. The total clean-up from this working is variously
reported at from $800 to $1,200. At a few other points, small amounts of
gold have been obtained from Lower Duncan creek; but since 1904, very
little mining has been done below the forks. epper Duncan has, however,
been worked continuously.

During last season (1915) three men were working on Lower Duncan,
one man was prospecting Oil Parent creek, a tributary of Lower Duncan,
one man was working on Lightning creek, one man was hydraulicking on
the left bench of Duncan just below the forks, and five were working on
t'pper Duncan-a total of eleven men on Duncan creek and its tributaries.

The gravels along the creek bottom of Upper Duncan, from below
the canyon upstream to No. 22 above Discovery, have been all worked over,
and mining operations are at present limited to the deposits on the left
bench of the creek. Last season when the creek was visited, two parties
were hydraulicking on this bench. John Turner, an old-timer on Duncan
creek, was working with one associate, Thomas \iVilliamson, just below
~o. 8 above Discovery, and was intending to continue the working of this
bench downstream. David Sparks was also hydraulicking on No. 8 im
mediately above lVIr. Turner. lVIr. Sparks has been practically continuously
engaged on this creek since 1903, and holds the ground from No. 8 up to
='Io. 17 above Discovery. He was working with two associates Sam. Rae and
R. S. McLean. The gravels ueing worked by Turner and Sparks are mainly
or entirely of glacial or glacioAuvial origin, and are coarse and composed
mainly of the schistose rocks of the district. They are also fairly well bedded
in places, and exhibit a certain amount of sorting, but they are also decidedly
clayey in places, and include a great many foreign boulders of greenstone
and pyroxenite, up to 4 feet or more ill diameter. In fact, large boulders
are so numerous there, that the handling of them is a serious item in the
mining of the deposits. Where ~Vlr. Turner was working, the gravel has a
thickness of as much as 35 feet, and in places, on this bench, it is believed to
approach more nearly 100 feet in thickness, and is nearly everywhere
overlain by a considerahle thickness of mucle. The greater part of the gold
appears to be within to feet or so of bedrock, but it is very erratically
distributed, and is just about sufficient in amount to pay expenses with
the present methods of working.

Elmer Makela was also engaged in hydraulicking on the left bench of
Lower Duncan just below the forks, his property adjoining the claims of
Sparks and Turner. Mr. lVIakela has been engaged in prospecting operations
in this vicinity for about three years, and with his own labour has built a
ditch for hydraulic purposes, and has installed 1,500 feet of to-inch pipe,
and a monitor, with which to explore and mine the gravels on this bench. At
the point where he was working, gravels similar to those on the Sparks and
Turner properties occur, but in addition a heavy bed of very different,
much finer gravel was also encountered. In the top of the latter a well
preserved portion of a mammoth tusk was found, this being the first mam
moth or mastodon remain that is known to have been discovered on Duncan
creek. This gravel deposit is as much as 100 feet thick in places and consists
mainly of quartz pebbles with no large boulders. It is uniformly fine and
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evenly textured, and exhibits well defined bedding. In fact, the deposit
very much resembles the old White Channel gravels of other localities.
Insufficient work had been done, however, to show whether the gravel
overlies or underlies the glacial deposits. Very encouraging amounts of gold
are reported to have been obtained from prospect shafts sunk in this de
posit; in the hydraulic operations, however, bedrock has not yet been
reached. If the gravel proves to be a remnant of the old pre-Glacial, high
level gravels, and the central portion of the channel is preserved, important
amoun ts of gold are to be expected.

On Lower Duncan creek, three partners, J. A. Walsh, W. L. Bramley,
and John Adair were engaged in mining the creek gravels. They hold the
claims from No. 4 to No. 20 above Duncan Creek bridge, and were operat
ing mainly on Ko. 10. During the latter part of 1913, and the spring of 1914,
they prospected the gravels of the present stream channel with a Keystone
drill, the depth to bedrock of ten holes slink being from 10 to 16 feet.
Encouraging results were obtained, and mining operations were com
menced. A well constructed, covered bedrock drain was built, and an
efficient plant for open-cut work was installed, consisting of a boiler, engine,
and self-dumping, slip scraper. The gravels being worked show very im
perfect sorting, and appear in general as a jumbled mass of large boulders
filled in between with sand and other fine material, boulders 3 to 5 feet in
diameter being quite common. These gravels contain a great amount of
material, including greenstone boulders, and hematite and jaspilite pebbles,
that are foreign to the Duncan Creek drainage area, and evidently have
been transported by glacial ice. In fact the present gravels along Duncan
creek are dominantly a concentrate or residual product from the glacial
and glaciofl uvial deposi ts that the stream has transported and re-sorted in
post-Glacial times; and the gold they contain is mainly a result of this
sorting and concentrating action. When last visited during the first week in
September (1915) Mr. Walsh and partners had just completed the initial
dead work necessary in mining operations of this description, and had only
commenced to handle the pay gravel.

A certain amount of prospecting has also been done on the left bench of
Duncan creek in the vicinity of the workings of Mr. vValsh and partners,
and has shown that stream gravels occur at various elevations up the face
of the terrace to the top, and that in places they contain gold in encouraging
a mOll nts. Certain terrace deposi ts in particular between 30 and 50 feet
above the present creek have been found to contain important amounts
of gold. It is thus evident that these bench deposits should be more care
fully prospected.

During the past summer John Salin was prospecting on Parent creek
about one mile from its mouth. Parent creek is a tributary of Duncan creek,
joining it from the east about 6 miles above \1ayo river.

On Lightning creek a shaft was at one time sunk in the valley bottom
just above the forks, and reached bedrock at a depth of 105 feet. From the
bottom of this shaft, drifts were run to crosscut the deep channel at that
point, but no important amounts of gold were found. This is ahout the only
work that has been performed on Lightning creek itself, but one man,
Martin Malesich, has mined for tllf' past 6 or 7 seasons on Thunder gulch,
which joins Lightning creek abollt 5 miles above its point of confluence with
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DUllcan creek. Mr. Malesich is engaged mainly in ground-sluicing, uSlllg
pipe and nozzle.

It is very difficult now to determine the total amount of gold that
Duncan creek has yielded. Mr. George :.vlackenzie, Gold Commissioner of
Yukon Territory, estimates that to the close of 1915, Duncan creek has
produced $55,000 and its tributary Lightning creek, an additional $2,000.
Figures obtained from various old timers in this vicinity would tend to
indicate that the total production considerably exceeded this amount, their
estimates reaching about $75,000 for Duncan creek without including the
gold obtained by the three original Swedes who are claimed to have obtained
$30,000 or more. The assay value of Duncan Creek gold is generally be
tween $16.50 and $16.60 per ounce.

Haggart Creek

Haggart creek is one of the principal tributaries of the McQuesten,
having a length of over 20 miles; it has a general southerly to southwesterly
course, and joins the south fork of McQuesten river, about 13 miles above
its confluence with the north fork. The general characteristics and geo
logical history of Haggart creek are much the same as those of Duncan
creek. The present stream follows a recent, somewhat constricted channel;
and an older deep channel also has been encountered in shafts sunk both
above Dublin gulch, and along the lower portions of Haggart creek. One
shaft to bedrock above Dublin gulch is 90 feet deep, and another near the
mouth of Lynx creek is 140 feet deep. Stream gravels are also known to
occur on the benches along Haggart creek, but these have been very slightly
prospected; however, gravels containing important amounts of gold have
been found on the left bench, several hundred feet back from the stream,
and only a fe"" claims below Dublin gulch. Glacial and glaciofluvial deposits
at one time fiJled the valley bottom to above the top of the present main
terrace or bench, but have since been transported to a considerable extent
by the present stream. Vast amounts uf boulder-clay and related deposits
still remain, however, and are to be seen wherever sections of the super
ficial, unconsolidated deposits are exposed.

The only gravels that have been actually mined along Haggart creek
are those occurring along the present stream channel. They are shallow, in
most places, being less than 10 feet thick along the creek bottom. They
consist dominantly of the schistose rocks of the district, but include also
boulders and pebbles of greenstone and granitic rocks. These gravels, how
ever, nowhere contain such large boulders as arc contained in the gravels
along Duncan creek. The largest boulders are generally between 1 foot and 3
feet in diameter and those exceeding 1 foot are somewhat exceptional. Along
both sides of the creek's present course the gravels are frozen throughout,
but in the creek bed, they remain thawed near bedrock even during the
winter. Drifting operations are, therefore, possible only along the sides of
the stream, the creek bottom being worked in summer by open-cut methods.
The gold occurs mostly close to or in the bedrock, and is mainly limited to
2 feet or less of gravel and the underlying 3 feet of bedrock, 2 to 3 feet of
bedrock being taken up in places in the course of mining operations.

The gravels at present being worked along Haggart creek are in places
overlain by a few feet of boulder-clay, but sufficient evidence has not yet
been obtained to determine whether the boulrler-c1ay was originally cle
posited over these gravels, or has since slid over them from the banks. If
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the boulder-clay was originally deposited over the gravels, they must
represent a high pre-Gla,ial channel, approximately 100 feet above the
lowest known channel in Haggart creek; in which case it follows that along
the portion of the creek where mining is being prosecuted, the present
stream has by chance not only become superimposed directly over an old
channel, but has succeeded in re-excavating its course down to practically
the same level as this former depression.

Gold is reported to have been first found on Haggart creek in 1895*,
and in 1896 the creek is kno\vn to have been prospected by Thomas :'-Jelson
who found gold in the canyon 4 to 4} miles from the mouth; after him the
stream was named ~elson creek. In the same year Thomas Haggart built
two cabins on the creek, and one on Dublin gulch, from which to prospect
and mine. In 1898 Thomas Haggart, Thomas I\elson, Peter Haggart, and
'Narren Hiatt started from Dawson for ~elson creek, but en route separated
into two parties, and Peter Haggart and Warren Hiatt, reaching their
destination first, staked Discovery, and renamed the stream after Peter
Haggart. Since then there has each year been more or less mining and
prospecting along the creek.

During the summer of 1915, about 14 men were engaged in placer
mining on Haggarl creek, and an additional 3 mrn were working on Dublin
gulch, a tributary which joins it from the northeast about 14 miles from its
mouth. The properties being worked on the creek all lie between Dublin
gulch and No. 20 below Discovery -the upper end of Discovery claim
reaching up to just about the mouth of Dublin gulch. SomE' prospecting
was done in the past above Dublin gulch, and a number of shafts were sunk,
but no pay gravels were found. The lower portion of Haggart creek, also,
has been prospected, but no one has worked there since 1912.

The lowest operations on Haggart creek during 1915 were being con
ducted by three partners, C. E. Kinsey, John YIawhinney, and C. E.
Merriman, who hold nearly all the ground from ::\10. 11 to No. 20 below
Discovery, and also 1,500 feet up Gill gulch. They have built a ditch about
three-fourths mile long-, including 300 feet of flume, which takes water for
mining purposes from Claim Ko. 9 below Discovery, have constructed a
covered bedrock drain about 1,200 feet long, and a 600-foot waste ditch,
and have installed a boiler, engine, and self-dumping scraper. When visited
during the latter part of August they had completed this installation and
removed a certain amount of overburden, and were commencing to handle
their pay gravel.

W. Abbott, ::\I. Abbott, and Vl. Portlock, who own about five claims
from No. 4 to No. 1) below Discovery, were also engaged in open-cut work,
employing three men in addition to themselves. These partners have been
mining on this property practically continuously for about five years,
drifting mainly along the right rim of the creek, and open-cutting in the
creek bed, the open-cut operations being possible only in summer. To work
their property they have built a ditch about 2,000 feet long to supply
water for washing- the gravels, and also have constructed a covered bedrock
drain about 600 feet long. They have also installed a boiler, engine, and
self-dumping bucket outfit, an efficient plant for this class of mining. The
pay gravels are there in most places from 50 to 70 feet wide, but in some

* Gp. cit.
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places are considered to be nearer 200 feet in width; the gravels along the
creek bed have an average thickness of from 6 to 7 feet. The ground being
worked is believed to average from 30 cents to $1 per square foot of bedrock.

Three partners, John Maynard, Fred R. Gill, and A. Jahnke, who hold
claims Nos. 1, 2, and 3 below Discovery, have also been working their
ground for about seven years. During most of this time, they were engaged
in winter drifting along the right rim of the creek, but during the past
summer (1915), open-cut operations were commenced in the creek bottom.
These partners have built a bedrock drain, about 1,000 feet long, and a
ditch, to supply the necessary water for mining purposes. They have also
installed a car into which the gravel is shovelled, and which is pulled up an
incline and automatically dumped. The power installation on this property
is both unique and economical: instead of the customary boiler, in a locality
where fuel is somewhat scarce and expensive, they have installed an over
shot waterwheel which supplies the necessary power for hoisting. The ground
here is not thought to average more than 50 cents per square foot of bedrock
along the creek bed, but along the right rim in places it runs up to 70 or
75 cents per square foot.

Three other partners, Louis Cantin, Frank Cantin, and Frank McKenna
hold Discovery and three adjoining claims, which they have worked since
1909. During the past summer, only the Cantin brothers actually worked
on their claims, and their operations were mainly limited to hydraulicking
along the right rim of the creek, where the gravels are in most places from
6 to 10 feet in thickness. The creek bottom will probably be worked later,
as the gravels there are thought to be probably richer than those being at
present mined. However, hydraulicking along the side of the creek can be
very cheaply performed, as the bedrock dips from this rim down to the
middle of the channel, and so drains itself, and makes unnecessary the
expensive bedrock drain, maintained in working the thawed gravels in the
creek bottom. Also these slightly higher rim deposits can be moved to a
great extent with the nozzle, so that very little pick and shovel work is
necessary.

On Dublin gulch*, John Suttles has been engaged in placer mining since
1898, and has been holding about 2,500 feet of ground near the mouth of
the creek. His operations have been mainly restricted to hydraulicking
the present stream gravels along the creek bottom, these deposits being in
most places from 6 to 20 feet in thickness.

The cost of mining along- Haggart creek varies considerably, depending
upon a number of factors; two of the most important are the thickness of
the gravels, and their location-whether they are in the creek bed and partly
thawed, or in the frozen zone to one side of the present channel. For work
ing the partly thawed gravels in the creek bed, by means of a self-dumping
equipment, when a bedrock drain has to be maintained, the actual operat
ing costs average from 30 to 35 cents per square foot of bedrock, but if the
cost of installation and the maintenance of the plant be included, the total
cost amounts to about 50 cents per square foot. Hydraulic operations along
the creek rim as performed by Cantin brothers, can be carried on for about
10 cents per square foot.

The gold production of Haggart creek is estimated by Mr. George
Mackenzie, Gold Commissioner of Yukon Territory, to be about $47,000,

*Op. cit.
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which checks very closely with the figures obtained from various old-time
miners familiar with this district from 1898 until the present. The gold
from Haggart creek generally assays about $18.45 per ounce, and that
from Dublin gulch about $17.80.

111into Crce1t*

Prospecting and mining wen' carried on along Minto creek a number
of years ago, and during the last few years Qtto F. Kastner and J ames A.
Scougale have done some work on the left bench of the creek a short distance
below Minto lake.

During the period of deep-channel cutting in Mayo area, a deep,
steep-walled depression was incised through the valley now occupied by
Minto lake, and persisted along the upper part of the present valley of
Minto creek; not far below Minto lake, however, this old channel apparently
swung to the left of the present stream course. It is known that the channel
must be very deep, in places 300 feet or more below the level of the present
valley bottom, as Minto lake is over 300 feet deep, and shafts have been
sunk in the valley of :Vlinto creek to depths of from 70 to 130 feet without
reaching bedrock. This deep channel cutting was followed by a period or
periods of aggradation during which the deep depression was rapidly filled
with various kinds of sediments to above the elevation of the terraces that
extend along the side of the present Minto creek at heights of over 300 feet
above the level of the stream. Following this aggradation interval which was
related to and included the Glacial epoch, the present Minto creek began to
trench its channel down through the deposits in its valley. This work of
re-excavation was very rapid at first, but gradually the stream channel
reached a somewhat graded or aggraded condition, and the creek has now
become a small sluggish stream.

Previous to the purchase of the Kastner-Scougale property a few years
ago, some prospecting had been carried on, but the greater part of the min
ing and development has been done during the past three years, while the
property has been under the management of John A. Ross. The operations
on the property have been limited to hydrauIicking and to work connected
with that class of mining. Three ditches, having an aggregate length of
8{ miles, have been dug, which bring water for hydraulic purposes from
McIntyre, McLagan, and Turnip creeks; and monitors, piping, sluice-boxes,
and other equipment comprising an efficient hydraulic plant, have been
installed.

The hydraulic operations have exposed a section which includes
bedded sands, gravels, and clays, and also boulder-clay, having an aggregate
thickness of more than 200 feet. The lowest of these unconsolidated deposits
exposed, rests on a low rock rim about 40 feet in elevation above Minto
lake, and the uppermost beds are some 210 feet higher. These beds are in
places nearly flat-lying, but for the most part dip toward the creek at angles
rarely exceeding 10 degrees. For about 150 feet above the lowest beds
exposed in the hydraulic cuts, bedrock has been encountered, and is seen
to rise abruptly behind them, forming a rock wall which constituted the
valley side just previous to the period of aggradation during which they
were deposited. Bedrock had not been encountered above this point when
the property was visited in September last (1915). The bedror.k formations

*Gp. cit.
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consist dominantly of very old, probably Pre-Cambrian, schistose rocks
which are mainly quartzite schists, but embrace coarser textured members,
including some sheared conglomerates. These rocks are very micaceous in
places and grade into mica schists. This schistose group of rocks is cut and
invaded by reddish granite porphyry which is somewhat extensively
expused in the hydraulic cuts, and is thought to be of Mesozoic or early
Tertiary age.

A small amount of golcl was found on the low, bedrock rim above
mentioned, and occasional bunches or pockets of gold-bearing gravels have
been found erratically distributed throughout the uppermost sands which
are evidently lake deposits, and are extensively developed along the top
of the main terrace bordering Minto creek in this vicinity. Apparently these
bunches of gold-bearing gravels were not originally deposited where they
now occur, but represent bodies of gravel that were transported en masse
by glacial ice, possibly by icebergs. They are, therefore, not very extensive
or important as a source of placer gold. The only gravel so far encountered
on this property, which gives any promise of constituting a workable
deposit of any considerable extent, is a bed about 20 feet in thickness which
occurs near the top of the workings. This is overlain by about 20 feet of fine,
partly consolidated, bedded sands which are in turn covered by the sands
above referred to, which contain the irregular bunches of transported
gravels. The boulders or pebbles of this 20-foot bed of gravel are well
rounded, and the gravel generally resembles a typical bar deposit. This
gravel deposit is claimed by Mr. Ross to contain gold in sufficient quantity
to pay well for mining, and it is hoped that it will prove to be sufficiently
extensive to yield gold enough to at least !Jay for the past installation,
development, and mining operations.

lIi.ghet Creek*

Highet creek is one of the small tributary streams draining the portion
of deeply dissected upland lying between Mayo and VlcQuesten valleys.
It has a general easterly to southeasterly course, is about 8 miles in length,
and joins Minto creek about 2t miles below Minto lake, or 7 miles above
its point of confluence with i\1ayo river at Minto Bridge. The present min
ing operations on Highet creek are confined to about 3 miles of the creek,
the uppermost workings being about opposite the mouth of Rodolph pup,
which is 13 miles from j\!finto Bridge measured along the wagon road. The
creek has been prospected in the past, both above and below this section,
but little if any actual mining has been done.

Great amounts of boulder-clay and gravel, overJain by sands or silts,
were deposited in Highet valley during the Glacial period; and since the
disappearance of the ice, the present stream has been re-excavating its
channel in these accumulations, but has not as yet succeeded in reaching
its pre-GJacial level. Thus along the portion of the creek at present being
worked, the stream is flowing in a somewhat constricted channel bordered
011 either sick- by banks and terraces of boulder-clay, gravel, slide material,
sand, and silt, and remnants of these deposits are still clinging to the valley
walls up to an elevation of 300 feet or more above the present creek bed.

The present mining operations are almost entirely concerned with the
---

*Op. cit.
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gravels in the creek bottom, although terrace deposits along the right bank
of the creek have been mined in the past and are still being worked to a
limited extent. The gravels being mined in the creek bottom underlie
boulder-clay and are evidently of pre-Glacial age; the portion of the present
stream now being worked has thus quite fortuitously become superimposed
almost directly over its pre-Glacial position. The gravels being mined are
dominantly coarse and include numerous large boulders of schist and
granite. In places, also, they are fairly regular and are quite well sorted,
but nearly everywhere both the gravels and the underlying bedrock exhibit
evidence of having been formerly buried under an enormous weight of
glacial ice which moved down Highet valley. The ice in places cut its way
down to bedrock as evidenced by glacial stri<e and grooving, but at other
points, apparently, it over-rode the gravels which in places have lost all
definite arrangement, and even include masses of soft bedrock that have
been pushed several feet up into them. In places, the gravels are quite
compactly cemented with a clayey matrix and grade up into the ovedying
boulder-clay. The gold is, therefore, very erratically distributed, at some
points occurring in the bedrock or within a few inches above it, and at
others, in rearranged gravels lying several feet above bedrock.

Terrace deposits opposite the mouth of Rodolph pup have also been
mined and have proved to be quite rich. They also appear to be pre-Glacial
in character, and to represent position, occupied by the pre-Glacial stream
in the process of cutting its way to its lowermost position.

Along Highet creek there appears to be very little frozen ground
adapted to drifting, which is practically the only method that can be
employed for mining these gold-bearing gravels in winter. Consequently
the mining on the creek is done almost entirely during the summer months.

Gold was first actually mined on Highet creek in 1903, but the creek is
named after Mr. vVarren Hiatt, who found gold on or in the vicinity of
claim No. 105 several years before 1903-the present spelling of the name
having been adopted through an error made by the original recorder. In
June, 1903, Rodolph Rosmusen, Warren Hiatt, and J. D. McRay staked
claims on the upper part ot" Highet creek. Soon after George Edwards, Fred
vVade, and others located; and in a short time these early stakers com
menced actual mining operations. Since that time Highet creek has had an
important gold production each year, and has to date yielded more gold
than all the rest of 'Vlayo area. Previous to June, 1903, nothing was known
concerning the placer deposits of Highet creek, except as a result of Hiatt's
early discovery; the lower part of the creek had been stampeded and staked,
but no gold had been found.

The highest point at which mining was being performed on the creek
during the past summer was on claim No. 108, nearly opposite the mouth of
Rodolph pup. There, Frank McKenna, who also owns claims Nos. 106, 114,
and 116, was engaged in hydrauJicking the terrace gravels along the right
bank of the stream. At this point two well defined upper channels are ex
posed, which contain typical terrace gravels which are well exposed and have
been worked from claims Nos. 100 to 109, inclusive. These terrace deposits
appear to run out into the present creek valley above )10. 109, and a short
distance below No. 100. On No. 108, bedrock underlying the lower of the
two upper channels is about 17 feet in elevation above the level of the pres
ent creek, opposite, or about 35 feet above the bottom of the deep channel
below the present creek. The higher of the upper channels is 8 feet above
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the lower. Important amounts of gold have been found on both of these
terraces, but the upper one was much the richer. The total amount of gold
that has been obtained from these terrace deposits is now difficult to cor
rectly estimate, but frum the best information available, it would appear
to be between $100,000 and ~140,OOO, and practically all of this came from
claims Nos. 100 to 109 inclusive, the claims being 250 feet in length.

Mr. Elmer Middlecoff owns and mines about 2 miles of the creek next
below. His operations have been and still are the largest in Mayo area. The
mining equipment has been largely designed by Mr. Middlecoff to suit the
peruliar conditions met with, and is both novel and efficient. One of the
main considerations in connexion with any plant on this creek is to have it
so designed as to make the best use of the limited amount of water avail
able. On the Middlecoff property a large automatic dam has been construct
ed which is used for sluicing off the overburden during high water in spring.
A specially designed self-dumping scraper has been installed, which is
used largely for stacking the boulders encountered in sluicing the gravels.
The gravels are conveyed into Cl line of sluice boxes by monitors. The sluice
boxes are made of sheet steel and are lined along the sides with boards or
slabs, the riffles in the bottom being of flat stones selected from the tailing
piles. A clam-shell steam shovel disposes of the tailings, picking them up
at the lower end of the sluire boxes and stacking them to one side. During
the past summer, M r. iVl iddlecoff em ployed througholl t the season an
average of about eleven men, and mining operations were continued night
and day. The average depth to bedrock was about 16 feet, and it was found
that the gravels could be mined profitably for a width of 100 feet and in
exceptional places to widths up to 200 feet. iVlr. Ifiddlecoff states that in
his seven years mining in this vicinity, he has obtained gold to the value
of nearly 3\250,000.

Adjoining Mr. Middlecoff's property, downstream, is a group of claims
owned by a partnership, locally known as the 'Little Gugs', made up of
Geo. H. Miller, G. P. Godbout, M. P. Lindquist, Rodolph Rosmusen, and
Charles Rockney. The 'Little Gugs' own all except three of the claims
from No. 60 to No. 75, and have been working this property for the past
five summers. No mining has been performed below :'-Jo. 60. Cntil the past
summer (1915) the partners worked their claims by means of an automatic
dam and a seli-dumping bucket equipment. The automatic dam, which is
12 feet high and has a gate 12 feet wide, was used to sluice off the overburden
during high water in the spring, and later in the season the underlying pay
gravels were conveyed to the sluice boxes by means of the self-dumping
bucket which was operated by an 8-horsepower engine and boiler. Last
summer a self-loading, self-dumping, one-yard bucket known as a drag-line,
cable-way excavator was installed, which is operated by a 30-horsepower
engine. As the new equipment was late in arriving no actual mining had
been done with it when the claims were visited about the end of August. The
owners of the property have worked 750 feet of the creek bottom, and sta te
that in so doing, they recovered gold to the value of over $80,000. The
average depth of material worked was from 27 to 35 feet, and the width
of the best pay was about 80 feet, to either side of which the gold becomes
gradually less in amount.

The gold from Highet creek is heavy and well rounded, and that from
the 'Little Gugs' property is about one-tenth composed of nuggets worth
from $1 to $10 each. The gold generally assays from $17.20 to $17.28 in gold
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and 7 to 8 cents in silver per ounce. It is difficult to form a clos!' estimate of
the total production of the creek. 1t would seem, however, from the informa
tion available, that it must amount to nearly $500,000.

]ohnson Creek

Johnson creek is a small stream about 6 miles long, which heads with
Highet creek, but Rows in <1n opposite or northwesterly direction into the
McQuesten, joining that river ahout 4 miles below the forks, or approxi
mately 40 miles above its conRuence with the Stewart. The valley of John
son creek is a typical U-shaped depression, with the valley bottom and walls
verdure and forest clad to the summits on either side.

Johnson creek is at present a 'new creek', to USP :l term commonly
applied in Yukon to a creek which has been recently stampeded and staked
after gold has been found in it, and a discovery claim located. The stream
is named after F. Johnson who prospected it and staked a Discovery claim
in the lower part of the valley in the autumn of 1898. As a result of this
discovery thirty-eight men are reported to have been on the creek thaI'
autumn, most of whom wintered there. The attempts that were made to
prospect the stream at that ti me were unsuccessful, owi ng to the fact tha t
unthawed ground was encountered in the shafts before bedrock was reached,
and water consequently came in so fast that the sinking had to be aban
doned. Since that time practically no prospecting had been done on tilE'
creek until the autumn of 1914. The earliest discoveries on Johnson creek
were, however, made even before 1898. Johnson had found gold there some
time previous to the autumn when he staked his Discovery; also in 1894 two
Garrison brothers found gold on this stream and returned to Dawson for
an outfit; but they remained there and later located claims on Eldoraclo,
and not long afterwards died in the Klondike from fever.

1n the autumn of 1914, Ogden Pickett Thomson moved to ;\1cQursten
valley, and built a cabin at the mouth of Johnson creek, from which to
prospect the surrounding neighbourhood. He commenced work on Johnson
creek, on what is now his Discovery claim, in November, and on January 1
first found pay gold. The creek was stampeded and staked during the latter
part of January and in February. The discovery was thus due entirdy to
the untiring energies of lVIr. Thomson, an old-timer who has been in Yukon
continuously since 1898. When visited about September 1 (1915), he owned
Discovery claim and No. 1 below Discovery.

Up to September, 1915, no actual milling had been done on thp creek
except on Discovery claim. Several holes or shafts had been started above
Discovery, but in each case unfrozen ground was encountered, and sinking
had to be abandoned. On Discovery claim the ground was frozen to bedrock
along the edge of the creek where the mining was performed, but it is
probably unfrozen under the creek channel. Nlr. Thomson had leased
portions of his ground, and about eight men were working on Discovery
claim last summer. Three shafts, only a few feet apart, had been sunk on
Discovery claim on the right side of the rreek, jll each of which bedrock
was encountered at from 20 to 26 feet; and from the bottom of these shafts,
the gravels on bedrock were' drifted out, hoisted I>y wind-lass, alld washed,
the ground being thawed with steam points. Thl' deposits exposed in these
workings are largely of glacial origin, and cOllsist mainly of coarse gravels
containing numerous large boulders, and cemented by a rlayey matrix.
These deposits exhibit in most places very imperfect sorting, and many of
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the bou lders are on edge. In places, close to bed rork, finer, heavier, more
regular gravels occur which are gold-bearing.

The gold obtained from Discovery claim is massive, somewhat rough or
angular, and fairly coarse, many single nuggets worth 5>2 to .~3, and one
valued at ~8 having been obtained. The first gold recovered assayed $16.78
in gold and 5 cents in silver per ounce. Pp to September 1 (1915), the total
gold obtained from Johnson creek amounted to about $800. The results so
far obtained from the creek have been very encouraging and should give a
stimulus to placer mining on other creeks in the neighbourhood.

Lode Deposi ts

Lode deposits of various types arp known to occur at a number of
points throughout Mayo area. Most of the prospectors in the past, however,
have been in search of placer deposits, very' few quartz prospectors having
as yet visi ted the district. I n add ition, throughou t the greater part of the
area, there is a heavy mantle of superficial deposits, which obscures the
underlying bedrock in most places, and renders prospecting for lode deposits
very difficult and uncertain. The discoveries that have been made were
mainly due to acrident, or to the deposits being exposed along some stream
cutting. This area cannot thus be considered to have been more than very
slightly prospected, and many other valuable mineral deposits may yet
be found within it.

The lode deposits that have been discovered within Mayo area, include
mainly a rirh silver-lead vein on Galena creek, and a number of gold-bearing
veins on Dublin gulch. Other veins are known to occur carrying gold, silver,
lead, ano zinc minerals; but in most cases they have not been at all de
veloped, and very little is known concerning them. Also on Highet creek
and elsewhere, scheelite is frequently obtained in the concentrates in placer
mining, indicating that deposits of this mineral occur in the vicinity. As
scheelite and other tungsten ores have taken on increased value and im
portance since the outbreak of the war careful search should be prosecuted
for deposits in which they occur.

Galena Creek

The silver-lead vein on Galena creek outcrops in the canyon about
3 miles from the mouth of the creek. Galena creek joins the south fork of
the McQuesten approximately 25 miles above its confluence with the north
fork. The Galena Creek property is reached by means of a wagon road con
structed by the Yukon government, from Minto Bridge to the mine work
ings, a distance of about 20 miles.

The Galena Creek vein is believed to have been discovered and staked
by H. \71/. McWhorter and partner about the year 1906, but the claim was
afterwards allowed to lapse. The deposit was relocated in 1912 or 1913 by
Mr. McWhorter who gave a lay [lease] on the ground to Jack Alverson and
Grant Hoffman. These layees [lessees] did the first real development on the
property, and proved it to be of importance. They shipped 59 tons of ore to
the smelter at Trail, B.C., the smelter returns for which amounted to $269
per ton, in gold, silver, and lead, the gold being very low, but the lead
amounting to 45 per cent. In the spring of 1914 the property was acquired by
Thomas P. Aitken and Henry \!Iunroe, Mr. Aitken being the principal
owner. During the winter of 1914-15 these owners shipped 1,180 tons of ore
to San Francisco. The smelter returns for this shipment, according to a
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statement kindly furnished by 'VIr. Aitken, included $3 per ton in gold, and
for about half of the ore, 39 per cent lead and 280 ounces of silver, and for
the other half 23 per cent lead and 260 ounces of silver per ton.

The vein outcrops in the walls of the canyon on Galena creek, but to
either side along its strike is not exposed, being covered with a heavy
mantle of drift. Thus all that is knowll concerning the vein is derived from
the mine workings and the exposures in the canyon which at this point has
a depth of about 70 feet. The vein occurs in a fissure, or in places really in
a compound fissure traversing old altered sediments probably of Pre
C"ambrian age. These where exposed in the canyon are greyish to greyish
green, schistose, quartzitic, sericitic rocks which in places occur in heavy
massive quartzite beds with relatively little sericite, but also grade into
more finely laminated phases that become typical sericite schists. All these
rocks have been much contorted and broken, and contain a great amount of
secondary quartz which occurs in lenses, stringers, and irregular bunches.
These have been deposited for the most part along the planes of schistosity
of the enclosing rocks; but in places stringers and veinlets occur intersecting
the foliation surfaces at various angles.

The vein strikes about astronomic north 65 degrees east and dips to the
southeast at angles ranging gelleraIly from 55 to 80 degrees, although in
places it has an almost vertical attitude. The extension of this vein on the
northeast side of the canyon comprises really a fault zone about 5 feet in
thickness, which includes crushed and sheared wall rock in terspersed with
small quartz stringers, the most prominent of which is 6 to 8 inches in thick
ness and is only slightly mineralized. An adit 100 feet long has been driven
in on this zone from an elevation only a few feet above the creek level, and
along this adit, the quartz and all other evidence of mineralization gradually
disappear, until at the end, there is only about 2 feet of barren, sheared,
country rock.

On the southwest side of the canyon, the vein is very highly mineralized
chiefly with galena and ruby silver, although a certain amount of iron
pyrites also occurs, and in one place a band of zinc blende about 2 inches or
even more in thickness, which contains about 30 per cent zinc, follows the
foot-wall. An incline shaft on the vein had been sunk 185 feet below the
level of the upper edge of the canyon walls, when the property was visited
about the middle of August (1915); and from this incline, stopes had been
opened up from which the ore was being mined. In the mine workings, one
main shoot of highly mineralized rich ore had been encountered, which in
most places consists mainly of galena and ruby silver with only subordinate
amounts of quartz gangue; it is claimed to average over $150 per ton in
gold, silver, and lead. This shoot dilJs to the northeast along the vein, is
about 30 to 35 feet long, and has been found to persist downward to at
least the level of the bottom of the incline, the lowest point reached by the
mine workings in August. Near the middle, the shoot is 40 to 48 inches
thick, but it narrows to 6 or 8 inches at the edges.

Another shoot or pocket of ore was encountered to the southwest of
the main shoot, in a short drift run to the southwest from the bottom of the
incline, during the writer's visit, and from the face of this drift two samples
were taken. )Jo. 1 was an average of the upper 22 inches of the vein, which
there consisted of quartz containing considerable ruby silver. No. 2 was an
average of the remaining 14 inches of the vein which was composed mainly
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of galena and ruby silver. These samples were assayed* and found to contain:

Gold Silver I
ITotal value per LeadSample

No. Ozs. per Value Ozs. per Value ton gold and percentage
ton per ton ton per ton silver

--- ----

I Trace 306·00 $153.00 $153.00 253
2 0·16 $3.20 553·44 266.72 269.92 40·90

The property is equipped with two 40-horsepower boilers, a compres
sor, pumps, and other machinery necessary to constitute an efficient plant
for mining, hoisting, and pumping. Comfortable buildings have been erected
and an assay laboratory established with a competent assayer in charge.

The cost of freighting the ore to Mayo over the snow in winter has been
about $20 per ton; from Mayo to San Francisco the freight charges amounted
to approximately $22 per ton; and the cost of treatment there was about
$20 per ton, a total of possibly slightly over $62 per ton for freight and
treatment.

As the vein is deposited along a well-defined fault fissure showing consid
erable displacement, it is certain to be quite persistent, and it is more than
probable that other valuable shoots will be found within the vein. In a vein
of this description the occurrence, unaccompanied by others, of one shoot so
highly mineralized and so persistent vertically as this one, would be almost
unparalleled in the history of ore deposits. Furthermore, fissure veins rarely
if ever occur singly. In the various parts of the world where similar mineral
ized fissures have been investigated, they have been found almost without
exception to occur two, three, or more together in fairly close proximity to
each other; and since in the vicinity of Galena creek, bedrock is nearly
everywhere covered with a heavy mantle of overburden, it is probable that
other valuable veins will yet be discovered in the neighbourhood when the
concealed ground is prospected. If future development exposes a reasonably
large tonnage of ore, the owners would then be justified in erecting a con
centrating plant on the property, which would greatly reduce freight and
treatment charges, and would allow of grades of ore being treated which it
does not now pay to ship.

Dublin Gulch

A number of mineral veins have been discovered in the V1Clluty of
Dublin gulch, a small stream about 4 miles long, which is a tributary of
Haggart creek and joins it from the northeast about 14 miles from its
mouth. The veins so far found are for the most part distributed throughout
a southwesterly trending belt, 2 to 3 miles in length and less than one mile
in width, which, commencing near Haggart creek, extends up the left side
of Dublin gulch about 2t miles, and there crosses over to the right side of
the gulch.

The geological formations in the vicinity of Dublin gulch include mainly
old, probably Pre-Cambrian, schistose rocks, and granitic intrusives of

* All assay returns given in this report were obtained from the Government assay
office, Whitehorse, Yukon.
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possibly early Mesozoic age. The schistose members consist mainly of
metamorphosed quartzites which, however, pass by a gradual transition
into mica and sericite schists. All these older rocks are much distorted,
sheared, and faulted. In the vicinity of Dublin gulch they have also been
somewhat extensively invaded by the granitic intrusives, and it is near the
contact of the older rocks with these later intrusives, that the veins occur,
certain members being in the one formation, and certain ones in the other,
some even passing from one rock to the other with little apparent change
in mineralization. The veins in the granitic intrusives, however, are naturally
much the more regular in form, as fractures traversing a firm, massive rock
of this kind are much simpler and more persistent than those in the old,
con torted, sheared, foliated schists.

The veins range in thickness from one inch or even less to 3 to 4 ieet,
but well mineralized deposits more than 2 feet thick are exceptional. They
consist dominantly of a quartz gangue which is mineralized, chiefly with
arsenopyrite (mispickel) and some iron pyrites; all the better mineralized
portions of the veins, and particularly those found to carry important
amounts of gold, are heavily stained with a greenish arsenate of iron. ]\0
attempt was made to thoroughly sample these veins to determine their gold
content throughout, as Mr. T . .A. MacLean had previously sampled all
these deposits on behalf of the :\1ines Branch of this Department*. Occa
sional samples were taken, however, of typical portions of the veins wherever
they were exposed. These samples in most cases were found to contain from
$2 to $16 in gold per ton, with a general average of between ~8 and $9.
One sample from the Olive vein, however, ran $44.70 in gold. The silver
content rarely exceeds one ounce per ton. A decided surface enrichment in
gold occurs in connexion with these veins, the oxidized portions containing
important amounts of free gold which can be recovered by panning.

It is evident from the sampling that has been done, that none of the
deposits are of sufficiently high grade to pay for shippillg to outside points
for treatment, without previous concentration. If a small concentrating
mill were erected in their immediate vicinity, however, considerable portions
at least of some of the veins would pay for treatment, and the oxidized
zone of many of them would yield important amounts of gold.

The various veins examined will be described in order, commencing
near the head of Dublin gulch and proceeding downstream.

On the Carscallen claim two adits or drifts have been driven along the
right side of Dublin gulch about 21 miles above its mouth, on a claim owned
by Frank Carscallen. The lower adit was caved in when visited, but is said
to be about 25 feet long and to be driven on a promising vein. The upper
adit, which is only about 150 feet from the creek bottom, is 90 feet long, and
is driven in on a vein which strikes south 60 degrees west (astronomic), dips
at about 60 degrees to the southwest, and has a thickness of from 6 inches
to 3 feet. In addition to this main vein, a secondary parallel vein, having a
thickness ranging from an inch to aboLlt 18 inches, is exposed along the north
east side of the drift. This secondary vein has a flatter dip than the main
vein, and inclines toward the latter, apparently joining it a few feet below
the floor of the drift. These veins occur in fissures in a greyish granitic rock
which is considerably alkred and decomposed for 2 or 3 feet on each side

* MacLean, T. A., "Lode mining in Yukon": Mines Branch, Dept. of Mines, Canada,
1914, pp. 127-159.
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of them. The vein filling consists dominantly of quartz which is well mineral
ized in most places, chiefly with arsenopyrite (mispickel) and with some
iron pyrites, and is heavily stained with a greenish arsenate of iron. The
ore material in the secondary vein is very irregularly distributed and broken,
and occurs largdy as erratic, broken bunches. Two samples were taken
from this adit.

No. 1 is an average of the main vein at the breast of the drift, where it
has a thickness of 12 inches. No. 2 is an average across the main vein about
halfway in the drift, at which point the vein has a thickness of about 3 feet.
These samples were assayed and found to contain:

Sample Gold Silver Total value per ton
No. Ozs. per ton Value per ton Ozs. per ton Value per ton gold and silver

1 0·52 $10.40 4·48 $2.24 $12.64
2 0·42 8.40 3·35 1. 67 10.07

The Olive claim is located on the left side of Dublin gulch, the main
workings being 1,700 to 1,800 feet from Dublin gulch, and about 2 miles
from Haggart creek, measurecl as the crow flies. The claim is also on the
right sicle of Olive gulch, a small tributary of Dublin gulch, entering it
from the left, about 2 miles auove IIaggart creek. The Olive claim was
staked about the year 1908, has been since surveyed, and is owned by
Robert Fisher. A well mineralized vein has been discovered on this property
on which an adit or drift 100 feet long has been driven. This vein strikes
north 74 degrees east (astronomic), dips 70 to 75 degrees to the southwest,
and throughout the drift has a thickness of from 8 to 14 inches, being in
most places about 12 inches thick. The vein occurs in a fissure in granite
which is altered and somewhat decomposed and soft for 2 to 3 feet on each
side. The vein material consists mainly of quartz which is heavily mineral
ized mostly with arsenopyrite. Some pyrite also occurs, and the vein filling
is for the greater part heavily stained with a greenish arsenate of iron. Two
samples were taken from this adit. No. 1 is an average across the vein at
the end of the drift, where the vein has a thickness of 12 inches. :\To. 2 is
an average across the vein where exposed in the roof of the drift at a point
about halfway into the breast, at which point the vein is 10 inches thick.
These samples were assayed and found to contain:

Sample Gold Silver Total value per ton
No. Ozs. per ton Value per ton Ozs. per ton Value per ton gold and silver

1 2·10 $42.00 5·40 $2.70 $44.70
2 0·80 16.00 1·70 o 85 16.85

A second parallel adit was also commenced a few feet above and to the
left (northwest) of the one just described. \iVhen well under cover, however,
this upper adit turned toward the lower workings, and encountered the vein
there exposed in about 70 feet, and drifted along it for 20 feet.

The Stewart-Catlo group embraces one unsurveyed fraction, and five
claims and one fraction that have been surveyed and for which application
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has been made for crown grants. These claims are all located on the left
side of Dublin gulch between Olive and Stewart gulches, and are owned by
J. S. Stewart and Dr. William Catto. The claims have been held for about
seven years, most of them having been staked in 1907; the Victoria claim of
this group was the first claim staked on Dublin gulch. At least eight veins
have been discovered 011 this property, but most of the development work
has been expended on three of these which are designated the Cabin,
Victoria, and Green veins. These three and a fourth exposed in the under
ground workings on the Victoria claim, were the only ones examined by the
writer. The cuts, trenches, or other works exposing the other veins had so
caved in that the veins could not be seen.

The Cabin vein, so called because it is situated just above Mr. Stewart's
cabin, is exposed on the surface by a line of open-cuts. In addition, an adit
or crosscut has been driven which encountered the vein after a distance of
132 feet. The vein strikes about south 44 degrees west (astronomic) and dips
to the southeast at an average of abou t 65 degrees. I t occurs in a fissure
in the older schistose rocks of the district, and where encountered under
ground has a thickness of 5t feet. It consists dominantly of quartz which is
somewhat sparsely mineralized with arsenopyrite and pyrite. An average
sample was taken across the vein from the end of the crosscut, which was
assayed and found to contain:

Gold Silver Total value per ton
gold and silver

Ozs. per ton Value per ton Ozs. per ton Value per ton

0·34 $6.80 066 $0.33 $7.13

On the Victoria claim an underground crosscut has been driven into
the hill a distance of 140 feet, which encountered two veins at distances of
85 and 100 feet respectively. The first is called the Victoria vein, and the
second will here for convenience be designated the No. 2 vein. On the Vic
toria vein a drift has been run to the right of the crosscut 27 feet, and to the
left 30 feet. This vein strikes practically due east, and has an almost vertical
attitude; it consists mainly of quartz which is well mineralized with arseno
pyrite and some pyrite, and is heavily stained with a greenish arsenate of
iron. In the right drift, this vein is particularly well mineralized, is porous
and somewhat decomposed, and has a thickness of 12 to 18 inches. An
average sample taken across the vein in the face of this right drift, where it is
18 inches thick, was assayed and found to contain:

Gold Silver
Total value per ton

gold and silver
Ozs. per ton Value per ton Ozs. per ton Value per ton

0·69 $13.80 1·01 $0.55 $14.35

In the left drift this vein gradually becomes thinner until at the end
of the 30 feet it is only 1 inch to 4 inches thick. It is near this point joined by
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No. 2 vein which is there over 4 feet in thickness, strikes south 43 degrees
west (astronomic), and has an almost vertical attitude. ]\;"0. 2 vein although
thick in places is not, where exposed, as well mineralized as the Victoria
vein, and where encountered in the main crosscut is irregular and mainly
represented by a fracture zone including only 2 to 6 inches of quartz. These
veins both occur in fissures in the typical schistose rocks of the vicinity, and
like all other veins in this formation, are rather irregular in form. An average
sample was taken at the end of the left drift, at the junction of No. 2 and
Victoria veins, where the quartz is H feet in width, but is only sparsely
mineralized. This sample was assayed and found to contain:

Gold Silver
Total value per ton

Ozs. per ton Value per ton Ozs. per ton Value per ton gold and silver

0·10 $2.00 0·15 $0.07 $2.07
i

The green vein is exposed in the left bank of Olive gulch opposite the
Olive workings. A very considerable amount of development has been
performed on this vein, including about 290 feet of underground work, as
well as numerous open-cuts, trenches, and other surface openings. The
underground work includes a crosscut or adit 60 feet long, which really
drifts on the vein for about 50 feet. At the end of this crosscut, a drift is
continued along the general strike of the vein for 130 feet, and from the end
of this drift there is a 27-foot upraise. Also from the main drift two smaller
drifts or crosscuts have been driven distances respectively of 40 and 30 feet.
The vein was first encountered in these underground workings about 10 feet
from the surface, and is there in the granitic intrusives. About 40 feet
farther, however, it passes into the schistose rocks, and throughout the rest
of the workings, remains in this formation. The vein in a general way
strikes almost due east and west, the same as the Victoria vein, and like it,
has an almost vertical attitude. It ranges in thickness from 10 to 36 inches,
but is in most places 12 to 20 inches thick. It is also generally well mineral
ized, but is rather irregular in form and mineralization. The vein is joined by
numerous stringers and veinlets, and in places consists for the greater part
of fractured bunches or masses of quartz and sheared and somewhat mineral
ized wall rock, distributed along the general fault zones. Four samples were
taken from these underground workings. No. 1 is an average across the
vein where 2 feet thick, and where well mineralized, near the top of the up
raise. No. 2 is an average across the vein where exposed in the end of the
main drift, where the vein is 14 inches thick and well mineralized. 010. 3 is
an average across the vein in the breast of one of the small drifts where it is
12 inches thick and not well mineralized. No. 4 is an average across the vein
zone near the beginning of the main drift. The fracture zone here is 24
inches wide, but is almost barren of apparent mineralization. These samples
were assayed and found to contain:
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Sample Gold Silver Total value per tun
No. gold and silver

Ozs. per ton Value per ton OZ5. per ton Value per ton

1 0·40 $ 8.00 0·52 $0.26 $ 8.26
2 0·56 11.20 1·09 0.54 11.74
3 o 10 2.00 0·50 0.25 2.25
4 Trace ...... Trace . .. . .

The Blue Lead and Eagle groups adjoin one another and consist each of
eight unsurveyed claims which are owned by Messrs. Robert Fisher, B. C.
Spragg, A. Aimes, and others, and were staked about the year 1910. The
claims extend along the left side of Dublin gulch from Stewart gulch to near
the valley of Haggart creek, there being, however, a group of four un
developed claims owned by John Maynard, between the Eagle group and
Haggart creek. Quite a number of veins have been discovered on these
groups, which range from stringers about an inch thick to veins said to be
2 to 3 feet thick. All occur in fissures which are partly in the granitic in
trusives and partly in the schistose rocks of the vicinity. The veins are very
similar in character, and consist mainly of a quartz gangue which includes
varying amounts of arsenopyrite with also some pyrite', and all the better
mineralized deposits are stained with a greenish arsenate of iron. A con
siderable amount of prospecting development work has been performed on
these claims, including numerous trenches, pits, and open-cuts, three adits,
38, 120, and 35 feet long, and a 35-foot shaft. The works were nearly all
more or less caved in when visited, so that none of the more important veins
was exposed. A considerable number of stringers 1 inch to 4 inches thick were
seen, however. At one point on top of a narrow ridge a vein occurs which is
said to be 2} feet thick, and on which the 35-foot shaft is sunk. Around the
top of the shaft were a number of fairly well mineralized pieces of vein
material representing vein sections 6 to 10 inches in thickne'ss. A fairly
average sample of these larger pieces was taken. This w~s assayed and found
to contain:

Gold Silver
Total value per ton

Ozs. per ton Value per ton OZ5. per ton Value per ton gold ancl silver

0·10 S2.00 0·95 $0.47 $2.47

Other Localities

Important discoveries of other mineral veins have been reported from
a number of points in Mayo area. A rich silver-lead vein was recently
found not far to the south of the lower end of McQuesten lake. Quartz veins
claimed to contain important amounts of gold and silver occur on C'hristal
and Lightning creeks. A number of veins are reported to occur on Mt.
HaJdane, and on DUl1can creek at least two important veins are exposed
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along the right bank of the stream a short distance above the forks. The
lower of the two, outcrops on Discovery placer claim just below the canyon,
and about 40 feet above the creek level. It is apparently 3 or 4 feet thick,
but is claimed by men who have stripped it to be 5 feet in thickness. v\Then
visited it was very poorly exposed, and its thickness, dip, and strike were
thus largely obscured. The vein consists mainly of sphalerite (zinc blende)
with some chalcopyrite and pyrite, and subordinate amounts of quartz
and calcite..\n average sample was taken across the exposure and was
assayed for gold and silver, but owing to an error was not assayed for zinc,
its most importan t consti tuen t. The gold and silver con ten t is as follows:

Gold Silver

I
Total value per ton

Ozs. per ton Value per ton Ozs. per ton Value per ton gold and silver

008 $1.60 7·12 $3.56 $5.16

The other vein occurs higher up in the canyon and is similar in general
appearance, but appears to be narrower than the one just described. It
was, however, poorly exposed, and was so weathered and oxidized on the
surface, due to a spring of water in the vicinity, that no satisfactory sample
could be at all readily obtained.

Summary and Conclusion

The stream gravels of a number of the creeks within Mayo area have
been found to carry considerable amoun ts of placer gold, and the available
evidence would indicate that the gravels along numerous other streams
within the district will also be found to be gold-bearing to an important
extent. The recent discovery of coarse gold on ]ohnson creek is an example
of what will yet probably happen in many other places when the creeks of
the district are more thoroughly prospected, as the geological cond itions are
very similar throughout the district. In most places, only the present
stream gravels have as yet been worked, and it seems probable that the
amount of gold still contained in the deep and bench gravels is as great or
greater than that in present creek deposits. The placer gold yet to be derived
from this area will thus probably amount to much more--possibly many
times more- than that already recovered.

Valuable lode deposits as yet unknown will undoubtedly also be dis
covered throughout Mayo area, but until transportation facilities are greatly
improved, they will constitute for some time mainly a future asset to the
district, except where they are very rich as is the Galena l:reek ore.

SCROGGIE, BARKER, THISTLE, AND KIRKMA~ CREEKS,
YUKON TERRITORY

by D. D. Cairnes

.\fter completing the geological work for the season in Duncan Creek
mining district, described in previous pages, about ten days were spent in
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investigating the gold-bearing gravels, and placer m1l11l1g possibilities on
Scroggie, Barker, Thistle, and Kirkman creeks. These streams all head near
one another in the divide between Stewart and Yukon rivers, to the south
of the Stewart; but in their courses they radiate out from the central area
in which they have their source, and flow in northerly, westerly, and south
erly directions-Scroggie and Barker to join the Stewart, and Thistle and
Kirkman to Yukon river.

These creeks were all discovered* and staked in 1898 and since then
placer mining has been in progress on them, with the result that between
$200,000 and $300,000 in gold has been produced. Very little authentic
information, however, was available conceming the geological conditions
and mining possibilities along these creeks or throughout the district in
which they occur. Practically the only published information available was
that contained in a report by R. G. McConnell who visited Thistle creek in
1901 and briefly described the conditions prevailing there**; at that time,
however, very little mining had been done.

These creeks all occur within the older schistose belt, the rocks exposed
being dominantly schists, gneisses, and limestones of possibly Pre-Cambrian
age, similar to those so extensively developed in the Klondike and other
prominent placer mining camps in Yukon and Alaska. The locality lies
outside the glaciated zone, which is greatly in its favour as a placer gold
district, since whatever gold has been concentrated in the stream gravels
remains practically undisturbed, except where it has been reconcentrated
by more recent stream action; and, furthermore, the gold-bearing gravels
are not overlain by vast accumulations of glacial detritus, as is the case in
many glaciated localities.

Prominent, wide terraces or benches extend along these creeks, the
bedrock of which is overlain by stream gravels which on Barker and Thistle
creeks have proved to be important sources of placer gold. The bench
gravels are almost entirely un prospected not only along Scroggie and Kirk
man creeks, but also along the greater part of Barker and Thistle creeks. The
benches, along each stream, represent a former, higher position of the creek,
and should consequently be carefully prospected, as it is probable that the
gravels on the benches are as important as those on the creek bottoms or
more so, especially in places where the benches have not been destroyed by
the creeks in sinking their lower more recent channels. c\ brief description
of the four creeks follows and a detailed report is in preparation.

Scroggie Creek

Scroggie creek flows in a westerly to northwesterly direction, and joins
Stewart river about 25 miles above its confluence with the Yukon. When
visited during the past summer, about twenty men were engaged in placer
mining along the stream and its tributary Mariposa creek, and during the
winter months in recent years, an average of from forty to fifty men are
reported to have been there employed. :Ylining operations have been entirely
confined to the gravels in the creek bottom, which have been worked by both
underground drifting and open-cut methods. In most places, the mining has

* In Yukon when gold is found on a creek and a 'Discovery' claim is staked, the creek
is said to be 'discovered'.

** Mc\onnell, R. G., "Thistle Creek": Geo1. Surv., Canada, Ann. Rept., Vol. XIV, 1901,
pp. 31A, 32A.
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been performed by drifting, and as this method can be pursued during the
winter months, a greater number of men work on this creek in winter than
in summer when many other kinds of work are available, and when other
forms of placer mining and prospecting can be conducted to best advantage.
The total amount of gold that has been produced from Scroggie creek and
its tributaries is generally estimated to be between $50,000 and $75,000,
but some claim it to be between $75,000 and SSlOO,OOO.

Barker Creek

Barker creek has a general northerly course, and joins Stewart river
about 2 miles below the mouth of Scroggie creek or 23 miles above the mouth
of the Stewart. When visited during the past summer (1915) only seven
men were living on Barker creek, who were engaged in mining, but of these
one man was holding, for mining purposes, about 5 miles of the creek, com
mencing 8 miles above the mouth. Both the bench and creek gravels along
this stream have been worked to a limited extent; the bench gravels, how
ever, have proved up to the present to be the more remunerative, and the
development to date would warrant their thorough investigation, and
would indicate that they are likely to prove of considerable importance.
The creek gravels have been worked mainly by underground drifting, and
the bench deposits by the hydraulic method. It is estimated that between
$25,000 and $30,000 in gold has been obtained from this creek.

Thistle Creek

Thistle creek follows a general westerly course, and joins the Yukon
about 20 miles above the mouth of Stewart river. Thirteen men were en
gaged in placer mining on this creek when it was visited, but a few who spend
most of their time there, had gone over to Kirkman creek temporarily. The
mining operations along Thistle creek have been restricted mainly to the
bench gravels which are hydraulicked dur:ng the summer months. The
creek gravels have also been worked to a limited extent, mainly by drifting,
and are still so mined, especially during the winter months, when hydraulic
and open-cut methods are impossible. In all, it is believed that about
$125,000 in gold has been produced from this creek which has thus been
the most productive of the four creeks considered in this report.

Kirkrnan Creel.:

Kirkman creek flows in a general southerly direction, and joins Yukon
river 8 miles above the mouth of Thistle creek, or 28 miles above the con
fluence of the Stewart and Yukon. Although Kirkman creek was discovered
in 1898, and has been prospected at different times since, no actual mining
took place until after April, 1914, when J. C. Britton and William Haas
made a discovery which caused a stampede to the creek. During the follow
ing winter (1914-15), an average of about forty men were engaged in mining
along this stream, and throughout the ensuing summer about thirty men
were employed. More men engage in mining along these creeks in winter
than in summer, owing to the fact that the creek gravels along these streams
can be worked by the drifting method which may be pursued to advantage
during the winter, when very little other work is available in Yukon, and
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when prospecting and practically all other forms of placer InlnlIlg are im
possible. Between the date of discovery in April, 1914 and October, 1915,
it is estimated that about $8,000 in gold was produced from Kirkman creek,
the mining operations being mainly confined to two miles of the creek com
mencing about 5 miles above the mouth, or just above a portion of the creek
channel that is somewhat constricted, and is locally spoken of as the 'can
yon'.

WHEATON DISTRICT, SOrTHERN YUKON*
by D. D. Cairnes

The early part of the past season (1915) was spent in 'Wheaton district,
southern Yukon. During the summer of 1909, the writer made a photo
topographic survey of this area, and at the same time made a geological
examination of the district. The geological mapping was, however, neces
sarily of only a preliminary nature, owing to the fact that at the time no
topographic map was available upon which to plot the various geological
formations, and all geological outcrops, contacts, etc., had to be recorded
in note form only, which is at best very unsatisfactory. The topographic
work performed by the writer in 1909 was compiled by the topographic
division of this Department, and advance sheets suitable for field work
became available last spring, affording thus all opportunity to revise the
previous geological mapping in a satisfactory manner, using this map as a
topographic base. Another important reason ior performing geological work
in 'Wheaton district at this time, was that a number of important deposits
of antimony minerals were known to occur within the area, which have
been more or less developed since 1909, and since the war there has been an
increased demand for antimony and its price has advanced greatly. The
writer accordingly received instructions to revise the geological mapping
of Wheaton district, and to make an examination of the mineral deposits
occurring within its boundaries, particular attention to be paid to those
containing antimony minerals.

The topographic map upon which the geology was plotted is published
to a scale of 6/5UO' or approximately one mile to the inch, and every care
was taken to have the geological mapping performed so as to be consistent
with this scale.

The writer was ably assisted in this work by \Villiam C:ockfield.

Location and Area

Wheaton district is situated in the southern portion of Yukon Territory,
its southern edge being from 12 to 15 miles north of the 60th parallel of
latitude (the British Columbia-Yukon boundary). The area included is
approximately 20 miles long in an east and west direction, and 15 miles
wide from north to south. The district is flanked on the west by the eastern
slopes of the mountains of the Coast range, and extends thence eastwards
to longitude 1350 53', or to within a distance, as the crow flies, of 6 miles
from the White Pass and Yukon railway. 'vVheaton river which has given its
name to the area, Rows, throughout the lower portion of its course, in a

*For further information concerning the geology, mineral resources, topography, and
other features of Wheaton district, the reader is referred to the following- more detailed
report: Cairnes, D, D., "vVheaton district, Yukon Territory"; GeoL Surv., ('anacla, Memoir
No, 31,1912.
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general direction almost due south, and empties into Lake Bennett; 12
miles above its mouth, however, the river turns abruptly to the west form
ing what is known as the 'Big Bend' of the Wheaton, and throughout the
portion of its course from the Big Bend to near its headwaters, the stream
flows in a general easterly to northeasterly direction. Wheaton district,
as the term is here used, includes only the particular area mapped in 1909;
this area extends along both sides of VI/heaton river from above 6 miles below
the Big Bend, to about 18 miles above it.

Means of COlnmunication

Wagon roads have been constructed by the Yukon government, from
Robinson on the White Pass and Yukon railway, to various parts of the
district. One road extends along Wheaton river to Carbon hill which is
situated in the most westerly portion of the area, about 30 miles distant
from Robinson; and a branch from this main road has been built to Stevens
camp near the summit of Mt. Stevens. Another road 20 miles long, has been
constructed from Robinson to Gold hill which lies 3 to 4 miles north of
Wheaton river, and midway between that stream and Watson river. All
parts of the district are thus easily accessible, and only short, easily con
structed branch roads are necessary to connect all the mineral properties,
not already so connected, with the railway.

Robinson is distant 78 miles, by rail, from Skagway, Alaska, whence
several lines of well equipped steamships sail regularly to Vancouver and
Seattle, distances, respectively, of 867 and 1,000 miles.

Topography

Topographically, Wheaton district occupies a positIOn along the ex
treme western edge of the Yukon Plateau physiographic terrane, and is
thus bordered on the west by the mountains of the Coast range. There is
here, however, no very marked distinction between the land features of
these two topographic provinces along their boundary; in fact, in most
places, it is difficult to decide just where the dividing line should be placed.

Within Wheaton district, possibly the most striking point in connection
with the topography is the marked contrast between valleys and upland,
both of which possess very pronounced characteristics. The valleys are
typically deep, steep-sided depressions the walls of which rise abruptly
2,000 to 3,000 feet to the upland above. Between these incision-like valleys,
high gently rolling stretches of an upland surface occur, there being every
where an abrupt change representing a topographic unconformity at the
junction of the upland with the tops of the valley walls. This upland con
stitutes part of an old plateau which possessed only slight relief and extend
ed, practically unbroken, from the mountains of the Coastal system on the
west, eastward to the Rocky mountains, a distance of from 250 to 300
miles. Even yet, to an observer standing 011 this upland surface, well back
from the edge of a valley wall, so vast an expanse of gently rolling surface
presents itself to his view, that it is easy to imagine the intersecting valleys
again refilled or to forget that they have ever been excavated; and thus
a picture of the landscape as it existed before the valleys were incised, is
presented.

This plateau is generally conceded to represent a maturely eroded
surface, that was reduced by ordinary normal erosion processes to a nearly
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plain-like condition, during a long period throughout which this portion of
the earth's crust remained relatively stable. The erosion interval was in
terrupted, however, in what is thought to be late Tertiary time by a regional
uplift which in Wheaton district amounted to about 3,600 feet, and as a
result of this crustal movement a lowland tract became a highland surface.
The uplift gave renewed life and energy to the streams which were thus soon
able to cut deep, V-shaped incisions into the new upland, and these now
constitute the main valleys of the district. At a later period glacial ice
invaded Wheaton district, and occupied all the main depressions which as
a result of ice action, became both widened and deepened, and gradually
assumed pronounced U-shaped cross-sections. Also, such well known
glacial forms as cirques, hanging valleys, roches moutonnees, and kettle
holed valley floors were produced. The morainal and other materials which
were deposited in the valley bottoms, blocked the stream courses in dif
ferent places to such an extent that even yet the drainage is very imperfect,
and lakes or ponds, many of them surrounded by muskeg or tundra, now
occupy important depressions, through which large and important streams
once flowed.

Since the retreat of the ice, V-shaped incisions have been etched in the
valley walls, and at the margins of the upland surface, resulting in the
production between them of pronounced facetted forms. The main streams
have also sunk their channels to some extent in the unevenly distributed
deposits strewn over the valley floors, so that occasional sand, gravel, silt,
or boulder-clay banks, 200 feet or more in height, have been produced. Dis
regarding these relatively slight changes, however, the topography of
Wheaton district is as the ice left it, and the forms or features which were
produced by glaciation still exist in a marked state of preservation.

General Geology

Wheaton district is situated, as before mentioned, along the eastern
edge of the Coast range, and practically the entire area is believed to be
underlain by the granitic rocks of the great Coast Range batholith; which
outcrop throughout by far the greater part of the area. A study of the
geology of Wheaton district thus involves throughout, that of this important
granitic terrane. In addition to the granitic intrusives, however, which are
of Cretaceous or Jurassic age, numerous other rock types occur, including
igneous, sedimentary, and metamorphic varieties which range in age from
possibly Pre-Cambrian to Recent.

In the eastern portion of Wheaton district, the present upland surface
very nearly coincides with the original top of the Coast Range batholith,
so that there, numerous remnants of the former roof of this igneous mass
are still preserved. The older rocks also constitute walls separating sub
jacent portions of this vast granitic body; in addition, numerous small
isolated masses of the older invaded formations remain, which are distinctly
seen to be inclusions in the granitic intrusive, occurring as they do through
out it at various elevations. Toward the west, nearer the centre of the batho
lith, the older rocks gradually disappear, as the central portion which was
originally the highest has been more deeply eroded than the rest and, as a
result, the overlying and included older rocks, all of which were originally
mainly at or relatively near the surface of the batholith, have been to a
great extent removed.
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Throughout Wheaton district the geology is complicated and intricate,
due in part to the great diversity in age and character of the various forma
tions that occur, but more particularly to the fact that the area has been
subjected to a number of intense volcanic invasions. As a result of each
invasion the older rocks have been cut, pierced, and in som<> cases buried
by the invading volcanics, and so each successive period of volcanic activity
added to the geological com plexi ty of the region.

Table of Formations*

Era Period Formation Li thological character

Quaternary Superficial
deposits

Gravel, sand, clay, silt, soil, muck,
volcanic ash, ground-ice, slide
rock and morainal materials.

Tertiary

Probably mainly aboLlt Rhyolite, granitr--porphyry, and
Pliocene, but may related volcanics, with their asso-
include older me m- ciated tuffs and breccias. Some
bers, and may also granitic types also occur.
continue up into the -------·1------·---------
Pleistocene Andesite, basalt, and related dyke

rocks and other volcanics, with
their associated tuffsand breccias.

Laberge series Argillite, metargillite, shale, sand
stone, arkose, greywacke, con
glomerate, and breccia.

Coast Range
intrusives

Probably
Lower Cretaceous

Lower Cretaceous
or J urassic

Cretaceous
to

Jurassic

Granitic rocks ranging in composi
'I tion from granite to diorite, with

associated porphyritic phases.
1---------·1------

.Andesite, diabase, basalt, and re
i lated volcanics, with associated

tuffs ancl breccias.
:Ylesowic

J urassic Probably cor- Conglomerate with sandstone,shale,
responds to and seams of coal.

the Kootenay
------------------11------11---------------

Carbon iferous(?) Limestone, more or less dolomitic.

Palzeozoic Devonian(?) Pyroxenite mainly; probably peri
dotiteand related rocksalsooccur.

Pre
Cambrian(?)

Mt. Stevens
group

ChieAy serici tica nd chloritic schists,
mashed basic to semi-basic vol
canies, gne!ssoid quartzite, horn
blende gneiss, and llmestone.

* The rocks of vVheaton clistrict have been here somewhat differently subdivided and
classed than in the writer's previous work to which reference has been macle. This change
has been found advisable after a number of years further geological study in Yukon- -one
of the chief reasons for the rearrangement being that by grouping the rock terranl'S as here
shown, they may be much more readily correlated with the rock formations nuw known to
occur elsewhere in Yukon as well as in northern British Columbia and Alaska.

Summary DcsCl·iption of Formations

The oldest rocks known to occur in vYheaton district ar<> included in
the Mt. Stevens group, and are chiefly sericite and chlorite schists, mashed
basic volcanics, gneissoid quartzites, hombJende-gneisses, and limestones.
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These occur in a number of localities, but in most places constitute only
small isolated outcrops representing remnants of the roof of the ('oast
Range batholitb, or inclusions in that igneous mass. In the eastern part of
the district, however, one particularly extensive development of these rocks
occurs, constituting a long, deep wall dividing subjacent portions of the
granitic batholith; this wall has been cut hy Vi/heaton river to a depth of
nearly 3,000 feet, and it appears to persist to still greater depth. All the
members of the Mt. Stevells group suffered prolonged dynamic meta
morphism, were much disturbed, broken, contorted, and plicated, and were
afterwards subjected to long periods of erosion, concerning which relatively
little is known. They are thought to be, in all probability, of Pre-Cambrian
age.

More recent than the members of the Mt. Stevens group are certain
pyroxenites with which are probably associated peridotites and related
rocks. Outcrops of the pyroxenites were seen only in one small area situated
on the southern portion of Tally-Ho mountain, and at this point they cut
the members of the NIt. Stevens group. No other definite information was
obtained in the district concerning the age of these rocks, but from their
lithologic81 similarity to rocks in other portions of Yukon and in northern
British ('olumbia, they are thought to be probably of about Devonian age.
In the writer's former report on this district, these rocks were included in
the Perkins group, a name the use of which it is now considered advisable
to discontinue.

At a few points, mainly along the west face of Needle mountain, and on
Idaho hill, small isolated masses of ,imestone occur, which rarely exceed 100
feet in thickness, and are merely detached blocks that have been carried
upward by igneous masses mainly by the Mesozoic andesitic rocks or by
the Coast Range intrusives. On the south face of Mt. Bush a fairly persistent
bed of limestone, apparently about 6 feet in thickness, also occurs under
lying the coal-bearing conglomerates. The isolated limestone masses, as
well possibly as thE' bed on Mt. Bush, are thought to be probably of Carbon
iferous age. None of this limestone, however, is of any particular areal
importance.

In jVIesozoic times a considerable thickness of arenaceous and argillace
ous sediments was deposited in this portion of Yukon. In 'vVheaton district
these have been for the greater part removed by erosion, but in the north
east corner of the area they are in part still preserved, and have there an
aggregate thickness of 5,000 to 6,000 (eet. These sediments are divisible
into two groups or formations- -the Laberge series, and a conglomerate
series which appears to correspond to the Kootenay. The Laberge beds
consist mainly of argillites, metargillites, shales, and sandstones, with also
some arkoses, greywackes, conglomerates, and breccias. A few indefinite or
poorly preserved invertebr8te fossil remains have been found in these beds,
which have been considered to be of either Lower Cretaceous or Jurassic
age. The cunglomerate series which in places has a total thickness exceeding
1,000 feet, appears to underlie the Laberge beds, but of this no absolute
proof could be obtai ned, owi ng to the greatly disturbed condition of these
sediments. The conglomerate formation consists prevailingly of a fine to
rned ium tex turecl, cl ark, cherty conglomerate, wi th also some sandstones,
shales, and seams of coal. Fossil plants were collected from these beds during
the past summer, which have been determined by Dr. F. H. Knowlton of
the United States Geological Survey, to be of Jurassic age. Dr. Knowlton
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also states that some of the species have been found in the Kootenayor at
least have been reported from that formation. Since, therefore, these beds
contain coal seams, and are lithologically very similar to the Kootenay
members farther south, they would seem in all probability, to belong to
that formation.

More recent than these sediments, there occurs an important group
of volcanic rocks including mainly andesites, diabases, basalts, and related
volcanics, with their associated tuffs and breccias, which have extensively
invaded the older rocks of the district. This volcanic group appears to
represent the same period of volcanic activity as the 'Older Volcanics'*
of Upper White River district, and other portions of Yukon and Alaska.

These volcanics are in turn cut by the Coast Range intrusives, which
constitute much the most important and most extensively developed
geological terrane in the district. These intrusives range in composition
from granite to diorite or may be even more basic in character; they appear
to be dominantly, however, of about the composition of granodiorite, and
have everywhere a pronounced granitic habit. These rocks were first thought
to be all of Jurassic age, and when working in Wheaton district in 1909,
boulders of these intrusives were found in the lower conglomerate beds of
the Laberge series. The intrusives were considered, therefore, to antedate
these sediments in age. Since that time, further work in other portions of
Yukon as well as in northern British Columbia, where contacts between the
Coast Range intrusives and the members of the Laberge series are better
exposed, has shown that the intrusives also cut the Mesozoic beds, and are
partly older and partly younger than these sed imen ts**. In fact recent studies
of the Coast Range batholith in different districts, have shown that this
terrane represents several intrusive periods ranging from some time in the
J urassic to well into Cretaceous time. This has given rise to considerable
difficulty and complexity in connexion with geological work in the vicinity
of the Coast Range batholith. In Wheaton district, it is now known that
these rocks are dominantly at least or perhaps entirely, more recent than
the Mesozoic sediments, and are probably all of Cretaceous age. In the
writer's former work in this district, certain andesitic and related volcanics
were known to be older than the Coast Range intrusives, and were conse
quently believed to be older than the Mesozoic sediments, and were in
cluded in the Perkins group. Other similar andesites and related volcanics
were known to be more recent than the Laberge members and were grouped
separately under the name Chieftain Hill volcanics. All these andesitic and
related volcanics are now regarded as belonging to the same formation, as
just described, and as shown in the above table of formations.

Cutting the Coast Range intrusives, there occurs an important group of
volcanic rocks comprising mainly andesites, basalts, and related volcanics,
including various types of dyke rocks, with their associated tuffs and brec
cias. These rocks are quite extensively developed in the extreme western
portion of the district, and are everywhere quite recent in appearance
lava flows in which the flow structure is still very marked, and beds of tuff
and ashes, constituting probably the most prominent members. These rocks

*Cairnes, D. D., "Upper White River district, Yukon": Geol. Surv., Canada, Memoir
50,1915, pp. 87-93.

**Cairnes, D. D., "Atlin Mining district, British Columbia": Geol. Surv., Canada,
Memoir No. 37, 1913, p. 59.
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correspond to the 'Newer Volcanics' of Upper White River district*, and
other portions of Yukon, and include the Carmack basalts. They are con
sidered to be of Tertiary and probably of late Tertiary age.

Another important group of volcanic rocks, includes mainly rhyolites,
granite-porphyries, and related rocks, which are the most recent con
solidated rocks of the district, and are of late Tertiary or possibly even in
part of early Pleistocene age. These volcanics do not generally cover any
very large individual areas, but occur rather as dykes and similar intrusive
bodies. Innumerable dykes occur cutting the Coast Range intrusives and
other older rocks, and ill certain localities so extensive has been the invasion
of these volcanics that they appear to be almost as prominent as the in
vaded formations. In places these volcanics have quite a marked granitic
habit, and might locally be termed porphyritic granites or, possibly, gran
ites. In the writer's previous work on \iV'heaton district, these rocks were
divided into two groups: one including the rhyolitic members which were
termed the 'Nheaton River volcanics, and the other the granite-porphyries,
which were named the Klusha intrusives. This subdivision has since been
found to be somewhat impracticable, particularly in adjoining districts
where every transition occurs between these two Iithological phases of
apparently the same rock magma.

Overlying all the consolidated rock formations of the district are the
Pleistocene and Recent accumulations which include mainly gravels, sands,
clays, silts, soils, muck, volcanic ash, ground-ice, slide rock, and morainal
materials. These accumulations not only deeply cover all the main valley
bottoms of the district, but in addition extend over considerable portions
of the upland as well as of the valley walls.

Mineral Resources
The mineral resources of Wheaton district embrace, mainly, ore de

posits of different kinds, but also include coal. The ore deposits are of four
principal types, viz:

Ca) Gold-silver veins.
Cb) Antimony-silver veins.
Cc) Silver-lead veins.
(d) Contact-metamorphic deposits.

Of these varieties the gold-silver and the antimony-silver veins are
of the most importance. The silver-lead veins are quite limited in extent,
and the contact-metamorphic deposits, so far discovered, are too low grade,
and are insufficient in size to be of any present economic importance. Coal
has been found only in one locality, on Mt. Bush, and has been only slightly
prospected. All these mineral deposits are described in the writer's report**
on Wheaton district, and in most cases will not require to be more than
briefly mentioned. Detailed descriptions are given of the antimony deposits.
and of certain of the other deposits on which important development work
has been performed since the previous examination in 1909.

Gol -Silver Veins

Veins of the gold-silver variety constitute the most widely distributed
type of ore-deposit found in \iVheaton district. The more important of these

*Cairnes, D. D., "Upper \Vhite River district, Yukon": Geol. Surv., Canada, Memoir
50,1915, pp. 97-101.

**Cairnes, D. D., "\Vheaton district, Yukon Territory": Geol. Surv., Canada, Memoir
No. 31,1912, pp. 85-146.
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veins that have been so far discovered, occur on Mt. Anderson, iVIt. Stevens,
Wheaton mountain, Gold hill, and along the south side of Watson river to
the north of Hodnett mountain. On the various deposits occurring on Gold
hill, Hodnett mountain, and to the north of Hodnett mountain along the
south side of \iVatson river, no development work has been performed,
except possi bly a slight amou nt of representation work, si nce they were
visi ted by the writer in 1909 1• On the sou th side of Gold hi] I, near tht' head
of Dail creek, a vein occurs which is typical of the veins in this locality, and
has not been before described. This vein occurs in a fissure in the Coast
Range granitic rocks, strikes about 8 degrees south of east2 , and dips at
angles of from 75 to 85 degrees to the sou th; and where exposed in Dail
creek has a width of frum 8 to 20 inches, and is at an elevation of about
4,800 feet above sea-level, or 2,100 feet above the mouth of Dail creek. The
vein consists mainly of white quartz which is somewhat iron-stained, and
in most places contains disseminateu galena, and occasional particles of a
black telluride which appears to be sylvanite. Three samples were taken
from the vein. Nos. 1 and 2 are averages across the vein when> it has thick
nesses of 14 and 20 inches respectively. No. 3 is an average of a number of
particularly well mineralized specimens. These samples upon being assayed,
were found to contain 3 ;

-- - ._ .-0 -

C.old Silver Total value per ton
Sample

:--10. Ozs. per ton Value per ton Ozs. per ton Value per ton gold and silver

---------- -

1 025 $5.00 0·75 $0.37 S5.37
2 0·11 2.20 1·99 099 3.19
3 151 30.20 1574 7.87 38 07

On Mt. Stevens as well as on vVheaton mountain, a number of claims
are still heJd, but practically no development work has been performed
since 1909, except the relatively small amount required by law to hold the
properties, and several claims have been crown granted. On the Buffalo
Hump group4 on Mt. Stevens, several tons of rich quartz were at one time
discovered, which contained galena, native gold, and sylvanite. This
quartz was at first thought by the owners to be in place, but subsequent
development work showed it to be transported. Since this quartz occurred
in such quantity near the summit of the mountain, and showed no evidence
of having been moved any considerable distance, it would seem most
probable that it would be iound in place somewhere on Mt. Stevens. Other
smaller pieces of rich quartz have also been discovered at other points on the
mountain. An adit was driven 90 feet into the hill underneath the rich
quartz, and some 30 feet of crosscuts or drifts were driven from the adit,
in the hope of finding the vein irom \\' ich the gold-telluride quartz was

lOp. cit., pp. 111-113.
2 All bearings given in this report unless otherwise mentioned are astronomic or tnle.

The magnetic declination throughollt the district averages about 32" 30' east.
3 All the assays quoted in this report were made at the Government assay office at

Whitehorse.
lOp. cit., p. 107.
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derived; but, apparently, no more of the rich ore was encountered. It has
been claimed though, that a galena-bearing vein was crosscut by the adit;
on each occasion when this property was visited by the writer, however, the
adit was filled with ice and could not be examined. In addition to this work
and a 20-foot shaft on the :V[cDonald fraction on \t\iheaton mountain, the
only development work that has been performed on Mt. Stevens and
VVheaton mountain consists of a number of open-cuts, trenches, and shallow
pits. All the veins that have been discovered seem to carry very low average
values. Possibly the most promising vein on Wheaton mountain is that
exposed on the McDonald fraction!. This vein was fairly well exposed in an
open-cut and several average samples were taken from it. Approximate
average samples were also taken from the dump at the 20-foot shaft on
this claim. These samples all assayed less than $1 per ton in combined gold
and silver.

The thickest, most persistent, and apparently the best mineralized vein
exposed on the Buffalo Hump group, occurs on the Sunrise claim. This
vein occurs in a fissure in the Coast Range granitic rocks, strikes south
45 degrees east, and dips at angles of 20 degrees to 35 degrees to the north
east. It is composed dominantly of quartz which cOlltains occasional dis
seminated particles of galena and pyrite. Several average samples from this
deposit where it is exposed at the surface, were assayed, and found to
contain less than $\1 per ton in combined gold and silver. High assay values
have undoubtedly been at times obtained from the veins of this locality,
but the values are very erratically distributed. The rich float, also, has been
derived, in all probability, from high grade pockets in veins similar to those
already founu; in fact, it is more than probable that it came from some of
the veins already known to occur on Mt. Stevens.

On the Tally-Ho group2 on Tally-Ho mountain, an important vein
occurs on which considerable underground development work has been
done though practically only representation work has been performed since
it was last examined.

On Mt. Anderson, on the east side of Becker creek, a number of claims
are owned by Becker and Cochran, on which an important amount of
development work has been recently performed'" this being really the only
vicinity in which there have been any important mining operations in
connexion with veins of the gold-silver type, since the district was formerly
examined.

Becker-Cochran Property

.A number of mineral claims owned by Theodore Becker and Howard
c.:ochran have been located on the west face of Mt. Anderson, about 2 miles
south of \iVheaton river, measured as the crow flies. These claims comprise
the \Vhirlwind and Mountain Sheep groups which adjoin one another, and
consist of 6 and 5 claims respectively, including the old 'Rip' and '\Volf'
c1aims 3• What appear to be two main veins, and one or more others of less
importance, have been discovered on these claims, all of wliich occur in
fissures in the Coast Range granitic intrusives. The veins extend along the
face of Mt. ,\nderson for a distance of 2,000 feet or more, and outcrop at
elevations of from 4,600 to aboul 5,050 feet above sea-level, the elevation

I Gp. cit., p. 108.
'Gp. cit., pp. 108-110.
3 Op. cit., pp. 110-111.
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of Wheaton river at the mouth of Becker creek, being slightly over 2,800
feet above the level of the sea. The greater part of the development has
been rerformed on the \Vhirlwind group on what is termed the 'lower
vein' which strikes about north 68 degrees west and dips to the northeast
at angles ranging from 80 degrees to nearly vertical. The vein consists
chiefly of quartz which is mineralized with argentiferous galena. A striking
feature in connexion with this vein is that it has been invaded by a basalt
dyke about 2 feet in thickness, which persistently accompanies it through
out its entire length as far as explored. This dyke in places occurs along the
hanging-wall, and at other points follows along the foot-wall, but generally
occupies an intermediate position within the vein; in places also the dyke
branches into two or more portions all of which may be included within the
quartz. A drift known locally as 'No. 2 tunnel', has been driven in on this
vein about 350 feet, throughout which distance the quartz has a thickness
in most places of from about 8 inches to 4 feet, and maintains a general
average exceeding 18 inches. At the entrance to the drift, the quartz has a
total thickness of 6 feet, the basalt dyke occurring within 12 inches of the
hanging-wall. About 150 feet below this drift, a crosscut 172 feet long has
been driven to the vein and a drift from the end of the crosscut follows the
vein for about 150 feet. The crosscut and drift together are generally
termed by the owners 'No. I' or 'the lower tunnel'. Throughout this lower
drift, the quartz has a thickness of from 6 inches to 4 feet with an average
of perhaps 18 to 20 inches.

Continuing to the southeast along the face of Ylt. Anderson, vein
outcrops have been exposed by a number of pits, small open-cuts, or
trenches, for a distance of, possibly, 2,000 feet. These vein outcrops show
the same characteristics as the lower vein just described, and are per
sistently accompanied by the same basalt dyke or by a very similar one.
They may be portions of two or possibly three additional veins, or may be
a southeasterly extension of the lower vein, that has been successively
offset in an easterly direction, farther and farther into the mountain by
transverse faulting. A surveyed plan of all vein outcrops gives support to
this theory, showing as it does three fairly definite and distinct lines of
olltcrops, all with similar strikes, but swinging successively more to the
east as the south is approached, and each line of outcrops commencing
practically opposite the last outcrop of the next line of exposures. On the
Mountain Sheep group, in the most southeasterly of the three lines of out
crops, there occurs an important exposure, designated by the owners, the
'big showing'. There the basalt dyke is somewhat complex or irregular in
form, but the quartz has an aggregate thickness of from 3~ to 4~ feet,
and is well mineralized. About 100 feet past this showing, an adit or cross
cut was driven into the hill during the winter of 1914-15, in a direction at
right angles to the general strike of the vein at the 'big showing', but no
evidence of the vein was encountered, although the adit wa-s driven some
distance past the point where it would have been crosscut had it continued
this far in regular fashion. Since the vein had persisted so far, and was
strong and well defined within 100 feet of this crosscut, it would appear
most probable that it has been further offset by a fault similar to those
already indicated. All the available evidence is, therefore, in favour of the
fault theory, though its truth can be established only by further develop
ment.

The lower vein in the lower drift has been carefully sampled through-
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out by the owners, and is claimed by them to average $10.60 per ton in
gold, silver, and lead, mainly in silver and lead, there being 8·26 per cent
lead which was computed at 4 cents per pound. The total average values
in the upper drift are slightly less than $10. The gold as a rule is quite low,
but exceptional samples have been obtained that carried as much as 3
ounces per ton, and particularly well mineralized samples occasionally
contain gold, silver, and lead to the value of $60 to $80 per ton.

Approximately 200 feet in elevation above the outcrop of the lower
vein at the entrance to the upper drift, an 'upper vein' outcrops, which
strikes about due east, and has an almost vertical attitude. This vein con
sists dominantly of quartz which carries more or less disseminated galena
and pyrite with their oxidation products including- lead carbonate which is
quite prominent near the surface. An adit 35 feet long has been driven in
to crosscut this vein, and from the end of the adit a drift has been run along
the vein for about 75 feet in a southerly direction. The vein as exposed in
the roof of the drift has a thickness of from 4 to 20 inches; and average
samples taken across the vein at close regular intervals are claimed to con
tain from $5 to $18 per ton in gold, silver, and lead.

The ore material from these veins could not be shipped at a profit, as
taken from the mine. It is, however, well adapted to concentrating opera
tions and could be concentrated at least 7 to 1. The veins outcrop on the
steep western face of ]V[ t. Anderson between 1,300 and 1,800 feet above
Becker creek opposite; and this hill-side affords a good si te for a mill to
which the ore could readily be conveyed from the mine workings by tram
ways or shoots. Becker creek affords ample water for milling and power
purposes, and there is sufficient timber for all ordinary mining requirements
for years to come in the valleys of Becker creek and vVheaton river, within
a reasonable distance. A government wagon road has been constructed from
Robinson on the White Pass and Yukon railway up Wheaton river, and a
branch from this road continues up Becker creek to a point immediately
below the outcrops of the veins on this property, a distance from Robinson
of 25 miles. The railway has recently contracted to haul ore from the \i\'hite
horse Copper belt to Skagway for $1.10 per ton, and the Whitehorse Copper
belt is about 30 miles farther from Skagway than Robinson. From Skagway
to the Tacoma or some other coast smelter, the rate on ore is from $2.00 to
$2.50 per ton, making a total from Robinson of probably between $3.00
and S3.S0 per ton. Additional haulage charges would have to be added
for transport by road over the 2S miles from the mine to Robinson.

Antimony-Silver Veins

All the deposits of antimony ores that have been discovered in vVheaton
district are appropriately included under the term antimony-silver veins,
and mostly all of them occur on the western or northwestern slope of
Carbon hill facing Wheaton river. One important vein of this type, however,
occurs at the head of a tributary of Becker creek on the eastern side of
Carbon hill, and two or three others have been found on Chieftain hill and
in that vicinity, across Wheaton valley from Carbon hill. Most of these
deposits have been previously described*, but since this district was last
investigated, considerable developmen t work has been performed on C'arbon

* Op. cit., pp. 113-129.
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hill, and the deposi ts the,e are much better understood than formerly.
Also since the outbreak of the war, the demand for antimony has so increaseJ
that it is considered advisable to summarize the information conceming
these deposi ts.

The antimony in the antimony-silver veins occurs dominantly in the
form of stibnite (antimony sulphide), although some jamesonite (an anti
mony lead sulphide) is also found. These minerals are accompanied by
galena, grey copper, zinc blende, and in some cases by arsenopyrite, which
occur in a gangue composed mainly of quartz but including also some
calcite and barite. Some of the veins contain important amounts of silver,
but these are in most cases low in antimony, and, those high in antimony
are as a rule low in silver. In a few places, however, both silver and an ti
mony occur together ill important amounts. Thf' veins all occupy fissures
in the containing rocks whirh are for the most part the Coast Rangf' granitic
in trusives. Occasional veins, however, are fou nd in the '\IT esozoic ;) ndesi tic
rocks which arc older than the Coast Range intrusives.

By far the greater number of the antimony-silver veins of Wheaton
district, occur on the westem face of rarbon hill, and of these nearly all are
covered by a group of claims, that is here designated the Fleming property.
A few other veins have been located on this slope of Carbon hill. The
deposit on the east side of Carbon hill occurs on a claim owned by ;Vlessrs.
Becker and Cochran, which is here termed the Becker-Cochran property.
The deposits occurring on Chieftain hill and in that vicinity will be herE' so
designated.

Chieftain Hill and Vicinity

The only vein of any importance that is known to have been found on
Chieftain hill, is exposed in a prominent draw on the eastern face of the
mountain, about halfway to the summit. Two claims named respectively
the Morning and Evening claims were formerly located on this deposit*, but
these have lapsed, and other locations have been made. Some development
work was at one time performed on this vein, but when visited this past
summer (1915), the cuts or trenches had so caved in as to completely obscure
the ou tcrop. The vein occurs in a fissure in andesi tic rocks, strikes abou t due
west, and has a nearly perpendicular attitude. The deposit also consists
chieRy of quartz which is in places well mineralized with stibnite, and carries
also subordinate amounts of zinc blende. At one point the vein is 5 feet
in thickness, 2 feet of which appears to be composed almost entirely of
stibnite. The vein, however, narrows rapidly in each direction from this
point.

An important vein carrying antimony minerals is reported to have been
recently discovered on Berney ,reek, a short distance ("0 the sOllthwest of
Chieftain hill, but this was not seen by the writer.

Fleming Property

A group of six mineral claims situated on the western or northwestern
face of rarbon hill, is owned by Mr. \N. J. Fleming of Chicago, who also
holds a timber tract of 160 acres at the base of the hill below these claims.
This group incl udes the clai illS formerly c1escri bed as the Porter grOLl p':'*.

"Op. cit., p. 129.
** Op. cit., pp. 126-128.
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Quite a number of veins have been discovered on this property, pos
sibly between 15 8nd 20, the exact number being unrertain, due to the fact
tha t in some cases insufficient developmen t has been performed to make
correlations sure, so that certain outcrops may belong to the same or dif
ierenl veins. The greater number of these veins occur in the Coast Range
granitic intrusives, but a few are found in the .\1esozoic andesitic rocks.
The development includes not only a considerable amount of systematic
surface work, but also aiJout 1,100 feet of underground crosscuts and drifts.
The veins range ill thickness, in most places, from a few inches to 3 feet,
although for short distances, some may be more than 3 feet thick, but even
2 feet is sorr.c\vhal exceptional. The vein material, in places, contains as
Illuch as 50 per cent antimony, but average samples across the veins rarely
carry more than 20 to 25 per cen t, and inmost cases con tain less than 20
per cent. The gold content is prevailingly small in amount, rarely exceeding
$.2 per ton, and being generally less than S1. The silver and lead values are,
hO\vever, quite in~portant. Average samples across the veins contain oc
casionally 50 ounces or more of silver to the ton, but from 15 to 30 ounces
is more representative of the richer silver veins, and in most places the
average silver content ranges from a trace to 5 ounces. The lead in average
samples rarely occurs in greater amounts than from 7 to 15 per cent, and in
most cases under 5 per cent, and often under 1 per cent. The combined
values in gold, silver, and lead, amount in rare instances to $50 or more
per ton, but from SW to $20 is rather exceptional, and by far the greater
number of average samples that have been taken from most of the veins
run less than :-:5 per ton. The samples taken from one or two of the best
veins such as the 'big vein', however, average approximately $10 per ton
in gold, silver, and lead, i.e. without allowing for the antimony. These
results are romputed as the result of the assaying of upward of 300 samples
by the Department of Mines, Ottawa, by the government assayer at
\iVhitehorse, and by others.

Other Veins on the West Slope oj Carbon l1ill

The only other veins of any imporlance that are known to have been
found on thp west slope of Carbon hill, are the two parallel veins referred
to in the writer's previous report as occurring on 'Goddell's claims'*.
These veins occur about one mile to the north of the Fleming group, and
are not more than 20 or 30 feet apart. They outcrop in a gulch and are
distinctly f'xposed to view, extending up the mountain side for a distance
of over 2,000 [eet. They occur in the Coast Range granitic rocks, strike
south 83 degrees west, and have an almost perpendicular attitude. The
veins are 2 feet, and 2 feet 6 inches thick respectively, and consist chieRy of
quartz which carries a certain amount of jamesonite and arsenopyrite, the
antimony contC'nt being very low.

Becker-Cochran Property

A vein outcrop containing considerablp stibnite is located on a claim
owned by Theodore Becker and How(lrd Cochran, which is situated on the
east side or Carhon hill, at an elevation of about 4,950 feet above the sea.
This outcrop occurs near the head of a small northerly tributary of a creek
locally known as Conglomerate creek which joins Beeker creek from the

* up. CiL, pp. 128.129.
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west ahout 3 miles above its mouth. The vein is here possibly about 3 to 4
feet in thickness, but as it had not been stripped when visited and as the
only work that had been performed had caved in, very little definite informa
tion was available. A number of large pieces of vein material from 1 foot
to 2! feet in thickness were scattered along the outcrop of the vein, some of
which appeared to be composed almost entirely of stibnite, and all contained
considerable of this mineral. Two samples were taken from these masses or
vein fragments. No. 1 is intended as an average of all the vein material in
sight. No. 2 is an average of all the better mineralized pieces. These samples
were assayed and found to contain:

Sample
No. Gold Silver Antimony

---------------------- ------------1----------

1
2

Trace
Trace

Trace
Trace

2120 ~o

40 62%

Conclusions

At present exceptionally high prices are being paid for antimony
minerals, also the White Pass and Yukon Railway Company is now offer
ing very low rates on ore shipments to Skagway to encourage the lode min
ing industry of Yukon. The antimony-silver ore would of necessity have to
be sorted or concentrated before shipping, but in places limited amounts
of shipping ore could be obtained by merely hand sorting. For any consider
able tonnage, however, the ores would require to be concentrated. On
Carbon hill very favourable natural facilities are provided for the erection
of a concentrating mill, and a government wagon road has been constructed
from Robinson to C'arbon hill a distance of 30 miles, with a down grade all
the way to the railway. I t would thus seem practically certain that some of
these veins could now be worked at a profit, particularly if a concentrator
were erected in the near vicinity; and it is hoped these deposits will become
producers in the near future.

Silver-Lead Veins

\'eins of the silver-lead type are limited in their occurrence in Wheaton
district, so far as is known, to one small area situated on the east slope of
Idaho hill, facing Annie lake. These veins were formerly all located and
covered by two groups of claims known as the 'Union Mines' and '~evada

Mines'. Practically no work has been performed on these deposits since
they were last examined so the reader is referred to the writer's former
report* for descri ptions of these c1eposi ts. There is undoubtedl y a certai n
amount of fairly good ore contained in these veins, but it is doubtful if any
of it is sufficiently high grade to pay for mining, shipping, and treatment,
without concentration before shipment, and the veins do not appear to be
sufficien tly extensive or persisten t to warran t the erection of a concen trat
ing mill in their vicinity.

Coal

The only locality in v\'heaton district in which coal has been found IS
----

*Op. cit., pp. [29-[39.
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011 Mt. Bush. There, several seams oi semi-anthracite have been discovered,
ranging from 18 inches to 6 feet or more in thickness. These seams have been
very slightly explored or investigated, and little is known concerning them.
They are, however, known to be considerably disturbed by basaltic dykes,
several of which intersect them; this might nevertheless not seriously
interfere with the economic working of these deposits which should be of
value for local consumption, when the demand arises. For iurther details
concerning these coal measures, the reader is referred to the writer's previous
report*.

*Op. cit., pp. 145-147.
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1916

Introductory 1'l,Jotc

1n 1916, \;\1. lVlcInnes, Directing Geologist, includes the following note
on field work in Yukon Territory in the 'lntroductory Statement' of the
Summary Report for 1916, page 3:

"D. D. Cairnes spent the greater part of the field season in the Klotati
sin area, southern Yukon. From one creek in this area between 500 and
600 pounds of wolframite concentrate has been obtained from the auri
ferous placer deposits. Mr. C'airnes visited Dublin gulch, Duncan Creek
mining district, for the purpose of investigating the possibility of the
occurrence of scheelite in the placer deposits, and reports that scheelite was
found to be relatively quite abundant. He also spent a short time examin
ing some of the Windy Arm mining properties which during the past season
were being reopened. Two days were spent examining certain 'alkali'
deposits occurring along the \;\'hitehorse-Kluane wagon road."

INVESTIGATIONS AND MAPPI:'olG IN YUKON TERRITORY
by D. D. Cairnes

The greater part of the last regular field season was spent in Klotassin
area, southern Yukon; and a topographical and geological party was
engaged there the entire summer. The area, including over 1,200 square
miles, was mapped as to geology and drainage, and a special study was made
of the mineral resources.

During the early part of August, the writer left camp in Klotassin
area, went to \;Vhitehorse, and from there spent two days examining and
sampling certain saline incrustations which occur along the Whitehorse
Kluane wagon road, and which, it was thought, might contain important
amounts of potash.

Later in the season the writer again left Klotassin area and spent a few
days in Mayo area where the tungsten deposits in the vicinity of Dublin
gulch were investigated, and a deposit of shell marl near Mayo was ex
amined.

WiJliam E. C'ockfield was senior assistant in connexion with the work
in Klotassin area, and took charge of the field work there during the writer's
absence.

At the close of the regular field season, a few days during the early part
of October were spent examining lode deposits in the Windy .'\rm district.

Reports of the work in these four districts follow:

Tungsten Deposits of Dublin Gulch and Vicinity

During the past summer, while engaged in geological and topographical
work in Klotassin area, Yukon Territory, the writer obtained information
through the government assay uffice at Whitehorse, indicating the pos
sibility of the occurrence of important deposits of scheelite on Dublin gulch.
As the ores of tungsten are at present greatly in demand in connexion with
the manufacture of munitions, arrangements were made at once to visit
the locality. Accordingly, early in September a few days were spent in the
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vicinity of Dublin gulch, and it was foulld that scheelite occurs not only in
important amounts in the stream gravels along Dublin gulch and some of
its tributaries, but also in Jode depusits which may prove to be of economic
importance.

During the entire course of the investigation in Dublin gulch and in
that vicinity, the writer was ably and voluntarily assisted by iVIr. Robert
Fisher, a miner and old-time resident in the district, and to him the writer
wishes to express his sincere gratitude for information afforded, and for
actual work performed.

Geographical Position

Dublin gulch lies within Duncan Creek mining district, in the part
known as Mayo area'. 1t is a small stream about 4 miles long, and empties
into Haggart creek, joining it from the northeast about 14 miles from its
mouth. Haggart creek is one of the principal trihutaries of McQuesten river,
and has a length of over 20 miles.

Transportation and Accessibility

Mayo area, in which Dublin gulch is situated, is fairly readily acces
sible. Stewart river generally opens between May 10 and 15, and remains
clear of ice until some time in October. During the season of open naviga
tion, a steamer with good passenger and freight accommodation makes
weekly trips from Dawson to Mayo, a distance of 238 miles. During the
winter months, there is a monthly-and for part of the time, a bi-monthJy
overland stage service between Dawson and Minto Bridge, a small village
10 miles north of Mayo, at the junction of Nlinto creek and Mayo river. The
distance from Dawson to :YIinto Bridge over the stage road is 174 miles.
Mayo and Minto Bridge thus are the distributing points for Mayo area.
From Mayo, a good wagon road has been constructed by the Yukon Gov
ernment, to Minto Bridge, with a branch extending to the mouth of Dublin
gulch, a distance of 35 miles, or 45 miles from Mayo; but for only about
6 miles of the 35, is the road good enough for summer freighting. For the
remainder of the distance the road is so rough and soft it is almost impossible
to drive over it in summer, even with a light buckboard. Thus all freighting
over this road must necessarily be done in winter when it would probably
cost about $35 or $40 per ton to take concentrates or ore from Dublin gulch
to :YIayo. From :vIayo, ore has recently been shipped to San Francisco by
the all-water route via St. iVIichaeJ for about $22 per ton, so the rate to
\'ancouver would be between $15 and !,;20 per ton. The regular rate charged
by the Side Streams ~avigation Company on in-going freight from Dawsoll
to Mayo is 2 cents per pound.

HistOl'Y

Dublin gulch with the immediately surrounding portion of Yukon
Territory has been reported upon at different times. In 1904, ]oseph Keele,
of the Geological Survey, made a reconnaissance survey and geological
examination of a portion of Duncan Creek mining district including Dublin
gulch 2• ]n 1912, Mr. T. A. MacLean, on behalf of the :vIines Branch of the
Department of Mines, examined the lode deposits on Dublin gulch 3. 111

I Cairnes, D. IJ., "Mayo Area", Geol. SlIrv., Canada, Slim. Rept., 1915, p. 10.
2 Keele, Joseph, "The DUllcan Creek mining district," Geol. Surv., Canada, Slim.

Rept., 1904, pp. 18A-42A.
3 MacLean, T ..'\.., "Lode mining in Yukon", Mines Branch, Dept. of Mines, Canada,

1914, pp. 127-159.
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1915, the writer made a preliminary examination of Mayo area, including
Dublin gulch, with the expectation of completing the investigation the
following summer l . Keele mentions the presence of scheelite on Dublin
gulch. He states, "The gold on Dublin gulch , , . ,is accompanied by
a quantity of heavy white sand, consisting of rounded grains of scheelite
(tungstate of lime), from which it is difficult to separate the gold".2 Hoff
mann 3 examined and described the material collected by Keele. The placer
miners of that vicinity, although they knew that what they termed 'grey
sand' occurred on Dublin gulch in considerable quantities, did not know
its value, and recognized it only when it was obtained in the sluice boxes,
in a finely comminuted condition. For this reason, many tons of rich tungs
ten ore concentrates have no doubt been lost in the placer mining operations
along this creek.

In 1898, John SuttJes commenced placer mining on Dublin gulch, and
he continued to work more or less each summer until the autumn of 1915,
during which time, it is estimated by the old-timers in that locality, that he
must have recovered in all between ~45,000 and S50,000 in gold. On August
30, 1905, a concession for placer mining on Dublin gulch, generally known
as the 'vV. E, Thompson concession, was granted and recorded as hydraulic
mining lease :-Jo. 47. This is described as follows:

"All and singular that certain parcel or tract of land situate, lying and
being in the Yukon Territory on Dublin creek, described as follows: Com
mencing at a point on said creek 1,360 feet more or less, up stream from its
junction with Haggart creek, a tributary of the YIcQuesten river, thence
up said Dublin creek 3·21 miles, more or less, with a width of one-half mile
on each side, excluding thereout and therefrom any placer mining claims
for which entries may have been granted, and which may be in force on the
day of these presents, as shown on plans of survey thereof dated the 30th
of ;-";ovember and the 7th of December, 1903, signed by George White
Fraser, D.L.S., and of record in the Timber ancl Mines Branch of the
Departmen t of the Interior."

Previous to the granting of this concession, John Suttles had located
about 2,500 feet of Dublin gulch, near the lower end of what afterwards
became the concession, and this ground was not, therefore, included in the
grant. Practically all the placer mining that has been done on Dublin gulch
has been on the Suttles claims, Accordingly, as the owner of the concession
did not work his ground as required by the terms of the lease the concession
was cancelled and steps have been taken to throw the ground open to the
public. Since it has become known that scheelite occurs in important
amounts on Dublin gulch, a number of placer claims have been staked on
its tributaries outside the boundaries of the concession. Also some lode
claims supposed to cover deposits of scheelite have been recently located.

Between the close of the summer season of 1915, and the opening of the
past season (1916), the holdings of John Suttles on Dublin gulch were
acquired by C'antin Bros., who mined the ground during the past summer.
They worked by ground sluicing, and with three men working, cleaned up
altogether about $6,000 in gold. They commenced to systematically save
the scheelite concentrate after the writer's visit, and report that since that

I Cairnes, D, D., op, cit., pp, 10-34.
2 Keele, ]oseph, op. cit" p. 33A.
3 Hoffmann, G, C" Geol. Sun-" ClI1aua, AI1I1, Rept" \'01. XVI, 1904, p, 340.'\.,
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time, they havc becn able to recovcr about 400 pounds a wcek, with very
slight additional time or labour.

General Geology and Topogloaphy of the Mayo Area

Mayo area lies entirely within the Yukon plateau physiographic
province, and is mainly characterized by being subdivided by well developed,
flat-bottomed, interlocking valleys, into numerous small, isolated mountain
groups and areas of well dissected upland. The higher summits rise to eleva
tions of from 5,000 to over 6,500 feet above sea-Ievel-rvlayo village being
considered to be 1,625, and Mayo lake, 2,000 feet above the sea. The former
plateau surface has been largely destroyed in this district, and the shapes of
the land forms, except where modified by glaciation, are for the most part
dependent on the geological formations. The district has been, on the whole,
intensely glaciated, the glacial ice, at one time, extending over practic:ally
the entire area, and enveloping all except possibly the highest summits. As
a resuI t, the valley walls have become sn~oothed, planated, and steepened,
giving to the valleys, typical V-shaped cross-sections. In addition, the floors
of the master valleys have become deeply covered with glacial detritus,
which in post-Glacial time has been trenched and in part removed by the
streams of the district.

In the vicinity of Dublin gulch Cluite extensive stretches of gently
rolling upland are preserved which have a general elevation of about 1,900
feet above the mouth of Dublin gulch. Potato hills at the head of Dublin
gulch are somewhat higher, anel are estimated to rise to 5,400 feet above
sea-level. The valley of Dublin gulch has been considerably moeliti.ed by
glacial action, thus the c:reek gravels in the valley bottoms contain more or
less foreign material. The upland in this vicinity, and even the upper
portions of the valley walls, on the other hand, have been only slightly
affected, and foreign IJebbles or boulders are there somewhat exceptional.

The geological formations exposed throughou t the greater part of
Vlayo area are dominantly old, metamorphosed spdiments, including mainly
mica schists, quartz schists, and schistose ljuartzites, with also so!ne beds of
crystalline limestonc. These correspond to certain of the olel, schistosl.: rocks
of the Klonc1ike*, and other portions of Yukon and Alaska, and belong to
the Yukon group** which is thought to be of Pre-Cambrian age. In the
vicinity of Dublin gulch, a small granitic batholith some 3 or 4 miles in
length cuts these oleicI' rocks, anel includes all the upper portion of the creek
and its uIJper tributarics. This :c:ranitic intrusioll is composeel mainly of grey
biotite granites, thought to be of \'lesozoic agp,

In the vicinit,y of Dublin gulch, the principal tung-sten-contallllng
mineral that has <;0 far been found is scheelite. Occasional particles of wolf
ramite were also noted in the concentrates obtailled in the placer mining
operations there, but this mineral does not occur in amounts of much
economic importance,

Scheelite (Ca\\'o.,) is c1lciul11 tungstate, and contains W)·(j per cent

*McConnell, lZ, (;" "Report' 011 the Klondike (;old Fields," Ceol. SlIn'., Canaua, Ann,
Rept., \'01. XIV, pr. B, 1905, pp, 1211-15fl.

""Cairnes, D, D" "The Yllkon-Ala~ka International POllndary between PorCllpine and
Yukon ri"ers", Ceol. SlIrv., Canada, MC'I1l. 67, pp, 38-44, 1914,
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of tungsten trioxide (WOa), and 19·4 per cent of lime. It has a hardlles~

of 4·5 to 5, i.e., it is about intermediate in hardness between calcite and an
average feldspar. Its lustre is vitreous inclining to adamantine, and its
colour is generally white, yellowish white, or pale yellow. Brownish, green
ish, and reddish varieties occur, but are rare. The scheelite of Dublin gulch
is white to pale yellow in colour. Possibly the most diagnostic physical
property of scheelite is its specific gravity which is 5·9 to 6·1, or considerably
higher than that of magnetic iron ore.

\Volframite is the tungstate of iron and manganese. Its hardness is 5
to 5·5, its specific gravity is 7·2 to 7.5, and its colour is dark greyish or brown
ish black. The streak is nearly black. WoIframite is generally readity
recognizable by the brilliant sub-metallic lustre, on its characteristically per
fect cleavage faces. It resembles speculaI' hematite, but is much heavier.

In describing tungsten and its uses, Or. \iValker in his report published
in 1909, states: "Tungsten is one of those rare metals which have become
generally useful during the last few years. Formerly it was of interest chiefly
because it was one of the rare chemical elements. Of late it has become an
article of commerce and industrv, and has attracted much attention on the
part of iron masters, dyers, silk workers, electricians, and especially of
those connected with the mining industry. Being one of the most infusible
metals known it has been recently employed in the manufacture of in
candescent electric lamps. The tungsten filament has the advantage over
the ordinary carbon filament of yielding a much whiter light. When carbon
filaments are heated to a brillant white, a black smoky deposit of volatilized
carbon forms upon the interior of the bulb so that much of the light effi
ciency is lost; while the tungsten lamp will stand this white incandescent
condition without any appreciable deterioration. Apart from this advan
tage, the manufacturers of the tungsten bulbs claim for their product a
greater light efficiency for the electric energy consumed, even when com
pared with new, undimmed carboll bulbs. Considerable quantities of
tungsten are consumed in the manufacture of tungstates, which are used
as a mordant in dyeing, in giving weight to silk goods, and in rendering
cotton fabrics fireproof. The chief demand for tungsten, however, is for
the production of tungsten steel, which is also called wolfram steel. The
addition of a small percentage of this metal increases the elastic limit and
tensile strength. Tungsten steel is self-hardening, so that no special skill
is required on the part of the blacksmith in the sharpening of tools made
from it. Tools which have been heated are found to be well tempered as
soon as they cool. These properties make this alloy very desirable for high
speed tool steel. "* Since the war there has been a great demand for tungsten
for use in the manufacture of high speed cutting tools employed in the
manufacture of munitions.

At the beginning of the war, the Imperial Government placed a price
on all tungsten ores within the British Empire, and prohibited their export.
The price paid per gross ton (2,240 lb.) of 65 cents per WOa ore is at the
rate of 55 shillings per unit (1 per cent of 2,240 lb.) per gross ton f.o.b.
Liverpool, less charges as per H ..'\. \Vatson's pro forma contract. The price
thus fixed amounts to about $853 per ton without considering insurance or
freight. A penalty of 6 cents per unit down to 60 per cent WOa is imposed.

* vValker, T. 1.., "Report on the tungsten ores of Canada," Mines Branch, Dept. of
i\'Iines, Canada, 1909, pp. 3, 4.
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Econonlic Investigation

Investigating the occurrence of scheelite on Dublin gulch, and pros
pecting for its source, were at first found difficult, owing to the fact that
scheelite is not a readily recognizable mineral, especially when finely sub
divided. In places it is even difficult to distinguish from quartz, feldspar,
or other white or nearly white minerals. Therefore, in addition to the
ordinary physical, chemical, and specific gravity tests, panning was found
to be a very efficient and rapid auxiliary method for detecting this mineral
either in gravel, or pulverized rock or ore material. Owing to its high specific
gravity, very minute particles of scheelite can be saved by panning almost
as readily as gold, and can then be easily identified.

It was found that the stream gravels along Dublin gulch contain
important amounts of scheelite. Scheelite also occurs below the mouth of
Dublin gulch in the gravels of Haggart creek, for some distance, but not to
nearly the same extent as along Dublin gulch, from where it is clear, prac
tically all of the mineral is derived.

Previous to the writer's visit, the mineral scheelite, as such, was quite
unknown to the miners of Dublin gulch and vicinity, but the so-called 'grey
sand' which collected in the sluice boxes, and was difficult to dispose of,
had recently been discovered to be of value and some had been saved. Also,
places were found where this 'grey sand' had been dumped from the sluice
boxes in past years. Altogether, about a ton was found to be available. Two
samples (A and B) of these concentrates were taken. No. A is a sample
from a pile containing about 300 pounds, which was dumped where it lay,
several years ago. This sample was assayed at the ore testing plant of the
Department of Mines, Ottawa*, and was found to contain 68 per cent
'v\10 3 (tungsten trioxide). No. B is a sample from a lot of about 800 pounds
of concentrates that had been recently collected. This was assayed and
found to contain 66.30 per cent W03 . Associated with the placer gold and
scheelite, there occurs a certain amount of heavy, dark concentrate includ
ing wolframite, cassiterite (tin stone), hematite, and garnet. These minerals
when plentiful are somewhat difficult to separate from the scheelite in the
sluice boxes. When visited in September Cantin Bros. had saved about
200 pounds of this dark concentrate, and a sample from this was assayed
and found to contain 61.20 per cent W03 .

About 2 miles of Dublin gulch that is adapted to placer mining is still
virgin ground, and should yield gold and scheelite in somewhat similar
amounts to the 2,000 feet or so that have been worked. Along the part of
the creek that has been mined, the gravels and overburden are, together,
in most places, from 6 to 20 feet in thickness. The upper portion of Dublin
gulch, commencing about 2t miles from its mouth, could not be worked by
ordinary placer methods owing to the fact that the valley bottom is strewn
with vast quantities of a coarse granite tal us, many of the individual blocks
being as much as 6 to 20 feet in diameter. In addition to the main creek,
it will probably be found that some of its tributaries will pay to mine, now
that scheelite is known to occur in this vicinity in addition to the gold.

An attempt was made to determine the bedrock source of the scheelite.
It was found that all gravels derived from the granitic rocks in the vicinity
contain important amounts of this mineral, although no scheelite could be

• All assays, the results of which are given in this report, were made at the ore testing
plant of the Department of Mines, Ottawa.
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detected in the ordinary unaltered granite. "VeIl up on the hillsides, and
even on the upland, where the ordinary more or less decomposed granitic
overburden is practically in place and unconcentrated it contains scheelite
in appreciable amounts. The schistose rocks, on the other hand, yield little
if any of this mineral. Places were found near the heads of some of the
smaller tributaries of Dublin gulch, where the gravels of granitic urigin
yielded as much as 1 per cent scheelite or over one pound or scheelite con
centrate from 100 pounds of gravel. A sample of about one pound of scheelite
concentrate, obtained in panning four pans of gravel near the head of Bum
Boy gulch, was assayed and found to contJin 63.80 per cent \\103. The total
amount of scheelite in the vicinity must, therefore, be very great. In places
even near the extreme heads of some of the smaller tribu tary streams where
water is rather scarce, it is estimated that men working with rockers or
crad les could make more than wages from the scheeli te alone.

There are a number of important gold-bearing quartz veins in this
vicinity*, some of which have been quite extensively developed. It was at
first thought that the scheelite might be associated with these veins, but
little or none was found in them. Scheelite was eventually found at one
point with its original associations, and there the bedrock was covered by
several feet of overburden, making prospecting slow and difficult. At that
point the scheelite is associated with small, barren, ramifying quartz veinlets
which occur very plentifully intersecting pegmatitic zones within the
granite. The scheelite, where found, occurs in the form of crystals along the
edges of and hetween the veinlets, the individual crystals being as much as
0·3 to O·S inch in length. In all probability this is the manner in which
most of the scheel ite of the district occurs. I t is quite possible, with further
prospecting and investigation, that zones will be found in this vicinity
which will pay to work as lode deposits. A sample of vein material from this
locality recently forwarded to the writer by Robert Fisher was Clssayed at
the ore testing plant in Ottawa and found to contain S·70 per cent W0 3,

which is indeed very promising.

Sum.mary and Conclusions

Two main factors will somewhat retard the rapid development of min
ing on Dublin gulch and in that vicinity; these are the limited water supply
for placer mining, and the remoteness of the district. The extent of the
plac('r mining operations will be always limited by the available supply of
water. However, by conserving and making the most economical use of all
the water in Dublin gulch and its tributaries, very much more work can
be done than has been done in the past. Owing to the remoteness of the
district, also, it is difficult and expensive to freight in supplies and equip
ment, and the out'put of scheelite or other ores can at present be freighted
out only during the winter when the sleighing is good. The cost of building
a suitable summer road is at present, at least, almost prohibitive. This means
that the scheelite concentrates which were mined during the summer of
1916 will be freighted to Mayo during the following winter and will not be
available until after navigation opens in the early summer of 1917; and that

* MucLeun, T. A., "Lode MininR in Yukon," Mines nranch, Dept. of Mines, Canada,
1914, pp. 127-159. Cairnes, D. D., "Mayo area, Yukon Territory," Geol. Sun'., Canada,
SUIll. Rept., 1915, pp. 29-33.
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concentrates recovered during the summer of 1917 will not be available
until the summer of 1918.

During the writer's visit to Mayo area, every effort was made to
instruct the miners and prospectors of the district in the physical characters
of the tungsten minerals and the simple tests for determining them; also
specimens of scheelite and wolframite were distributed to those most
interested.

Between n· and 2 tons of scheelite concentrates, similar to those
sampled, should be freighted to Mayo this winter, and be available early
next summer. Next season, also, when the concession on Dublin gulch has
been thrown open for staking, if the locators work diligently throughout the
season, it is reasonable to expect that at least between 10 and 20 tons of
tungsten concentrates in addition to the gold will be recovered. In fact, it
would now appear as if Dublin gulch is destined to become an important
Canadian source of tungsten ore.

Marl Deposit Near Mayo

While waiting at Mayo for a steamer in September, 1916, the writer ex
amined a greyish deposit of shell marl exposed around a lake in the vicinity.
The lake lies along the wagon road running from Mayo to Minto Bridge, and
is about 2 miles from Mayo. The level of the water is being gradually lowered
as the drainage of the district becomes integrated, and the lake is gradually
filling with marl which has resulted from the accumulation, and more or less
complete disintegration of many generations of freshwater shells, the mar!
being exposed all around the lake, and on the islands within it. The area
covered by the water and the mar! rim is apparently between 1 and 2
square miles. The marl deposit is very soft, and is apparently thick as it is
possible at the water's edge to easily push a stick down into it to a depth
of 10 feet. Evidently, the entire lake is underlain by the marl which may
also extend farther back from the water's edge than appears. Around the
lake, a reddish, clayey soil, several feet in thickness, extends back for about
i1 mile beyond the marl rim.

Four samples of the marl and soil were taken. These were air-dried and
analysed, with the following results:

A nalyses of M art and Soil from NIayo

I 11 III IV
Moisture .. 16.00 904 5.66 4.75
Organic and volatile matter. ... 23.51 24.03 1 66 1.34
YIineral matter insoluble in acid ... 6.55 6.75 24.91 36.60
Carbonate of lime. .... 49.90 54.39 53.19 45.91
l·ndetermined. . . ...... 4.04 5.79 14.63 11.40

100.00 100.00 100.00 10000
Nitrogen, in organic matter. ... . ... 0.84 0.75 0.16 0.20

I. Surface sample of marl, taken near the water's edge, and containing many small
shells.

I I. Sample of the upper 3 feet of the marl.
Ill. Sample of the reddish, clayey soil, a few feet back from the water's edge and the

grey mar! rim, and containing apparently no shells.
IV. Sample of the lighter, reddish soil, higher up and less closely associated with the

marl.
Analyst, Dr. Frank T. Shutt, Dominion Experimental Farm. Ottawa.



434

Or. Shutt states: "Traces only, of phosphoric acid were detected in aJl
the samples. All four samples are mar! of iair quality, the carbonate of lime
content approximating 50 per cent. Their agricultural value would, there
fore, be in iurnishing lime for soils defirient in this element and in correct
ing soil acidity. Samples I and II also contain notable amounts of vegetable
matter and nitrogen and their application would, therefore, prove useful
for all types of soil more or less poor in these important soil constituents."

This mar! is too impure to be of value for the manufacture of cement,
but is of considerable importance for agricultural purposes, and in Mayo
area and adjoining portions of Yukon, agriculture, it is hoped, will in the
near future be followed much more extensively than at present, as wide
tracts of valley lands are well adapted to agricultural pursuits.

The part played by lime and its compounds in maintaining and in
creasing soil fertility is an exceedingly important one; and, chiefly because
they may be readily and uniiormly distributed over the land, the marls
constitute a very useful form of carbonate of lime for agricultural purposes,
and one the value of which Canadian farmers have not yet sufficiently
recognized. The functions and use of marl in agriculture, and also some
methods of testing for acidity in soils are described by Or. Shutt.* Accord
ing to Or. Shutt there are two principal reasons for applying lime to soils,
viz., to correct or neutralize their acidity or sourness, and to improve their
mechanical condition. The influence of lime and its compounds upon the
texture of the soils is most beneficial in the case of clays, rendering them less
sticky and cohesive, when wet, and more friable and mellow when dry. The
excessive use of quick-lime or slaked lime leads inevitably to exhaustion
of fertility, and, therefore, they must be carefully applied. Excess of marl,
however, can do little or no harm. The application of mar! offers no special
difficulty; a spreader may be used or the material may be distributed by
shovels from a wagon. I t may be applied at any season of the year, and it is
specially suited to light loams and soils that are poor in organic matter.
Like lime, it should be harrowed in, not ploughed under, and in the case of
meadows or pastures, merely spread over the surface.

Klotassin Area

The greater part of the summer (1916) was spent in Klotassin area,
southern Yukon. The area was considered to be favourably situated for the
occurrence of various kinds of mineral deposits, and as it was almost entirely
unknown geologically, topographically, or even geographically it seemed
desirable that it be explored. Further, during the previous summer, placer
gold had been found on Rude creek, which drains into Dip creek, a tributary
of Klotassin river, with the result that a stampede followed, and not only
Rude creek, but a number of other creeks in the neighbourhood were
staked, and some prospecting and mining resulted. There followed numerous
rumours of important discoveries, but it was not known how authentic
these reports were. Possibly the most urgent reason for an investigation
of this section of Yukon, however, was the finding of tungsten concentrates
on Canadian creek. At the close of the field season of 1915, the writer

* Shutt, Frank T., "Lime in agriculture", Dept. of AgTicllltllrt', 0001. Exp. Farm,
Ol"tawa, Rid\. No. 80, 1914.
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recognized the presence oi wolframite (tungstate of iron and manganese
(Fe, Mn) \\'04) in samples of concentrates from placer mining operations
on Canadian creek, shown him by a prospector. These samples were exam
ined in the mineralogical laboratory oi the Geological Survey, and found
to be very high grade tungsten concentrates. As there has been since the
beginning oi the war an urgent need for tungsten for use in the manufacture
of munitions, this occurrence demanded investigation. Canadian and Rude
creeks, also, are not far apart, the mouth of Rude creek being within about
6 miles, measured in an air line, of the point near the head of Canadian creek
at which the wolframite has been found to occur most plentifully. It was,
therefore, decided to explore and map the area containing Rude and Cana
dian creeks, and to extend the work in whatever direction seemed most
advisable from a mining and geological standpoin t. The particular area
mapped during the summer, since it is to a great extent drained by Klotassin
river, is in this report called Klotassin area.

The drainage and geological features were mapped by running numer
ous traverses. No attempt was made to make a contoured topographical
map. The left bank of Yukon river was traversed from Selkirk down to the
now unoccupied telegraph station near Coffee creek. Another main traverse
was run from the mouth of Isaac creek on this river traverse, to a point near
the mouth of Klotassin river, the geographical position oi this point having
been previously fairly closely determined. Another traverse was carried
from this point to connect with the Coffee Creek telegraph station again.
The valley of the Klotassin was traversed irom the mouth of the river to
near its head; in addition, all the main stream valleys in the area were
traversed and numerous cross traverses were run to connect the main lines.
These traverses were made in three ways. The main traverses, where pos
sible, were run with plane-table, rod, and stadia; at times, instead, a measur
ing wheel was used in conjunction with a small plane-table or a Batson
sketch board mounted on a tripod; and for the less important, shorter,
connecting traverses, pacing was employed in conjunction with a small
plane-table or Batson sketch board.

In the performance of this work, the writer, as well as all the members
of his party, were assisted in many ways by the different men met within
the district, and were assured by all of their entire and hearty co-operation
wherever possible. Particular thanks are due G. C. ~VIcDonald and E. H.
Shafer who during different parts of the summer held the position of gov
ernment telegraph operator at Isaac creek. They stored the supplies and
surplus outfits belonging to the party, looked aiter the mail, and in many
ways rendered valuable and always voluntary assistance. For all courtesies
and favours received, the writer wishes to express his sincere thanks.

Throughout the work, thp writer was very ably assisted by '0.'illiam E.
Cockfield, Clive E. Cairnes, and]. A. IVIcLennan. Mr. Cockfield devoted
his time almost exclusively to geological work, and Mr. Cairnes and :\1r.
McLennan, although assisting with thp geology at times, were mostly
employed with the topographical work.

Location and Accessibility

Klotassin area is bounded 011 the north by Yukon river, and extends
along the river frOIll a short distance above the mouth of the Selwyn, to a
mile or so below the mouth of Coffee creek, a distance measured along the
river of about 35 miles. From Yukon river below Coffee creek, the western
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boundary extends in a southwesterly direction to Donjek river, a distance
of about 30 miles; thence the southern boundary trends in a direction
somewhat south of east for between 35 and 40 miles to a point on Klotas3in
river near its head; and thence the eastern boundary reaches northward
to Yukon river again, a distance of between 35 and 40 miles. The area
includes over 1,200 square miles.

During the season of open navigation the northern edge of the district
is easily accessible from Yukon river, several commodious freight and
passenger steamers passing up and down the Yukon between vVhitehorse
and Dawson each week. Gasoline launches, of a type specially designed and
built in Yukon for side-stream work, also can readily run from Yukon
river up the White and Donjek to the mouth of the Klotassin. From
three points on Y";<on river, trails have been built southward into the
interior of the area. From near the mouth of Coffee creek, a trail extends up
this stream, and thence to Klotassin river, a distance of about 30 miles. This
trail, which is known as the Coffee Creek trail, continues thence to Upper
White River district.* Another trail extends from Yukon river up Britannia
creek to the mouth of Canadian creek, and thence continues up Canadian
creek for about 5 miles. Above this point on Canadian creek there is a trail
for a few miles, but it is very difficult to travel with pack-horses. Also
several trails have been made from the mouth of Isaac creek over the divide
to Rude creek; these follow two main routes, one of which leads to the
mouth of Rude creek, and the other to a point near its head, distances from
the mouth of Isaac creek of about 16 and 14 miles respectively. A trail
extends down Rude creek for about 5 miles to connect the Isaac Creek trails,
and continues thence down Dip creek for about 6 miles. These include
practically the only trails in Klotassin area, and they are, for the greater
part, very difficult to travel, being rough and very soft, since the valleys
through which they pass are dominantly wet and Roored with muskeg and
niggerheads. During the winter, the area is readily accessible with sleighs
from Yukon valley.

Topography

Klotassin area lies well within that physiographic province known as
the Yukon plateau, which extends from about latitude 59 degrees north, in
northern British Columbia, through central Yukon and Alaska to Bering
sea. This plateau terrane has been described by a number of geologists
among whom there appears to be a consensus of opinion that it represents
a region which during a long period of crustal stability was extensively
planated and reduced to a condition 0f relatively slight relief. The period
of planation was follov. ed by a widespread uplift when the nearly flat or
gently undulating lowland became an upland tract. This uplift rejuvenated
the streams, giving them renewed head, and increased erosive power, with
the result that they commenced immediately to rapidly incise and deepen
their channels in the new upland, and to destroy its surface.

In Klotassin area extensive tracts of nearly flat or gently undulating
plateau occur separated by intersecting stream valleys; and to an observer
stationed on the upland, it is evident that these plateau areas were once all
connected to form a single, continuous surface of only slight relief. So

* Cairnes, D. D., "Cpper White River district, Yukon", Geol. Surv., Canada, Mem.
50,1915, pp. 11, 12, and "Canadian routes to White River district. Yukon, and to Chisana
district, Alaska," Geo1. Surv., Canada, Map. 113A, 1914.
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situated, and well back from the edges of the valley walls, it is easy for one
to imagine the intersecting valleys again refilled, or to forget that they have
ever been incised to interrupt the continuity of this plateau surface. The
main upland has now a general average elevation of between 4,500 and 4,800
feet above the sea, the mouth of Klotassin river being about 1,900 feet
above sea-level. Occasional residual summits rise above the general plateau
surface, the highest of whi('h are about 6,300 feet above sea-level. The
northern portion of Klotassin area is drained by northward Rowing streams
including Coffee creek, Excelsior creek, Britannia creek, Isaac creek,
Mascot creek, and Selwyn river, which empty directly into the Yukon. The
remainder of the area is drained by Klotassin river and its tributaries which
have a general westerly trend, and empty into Donjek river, a tributary of
White river. Between the Klotassin and its tributaries, and those streams
emptying directly into the Yukon, there is a long, high, persistent, Rat
topped divide which swings in semi-circular form around the headwaters of
the Klotassin. One notably long and Rat-topped arm of this range lies
between Colorado creek and Klotassin river on the south, and Victor and
Dip creeks on the north, and extellds westerly to near the point where Dip
creek joins the Klotassin. Numerous ridges lying between the different
streams emptying into the Yukon reach toward this river from the main
plateau divide. These smaller ridges are irregular in form, and gradually
become lower in elevation as the Yukon is approached, the original uplaI1d
beiI1g there iI1 most places entirely destroyed. To the south of the maiI1
divide, the plateau surfa('e is better preserved, but is largely uestroyed in
the vicinity of the master depressions.

The district shows no evidence of glaciation. The valleys contain inter
locking spurs, and the v:llley walls exhibit none of the rounding, smoothing,
and scouring, diagnostic of glaciated areas. The smaller depressions are also
decidedly V-shaped, although the master depressions have in places wide
Roors; The valley walls are prrvailingly steeply inclined, being often quite
precipitous, indicating a somewhat youthful stage in the physiographic
history of the district. Even the valley of Yukon river in this locality is of
comparatively recent origin.

In the valley bottoms of the area supel-ficial deposits tend to accumulate
somewhat rapidly, due to the fact that the material contributed by the
tributaries is largely frozen before it can be carried away by the streams in
the valleys, and after becoming frozen its removal is very slow and difficult.
On this account, mainly, the valleys of Klotassin river and its main tri
bu taries are gradually bei ng refi lied. Overlyi ng the other superficial deposi ts
in the valley bottoms, is nearly evcrywhere, Cl layer of soil or muck which is
covered with moss, grass, or shrubbery, and is transformed into muskeg
and niggerheads, making travelling very laborious.

The main stream in Klotassin area, except the Yukon, is Klotassin
river. This stream was not followed quite to its head, but from what is
known concerning it, the main valley is thought to be abollt 60 miles long.
Throughout the upper portion of its course, as far as it was explored, the
river flows in a general northerly direction, but about 25 miles from its
mouth, it makes a sudden turn and below this bend Rows in direction almost
due west. Several large tributaries join this stream, the most important
coming from the right (looking downstream). Three of the largest of these
are Dip, Colorado, and SommE' creeks. These all hold a general westerly
course, Dip creek being about 30 miles long; Colorado and Somme creeks
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were only explored to points about 12 and 8 miles respectively from the
Klotassin, but at these points they were still important streams.

Ve~etation

The forest growth of Klotassin area is nowhere heavy; trees, however,
grow on nearly all the valley Roors, as well as in the draws and on the hill
sides, up to an average elevation of between 3,500 and 4,000 feet above sea
level. In general, about one-third to one-half of the district is forested, the
northern and eastern slopes being better timbered than the southern and
western. Only in the valley bottoms, however, and in occasional draws, do
trees occur sufficiently large to be used in the construction of buildings or
in connexion with mining operations, except as fuel. The largest and best
timber in the district occurs or did occur in the valley Rats along Yukon
river, but much of this has now been cut and used as fuel on the river
steamers. In the valley bottoms of Klotassin river, Dip creek, and Colorado
creek there are also many groves in which the trees are tall and stand fairly
close together. Altogether, although timber is nowhere very plentiful,
there is sufficient that is reasonably accessible to most points to fulfil the
ordinary requirements of the miner for a number of years to come. During
the past summer, however, much good timber was destroyed by forest fires,
which were the result of carelessness and neglect.

The principal forest trees are: white spruce, black spruce, balsam
poplar, aspen poplar, and northern canoe birch. There are also a number of
shrubs some of which in places attain the dimensions of trees; these embrace
several species of willow, one or more of alder, and dwarf birch.

The white spruce is the largest, and much the most useful and im
portant tree, and as well, is the most plentifully distributed of the larger
forest members. It grows at all elevations up to timber-line, but favours dry
slopes and well-drained portions of the valley bottoms. The best groves
generally occur in the valley Rats and in depressions along the lower slopes
of the ridges and in such locations the trees are straight and well grown.
The trunks are generally not more than 12 to 18 inches in diameter 3 feet
from the ground, but groves occur in which specimens with 24-inch stumps
are fairly plentiful. This tree furnishes strong easily worked timber, and is
well suited to the usual needs of the miner, and for purposes of construction
generally. Black spruce occurs associated with the white spruce mainly in
peat bogs or other poorly drained portions of the valley bottoms, and on the
lower hillsides, particularly those facing the north, but it is not as large
or well grown as the white spruce. Aspen poplar and balsam poplar constitute
a large portion of the forest growth both in the valleys and on the hillsides.
Balsam poplar grows best along the alluvial Rats of the main valleys, while
aspen extends higher up on the drier hillsides. Specimens were seen in all
stages of growth from small shrubs to trees 10 to 14 inches in diameter or
even larger. The poplars make good fuel if the wood is properly cured, but
they are too soft and generally too irregular in form to be of any use for
constructional purposes. The northern canoe birch, which is nowhere very
plentiful, is seldom more than 8 to 10 inches at the stump, and is of value
mainly as fuel. Willows, alders, and dwarf birch constitute the greater part
of the shrub growth of the district. The willows are plentiful in the valleys,
but do not in most places extend far above the level of the larger streams.
The dwarf birch occurs chieRy in the higher valleys, and along the upper
slopes near timber-line, and in places extends well over the upland. The alder
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occurs associated with the willows and birch, extending well above the tree
line to practically the shrub limit, and in places along the mountain slopes
it is found practically unassociated with other varieties of shrubbery.

The valley bottoms of Klotassin river, Dip creek, and Colorado creek,
as well as of some of their larger tributaries, are in places quite open and
are covered with luxuriant growths of grasses which would constitute good
fodder for horses or cattle. Some of the best meadow lands occur in Klotas
sin valley for 10 miles above the mouth of Dip creek; also in the valley of
Dip creek between the mouths of Rude ancl Victor creeks; and in Klotassin
valley below the mouth of Dip creek. The flats of these valleys range in
width from half a mile to 3 or 4 miles, and constitute important extents of
meadow or pasture lands.

Game

Big game abounds in Klotassin area, moose and bear being particularly
numerous and sheep and caribou also inhabit parts of the district. The moose
are the large gian t moose; these magnificen t a nimals are to be seen almost
anywhere throughout the area, but range mainly in the lowlands, and are
particularly plentiful in the valley flats of Klotassin river, Dip creek,
Victor creek, and Colorado creek. The bear are mainly a very large brown
variety, and are exceedingly numerous, particularly within the portion of
the area drained by Klotassin river. The caribou are mainly the large
woodland variety, and are fairly plentiful on the low open hills in parts of
the district. The sheep are the white Alaskan variety; they feed during the
winter months in the main valleys, but with the approach of summer, work
farther and farther back into the higher mountains and choose especially
the lofty, rugged, craggy summits.

Rabbits which were very plentiful in southern Yukon until a year or
so ago, are now very scarce, ancl in Klotassin area very few were seen last
summer. The chief fur-bearing animals in the district are lynx, mink,
marten, wolverine, and red fox which are fairly numerous in places; cross,
silver, and black foxes also are occasionally found.

The chief game birds are rock ptarmigan, willow ptarmigan, Alaska
spruce partridge, fool hens or Franklin grouse, sharptailed grouse, geese,
and various varieties of ducks. The ptarmigan are reported to have been
very plentiful until the past two summers, but now they as well as the grouse
are very scarce. Ducks are fairly plentiful on some of the lakes in the valley
fla ts.

The streams and small lakes are generally well stocked with fish,
chiefly grayling. In Yukon river other varieties of fish also occur, including
mainly salmon and pike.

General Geology

The geological formations exposed within Klotassin area range in age
from probably Pre-Cambrian, to Recent, and include both sedimentary and
igneous members. Some metamorphic rocks of somewhat obscure origin also
are presen t. The most extensively developed terrane of consolidated rocks
is a granitic batholith, probably of Cretaceous or Jurassic age, which
reaches completely across the area, and extends an unknown distance
beyond in both directions. The next most important geological formation is
composed entirely of metamorphic rocks, probably all of Pre-Cambrian age.
These rocks embrace members of both sedimentary and igneous origin. They
are characteristically schistose and gneissoid in character, but include some
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beds of massive crystalline limestone. The other consolidated geological
formations of Klotassin area, are dominantly volcanic rocks ranging in age
from early Mesozoic to, probably, fairly late Tertiary; they are for the
greater part, semi-basic to basic in character, and include chiefly andesitic
and basaltic members.

Table of Formations

Era Period Formation Lithological Character

Recent and Sllperficial deposits Gravel, sand, clay, sil t, soil,
Quaternary Pleistocene muck, ground-ice.

Rhyolite, granite porphyry, and
related volcanics.

l.orrespond for the Mainly andesite, basalt, and re-
greater partat least, lated volcanics; in places domi-

Tertiary to the Newer Vol- nantly tuffaceous, the tuffs
canics of Upper passing- gradually into pure
White Rlverdistrict sandsLOnes and conglomerates.

Probably Probably correspond Granitic rocks ranging III com-
Cretaceous or to Coast Rang'e in- position from granite to dio-
Jurassic trusives I rite, with associated porphy-

iVIesozoic (may ritic phases.
include some
la te Pa laoozoic Probably mainly Older Volcanics of 'Andesite, diabase, basalt, and
members) abou t Jurassic, Upper White dis- related volcanics, with associ-

but may include trict ated tuffs and breccias.
older mem bel'S

Pelly gneisses Granite gneiss.

Dominantly hornblende schist
and gneiss, include also some
sericitic gneiss and schist.
Igneous origin.

Pre
Cambrian(?)

0
:::J
o

CS
" 1-------1----------
~ Appears to cor- Mica schist, mica gneiss, quartz-

:::J respond to mica schist, quartz-mica gneiss,
>- Nasina series schistose and gneissoid quart

zite, sheared conglomerate,
phyllite, and limestone. Sedi
mentaryorigin.

Sum,nary Descriptions of Formations

The oldest rocks exposed in Klotassin area are duminantly schistose or
gneissoid in character and belong to the Yukon group which is thought to be
entirely of Pre-('ambrian age*. These rocks are extensively developed in
Klotassin area, and it was possible in the field to classify them into three
main divisions. The most recent of these divisions is composed entirely of
rocks that will here be termed granite gneisses, as they are evidently altered
granitic rocks. The other members fall into two groups, one of igneous and

*Cairnes, D. D., "The Yukon-Alaska Internatiunal Boundary," Geol. Surv., Canada,
Mem. 67, 1914, pp. 38-44.
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the other of sedimentary origin. The members of the sedimentary division
are the oldest rocks in the district, and appear to correspond to McConnell's
Nasina series l . They consist dominantly of mica schists and gneisses, quartz
mica schists and gneisses, schistose and gneissoid quartzites, phyllites, and
bands of crystalline limestone. There is every transition from a rock com
posed almost entirely of quartz, to a definite mica schist. In places the mica
or quartz-mica schists and gneisses are highly garnetiferous, the garnets
being as much as one-quarter inch in diameter; in other places they exhibit
considerable tourmaline which occurs in crystals as much as 1} inches in
length. The older igneous division of the Yukon group is, dominantly at
least, more recent than the sedimentary rocks, and includes mainly horn
blende schists and gneisses, but some light grey to nearly white sericitic
schists and gneisses also occur. All these sedimentary and igneous rocks, in
addition to being intensely metamorphosed, are greatly distorted, folded,
broken, and often even crumpled. The granite gneisses have the general
appearance of dominantly coarsely textured, laminated granites, and
distinctly cut the other members of the \'ukon group. They evidently
correspond to the Pelly gneisses which have been described by a number of
writers2•

More recent than the members of the Yukon group is a group of rocks
corresponding to the Older Volcanics 3 of Upper White River district. These
have only a relatively small developmen t in Klotassin area, and are exposed
mainly along the lower portion of the valley of Klotassin river. They are
prevailingly dark coloured, greyish to greenish rocks, and include mainly
andesites, basalts, and related types with their tuffaceous phases. These
rocks are for the greater part quite massive, but in places they have a
decidedly laminated structure. They are also in places much altered to
epidote, and in places, for several hundred feet, are almost entirely changed
to serpentine. Also they locally contain notable amounts of dolomite; and
especially along Yukon river for a few miles below Selkirk, veins and
irregular masses of this mineral nearly everywhere characterize these rocks.
They are probably of early lVIesozoic age, but may include older members.

The most extensively developed geological terrane in Klotassin area
consists of granitic rocks ranging in composition from granite to diorite,
with associated porphyritic phases. These rocks comprise a batholith which
was explored for a length of about 50 miles, but neither end was reached. The
width where mapped is in most places from 15 to 20 miles. This batholith
much resembles the northern portion of the main Coast Range batholith,
and may really be an outlying, subjacent portion of it. These granitic rocks
cut the Older Volcanics and are probably of Jurassic or Cretaceous age.

Cutting the granitic intrusives there is developed a group of rocks
corresponding apparently to the Newer Volcanics4 of Cpper \iVhite River
district. These rocks include mainly anclesitic and basaltic volcanics, and are
everywhere massive and fresh appearing, and are prevailingly very suscept
ible to weathering agencies. In places they arp so generally decomposed that

I McConnell, R. G., "Report on the Klondike gold fields," Geo!. Surv., Canada, Ann.
Rept., vo!. XIV, 1901, pp. 12B-15B.

2 McConnell, R. G., "Note on the so-called basal gTanite of Yukon Valley," Am.
Geologist, vo!. XXX, July, 1902, pp. 55-62.

3 Cairnes, D. D., "Upper White River distr'ict, Yukon," Geo!. Surv., Canada, yrem. SO,
1915, pp. 87-93.

'Idem., pp. 97-101.
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it is very difficult to obtain a firm, solid, hand specimen. This group of rocks
also includes a considerable proportion of pyroclastics, and the tuffs in
places grade into true sediments. At one point beds of ordinary appearing
shales, sandstones, and conglomerates are included with the tuffaceous
members, and are intimately associated with them. These rocks are believed
to be of Tertiary, probably early Tertiary, age.

Ylore recent than all these older rocks, there occur, in places, dykes of
rhyolite, granite porphyry, and related volcanics. These have no particular
areal importance and appear to be genetically related to the granitic in
trusives. Possibly they are a later phase of the same magma.

Overlying all the consolidated rock formations of the district, are the
Pleistocene and Recent accumulations which include mainly gravel, sand,
clay, silt, soil, muck, and ground-ice. These not only cover deeply all the
main valley bottoms, but in addition, extend over considerable portions of
the valley walls and upland.

~lineral Resources

The only minerals that are known to have heen so far discovered in
Klotassin area, in deposits of economic importance, are gold and wolframite
(tungstate of iron and manganese (Fe, :Vl n)WO~), both 01' which have been
found only in placer form. For a number of years there has been a small gold
production from Canadian creek, and last season a few hundred pounds of
wolframite was also recovered there. Between 1911 and 1914, some prospect
ing and a small amount of mining were done in Britannia creek. Coffee
creek has also been prospected to some ex ten t. In add ition, some of the
tributaries of Selwyn river have been prospected, and for several years
there has been a small annual output of gold from points on one of the tri
butaries of this stream a short distance east of the area mapped last summer.
This includes practically all that was done in the way of mining or even of
prospecting in Klotassin area and its immediate vicinity, until the spring
of 1915 when gold was discovered on Rude creek. This discovery caused a
stampede which resulted in the staking of all of Rude creek, as well as part
of its parent stream, Dip creek, and several of their tributaries and sub
tributaries, including Trombley, Ray, Jens, Odin, Northey, Brown, Casino,
Victor, ~Toodburn, and Bird creeks. Isaac creek and several of its tributaries,
including Sunshine, Moonshine, Teddy, Idaho, and Alder creeks were also
staked. A certain amount of prospecting has been done mainly on Rude
creek and its tributaries, as well as along the upper portion of Dip creek, and
on Isaac and Sunshine creeks. Actual mining has been done, however, only
on Rude creek, and the production has been very small. I t is expected that
considerable prospecting will be performed this winter on the lower portion
of Rude, and on Dip and Isaac creeks, as well as possibly in other places
where the ground is sufficiently deep to be adapted to drifting.

Canadian Creek

Canadian creek is a tributary of Britannia creek, and joins it from the
southwest about 5 miles above its mouth; Britannia creek joins the Yukon
from the south about 50 miles below Selkirk. Discovery on Canadian creek
is about 2 miles above its mouth, and was staked on April 21, 1911, by Jos.
Britton and Chas. J. Brown. During the past summer only three claims,
having a total length of about 1,500 feet, were being held on Canadian
creek; these are located near the upper end of the creek, and are recorded
as Nos. 71, 72, and 73 above Discovery. This ground was owned, when
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visited, by Daniel Mann, Nicola Hansen, and P. S. Larsen. Since then, it is
understood, Larsen has sold his interest. Between the spring of 1911 and
1913, some prospecting was done at several points along the lower portion
of Canadian creek, and from what can be learned as a result of this, it would
appear that much of the ground might be mined at a profit, if the work were
done to advantage. The indications are that this portion of the creek below
the canyon is quite adapted to dredging. In the spring of 1913, Messrs.
:Vlann, Hansen, and Larsen, moved to the upper portion of the creek, and
have since then, each summer, mined the ground they now hold. From 1913
until the present, very little other work has been done on Canadian creek.

A small tributary stream about one-quarter mile long, joins Canadian
creek 011 its right limit near its head, and about 8 miles above Britannia
creek or 13 miles from the Yukon, measured along the valley bottom; and
it is near the mouth of this small tributary, and well above timber-line,
about 2,700 feet in elevation above the mouth of Britannia creek, that :vIann
and partners have performed most of their work. The depth to the bedrock
channel along this upper part of Canadian creek is not known. Several
shafts have been sunk, the deepest of which is 42 feet, but in only one of
these was bedrock encountered, and there it was a sloping rim. The upper
most deposit at the workings of Mann and partners is a layer of muck about
3 feet thick, and directly underneath this are the pay gravels which have a
thickness of 3 to 5 feet. Below these gravels, the various deposits down to
bedrock, so far as they have been explored, do not pay to mine. These
deposits in places are cemented by a reddish, iron-stained matrix, to form
a 'hard-pan' or really quite a firm conglomeratic rock. The open-cut com
prising the workings of Mann and partners is 75 feet wide, and is all in
paying ground; thus the width of the pay gravels here is known to exceed
75 feet. In all, these partners have taken out between $6,000 and $7,000 in
gold since the spring of 1913, of which between $1,500 and $2,000 was
obtained during the past summer. They, however, did not commence to
save the wolframite until last season, when only two of them were engaged
in actual mining operations much of the time, the third being in ill health.
:'-[evertheless, in a very short season, they recovered, in addition to the gold,
between 500 and 600 pounds of high grade wolframite concentrate. Part of
this has been shipped to the Canadian Munition Resources Commission,
Ottawa, and was tested in the Ore Testing plant of the Department of
Mines, and found to contain 64·42 per cent W03.

The mountains surrounding the head of Canadian creek are dominantly
composed of Mesozoic granitic rocks. The small tributary stream near the
mouth of which :Vlessrs. Mann and partners are working, however, heads in
a round hill ahout a mile in diameter, which is composed largely of pegmatitic
and porphyritic rocks. The pegmatitic rocks are an extreme phase of the
granitic terrane, while the porphyry, although possibly genetically related
to the granitic intrusives is more recent, and has extensively invaded them.
The whole pegmatite-porphyry hill is highly mineralized, chieRy with a
yellowish iron ochre which is largely the decomposition product of iron
containing minerals, including pyrite, magnetite, and hematite. Some
pyrite, magnetite, and hematite are still in evidence, but near the surface,
they are for the greater part leached out leaving the iron ochre filling the
various cavities which they formerly occupied. The central portion of this
hill for a width of perhaps 1,500 feet is composed of a particularly quartzose
pegmatitic rock, the quartz being associated mainly with hornblende,
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Gold per ton.
40 cents
Trace
Trace

W03

Trace
0·10 per cent
0·10 per cent

feldspars, and related minerals. This pegmatite is intersected in all directions
by ramifying veins and stringers of quartz, so that the entire central mass
of the hill is largely composed of quartz. It is evidently from this hill that
the gold and wolframite now found in the gravels a few hundred feet below
has been derived, although no single specimen could be found on the surface
in which wolframite could be detected. Furthermore, three chipped samples
A, B, and C were taken across about 900 feet of the central, best mineral
ized portion of this hill, each sample covering about one-third of the distance.
These were assayed by the iVI ines Branch, Department of :Vlines, Ottawa,
and were found to contain only slight amounts of gold and \\10 3 (tungsten
trioxide) as follows:

Sample
A
B
C

However, there is no evidence of glaciation in this vicinity, and, there
fore, the gravels are all of local origin. Furthermore, the gold and wolframite
occur dominantly at least in gravels near the surface, and the gold is notably
very rough, the larger pieces including considerable quartz, and resembling
fragments of rich gold-quartz veins rather than ordinary nuggets, indicating
that the gold has been only sligh tly transported. I t thus seems qui te eviden t
that the gold and wolframite were derived from this pegmatite-porphyry
hill in whirh heaos the small stream whose gravels are being mined only a
few hundred feet below. Apparently a portion of this hill richer, in wolf
ramite at least, than that part now exposed, has been broken down by
stream and weathering processes to form the present placer deposits. As a
result of the prospecting to date the wolframite appears to be practically
limited in its occurrence to a portion of the basin at the head of Canadian
creek, and is most plentiful in the virinity of the present operations. Only
a relatively small amount of this mineral has been carried any considerable
distance downstream by Canadian creek. Gold prospects are believed,
however, to have been found at a number of points along this upper portion
of Canadian creek.

Next summer (1917), if the present plans of the owners are carried out,
a production of 600 to 1,000 pounds of wolframite concentrates similar to
t-hat recovered during the past summer is to be expected, and also an amoun t
of g-old comparable to that obtained in the past season. If more men are
employed and more equipment is installed, a greater production could be
obtained, but owing to scarcity of water, the wolframite production at
least probably could not be profitably increased to any very great extent.
Thus in the ordinary course of events a production approximating only to
that of last summer is to be expected for a number of years to come.

A fairly good trail continues up Britannia and Canadian creeks for 10
or 11 miles from Yukon river. Above this to the workings of lVlann and
partners, the trail is very difficult in summer, being practically impossible
for pack-horses, particularly for a distance of about 2 miles through a
constricted portion of the valley, locally known as the canyon, and for some
distance above it, due to the occurrence of large granitic talus blocks which
are strewn completely across the valley. In winter there would be no dif
ficulty in sledding concentrates down Canadian and Britannia creeks to the
Yukon, ann in the spring these can be shipped on the river steamers which
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ply regularly up and down the Yukon all summer, and connect with outside
points.

Rude Creek

Rude creek is a small stream whose main valley is about 6 miles long; it
empties into Dip creek from the left (looking downstream), near its head,
Dip creek above the confluence of these streams being comparable in size
to Rude creek. The easiest way to reach Rude creek is by trail from the
mouth of Isaac creek. Isaac creek joins Yukon river from the south about
43 miles below Selkirk. Two main trails have been constructed to Ruue
creek, and reach it near the head ane! near the mouth respectively, and at
distances from the mouth of Isaac creek, of respectively about 14 and
16 miles.

The valley of Rude creek is decidedly V-shaped in cross-section, with
walls rising rather abruptly to a height varying from a few hundred to over
1,000 feet, to meet the general upland. The hillsides constituting these
valley walls, except near the extreme head of the creek, are nearly every
where forested, mainly with small spruce; some poplars and shrubbery,
however, also occur. Even the valley flat, which is in most places from 500
to 700 feet in width, is covered with a sparse growth of trees and shrubbery.
The stream has no open flood-plain, but instead follows a narrow channel
incised through the moss, muck, and underlying gravels.

The hills at the head of Rude creek, and down both sides of it, are
composed entirely of granitic and porphyritic rocks. Thr granitic rocks are
the IVlesozoic intrusives which in places are porphyritic; these are cut by
numerous dykes mainly of granite porphyry and rhyolite. Thus, since this
vicinity has I,ot been glaciated, the stream gravels are all of local origin, and
consist almost en tire!y of these grani tic and porphyri tic rocks.

Discovery claim which is about 3 miles from the mouth of the creek,
was staked on March 12, 1915, by Jens Rude and George Jensen, who
worked on Rude creek a great part of the summers of 1915 and 1916.
Bedrock along the upper part of the creek to below Discovery and in the
central part of the valley is from 2 to 10 feet deep, in most places from 6 to
10 feet. At about No. 2 below Discovery, bedrock commences to get much
deeper, but just how deep it is along the lower part of the creek has not
been determined. Small deposits of terrace gravels occur in places along the
valley walls, a few feet above the present valley bottom, and indicate posi
tions Rude creek formerly held during the process of sinking its channel to
its present leve.!. When visited in June, about twenty-five men were engaged
in prospecting and mining along Rude creek, but later in the season many
of them left. It is expected, however, that a number of those owning claims
with deep bedrock, will prospect their ground, by drifting, this winter. It is
estimated that about $800 in gold was obtained from Discovery claim dur
ing the autumn of 1915, and during 1916, the owners claimed, while mining,
to be recovering gold amounting to about wages, or a little better. In all
probability less than $2,000 in gold has been obtained from Rude creek,
nearly all of which came from Discovery. As a result of the work so far
performed on this creek, the distribution of the gold both in the creek and
terrace gravels, appears to be not only sparse, but very erratic.

Other Creeks

Some prospecting has been done on Isaac creek, and some of its tri-
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butaries, with, it is claimed, promising results. Also some work has been
done on Dip and Victor creeks, and some of their tributaries, as well as on
the tributaries of Rude creek, but the results are indefinite. Britannia creek
on which Discovery was staked on April 18, 1911, by E. L. C. de la Pole and
C. M. Printz, was prospected to quite an extent during 1911 and 1912,
but no work has been done there since 1914. It is claimed that the results of
the work there performed, indicate that the portion of the creek below the
mouth of Canadian creek, about 5 miles in length, would pay well for
dredging. The physical conditions, amount of water, etc., are, at least,
adapted to dredging, and the bedrock in most places along the central part
of the valley is only from 18 to 20 feet deep. It is thus hoped that this lower
part of Britannia creek may be profitably dredged in the near future.
Casino creek has been very slightly prospected, but one branch of this
stream heads in the same pegmatite-porphyry hill as the small tributary
of Canadian creek on which Mann and partners are working, and there also
the same reddish gravels were noted. It is quite possible, therefore, that gold
and wolframite may occur there the same as on Canadian creek, or even in
greater amounts. Timber for fuel and constructional purposes is much
more accessible than at the head of Canadian creek, so the working costs
would be no more, and might prove somewhat less.

Summary and Conclusions

Klotassin area, as a whole, has been only slightly investigated and
explored, and practically the only prospecting that has been done, has been
for placer gold. Even in the case of placer gold, with the exception of Britan
nia and Canadian creeks, the prospecting has been largely confined to Rude
creek and its close proximity. All around Rude creek, the geological forma
tions are of Mesozoic or more recent age, and consist dominantly of gran
itic rocks which are extensively invaded by granite porphyry, rhyolites,
and associated rocks. Such comparatively recent rocks, dominantly granitic,
have not in Yukon or Alaska been so far found to give rise to placer deposits
of any considerable importance. In the more southerly and southeasterly
portions of Klotassin area, the geological formations consist largely of old,
probably Pre-Cambrian metamorphic rocks which are to a great extent of
sedimentary origin. These are extensively invaded by granitic, andesitic,
basaltic, and other intrusives. Such a combination of geological formations
is very favourable for the production of placer gold deposits, especially
since there, as elsewhere in Klotassin area, no glaciation has taken place,
and wherever valuable placer deposits have accumulated, there they
probably still remain. It is particularly advisable, therefore, that the creeks
of tha t portion of the area be carefully prospected, the smaller creeks being
first tested, where the physical conditions are favourable, and where quick
results can be obtained.

Scheelite and wolframite are reported to have been found in several
portions of Klotassin area, but, so far, Canadian creek is the only locality
where any tungsten mineral is actually known to have been discovered.
The geological conditions are favourable for the occurrence of tungsten
minerals throughout the granitic area, and especially around its periphery.

Saline Incrustations between Takhini and Canyon

Saline incrustations occur at a number of points throughout the wide
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valley occupied by Dezadeash river, and are particularly conspicuous along
the Whitehorse-Kluane wagon road from mile post 30 to mile post 85
between Takhini and Canyon roadhouses. This saline material is white or
nearly white in colour, and occurs mainly around the edges of many of the
small lakes, ponds, or sloughs in the valley bottom, being left as a residue
after the evaporation of the water. Along the wagon road, this material is
most plentiful near 32-mile post, near 40-mile post, near Champagne
Landing, and in the vicinity of Big Bend. 1\ear 32-mile post or in the vicinity
of the point where the Whitehorse-Kluane road branches off the main
Whitehorse-Dawson road, the saline material occurs around a number of
ponds or sloughs, but is only a surface blossom with practically no thickness.
The deposits near 40-mile post, and in the vicinity of Champagne Landing,
are of the same character, as are also others at various points between
Champagne Landing and Big Bend, and for about 2 miles past Big Bend.
The purest and most extensive deposits that were seen, occur just east of
Big Bend which is about 13 miles west of Champagne Landing. There, for
a distance of about one mile, a wide, nearly dry slough occurred, when
visited, and the surface of the ground was covered with this whitish material,
and, in places, quite pure white to colourless crystalline salts occurred in a
layer i to t inch thick.

A typical sample of this saline incrustation was collected by the writer
from a point near Champagne Landing in 1914. This was examined in the
laboratory of the Mines Branch of the Department of Mines, Ottawa, and
reported upon as follows:

"I t proved on examination to be composed for the most part of a
mixture of hydrated sulphates of sodium and calcium, and a small quantity
of magnesium sulphate, with some insoluble argillaceous and organic
matters. It is slightly ferruginous, and contains also a very small quantity
of phosphates and chlorides."

It was thought this saline material might possibly contain important
quantities of potash which is now greatly in demand; accordingly the writer
was instructed to sample the various incrustations during the past summer.
This was done early in August and twenty-three samples were taken. Six
of these were tested for potash in the chemical laboratory of the Mines
Branch of the Department of Mines, Ottawa, and found to contain potash
as follows:

Sample No.
No. 1.... . 0·2 per cent K 20
No. 5 0·3 "
No. 10. .. . .. . .. . 0·2
1\0.14. .. . 0·2
No. 18 0·2
No. 23 0·2

It was thus decided that it would not be advisable to go to the expense
of testing the remaining samples since those examined were found to contain
potash in such slight amounts. This saline material would thus appear to
be of no present economic value.

Lode Mining in the Windy Arm Portion, Conrad Mining District,
Southern Yu]<on

During 1904 and 1905, a considerable number of mining claims were
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located in what is generally known as Windy Arm district, southern Yukon,
most of which were acquired by tol. J. H. Conrad and the organizations
which he controlled. In the spring of 1905 ('01. ('onrad commenced to
develop these claims on quite an extensive scale, and continued operations
until the summer of 1912 when he was obliged to close down, and the
properties were taken over for money previously advanced, by the :VI acken
zie and Mann interests. From that time until the past summer (1916), no
work was done on these properties. A number of additional claims constitut
ing what has been generally known as the Dail and Fleming group, as well
as the Ruby Silver, and possibly a few others, which were located about
1904 or 1905, are also still held, and on them a certain amount of develop
ment has also been done which, especially of late years, has been mainly
in the form of the yearly representation work required by the government
on all mining properties that are not crown granted.

Last spring (1916) the Lakinaw and Tagish Nlines of Seattle, also
known as the Harper syndicate, obtained a lease and bond on a number of
the Conrad properties including the Montana, Mountain Hero, \'ault,
Venus No. 1, Venus No. 2, ;vI and lVI, Joe Petty, Uranus No. 1, Uranus
~o. 2, Little Johnnie, Capella, and Black Jack. Mr. J. L. Harper of Seattle
is general manager of this syndicate, and Mr. J. E. McFarland is super
intendent of operations in southern Yukon. This syndicate commenced
operations early in June, continued all summer, and proposed mining
throughout the winter. The bulk of the work was done on the Venus No. 2
from which some small shipments of ore were made. \!\lork was also com
menced on the M and M and on the ~Vlontana.

Col. 'vV. L. Stevenson, on behalf of the Alaska torporation of Skagway,
Alaska, or some of its subsidiary organizations, obtained from Mackenzie
and Mann a working lease on the Big Thing and also commenced work last
June (1916). Operations were continued all summer and it is expected that
mining will be carried on throughout the winter.

Thus, as there has heen practically no mining done in Windy Arm
district since 1912, except a limited amount of yearly representation work
on a few claims adjoining or near the ('onrad properties, the commencement
of operations again during the past summer has done much to encourage
the lode mining industry of southern Yukon, and is regarded as a favour
able omen for the near future. Accordingly, after completing work on Dublin
gulch, and in Klotassin area, the writ('r spent a few days during the early
part of October in Windy Arm district, and visited th(' properties there
being developed. Both R. G. McConnell and the writer had examined tlw
various Windy Arm mining properties during the early stage of their
development, and have published brief reports* concerning them. Thus in
this report which is to be regarded as merely of a preliminary nature, only
those properties will be described on which work has recently been done.
These include the Big Thing, Venus, M and 1\1, and Montana, as well as
certain claims of the Dail and Fleming group. Very little work has been
done on any of the other properties of the district since the writer's early

* McConnell, R. G., "Windy Arm Di,trict", Ceo\. Surv., Canada, Sum. Rept., 1905,
pp. 26-32.

Cairnes, D. D., "A portion uf COnI'ad and Whitehorse mining districts, Yukon",
(;eo\. Surv., Canada, 1908.

"\Vindy arm", Leo\. Surv., Canada, Sum. Rept., 1907, pp. 13, 14.
"\Vindy arm", Ceo\. Surv., Canada, Sum. Rept., 1908, p. 31.
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reports were published. The ore deposits on all these IJroperties are fissure
veins which, with the exception of the Big Thing, intersect andesitic rocks;
the Big Thing vein occurs in granitic rocks.

The information in this relJort concerning the values contained in the
different veins has been derived from a number of sources. Since 1905, when
mining operations were commenced in \Nindy Arm district, the writer has
kept closely in touch with the development of the various properties, and
has had access, through the courtesy of the owners, to all assay returns of
samples taken from the different properties. Also these properties have been
practically all carefully sampled at times for prospective purchasers, and ill
some cases the results of the assays of these samples have become known to
the writer; and occasionally when reports were made by well known, and
competent engineers, these reports have been afterwards loaned to the
writer. In addition, much valuable information has been obtained from the
government assay office in Whitehorse, where hundreds of samples of
\Nindy Arm ores have been tested. Furthermore, in 1912, \1r. T. A. \1ac
Lean sampled a number of the \Nindy Arm properties for the Mines Branch
of the Department of Mines, Ottawa, and the results of his work have been
published*.

Location and Accessibility

The area that is in a general way known as Windy Arm district lies for
the greater part at least in the southern portion of C:onrad mining district
of southern Yukon; but, as the upper end of \i\'indy Arm reaches south of
the 60th parallel, the Yukon-British Columbia boundary, Windy Arm
district, might be considered to extend into northern British Columbia.
The properties described in this report, however, are all in Yukon, and all
lie within an area bounded on the south by the 60th parallel, on the west
by lake Bennett, on the north by Nares lake and Tagish lake, and on the
east by Windy arm, and are thus included between longitudes 134° 40'
and 134° 50' and between latitudes 60° 00' and 60° 10'.

Caribou**, a point on the White Pass and Yukon railway, serves as a
distributing centre for Windy Arm district. This point is 68 miles by rail
from Skagway which is itself situated at the head of Lynn canal. From
Skagway, coast steamers make regular and frequent trips to Vancouver and
Seattle, distances respectively of 867 and 1,000 miles. From Caribou a
wagon road has been built to the Big Thing, a distance of about 6 miles.
Another wagon road has been built from Caribou to Conrad, a deserted
village on the west shore of Windy Arm. The distances from Caribou to
Conrad and the Venus mine, by water, are Ht and 1St miles, respectively;
and practically all freight to and from points along Windy Arm at present,
goes by water. There is a good grade for a railway from Caribou along the
shores of Nares lake, Tagish lake, and Windy Arm, whenever it is found
advisable to build such a road. Thus the Windy Arm properties are all
quite readily accessible, and practically all except the Big Thing, are situated
at distances of from t to 4 miles from 'Windy Arm, and at elevations of
from 1,200 to 3,600 feet above it. Thus all ore to be conveyed to the water's
edge for shipment or treatment, has a downhill haul, for which aerial tram
ways have been or can readily be constructed.

* MacLean, T. A., "Lode mining in Yukon", Dept. of Mines, Mines Branch, 1914,
pp. 188-201.

** The name of the post-office at Caribou station is Carcross.
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Bi~ Thinfl

The Big Thing is located about 5t miles almost due south from Caribou
whence a good wagon road has been built to the property. It is also situated
above timber-line, and near the summit of a gently contoured hill known as
Sugar Loaf hill. The upper workings un the property have an elevation of
about 3,500 feet above lake Bennett which is about 2,160 feet above sea
level.

The Big Thing was owned for a number of years by one of the Col.
Conrad organizations which did the initial development on the property
in 1905. In 1912 the Big Thing was taken over for money advanced, by
representatives of Mackenzie and Mann who still own the property. Last
June Col. W. L. Stevenson, managing director of the Alaska Corporation
of Skagway, Alaska, commenced to re-open the property on behalf of the
Alaska Corporation or one of its subsidiary organizations, he, it is under
stood, having obtained a working lease from Mackenzie and \!Iann.

Development

Development work on the Big Thing began in 1905, and continued
for the greater part of the time irom then until June, 1912. During July
and August, 1912, some contract work was also performed. From that
time, however, the property was not again worked until June, 1916.

During the years 1905 to 1912, a considerable amount of work was done
on this property, much of which, however, is now of little or no value. An
incline shaft was sunk 450 ieet, \vhich follows the vein down from the surface
ior about 400 feet; in this distance one or two faults of slight displacement
were encountered. At a depth of 400 feet, measured down the incline shaft,
another fault was struck, but the shait was nevertheless continued for
50 feet or more at practically the same inclination, although the vein did
not again appear. Four levels were driven from the shaft, but the vein has
been most developed on the third and fourth. The first level comprises
about 120 feet of drifting, the second, about 50 feet, the third or 300-foot
level, about 185 ieet, and the fourth or 400-foot level, over 700 feet of
drifting. Some stoping was also done, two winzes having an aggregate depth
of 40 feet were sunk, and various irregular workings were excavated.

An adit or so-called tunnel, intended to crosscut the vein at depth, was
driven 2,320 feet, and from this adit, several irregular prospecting crosscuts
as well as two long, irregular upraises were driven. One of the upraises was
considerably misdirected, and did not encounter the vein at all. The other,
driven from near the end of the adit, finally tapped the vein at the 400-foot
level in the upper workings, and near the point where the shaft crosses this
level. In the adit, a vein about 18 or 20 inches in thickness is crosscut, which
has a strike and dip similar to the main vein above, but it is not at all
certain they are the same vein.

During the past summer most of the old workings were again opened
up, and the vein was further developed on alld immediately below the
400-foot level. A branch upraise was also driven off one of the upraises from
the adit; this branch upraise was started irom near the top of the old upraise
to the 400-foot level, and in it the vein was again encountered, this time a
few feet helow this level.

Vein

The ore deposit on the Big Thing IS a fissure vein which intersects
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granitic rocks of Jurassic or Cretaceous age. 1t strikes approximately north
55 degrees east (astronomic)*, and dips to the northwest at angles generally
between 25 degrees and 35 degrees. It is usually from 2 to 8 feet in thickness,
although in places it is as much as 12 feet thick; and it is composed dominant
ly of quartz which is fairly well mineralized chiefly with pyrite, but also
contains some disseminated arsenopyrite, as well as occasional particles of
chalcopyrite, galena, and stibnite. The vein is chiefly of value for its gold
content, but also contains some silver.

To the east of the shaft, the formation is in places much disturbed and
broken; and great difficulty has been experienced in following the vein
there, due to its being repeatedly faulted in various directions. To the west
of the shaft, however, the vein where exposed in the different levels is
relatively quite regular, and although two main faults are in evidence in
the 400-foot level, they do not materially interfere with mining operations.
The displacement of the main fault first encountered at the 400-foot level
decreases toward the west, and practically disappears a short distance from
the shaft. Thus in this direction it has been possible to extend the develop
ment work on the vein below the 400-foot level.

On the 400-foot level to the west of the shaft, the vein is from 2~ to
8 feet in thickness, and is quite regular and well mineralized. In fact it is
there very promising in appearance, quite as much so as in the upper
levels. The shaft and levels, up to the time when visited early in October,
had practically blocked out about 75,000 tons of ore, excluding the much
faulted portions of the vein to the east of the shaft, and allowing for small
stapes from which the ore had been mined and shipped. This 75,000 tons
is what might be considered as ore in sight, that could be mined without
difficulty. The total 'probable ore' on the property would be several times
this amount, as, particularly to the west of the shaft, the vein has every
appearance of persisting to important distances both vertically and hori
zontally.

It is not known exactly what amounts of gold and silver this 7.'i,000
tons will carry, but nevertheless considerable information concerning these
values is available. This includes the results of the assays of a great number
of samples taken both by the owners and prospective purchasers, these
results having become known to the writer; also much valuable information
concerning the values in this vein has been obtained at the govern men t
assay office in vVhitehorse, where many samples from this deposit have been
tested. Assays of $30 to $40 per ton in gold and silver are known to have
been obtained, and much higher results have been reported. The writer
has estimated as a result of all the information available, checked by
personal observation during a number of visits, that the 75,000 tons of ore
that is blocked out, will average in the neighbourhood of $15 per ton in
gold and silver, or possibly slightly more. One estimate by the former
management placed the average value of the entire vein so far explored,
as low as S12 per ton in gold and silver. By a study of the mineralization of
the vein, and with careful selective mining, no doubt important shipments
can be obtained that will average over S20 and possibly between $25 and
S30 per ton. The vein affords, however, an ideal concentrating ore, and for
the economical and profitable working of this deposit, it will be necessary
to concentrate before shipping.

• The magnetic declination in Windy Arm district is generally about 320 30' east.
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Equipment

A power plant has been instaIJed at the mouth of McDonald creek,
on the shore of lake Bennett, and within a few feet of the White Pass and
Yukon Railway line. The plant includes a lOO-horsepower boiler, and an
electric generator which supplies power to the mine over a transmission line
4i miles long. At the mine considerable equipment has been installed,
including a hoisting engine, a 40-horsepower motor, a lOO-horsepower
motor, 3-drill compressor, an 8-drill compressor, and a blacksmith and
repair shop. Comfortable buildings have been erected, and a telephone line
connects the mine with Caribou, and also with the power plant.

Sun~ma":r and Conclusions

In the past the Big Thing vein has been mined, in most cases, none
too economically, and the ore has then been hauled in wagons to Caribou,
and shipped from there by rail and boat to coast points for treatment. The
cost of operating in this way prohibits the development of the ore-body, at
least on an extensive scale, as only a limited amount of the ore is rich enough
to cover these expenses. To develop the property at all extensively, a con
centrator will have to be built at some point near the mine workings, either
actual1y at the mine, or on lake Bennett along the railway.

Montana

The Montana is one of the most important of the original Conrad
properties, and is one of those at presen t under bond to the Harper Synd ica te
of Seattle. It is located on a bleak mountain side, high above timber-line,
and about 3 miles from the Big Thing in a direction somewhat east of south;
it is also about 2! miles from the shore of Windy Arm at the nearest point,
and about 3,700 feet above it.

Development

,\. drift has been driven along the vein for a distance of about 700 feet.
An incline shaft has also been sunk which follows the vein for a part of its
depth, but departs from it as the vein changes its dip. A short crosscut has
been run from the bottom of the shaft to intersect the vein at that depth.
Also on the adjoining Mountain Hero claim, a crosscut adit was run about
300 feet, and a 65-foot upraise was driven from the end of the adit, in the
hope of cross-cutting the Montana vein at depth, but no important vein
was encountered in the adit or upraise. This work was all done during the
period of Col. Conrad's control. The work of the Harper syndicate up to
the time of the writer's visit in October had been confined largely to digging
the ice from the shaft and uther workings, and the ice had not yet been
completely removed. When this was accomplished, it was proposed to
commence development work.

Vein

The YIontana vein strikes north 43 degrees west (magnetic) and dips
to the southwest at angles ranging from 10 degrees to 30 degrees. 1t occurs
in a fissure intersecting greyish green to dark greenish, volcanic rocks which
are dominantly andesites, basalts, and related types, and are thought to be
of Cretaceous or Jurassic age. The vein ranges in thickness in most places
from 2 to 5 feet, and is composed mainly of quartz with which is associated
galena, pyrite, arsenopyrite, pyrargyrite, argentite, tetrahedrite, native
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silver, and lead carbonate. The principal values are in silver, but the pyritic
portions also contain some gold. In places, the vein matter, especially ad
joining the walls for thicknesses of 8 to 18 inches, is very highly impregnated
\Vi th si Iver minerals, and assays $80 to S;90 per ton; th is ore cou Id be sh ipped
without sorting. The rest of the vein is of much lower grade, and requires
concentration. On the whole, this is considered to be one of the most im
portant veins in the Windy Arm district.

Equipment

A Riblet double-cable aerial tramway extends from C'onrad on 'Windy
arm, to the mouth of the crosscut on the Mountain Hero claim which
adjoins the Montana. The tramway is 18,697 feet long, and has its upper
terminal 3,464 feet above the lower. This tramway is of little service in its
present position, but could be shifted so as to be of henefit to the Montana,
or other claims in the vicinity. A 50-horsepower compressor plant with
gasoline engine has been installed near the mouth of the Mountain Hero
adit. The equipment also includes machine drills, a blacksmith shop, etc.;
in addition comfortable stonr buildings for offices, as well as mess and
bunk-houses, have been erected on the property.

M and ~i

The M and :VI is also one of the original C'onrad claims which is at
present under option to thr Harper syndicate. The vein outcrops on the left
bank of Pooly canyon near the top of the hill, and has been traced about
400 feet or possibly farther. It strikes nearly dur north and south, and dips
to the west at an angle of about 15 degrees. ThE' vein also occurs in a fissure
in andesitic rock, and is in most places from 6 to 12 inches in thickness. It is
composed mainly of quartz with which occurs pyrargyrite (ruby silver),
stephanite (brittle silver), freibergite, tetrahedritp (grey copper), and blue
and green copper carbonates. This deposit is especially rich in the high grade
silver minerals. A shipment of 5 or 6 tons of ore from the M and :VI, made
by C'onrad, is reported to have given returns of $165 per ton in gold and
silver, the values being mainly in silver. Ore from this deposit can be hand
sorted to carry $100 to $200 per ton, but parts of the vein do not run over
$20 or perhaps less.

A comparatively slight amount of work has been done on this property,
including one main drift 90 feet long, and some shorter ones 12 to 15 feet
driven on the vein, and also some surface cul,; and trenches.

Venus

On the Venus No. 1, only a small amount of work has been performed,
but on the Venus ~o. 2, considerable exploratory work as well as an im
portant amount of actual mining have been done. Thus locally the name
Venus is generally used in referring to the Venus No. 2, and, unless other
wise mentioned, it will be here used with that meaning. The Venus No. 2
and Venus )Jo. 1 adjoin, and the vein developed on each property is usually
considererl to be the same deposi t.

The Venus is one of the most extensively developed of the original
Conrad properties, but has, like the others, been closed for some years. ] t
is also one of the properties at present under bond to the Harper syndicate,
and is the one which they mainly worked during the past summer. Actual
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mining operations commenced on June 8, 1916, and some small shipments
of ore were made.

Developrnent

On the Venus :'Jo. 1, a shaft 52 feet deep has been sunk on the vein, and
from the bottom of the shaft, drifts have been run about 50 feet in each
direction. This comprises practically all the development work on the
property.

On the \'enus No. 2, two adits or so-called crosscut tunnels have been
driven, which tap the vein at different depths. The upper adit is about
80 feet long, and encounters the vein at a depth of 75 feet below the surface.
The lower adit is about 600 feet long, and cuts the vein at a depth of 263
feet below the level of the upper ad it, measured along the slope of the vein.
From the upper adit, drifts have been run distances of 108 and 88 feet to the
south and north respectively, which comprise the upper level of the mine
workings. Some stopes also have been excavated from this level. From the
lower adit, drifts have also been driven 583 and 622 feet to the south and
north respectively. Several raises have been driven from this lower level,
and stopes have been excavated, one of the raises running to the surface
a distance of 213 feet measured along the vein. Two winzes have been sunk
from the north and south drifts of the lower level which are said to be 235
and 400 feet deep respectively. Some drifting has also been done from these
winzes which, however, were full of water when visited. This work, as just
outlined, was mostly done for Col. Conrad, but it includes also that per
formed by the Harper syndicate up to the time of the writer's visit early
in October last (1916).

V(!in

The Venus vein occurs in a fissure, in places of a compound nature,
which traverses andesitic rocks believed to be of Cretaceous or Jurassic
Clge. These rocks are in places decidedly tuffaceous in character, and,
especially in the vicinity of the Venus, are quite reddish in colour, due to the
presence of iron oxide. The vein strikes about north 10 degrees east (astro
nomic), has a dip to the west, into the hill, ranging from nearly Rat to ap
proaching 60 degrees. The dip in the workings on the Venus property, how
ever, is in most places between 25 and 30 degrees. The vein itself has been
produced mainly by direct deposition in open crevices, as is indicated by the
pronounced banding and comb structures, but it is also partly the result of
replacement of the wall rock. The fissure containing the vein is in most
places of a compound nature, i.e. it is really several close parallel fissures,
between which is more or less crushed and broken rock. The vein as a whole
is thus usually well defined by two main fault planes from a few inches to
8 or 9 feet apart. Between these is the vein material, and more or less
replaced wall rock, occurring in bands parallel to the walls, or in irregular
fragments or blocks. The actual ore material ranges from an inch to 7 feet
in thickness, but is, in most places where exposed in the underground work
ings, from 21 to 3 feet thick. At the ends of both of the lower drifts it is ex
ceptionally thin, however. At the end of the south drift it pinches to less
than an inch, and in the north drift for some distance before the end is
reached it is only from 2 to 6 inches thick. These pinches do not probably
indicate the approaching ends of the vein, for the reason that on the surface
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the vein is strong and well mineralized for a considerable distance past the
ends of the drifts.

The vein minerals include mainly quartz, galena, pyrite, and arseno
pyrite, but some jamesonite, yukonite*, chalcopyrite, and copper glance
also occur, as well as the oxidation products, lead carbonate, and green and
blue copper stains. The values in the veins are mainly in silver which occurs
dominantly associated with the galena. The galena is generally finely textur
ed and markedly cubical but in places it is fibrous, and has been mistaken
for stibnite. Important amounts of gold also occur, which appears to be
for the greater part associated with the arsenopyrite. The gold and silver
contents vary greatly. A few samples have been obtained which ran $200
or over per ton in gold and silver, but the information available, including
the assay returns of a great many samples, taken both by the operators
and by prospective purchasers, the results of which have become known to
the writer, show the vein in most places to carry from less than one ounce
to over 100 ounces in silver per ton, and from a trace to about $100 in gold;
the gold, however, seldom exceeds $50, and is generally under $25. Where
the ore is unaltered, it contains up to 15 per cent lead, and from a trace to
nearly 1 per cen t copper. The ore in the higher grade shoots averages from
SJO to 5i;50 per ton in all values. !VI uch of the vein, however, is very low
grade, running from almost nothing to about $20 per ton. During the past
summer, up to the time when visited early in October, 1916, about 300
tons of sorted ore had been shipped to Anyox, B.C.; this averaged about $70
per ton. It is claimed that Conrad mined about 6,000 tons of ore from the
Venus, part of which was shipped to the smelters at Ladysmith and Tacoma,
the remainder being treated in the Venus mill.

Equipment

A concentrating mill has been built on the shore of Windy arm im
mediately below the mouth of the lower adit, and was completed during the
summer of 1908. I t was said to have a capacity of 100 tons a day. The equip
men t includes a lOO-horsepower boiler and a 75-horsepower engine, for
generating the motive power, also a partly installed hydraulic plant to
obtain power from Poo)y canyon. The concentrating equipment embraces
a grizzly, Blake crusher, trommels, high-speed rolls, a Huntingdon mill,
jigs, four Callow screens, six Callow settling tanks, three Wilfley tables,
and two Frue vanners. The mill was run only a short time when losses in
the slimes were found to be very high; as a result, it was closed, and has not
since been in operation.

:\n aerial two-bucket tramway 1,525 feet long, connects the lower adit
with the mill-the upper terminal being 958 feet above the lower.

The equipment also includes an engine and compressor for operating
machine drills, a hoist, machine drills, ore cars, blacksmith shop, etc.
Comfortable bunk- and cook-houses have also been erected Oil the beach
near the workings.

Freight Charges

All ore at present shipped from the Venus to oLltside points has to be
sacked owing to water transportation facilities between the mine and the

• A hydrated arsenate of calcium and iron. See Johnston, Robert, .\. A., ".-'1. list of
Canadian mineral occurrences", Geo!. Surv., Canada, Mem. 74,1915, p. 240,
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railway at Caribou, and also because of the limited reloading equipment at
Caribou. The summer freight rate on this sacked ore from the Venus to the
smelter at Anyox, R.e, during the past summer (1916) was $5.50 per ton.

Summary and Conclusions

The Venus is being operated at present under a number of disadvant
ages. The ore has to be sorted on the property and shipped to coast smel ters
for treatment. If the ore could be successfully concentrated before shipping,
Cl great economy would be effected, and more of the vein could be profitably
mined. The ore, however, contains brittle and even oxidized minerals, to
such an extent that any attempt at water concentration will result in heavy
losses in slimes, unless Cl cyanidation plant be installed for treating the
tailings, and this would be feasible only with a large tonnage blocked out.
Furthermore, at present, all ore being shipped has to be sacked. If arrange
ments could be made for shipping the ore without sacking it, a considerable
saving would result, but this extra cost seems difficult to avoid.

It is difficult to estimate at all closely the ore blocked out that can be
profitably mined under existing conditions. There is, however, considerable
information available on this point including the returns for various ore
shipments, and the assays of a great number of samples takell both by the
operators and prospective purchasers, the results of which have become
known to the writer. This has all been checked and supplemented by per
sonal observations by the writer. From all the information available, there
would seem to be about 20,000 tuns practically in sight. If the ore could be
concentrated with a satisfactory saving, and at a reasonable cost, this ore
estimate would be increased three or four times. Also, as the vein has the
appearance on the surface of being persistent, the amount of 'probable
ore' on the Venus No. 1 and Venus ~o. 2, is several times the 'ore in sight'.

Dail and Fleming Group

A number of claims, that since 1905 have been generally known as the
Dail and Fleming group, are located along the west side of Windy arm,
immediately to the south of the Venus. These claims include the \'enus
Extension, Red Deer, Bumper ]\.io. 1, Bumper No. 2, Nipper No. 2, and the
Beach, all of which with the exception of the Nipper ?'Jo. 2, were staked in
1904 by George Dail and 1. E. Fleming. Later Dail and Fleming found that
there was vacant ground between the Venus Extension and the Beach and
in 1905 they staked the ~ipper ~o. 2 to cover it. An interest in the group
was later acquired by John Miller. In 1906 these claims were bonded to the
Anglo-American Consolidated Company of Seattle for two years. That
company sunk the Venus Extension shaft, and drove drifts from it, and also
did the work on the Nipper No. 2. At the expiration of the bond, terms
could not again be agreed upon, and the property reverted to the owners.
They immediately gave a three years' option to Col. Conrad who did some
work and placed considerable machinery on the ground for driving a 500
foot crosscut adit. Be, however, failed to do the work as agreed, and in
1910 forfeited his option C\nd marhinery. Sillce that time practically the
ollly developrnell t performed is the all nual assessmen t work req 11 ireel by the
government, which has been done by the owners.

Recently the ownership has changed. The claims have been divided
into two groups, the Venus Extension group, and thE' Humper group. The
Venus Extension group includes the Venus Extension, Red Deer, and
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Humpcr No. 1, and is owned by 1. E. Fleming and John Miller. The HUlllpcr
group, embracing the Humper No. 2, ~ipper No. 2, and the Beach, is
reported to be owned by John Miller and Mrs. M. Watson.

Development

The bulk of the development work on these claims has been performed
on the \'en us Extension claim which ad ioins the Ven us ~ o. 2; bu t the
following comprises practically all the \~ork that has been done on the
cntire group.

On the Venus Extension and near the Ilorthern end of the claim, an
incline shaft has been sunk on the vein for 120 feel, and at a depth of about
40 feet, drifts having an aggregate length of about 45 feet have been run in
each direction. About 200 feet from the south end of the claim an open-cut
has been run in about 30 feet, and has exposed the vein below the loose
overburden. Near the south end of the claim, a crosscut adit, or so-called
tunnel, was driven diagonally 5S feet to the vein, and thence continued as
a drift along the vein 150 feet farther, making a total length of 205 feet.
Some short cross drifts have also been driven from the main drift and a few
small surface cuts have been dug.

On the Beach and Red Deer claims, a small amount of surface work
only has been done.

On the Nipper ~o. 2 a number of pits and cuts have been excavated
in the hope of finding the extension of the Venus vein. About 85 feet frolll
the south side of the claim, a crosscut was driven 45 feet and a winze was
sunk 30 feet, from the bottom of which a short drift was run on a narrow,
apparently low grade vein 6 to 8 inches in thickness.

On the Humper No. 1, and near the south end of the claim a pit was
sunk 16 feet on the Humper vein. About 300 feet southwest of this pit, and
near the northern cnd of the Humper ~o. 2, an open-cut has been run 20
feet into the same vein and from the bottom of the open-cut, a winze has
been sunk about 16 feet. From the open-cut, about 40 feet of drifting has
been done and from the drifts stopes have been raised to the surface.

Veins

Three principal veins have been found to occur on these claims. These
are known as the Venus, Humper, and Red Deer veins respectively.

The Venus vein is the same as the one developed on the \'enus property,
and has been traced from the Venus No. 2 almost entirely across the Venus
Extension, but so far as is known has not been found as yet on the adjoin
ing property to the south, the :\Tipper No. 2. \Vhat is knowll concerning this
vein on the Venus Extension, has been mainly derived from the shaft and
main adit or drift, The vein possesses the same main chara.cteristics as that
on the Venus No. 2, and ranges in thickness from a few inches to 4 feet,
being generally from 18 to 30 inches. 011 the Venus Extension, however, the
vein is intensely leached and oxidized. In the drift or adit, practically no
sulphides occur for the first 130 feet, after which some pyrite, arsenopyrite,
and galena appear. The considerable degree of oxida.tion is here partly
accounted for by the fact that the drift has a diagonal course into the hill
and thus gains depth very slowly. The attitude of the vein as exposed in the
drift is undulating, but in a general way is nearly flat, The vein in the drift
also rang'es in thickness from 6 inches or less, to about 30 inches, being in
most places under 20 inches. The gold content is in most places from S5 to



$25, but occasional assays have been obtained running to about $100. The
average silver content is believed to be generally under 10 ounces per ton.
In the shaft the vein is also greatly oxidized, but pyrite, arsenopyrite, and
galena occur; also yukonit(;, lead carbonate, and some bright recl and yellow
minerals which have proved to be realgar (arsenic monosulphide, AsS)
and orpiment (arsenic trisulphide As 2S 3) respectively. The vein in the shaft
ranges in dip from 15 to 35 degrees, and has a thickness in most places of
10 to 36 inches. The gold and silver content is about the same as in the
drift, being slightly higher if anything. The gold ranges from about $2 to
.~50, but is generally under $25; and is believed to average more nearly $15
per ton. The silver runs from less than an ounce to over 100 ounces, but,
except for occasional rich spots, probably does not average over 5 to 10
ounces per ton. The lead value ranges from about $1 to $30, averaging in
unleached portions of the ore, between $4 and $5 per ton. The total values
in gold, silver, and lead run from about SS to over S100, but the average for
this vein on the Venus Extension is rather low. Important amounts of ore
occur, however, that could he mined, hand sorted, and treated at a profit.
An attempt should be made to open up this vein at a depth below the oxi
dized and leached zone, the best method for doing so, being probably by
a crosscut adit and drift::;.

The Humper vein also occurs in a fissure traversing andesitic rocks of
probably ;Vlesozoic age, and has been traced for about 600 feet, The strike
varies from east and west to about north 60 degrees east (astronomic),
and the dip ranges from 35 degrees to 65 degrees to the north and north
east. The thickness of the vein is from 10 to 24 inches in most places where
explored. The gangue of the vein is chieRy quartz with which is associated
argentite, pyrargyrite (ruby silver), stephanite (brittle silver), galena,
pyrite, and some native silver. Parts of the vein, at least, are very rich in
silver, but the average gold and silver content is not known at all closely.

The Red Deer vein is also in a fissure in the Mesozoic andesitic rocks; it
strikes about north 30 degrees east (astronomic), and dips to the northwest
at an angle of about 50 degrees. It is, where exposed, also from a few inches
lip to about 3 feet in thickness, and is composed mainly of quartz which
carries pyrite, galena, and various high grade silver minerals, This vein on
the Red Deer claim is supposed to be the extension of the high grade vein
on the Ruby Silver, a r1aim held by private parties, which has not been
worked for a number of years. Very little is known concerning the Red
Deer vein, as it has been so slightly developed.

""quipment

The machinery placed on the property by Col. Conrad during the term
of his option is still there. This includes a boiler, compressor, two small air
receivers, piping, rails, mine cars, blacksmith tools, etc. Several log cabins
have been built on these claims, most of which are on the shore of Windy
Arm.

Summary and Conclusions

The veins on these claims with the exception of the Venus vein, have
been very slightly explored, and mainly only the upper oxidized and leached
portion of the Venus vein has been developed. Further, whell attempts were
made a few years ago to develop the ore deposits 011 thC'se claims, the
freight rates charged hy the V/hite Pass and Yukon railway and boat lines
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were much higher than at present. There is good reason to believe that
under existing conditions, portions of the Venus and Humper veins, and
possibly the Red Deer vein, under good management, and with hand sort
ing, would pay to mine and treat. If a concentrator were built on vVindy
arm, or the one already there were remodelled to successfully treat these
ores, it is believed that an important tonnage and revenue would result.
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1917
Introductory Note

The following note on field work in Yukon Territory is given by
w. McInnes, Directing Geologist, in the Summary Report for 1917, part A,
page 1:

"W. E. Cockfield spent the field season of 1917 exploring portions of
Sixtymile and Ladue River Valleys, Yukon Territory. A short report by
Mr. Cockfield covering this work has been published in Part B of the
Summary Report for 1917. Placer gold was found in the gravels of Sixty
mile district, three years before the Klondike discovery, and the district
is by no means yet exhausted. The sulphide of mercury, cinnabar, is asso
ciated with gold in the gravels."

The preliminary report by W. E. Cockfield, which followed in Part B
of the Summary Report for 1917, and dealt with his exploration on Sixty
mile and Ladue Rivers, is not reprinted, as the information it contains was
later published in Memoir No. 123, of which a supply is available.



461

1918
Introductory ~ote

The following note by W. McInnes, Directing Geologist, from the
Summary Report for 1918, part A, page 1, relates to field work in Yukon
Territory:

"W. E. Cockfield spen t the greater part of the field season of 1918
examining the mineral resources of Mayo area, C pper Stewart River
district, Yukon Territory. This area is attracting attention since it is the
only region in central Yukon in which, as yet, promising lode deposits have
been located in considerable numbers. The lodes carry values in silver and
lead, gold and silver, or tungsten. Cockfield also made a preliminary ex
amination of the high grade silver-lead deposits of Spotted Fawn Gulch,
Twelvemile area, Yukon. Reports by C:ockfieJd on these two areas have
been published in Part B of the Summary Report for 1918."

MAYO AREA
by W. E. Cockfield

Introduction

The greater part of the field season of 1918 was spent in an examination
of the mineral resources of ;Vlayo area, upper Stewart River district. During
the course of this work particular attention was paid to the deposits of
tungsten on Dublin gulch and the silver-lead deposits on Lookout mountain
(Mt. Haldane). Towards the close of the summer a visit was made to the
silver-lead deposits on Spotted Fawn gulch, a tributary to Little Twelve
mile creek. V/hen on the way out, learning through Mr. Wm. Sime of the
Territorial Assay Office, of certain platinum deposits on Burwash creek it
was decided to visit these, as the situation with regard to this mineral had
become acute, owing to the supply from the TJral mountains in Russia being
cut off. The information gained as the result of this visit has been furnished
to J. J. O'Neill and is contained in his report dealing with the platinum
situation in Canada.

The following report is intended to embody only the results obtained
in the field, and must be considered as preliminary. Discussions as to the
genesis of certain ore-bodies have been purposely omi tted for the sake of
brevity.

Mayo area for the past few years has been attracting more and more
attention from a mining standpoint, as it is the only district in central
Yukon, in which promising lode deposits have been located in considerable
numbers. Consequently the writer received instructions to visit this district
and examine the various deposits. No attempt was made to map the areal
geology, as a reconnaissance map by Keele* has been published on which
the general geology is shown.

Throughout the course of the work the miners and other inhabitants
of the district assisted in every way possible. For the many favours and
courtesies received the writer wishes to express his hearty thanks. Particular
mention should be made of Corporal Waters of the Royal )Torthwest

* Keele, J., "Cpper Stewart River region", Geo!. Surv., Canada, Ann. Rept., vo!. XVI,
1905, pt. C.
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;Vlounted Police, who stored parts of the outfit; Captain Telford of the
Royal Northwest Mounted Police, who kindly assisted with the preparations
for the trip; Mr. Alex. Nichol who placed a building at the disposal of the
party for the storage of supplies; and Mr. Robert Fisher who did much of the
panning in connexion with the scheelite deposits.

E. W. Beltz was attached to the party as assistant and performed his
duties in a very capable and satisfactory manner.

Location and Accessibility

Mayo area takes its name from the town of Mayo, which is situated on
upper Stewart river 180 miles above its mouth. The name has been some
what arbitrarily applied to the part of the Duncan mining district for which
the town acts as a base, and the area extends north from Stewart river to
include Haggart creek and Dublin gulch, east to the foot of McQuesten lake
and Duncan creek, and west to include Highet and Johnson creeks.

All parts of the area are readily accessible. Stewart river opens early
in YIay and remains open, usually, until after the middle of October. During
the open season of navigation, the White Pass and Yukon Route maintains
a regular passenger and freight service to .\!Iayo from Dawson. In winter
there is a stage service between Dawson and Mayo, trips being made about
once in three weeks. From Mayo a good wagon road has been constructed
to YIinto Bridge, a village lying 10 miles north of Mayo, and from this
point roads radiate to all the important creeks.

The rates charged for freight vary greatly. From Dawson to :Vlayo
the freight rate is $40 per ton. From jV[ayo to Highet creek the rate is 2
cents per pound, the distance being 22 miles, and from ;Vlayo to Dublin
gulch the rate is 10 cents per pound. Return freight is frequently carried
at half the above rates, and winter rates are usually less than half the
summer rates. Ore shipments are usually handled by contract, so that
large shipments may be made from points well inland from iVlayo, to smelters
on the Pacific coast, for M5 to 850 per ton.

Previous Wor],

During the summer of 1900 !VTcConnelJl made a geological examination
of Stewart valley from Frazer falls down to Yukon river, and in 1904 and
1905 Keele 2 made a geological reconnaissance. His reports and map contain
much valuable information concerning the district. In 1913 YIacLean 3

sampled the lode deposits on behalf of the Mines Branch. In 1915 Cairnes4

made a preliminary examination of the district, and returned in 1916 to
spend a week investigating the placer deposits of tungsten minerals 011

Dublin gulch.

Topography and General Geology

Mayo area lies entirely within the physiographic unit known as Yukon
plateau and is situated well towards the eastern flank of the province. It is
characterized by being subdivided into isolated mount;lin groups separated

IMcConnell, R. G., Geo!. Surv., C'allada, Ann. Rept., vol. XlfI, 1900, pp. 39A-43A.
2Keele, J., Geo!. Surv., Canada., Sum. Rept., 1904, pp. 18A-42A, "Upper Stewart

River region", Geo!. Surv., Canada, Ann. Rept., vol. XVI, 1905, pt. C.
3MacLean, T. A., "Lode mining in Yukon", Mines Branch, Dept. of i\'lines, C'anada,

1914, pp. 127-15<>.
4Cairnes, D. D., (;eo!. Surv., Canada, Sum. Rcpt., 1915, pp. [0-34; 1916, pp. [2-20.
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by broad, flat-bottomed valleys. The inter-stream areas are prevailingly
flat-topped and stand at general elevations uf from 4,500 to 5,000 feet, the
elevation increasing slightly towards the east. These upland surfaces form
parts of a former plain-like surface, which has been uplifted and dissected.
Occasional peaks rise above the general level of the plateau surface and
probably represent masses that were not reduced at the time of planation.

The district has been intensely glaciated, all but the upland having
been covered by ice which rounded, smoothed, and scoured the valley
walls, thus giving to the depressions typical G-shaped cross sections. The
valleys are floored with glacial accumulations, through which the streams
have cu t, forming terraces, along which kettle holes are exceedingly numerous.

As a result of glaciation the drainage was disorganized and many
striking changes have been forced upon the river systems of the area. From
an economic standpoint, the most important of these changes are those
which resulted in the formation of the canyons through which nearly all
the smaller creeks enter the main streams. The formation of the canyons
has probably been due to the rapidity with which the trunk channels have
been cut through the glacial debris which gave rise to similarly rapid
cutting on the part of the tributaries. It is in the canyons that many of the
important mineral deposits have been located, since elsewhere bedrock is
nearly everywhere covered by a mantle of superficial accumulations which
renders the work of prospecting extremely difficult.

Geologically, Mayo area is not unlike other parts of the plateau. By
far the greater part of the area is floored by the crystalline schists of the
Yukon group* which are thought to be largely if not entirely of Pre-Cam
brian age. In Mayo area these belong chiefly to the oldest division of the
group, namely, the Nasina series** of McConnell and Brooks, and consist
of gneissoid quartzites, quartz-mica schists, mica schists, graphite schists,
hornblende schists, and crystalline limestone. In addition, a few areas of
granite gneiss are intrusive into the schists.

At a few localities the older schists are cut by granitic rocks, chiefly
grey, biotite granites, probably of Mesozoic age, and a few dykes of dia
base, andesite, and rhyolite are known.

Mineral Resources

Until quite recently gold-bearing gravels have been the only important
source of minerals in Mayo area. In the year 1914, however, with the
opening up of the extremely rich silver deposit at Galena creek, much more
interest was directed to lode deposits and since that time a vigorous search
for similar deposits has been undertaken with the result that several promis
ing prospects have been discovered. In addition to silver-lead properties a
vigorous search has been made to locate the source of the tungsten minerals
occurring in the placer gravels on Dublin gulch. This search has resulted
in the discovery, within the past year, of several veins carrying tungsten
minerals. Arsenopyrite-gold veins and stibnite-arsenopyrite veins complete
the list of deposits known.

*Cairnes, D. D., "The Yukon-.\Iaska International Boundary", Geol. Surv., Canada,
Mem. 67, 1914, pp. 38-44.

**McConnell, R. G., "Report on the Klondike gold fields", Geol. Surv., Canada, Ann.
Rept., vol. XI\', 1901, pp. 12B-15B, and Brooks, A. H., "A reconnaissance in the White
and Tanana River basins," C.S. Geol. Surv., 20th Ann. Rept., pt. 7, pp. 168-170.
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Silver-Lead Properties

With the opening up of the Silver King deposit on Galena creek, much
interest in argentiferous galena deposits was awakened. The Silver King
mine closed down in the spring of 1918 after a short career as a producer,
and when visited the workings were full of water and could not be examined.
For a description of the property the reader is referred to Cairnes' report*.
Though this mine has closed down the interest taken in this type of deposit
has not waned and several promising prospects are being opened up, includ
ing deposits on Mt. Haldane (Lookout mountain) and Rambler hill.

Lookout (Mt. Holdone) Property

A number of claims are situated on -:\lIt. Haldane, but serious work
looking to the opening up of the deposits has been done on only one group,
known as the Lookout property. This group, consisting of five claims, was
staked by A. Johnson and bonded over to :vressrs. J. E. Pickering, J. Green
field, J. Anderson, and R. MacLennan. It is situated on a spur of Mt.
Haldane on the western side of Bighorn creek, a tributary to the south fork
of McQuesten river, at an elevation of 3,500 feet, or 125 feet above the level
of the creek in this vicinity. A road has been constructed to the property,
and comfortable buildings erected.

The development work includes two adits, an upper and a lower, both
of which lie on the Lookout or central claim of the group. The upper adit is
50 feet in length and is terminated by a shaft following the inclination of
the vein. The depth of this shaft is 25 feet measured on the slope. The lower
adit lies 39 feet in elevation below and somewhat to the right of the upper.
It is 59 feet long to the point where it taps the vein and from this point a
drift follows the vein along the hanging-wall until immediately below the
shaft, a distance of 87 feet. At this poin t a crosscu t is being run to the foot
wall of the vein and it is intended to connect up the two sets of workings by
a raise.

The country rock is a gneissoid quartzite and quartz-mica schist on the
Lookout claim, i.e., to the west of the creek, and on the eastern side of the
creek gneissoid quartzites and greenstone schists occur. Farther to the east
a small body of greyish granite porphyry intrusive into schists is to be
found.

The vein follows a well-defined but slightly irregular fracture in the
quartzites, striking from 120 degrees to 150 degrees (magnetic) and dipping
from 45 degrees to 50 degrees to the southwest. The thickness of the vein
where first encountered in the lower workings is 7 feet, but it widens conti
nuously towards the shaft. The outline is thus probably lenticular, but
insufficient work has been done to permit of an exact determination of the
shape. The vein has been explored in length for only 87 feet, but various
considerations render it almost certain that it is much longer.

The vein-filling consists of galena, limonite, manganite, pyrolusite,
anglesite, quartz and occasional specks of copper minerals, usually oxidation
products. Angular fragments of the shattered country rock are also included.
The hanging-wall is sharply defined and is marked by 1 inch to 6 inches of
gouge, frequently showing an inch or more of impure graphite. The foot-wall
is not very well marked, the mineralization extending into the country rock
as much as 10 feet beyond the vein proper, in veins or tongue-like fissures.

*Cairnes, D. D., Geol. Surv., Canada, Sum. Rept., 1915, pp. 27-28.
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The distribution of the minerals in the vein is exceedingly irregular and
follows no definite rule that has been recognized. The galena occurs plenti
fully along the foot-wall associated with limonite and manganese minerals.
I n such places it is coarsely crystalline and not particularly rich in silver. At
intervals through the vein, but most frequently close to the hanging-wall,
are small, irregular streaks of finely crystalline galena high in silver. The
limonite is found throug-hout the vein. Manganese minerals sllch as pyro
lusite and manganite are confined to the foot-wall.

The workings lie entirely within the oxidized zone. Owing to the frozen
condition of the ground oxidation mllst have been accomplished prior to the
formation of the frost zone, in which the present workings lie, as the frozen
ground prevents the circulation of meteoric waters necessary to accomplish
the alteration. It is, therefore, unlikely that the depth of the zone of oxida
tion bears any relation to the present ground water-level and probably
very little to the present topography. Further the oxidation has been very
incomplete.

Six samples were taken. No. 1 is a sample of all the material up to one
foot from the hanging-wall; No. 2 of all material up to 2 feet from the floor
of the shaft, the foot-wall not being visible; No. 3 to include the remainder
of the vein lying between these two. These three samples were taken at the
bottom of the shaft. No. 4 is a sample to give an idea as to the content of
the foot-wall taken where the vein was first encountered in the lower adit.
No. 17 is a sample of the working face taken arbitrarily on August 6.
No. 18 is a sample of highly manganiferous material from the foot-wall.
These were assayed and the resul ts are listed below*.

GOLD. SILVER.
No. Total Per cent

Oz. Value Ozs. Value value lead Remarks
per per per per gold
ton ton ton ton and silver

S $ $
1 002 0.40 34·38 34.38 34.i8 20·06
2 Trace ...... 26· 20 26.20 26.20 25 ·15
3 003 0.60 62·85 62.85 63.45 30·14
4 Trace .. . ..... 11 ·10 11.10 11.10 7·20 High in

manganese
17 Trace .......... 8·20 8.20 8.20 1066
18 Trace ... 4·50 4.50 4.50 1·09 High in

manganese

In addition to the vein on the Lookout claim two and possibly three
other veins as yet undeveloped occur on the Wolf claim on the eastern side
of the creek. These extend up over the ridge on to adjoining claims. As no
development work had been done it was impossible to obtain full particulars,
especially as the surface was covered with superficial accumulations. Only
the weathered outcrop of two of the veins was visible and was found to be
made up of limonite and manganese minerals, such as pyrolusite and man
ganite, like the outcrop of the Lookout vein. From the outcrop, the veins
were traced up hill by means of float for a distance of over 2,000 feet. The
two veins where exposed are thin and strike about magnetic north, and dip

*All assays by \¥m. Sime, Territorial Assay Office. unless otherwise stated.
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at 45 and 60 degrees to the west respectively. They probably intersect,
therefore, a short distance helow the surface.

Three samples were taken-Nos. 19, 20, and 21-·-to represent all the
vein matter in sight near the outcrop, including both float and material in
place. These gave the following results on assay.

GOLD SILVER
Total

No. Oz. Value Ozs. Value value Per cent Per cent
per per per per gold lead Mn.
ton ton ton ton and silver

--
$ S

19 Trace ... . ...... 5·60 5.60 5.60 0·20 Not de-
termined

20 Trace .. . . . . . . . . Trace .. . ..... . . 025 Not de-
termined

21* Nil ..... . . 12·66 12.66 12.66 Not de- 24 ·15
I tennined

These results on the whole are encouraging. Though it appears that the
greater part of the ore will require concentration before shipping, the ore
bodies appear to be of sufficient size to warrant the erection of a small plant
ior milling. With very little more work the size of the ore-bodies can be
determined and then it would be possible to decide if the erection of a mill
was justified. Owing to the superficial accumulations the outcrop could not
be traced for any distance save by means of float which is unsatisfactory,
but the Lookout vein appeared to be persistent.

Other Properti.es on Lookout (Mt. Haldane) Mountain

Several prospects have been staked along the strike of the Lookou t
vein, but on these no mineral has as yet been discovered. Other prospects
are located on the eastern face of Lookout mountain, but insufficient work
has been done as yet to determine their value.

Rambler Hill Property

Rambler hill is situated about 6 miles east of the foot of McQuesten
lake, and on it a prospect known as the Rambler Hill property occurs well
up on the hillside within 300 feet of the summit at an elevation of about
5,000 feet. The workings lie entirely above timber-line. Eight claims in all
are held, owned by Messrs. A. Martin, A. Lamb, A. R. Thompson, H.
Colley, J. Alverson, G. Forey, J. Lake, and J. RolJertson, each of whom own
an undivided eighth interest.

There is no road to the property. A wagon road reaches Galena creek
some 20 miles from the property and if needed could be easily extended to
the prospect, passing for the greater part of the distance through a glacial
moraine, thus affording a firm, dry bed on which a road could be constructed
with ease.

The country rock consists of mica schists cut by large dykes of green
stone approaching a diabase in composition. The vein is situated close to

*Assay by Mines Branch, Dept. of :vIine~, Ottawa.
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one of these dykes, strikes approximately 70 degrees (magnetic), and is
nearly vertical. The development work consists of a shait 50 ieet deep and a
crosscut 10 feet long. Very little could be seen in these workings, particularly
the shaft at the time of the writer's visit, as the walls were covered with ice.
The total thickness of the vein is 12 feet, but this includes several horsts of
barren rock.

The vein filling consists uf limonite, galena, pyrite, quartz, cerussite (?),
anglesite (?), malachite, and chalcopyrite. The limonite makes up by far
the greater mass oi the deposit. Included in it are small nodules of galena,
generally about one-quarter inch in diameter, coated with oxidation prod
ucts, probably cerussite and anglesite. The quartz occurs as crystals lining
vugs or cavities and also as large masses. Chalcopyrite and its weathering
product malachite are both rare, but occur in small disseminations, as also
does the pyrite. The workings lie entirely within the oxidized zone of the
deposit. The most noteworthy fact concerning this is that oxidation be
comes more complete with depth. This is especially true of the galena. Near
the surface and extending downwards to a depth of 37 feet are large masses
of galena coated with limonite. Below, these disappear leaving only small
nodules of galena. Three samples were taken, :"Jos. 14, 15, 16. No. 14 is a
sample of the whole vein in the crosscut, including much waste; No. 15, a
sample of the richer material, chiefly Iimonite and galena near the surface;
and No. 16, a sample across 6 feet of the better mineralized portions of the
vein in the crosscut. These were assayed, and found to contain:

GOLD SILVER Total value Per cent
No. gold lead

Oz. Value Oz. Value and silver
per ton per ton per ton per ton

$ $ $
14 Trace . . .... . .... 0·60 0.60 0.60 Nil
15 Trace .. . ..... 15·68 15.68 15.68 51·45
16 0·01 0.20 3·94 3.94 4.14 Trace

Insufficient work has as yet been done to give a true idea as to the
extent of the deposit. The outcrop of the vein is concealed by superficial
deposits so that it is practically impossible to trace it on the surface. The
width of the mineralized zone and the content of silver in the unaltered
galena (sample 15) indicate a prospect with some promise. With regard to
the low values disclosed by samples 14 and 16, it was, of course, hardly
likely that where the leaching has been so thorough, any values would be
found.

The deposit is unfortunately situated with regard to transportation.
The nearest point to which a wagon road has been constructed is Galena
creek, and to continue this to the property would involve the expenditure
of a large sum of money. Until sufficient work is done to prove the property
to be of economic importance, such an expenditure would not be justified.
On the other hand, a winter road could be constructed across lVlcQuesten
lake to the head of Beaver river. This would afford water transportation as
far as Frazer falls, but some doubts are expressed as to the feasibility of this
rou te, as the Beaver would hardly be navigable except in extremely high
water.
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Arsenopyrite-Gold Veins

In addition to the silver-lead veins a number of other mineral veins
occur in the area, by far the greater number of which may be grouped into
the one class here designated as arsenopyrite-gold veins. The most important
locality is Dublin gulch, where a large number of these veins have been
discovered and where considerable development work has been done on
the veins.

Dublin Gulch

The rocks outcropping in the vicinity of Dublin gulch belong to two
entirely distinct groups. The oldest of these is a series of schistose and
gneissoid rocks composed of quartzites, quartz-mica schists, mica schists,
amphibolites, crystalline limestone, and some granite gneiss. Piercing these
is a body of grey biotite granite, about 3 miles long by 1t miles wide. The
arsenopyrite veins are situated at or near the contact of this body, some
lying in the schist, others in the granite, and some passing from one rock
into the other without apparent change. The veins as a rule are narrow,
seldom exceeding 2 feet in thickness and averaging much less, and are
usually low grade. The outcrops are much weathered and are heavily
stained with a greenish arsenate of iron. No attempt was made to sample
these deposits thoroughly as this had already been done by MacLean and
Cairnes*, and attention was paid only to veins on which recent work has
been done.

Stewart-Catto Group

The Stewart-Catto group is composed of five claims and two fractions,
all of which have been crown granted. These claims are located on the left
side of Dublin gulch between Stewart and Olive gulches and are owned by
]. S. Stewart and Dr. William Catto. About ten veins in all have been
discovered but nearly all the development work has been done on three,
which are known as the Green, Victoria, and Cabin veins. A number of
trenches exposing the other veins have been dug, but most of these have so
caved in that the veins could not be seen.

The Green vein is exposed on the left bank of Olive gulch. A consider
able amount of development work has been done on it, including about
260 feet of tunnel and a raise of 27 feet, in addition to numerous open-cut
trenches. The underground work includes an adit 60 feet long, which really
drifts on the vein for about 50 feet. At the end of this crosscut a drift is
continued along the general strike of the vein for 130 feet and from the end
of this drift a 27-foot raise has been driven. Also from the main drift two
small crosscuts, 40 and 30 feet long respectively, have been driven. The vein
strikes almost due east and west and is nearly vertical in altitude. It varies
greatly in thickness, ranging from 10 inches to 3 feet and averages, probably,
about 14 inches. The vein filling is arsenopyrite in a quartz gangue. One
sample, No. 24, was taken, this being cut at intervals along the vein so as
to represent as closely as possible the average of the vein. For the sake of
comparison four samples taken by Cairnes, Nos. 1, 2, 3, and 4, are included
in the list given below.

*MacLean, T. A., op. cit., pp. 127-159. Cairnes, D. D., Geol. Surv., Canada, Sum.
Rept., 1915, pp. 29-33.
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GOLD SILVER Total value
No. gold and silver

Oz. per ton Value per ton Oz. per ton Value per ton per ton

$ $ $
24 0·35 7.00 o 65 0.65 7.65

1 0·40 8.00 052 0.52 8.52
2 056 11.20 109 1.09 12.29
3 0·10 2.00 0·50 0.50 2.50
4 Trace ..... . Trace ........ . .. , . .. . ... , ..

On the Victoria vein a crosscut has been driven into the hill for a
distance of 140 feet. This encounters two veins at distances of 85 and 100
feet, which are known as the Victoria vein and ~ o. 2 vein, respectively. The
Victoria vein strikes due east and is almost vertical; No. 2 vein strikes south
43 degrees west and is also nearly vertical. Drifts have been run along these
two veins. On the Victoria vein the drift is 27 feet long to the right of the
crosscut and 30 feet long to the left. In this drift the vein is 12 to 18 inches
thick, and is somewhat porous and decomposed, being heavily stained with
greenish iron arsenate. The filling is mainly quartz, well mineralized with
arsenopyrite and pyrite. Near the end of the left drift the vein narrows
rapidly and is joined by No. 2 vein, which at this point is over 4 feet thick
but rather barren of mineral. One sample was taken of each of these veins
-No. 22 from the Victoria vein, sampled at intervals along its length, and
No. 23 from No. 2 vein. These were assayed and the results are listed below.

GOLD SILVER Total value
No. gold and silver

Oz. per ton Value per ton Oz. per ton Value per ton per ton
------ ------

$ $ $
22 061 12.20 8·99 8.99 21.19
23 0·44 880 0·56 0.56 9.36

The Cabin vein is exposed on the surface by a line of open-cuts. In
addition, an adit has been driven into the hill, which encounters the vein at
132 feet. The vein strikes south 44 degrees west (astronomic) and dips to
the southeast at 65 degrees. Almost immediately beyond the point where
first encountered the vein is cut off by a fault and in order to find it again
312 feet of crosscuts have been run, ultimately picking up the vein. Two
samples were taken, Nos. 25 and 26. >Jo. 25 represents the vein material
where picked up again beyond the fault and ?'Jo. 26 the vein close to the
fault zone. These were assayed and the results are given below.

GOLD SILVER Total value
No. gold and silver

Oz. per ton Value per ton Oz. per ton Value per ton per ton

$ $ $
25 0·27 540 513 5.13 10.53
26 O· 76 15.20 1·44 1.44 16.64
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One vein recently discovered on th(' Victoria claim merits attention,
due to the fact that from surface indications it belongs to a different type,
being most likely a pyrite-gold-quartz vein. This vein is exposed in an open
cut and has a strike of south 34 degrees east (astronomic) and a dip of
52 degrees to the southwest. The thickness where exposed is 2t feet. The
minerals of the vein-filling are pyrite, Jimonite, siderite, quartz, and free
gold. The better mineralized portion is confined to 12 inches in the centre
of the vein. This was sampled and gave the following results:

GOLD SILVER Total value
gold and silver

No. Oz. per ton Value per ton Oz. per ton Value per ton per ton
---------

$ $ $
42 0·16 3.20 5.69 5.69 8.89

The Olive, Blue Lead, Eagle, and Carscallen groups were not examined
as no work has been done on them for several years. For a description of
these properties the reader is referred to the report by Cairnes*.

There is sufficient ore of a milling grade in sight on Dublin gulch to
warrant the erection of a small milling plant in the vicinity. There seems to
be no reason why concentrates of shipping grade could not be made from
the deposits described above if a suitable plant were erected, and many
of the deposits could doubtless be worked at a profit. It is evident, however,
that none of the ores as known at present are of sufficient grade to pay for
shipping to an outside point for treatment.

Christal Creek

Another property with veins of a similar type is situated on Christal
creek, a tributary to the south fork of McQuesten river, entering the latter
about 15 miles below McQuesten lake. Christal creek en ters the McQuesten
River valley through a canyon, and it is in this canyon that the veins are
exposed. The prospect is the property of Axel Erickson and Fred. Swanson,
and consists of one claim.

Two adits have been driven into the hill where the vein croppings are
exposed. The upper adit encounters a number of small veins, the lower adit
is barren of any mineral showings. The upper adit is 34 feet long and in that
distance encounters two veins which will be called :\fos. 1 and 2. From the
end of the adit two crosscuts have been driven to the left and right. The left
crosscut encounters two veins or stringers, Nos. 3 and 4. Vein :\fo. 3 strikes
south 54 degrees east (astronomic) and is vertical; vein :'-Jo. 4 strikes south
20 degrees east and dips at 50 degrees to the southwest. Both are less than
5 inches thick. The right crosscut encountered two veins, No. 5 and the
'Shaft' vein. Vein No. 5 is poorly exposed, being visible only in the floor
of the drift. The Shaft vein strikes south 74 degrees east (astronomic) and
dips to the northwest at an angle of 60 degrees, and in reality is simply a
zone of shearing in the country rock along which there has been an im
pregnation of sulphides, in individual crystals anJ in small bunches. Veins
1, 2, 3, 4, and 5 are arsenopyrite-gold quartz veins and owing to the fact

*Cairnes, n. D., Geo!. Surv., Canada, Sum. Rept., 1915, pp. 29-34.



471

that they are thin and not very persistent are not likely to prove of economic
value. In the Shaft vein, so-called because a small shaft following the
inclination of the shear zone has been sunk, the thickness of the shear zone
is 3 feet, and scattered irregularly through the rock are small bunches of
quartz, galena, arsenopyrite, pyrite, and zinc blende. Eight samples were
taken. No. 5 is a sample of vein No. 1; No. 6, a sample of vein No. 4; No. 7
a sample of vein No. 2; No. 8, of vein No. 3; No. 9 is a sample of picked
material from the foot-wall of the Shaft vein, including all the best mineral
ized parts; No. 10 is a sample across the Shaft vein at the bottom of the
shaft; )Jo. 11, a sample across the same vein at the top of the shaft; and
No. 12, a sample of vein No. 4. These were assayed and the results are
listed below.

GOLD SILVER

No. Total value
gold and Per cent

Oz. Value Oz. Value silver lead
per ton per ton per ton per ton

---- -----------------
s $ $

5 0·24 4.80 1·21 1. 21 5.01 nil
6 Trace 0·40 0.40 0.40 nil
7 Trace Trace ...... nil
8 0·27 5 40 0·73 0.73 6.13 nil
9 0·04 o 80 JO·16 10.16 10.96 3·74

10 Trace .... 0·90 0.90 0.90 nil
11 Trace .. ... . 070 0.70 0.70 nil
12 Trace ..... 0·25 0.25 0.25 nil

Stibnitc-Arsenopyrite-Quartz Veins

Quartz veins carrying much stibnite and a little arsenopyrite have been
located on the Highet Creek-Johnson Creek divide. The chief outcrop occurs
on Highet dome, a hill lying at the head of Rudolph gulch which is a trib
utary to Johnson creek. Several small pits have been sunk, but at the time
of the writer's visit these had largely become filled in so that very little
could be seen of the vein.

The country rock is a gneissoid quartzite, which is intruded by several
small bodies of grey biotite granite, and the deposit is situated about 2,000
feet from the contact. The full width of the vein is not visible, but from the
blocks of material which have been removed it approaches 2 feet in thick
ness. The vein-filling consists of quartz and stibnite with a little disseminated
arsenopyrite, and some of the yellowish oxidation products of antimony.
One sample was taken. This is intended to represent all the vein material in
sight, including that on the dump. The results of the assay are given below.

GOLD SILVER Total value Per cent
No. gold and anti-

Oz.

I
Value Oz. Value silver many

per ton per ton per ton per ton

$ $
49 Nil ......... 0·80 0.80 0.80 33.93
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On other claims in the vicinity float has been discovered that must
have been derived from thick veins of antimony, but no such veins have
been discovered.

Much better deposits of antimony occur in southern Yukon! and these
are much more favourably situated with regard to transportation than veins
in the Mayo area. Notwithstanding this they cannot be worked at a profit
under present conditions.

Tungsten Deposits of Dublin Gulch

In the year 1916 the placer scheelite deposits on Dublin gulch attracted
considerable interest, as the demand for scheelite and other tungsten
minerals became pressing. The heavy grey sand which collected in the
sluice boxes during the process of washing the auriferous gravels was
consequently saved and as a result several tons of high grade concentrates
have been shipped. In the years 1917-18, chiefly through the efforts of Mr.
Robert Fisher, the sources of this tungsten mineral were found and veins
carrying scheelite are now being opened up. The writer was concerned
mainly with the lode deposits, but some attention was given also to the
placers.

Placer Deposits

The occurrence of scheelite in the auriferous gravels of Dublin gulch
was first mentioned by Keele2 and later by other writers, but no attempt was
made to save this mineral. After the visit by Cairnes in 19163 the miners
commenced to save it, but owing to misunderstandings which have since
been removed only relatively small shipments were made. This spring
(1918) over a ton of high grade concentrates were shipped, and a shipment
of the same amount will probably be made before the close of navigation.

At the present time six men are engaged in working the placer gravels
on Dublin gulch and are producing scheelite in addition to gold. A minor
amount of wolframite is obtained \vith the scheelite.

Near the mouth of Dublin gulch four men, F. Cantin, P. Cantin, L.
Cantin, and J. Letourneau, are working as partners on claims Nos. 1,2,3,
4, 5, 8, and 9 above Discovery, which is usually taken as the mouth of the
creek. The depth to bedrock is from 8 to 12 feet and the width of the pay
streak is about 100 feet. The ground is worked by open-cutting and sluicing
the material left on bedrock after sluicing being shovelled into boxes and
washed. The gold obtained, as shown by the average for the season, is from
50 to 75 cents per cubic yard and the scheelite recovered averages from
0·8 to 1·2 pounds per cubic yard. In addition to scheelite the concentrates
contain wolframite, ironstone, garnet, and other heavy minerals. Much of
the wolframite is at present discarded with the ironstone. Two samples of
this discarded material were taken. These assayed 51·0 and 50·75 per cent
W0 3• A total of 2,500 feet of this ground remains to be worked, and the
yield should be from 20 to 30 tons of concentrates. In addi tion to this there is
much ground which was worked over in the early days when the scheelite
was discarded, but it is doubtful if it would pay to work these tailing piles
from which most of the gold has been extracted.

No work is being done between claims 01os. 9 and 29. On claims 29, 30,

'Cairnes, D. D., "Wheaton district", Geol. Surv., Canada, Mem. 31,1912, pp. 113-129.
Geol. SlIrv., Canada, Sum. Rept., 1905, pp. 46-49.

2Keele, ]., Geol. Surv., Canada, Sum. Rept., 1904, pp. 18A-42A.
'Cairnes, D. D., Geol. Surv., Canada, Slim. Rept., 1916, pp. 12-19.
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30A, 31, 32, 33 Robert Fisher is working alone. The chief workings are
situated on claim No. 30A. A small open-cut is in progress, but at the time
of the writer's visit the water supply was insufficien t for the purpose, and
it was only by means of damming the creek and releasing the flood at inter
vals that progress could be made. Bedrock had not been reached, but pan
ning showed that scheelite and wolframite were present in quantity, not
only in the gravel, but also in the muck overlying it. Panning which was
continued up Dublin gulch and up Olive gulch for a short distance showed
that scheelite was as abundant in the tributary as in the main stream.
Insufficient work has been done to permit of an estimate of the probable
recovery, but the results obtained show that scheelite is present in quantities
fully as great as in the workings below.

On claims Nos. 34 and 35 Wm. Steinberger has started an open-cut.
As the supply of water is insufficient, Mr. Steinberger has installed an auto
matic dam which stores the water until a full head is obtained, discharges,
and then closes automatically. The gate is 5 by 3 feet and the water at the
moment of discharge has a head of 3 feet 4 inches. This device is very ef
fective as the volume and velocity of the flow is great enough to move large
quantities of material; but in Jow water it discharges only twice in twenty
four hours. Work on the cut had barely commenced in mid-summer, but
panning showed as much as one-quarter ounce of scheelite to the pan near
the surface and the amount probably increases as bedrock is approached.

No work is being done above claim 35, although scheelite undoubtedly
occurs in quantity. The water supply, however, is inadequate and it is
only by impounding water from the melting snow that work could be carried
on successfully.

The chief difficulties in the way of successful placer mining for scheelite
on Dublin gulch are lack of water and the large number of huge granite
boulders which have to be moved. The first difficulty might be overcome by
impounding the snow water in the heads of the gulches, as much of this
runs off at present before the ice on the creek has disappeared. The second
might be overcome by installation of steam derricks for the handling of the
boulders. On the whole, however, it is doubtful if mining for scheelite alone
would prove highly profitable. Wages or possibly slightly better might be
made, but it is where gold is concentrated along with the tungsten minerals
that mining operations are likely to prove successful.

Lode Deposits

Scheelite has been found at a number of points in its original associa
tions, and a number of small surface pits and trenches have been dug
exposing the veins at these localities. The discovery of these veins is chiefly
due to the prospecting work of Mr. Robert Fisher who facilitated their
examination in every way possible.

General Geology

Dublin gulch is floored largely by the older crystalline schists previously
described, but these are cut by a body of grey biotite granite, 3 miles long
by 1 mile wide, crossing the creek diagonally near the mouth of Bum Boy
gulch. From what is known of the distribution and characteristics of the
scheelite deposits it seems probable that the source of the mineral lies in the
granitic magma from which it was concentrated into veins during the latest
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stages bf consolidation of the igneous mass. A number of localities were
examined and for convenience these may be grouped as follows:

Quartz veins. (a) In the granite. (b) In the surrounding rocks.
Pegmatites.
Quartz Veins in the Granite. The veins of this group are found at far

the greater number of the known localities, and were formed probably as
one of the latest stages of igneous intrusion. The veins often occur in three
sets of fissures approximately at right angles to one another and vary in
thickness from 1 inch to 6 inches. Kone of them has so far been traced for
any considerable distance. The scheelite occurs as crystals both in the veins
and in the wall rock adjacent to them. Quartz is usually the only gangue
mineral. Calcite is sometimes present and white mica is also found afford
ing a transition between these veins and the pegmatite deposits.

Description of Localities

The first occurrence of this class visited lies on the Bum Bov claim at
the head of Bum Boy gulch. This vein was located by Robert Fisher who
traced the scheelite up the gulch to the outcrop by means of panning. The
granite at this point is covered by 5 feet of overburden of which 2 feet is
soil and the remainder the products of decomposition in place of the granite.
In this decomposed material even the grain of the original rock is still
visible, however. Owing to superior resistance, the veins in it have remained
unaltered. This decomposed granite carries much scheelite and at first it
was thought that the whole overburden on the upland might prove to be an
economic source of this mineral, but panning tests showed that the scheelite
is restricted to the vicinity of veins. This point should be remembered in
prospecting for other deposits.

Three quartz stringers are exposed. Two of these are nearly vertical
and intersect at approximately right angles, and the third is horizontal.
These stringers have a maximum thickness of 2 inches, and the scheelite
occurs in crystals and grains in the quartz and adjacent wall rock. Two
samples were taken. No. 27 represents the vein mJtter exposed in the cut
and No. 28 the residual soil across a width of 5 feet, 2t feet on each side of
the vein, but not including any vein material. The results of the assays are
given below*.

-

GOLD
No. Per cent WO,

Ozs. per ton Value per ton

27 Nil Nil 1· 80
28 Nil Nil 085

A second occurrence has been located by Robert Fisher, 1,500 feet to
the east of the veins on the Bum Boy claim. In this place there are three
quartz stringers with thicknesses of from 4 to 5 inches. The scheelite occurs
both in the veins and in the wall rock generally in crystals, some of which
attain a length of over 1 inch. The decomposed rock in the vicinity of the
veins contains scheelite, which in some places amounts to nearly 1 per cent

*AII tungsten assays by Mines Branch, Dept. of Mines, Ottawa.
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of the mass. Two samples were taken: No. 29 representing the vein material
and No. 30 the wall rock for 2} feet on each side of the veins but not includ
ing any of the vein material. The assays of these samples are given below.

GOLD
No. Per cent WO,

Ozs. per ton Value per ton

29
I

Nil Nil 1·70
30 ~il Nil 1·20

I
The third occurrence lies practically on the line between the Bum Boy

and the C'airnes claims, and is possibly the most promising of all those so
far located. There are two veins striking south SO degrees east and south
50 degrees west respectively, and both dip steeply at 60 degrees. Three
samples were taken. No. 33 is a sample of the first or more prominent vein
which has a thickness of 6 to 8 inches. )Jo. 34 is a sample of the granite
adjoining the vein 1t feeL on each side. To. 35 is a sam pie of the adjacen t
granite 2! feet on each side of the vein and )Jo. 36 a sample of the second
vein. Assays of these samples gave the following results.

GOLD
No. Per cent WO,

Oz. per ton Value per ton

33 Nil Nil 2·60
34 Nil Nil .-
35 I il Nil Trace
36 Nil Nil I 10 10

Veins in Rocks Adjacent to the Intrusive

Only two instances of veins of this class were observed by the writer,
both on the slope facing Lynx fork, a tributary to Haggart creek. The
country rock is a banded gneiss composed of alternate bands of dark greenish
hornblende gneiss and light-coloured mica gneiss, with occasional bands of
crystalline limestone. The deposits are situated within the contact zone of
the intrusive. As the deposits are similar only one will be described.

This vein lies on the Vemon claim overlooking Lynx fork and directly
opposite the head of Dublin gulch. At this point a quartz vein, having a
thickness of 4 inches, cuts the banded gneiss. Scheelite occurs only sparingly
in the vein and is far more abundant in the greenstone adjacent, where
crystals abou t one-half inch in length may be seen. Two samples were
taken, Nos. 38 and 39; of these )Jo. 38 represents the vein and No. 39 the
mineralized wall rock. Assays of these gave the following results.

GOLD
No. Per cent WO,

Ozs. per ton

I
Value pel' ton

38 Nil Nil 1·25
39 Nil

I
Nil 3·40
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Pegmatite Veins

The pegmatite deposits are closely associated with the quartz veins in
origin; and intermediate phases between the two occur. Only one instance
of a pegmatite carrying appreciable amounts of scheeJite has been found.
This occurs on the ?vfacLean claim, at the head of Dublin gulch. On this
claim there is a vein of pegmatite at least 1 foot in thickness and possibly
slightly more, as owing to the filling of the cut with debris very little of the
deposit could be seen. The pegmatite is a coarsely crystalline mass of white
mica and quartz, with isolated patches of feldspar. Locally, however, a
greenish hornblende makes up the bulk of the deposit. Associated with
these pegmatites are tourmaline, siderite, graphite, and wolframite (?),
though all of these minerals are not found at this particular locality. The
scheelite occurs as crystals in the pegmatite, both in the mass and lining
vugs or cavities. Small ramifying quartz veins cutting the dyke also carry
scheelite.

Sample No. 37 was taken across the width of the vein exposed. It was
assayed and the results are given below.

GOLD

No. Per cent W0 3

Ozs. per ton Value per ton

37 Nil Nil
I

6·35

Insufficient work has as yet been done on the deposits to permit of
making a fair estimate of their value. Veins have been found at a few local
ities only; but it is probable that when the area in which the granite out
crops has been more thoroughly prospected, many more will be located.
The veins as a rule are thin, but at some of the localities examined they occur
sufficiently close together to form mineralized zones which possibly could be
profitably exploited. If the price paid at rresent for tungsten should con
tinue, it seems probable that some of these veins could be mined; but more
development work is necessary in all cases to ascertain if sufficient ore is
available to warrant the erection of a mill. The samples show that none of
the vein material so far discovered is rich enough to pay for shipment to
outside points for treatment, and consequently concentration is necessary.

There are two drawbacks which will retard the rapid development of
mining on Dublin gulch; these are the limited supply of water and the re
moteness of the district. Sufficient water could probably be obtained by
impounding the water from the melting snow near the heads of some of
the smaller gulches. Owing to the remoteness of the district, it is difficult
and expensive to freight in supplies and equipment, which at present can
be handled only in the winter when the sleighing is good. In the same way
the output of scheelite or other ores can be freighted out only in the winter,
so that for ores mined in the spring or summer a full year must elapse before
returns are received. The cost of building a suitable summer road would
be very high.

Scheelite Deposits on Johnson and Highet Creeks

Scheelite was first detected on Highet and Johnson creeks, as it has
been on Dublin gulch, by its presence as a heavy grey sand in the sluice
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boxes. The amount is not nearly as great as in Dublin gulch, but the dis
covery has led to some prospecting for it, chiefly by Mr. P. Minton.

Scheelite was found on Discovery claim on Johnson creek and was
traced up Sabbath creek, a tributary entering Johnson about 3 miles from
its mouth. Tributaries entering Sabbath creek also carry scheelite, but more
particularly a small gulch entering Sabbath creek H: miles above its mouth.
This is locally known as Scheelite gulch.

The gravels on Sabbath creek, Scheelite gulch, and the upland were
panned, and it was found that the scheelite is practically confined to the
areas of granitic rocks. In no case were any very rich spots found, and as it
is possible to mine only very small parts of the creeks, on account of lack
of water, it is reasonable to infer that Johnson creek and its tributaries
cannot be reckoned as an economic source of placer scheelite. Even on those
parts of the creeks where water can be obtained masses of huge boulders
occur, which would render mining operations difficult and costly.

On the tributaries of Highet creek similar conditions obtain.
There is, however, no reason why scheelite should not be found in

place in the area of granitic rocks which outcrop in this locality. Those
places in which scheelite is most abundant on the upland are almost certain
to lie directly over or slightly down hill from veins carrying this mineral,
and if prospecting is carried out with this in mind, deposits of scheelite can
almost certainly be located in place.

SILVER-LEAD DEPOSITS OF THE TWELVEMILE AREA

by W. E. Cockfield

The writer had an opportunity of visiting the Twelvemile area after
the close of the season's work in the Mayo area. This visit was only in the
nature of a preliminary examination, to gain some idea as to the extent and
value of the mineral deposits, and other details which might prove useful
for the purposes of comparison with the deposits of Mayo.

The writer wishes to express his indebtedness to the officers of the
Yukon Gold Company who afforded him accommodation at their camps and
to the employees of the same company for the courtesy and attention with
which he was everywhere received.

Galena carrying high values in silver has been known for a number of
years to occur in this area, but until quite recently only float had been
found. Veins were recently discovered in the canyon of Spotted Fawn creek
and a large number of claims were staked.

Location and Accessibility

The deposits lie within what may be termed Twelvemile area. The
Chandindu or Twelvemile river is a tributary to Yukon river, joining it
17 miles below Dawson. It forks 28 miles above its mouth into two branches
known as the Twelvemile and Little Twelvemile. The deposits are situated
on Spotted Fawn gulch which joins the Little Twelvemile 11 miles above
its mouth. The power plant of the Yukon Gold Company is situated at the
forks of the Twelvemile, and from this point a wagon road has been con
structed to Dawson, a distance of 40 miles. This road joins the road up the
Klondike valley in the vicinity of Bear creek. From the power-plant, the
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flume affords a good footpath to within 6 miles of the property. From the end
of the flume there is a pack trail. In winter, supplies may be hauled up the
valleys of the TwelvemiJe and Little Twelvemile.

Topography and General Geology

The region lies wholly within the physiographic unit known as Ogilvie
range. This is a spur of the Rocky Mountain system which stretches from
the headwaters of Stewart river to Yukon river at the 141st meridian.
This mountainous belt presents an aspect very different from that of the
Yukon plateau. Beyond a somewhat general accordance of summit level it
gives no evidence of ever having been planated, and probably existed as an
upland tract at the time of the planation and subsequent uplift of the
Yukon plateau. The range has everywhere a rugged appearance and is
com posed of a series of sharp ridges separa ted by broad, deeply-cut valleys.

The district has been intensely glaciated and all but the highest sum
mits have been overridden by ice. The valley spurs have been truncated and
the walls rounded, giving to the depressions a U-shaped outline which is
characteristic. The valleys all terminate in cirque-like depressions, holding
small lakes which are being rapidly filled in and reclaimed. As a result of
post-glacial changes in the drainage system the streams have cut narrow
trenches in the older valley bottoms, so that the valley walls are lined with
rock-cut benches. Quite frequently these narrow to cleft-like canyons, and
it is in one of these canyon cuttings that the ore bodies have been located.

The geology, as might be expected, differs widely from that of the
Yukon plateau. The older crystalline schists are nowhere in evidence, and
the greater part of the region is floored by sediments, which although
greatly altered, have not developed a gneissoid or schistose structure.
Intrusive into these are numerous bodies of acid and intermediate rocks.
The sediments are divided roughly into two series, a lower and an upper.
The lower consists of red and green slates, phyIJites, banded cherts and
quartzites, and some limestone. Rhythmical colour banding is quite fre
quent. The beds dip to the eastward at comparatively low angles. Over
lying them, apparently conformably, is an exceedingly thick series of grey
ish quartzites and black slates, with intercalated impure sandy limestones.
None of these beds so far as observed are fossiliferous. The lower beds cor
respond both lithologically and stratigraphically with parts of the Tindir
group* of Cairnes and it seems probable that they belong to this group.
Concerning the upper series there is more doubt, but it probably corresponds
also to parts of the same group. If such is the case the rocks are entirely
pre-Middle Cambrian in age and probably belong entirely to the Pre
Cambrian. They are cut by intrusions of granite, diorite, granodiorite,
andesite, and allied rocks.

Ore Deposits

The ore deposits occur in the canyon of Spotted Fawn gulch, a tributary
to the Little Twelvemile. A number of claims have been staked, but up to
the present, ore has been discovered in place on only two, the Ophir and the
Galena Farm. These claims form parts of a group owned by D. B. Cole,

*Cairnes, D. D., "The Yukon-Alaska International Boundary", Geol. Surv., Canada,
Mem. 67, 1914, pp. 44-58.
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Chris. FothergiJl, C. Sproule, W. Melville, W. Elliott, and Judge C'raig.
At this point a dyke of porphyritic greenstone breaks through the quartzites
and sla tes. The dyke is exposed for abou t 1,200 feet along the strike and has
a width of 300 to 500 feet. Definite measurements of the width could not be
obtained owing to superficial deposits. The veins are small fissures in the
greenstone dyke, apparently being confined to it and not extending into the
quartzites and slates. They traverse the dyke in a direction nearly parallel
to one system of joint planes, and are characterized by splitting, chambering,
and brecciation, making it apparent that they were formed under relatively
slight load, probably at no great depth below the surface.

At the first locality examined, on the Ophir claim, there are two veins,
nearly parallel in strike and about 4 feet apart, on the outcrop. These veins
dip at different angles, and intersect about 6 feet below the surface. The
maximum thickness of one vein is 16 inches and of the other 10 inches.
From the thickest part both pinch rapidly in either direction, thinning to
less than an inch in a distance of 25 feet. The vein-filling is a coarsely crystal
line galena with pyrite and calcite, with included angular fragments of the
greenstone. These are frequently partly replaced by galena. Both walls
of the veins are sharply defined, very little of the ore mineral extending
beyond the wall. Small specks of galena do, however, occur in the wall
rock, but they are exceedingly rare. The veins were originally covered with
2 to 5 feet of gossan, composed of limonite and other oxidation proclucts;
but this gossan has been removed during the development work. Below
this the galena is stained a rusty brown colour on the surface.

About 75 feet upstream from this showing, another vein occurs on the
Ophir claim. It is similar in many respects to those already described, but is
thinner and much more sparingly mineralized.

In addition to the veins, many of the joint planes of the dyke have
galena and calcite deposited in them. These are interesting as showing how
intense mineralization was in this vicinity, but owing to their size they can
not be considered of economic importance.

Four samples were taken, all of them from the first locality described,
which is considered as the most promising showing on the property. No. 50
is intended to represent the average of the larger vein at this locality;
No. 51, the intersection of the two veins; No. 52, a sample cut at intervals
along the smaller vein at the same place; and No. 53, a cut taken across the
two veins, including the wall rock lying in between, to give an idea of the
content per ton of material mined. These were assayed and the results are
listed in the following tahle:

,-

GOLD SILVER Lead
No. per cent

Oz. per ton Oz. per tOil Value per ton
------

S
SO Nil 73·60 73.60 50-11
SI Nil 105·00 105.00 63 ·36
52 Nil 3008 30.08 20·64
53 Nil 29·96 29.96 18-62

As may be seen from the above results the deposits are of high grade
and could doubtless be worked at a profit even under present conditions of
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transportation and with hand methods of mining. Several hundred tons of
ore could doubtless be extracted and hand-sorted for shipment, but as the
veins are small, and unlikely to prove persistent in depth no large tonnage
is to be expected. Such ore-shoots, however, rarely, if ever, occur singly.
The conditions are such as to warrant further exploration work in the hope
of encountering other bodies, and it seems probable that in order to secure
results such work should be confined to the dyke rock. There is no reason
for supposing that the veins already discovered are the largest and best in
the immediate vicinity, as they really were discovered as the result of a
canyon having formed at this place. Trenches laying bare the surface of the
dyke are consequently quite likely to disclose similar bodies.

With regard to the district as a whole it may be said that the geological
conditions indicate the probability of other mineral deposits. The district
is one of intense igneous activity and such conditions are frequently favour
able to the formation of ore deposits. The occurrence of galena float in large
pieces in the canyon at points farther up than the known veins points to the
existence of other ore bodies which have not yet been located.
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1919
Introductory Note

The following note, by W. YIcInnes, Director, in his Summary Report
for 1919, part A, page 1, relates to field work in Yukon Territory:

"\V. E. Cockfield, in Yukon, explored geologically part of the Ogilvie
Range which extends from the Mackenzie ~Vlountains at the headwaters of
Stewart River to the Yukon at the crossing of the 141st meridian. )Io
deposits of present economic value are known within the area actually
mapped, but the geological conditions are similar to those in the valley of
Twelvemile River, where galena deposits occur, so that the district offers
some inducement to prospectors. Prospecting, however, should be confined
to those areas in the vicinity of igneous rocks.

"A few days were spent by C:ockfield in examining properties in the
Mayo area, where high-grade silver ore has been opened up on Keno Hill.
Cockfield regards this deposit as of great importance and believes the field
offers great promise to the mining man."

EXPLORATIONS IN THE OGILVIE RANGE

by W. E. Cockfield

The field season of 1919 was spent largely in the exploration of a portion
of the Ogilvie range. The discovery of galena deposits at Mayo, on the out
skirts of the range, and on Twelvemile river within the range itself, and the
reports of copper by prospectors who had made trips across the range, made
it desirable that some knowledge of the intervening country should be
obtained in order to stimulate prospecting. Owing to the inaccessibility of
the district and the fact that no base maps of the area were obtainable,
much of the time available was necessarily spent in preliminary work includ
ing triangulation for control and ordinary mapping.

The route selected was by way of the valley of the North Fork of
Klondike river. This valley and that of TweIvemile river presented the most
feasible routes to the height of land, and as some knowledge of the geology
of Twelvemile river* had already been obtained it was considered desirable
to travel by the North Fork.

A rapid triangulation for purposes of control was carried from Dawson
to the height of land, following the valley of the North Fork of Klondike
river. From the mouth of the North Fork details were filled in by plane
table sketching, and in this way a map of the drainage with sketched
contours showing relief was obtained. No attempt was made to make an
accurate topographic map. E. Beltz and E. Hughes acted as assistants and
performed their duties in a capable and satisfactory manner.

Topography

The Ogilvie range may be considered as a spur of Mackenzie moun
tains, extending from near the headwaters of Stewart river to the Yukon,
near the crossing of the 141st meridian. Considered as a whole the range has

*Cockfield. W. E., "The silver-lead deposits of the Twelvemile area", GeoI. Surv.,
Canada, Sum. Rept., 1918, pp. 15B-17B.
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a rugged and mountainous aspect and consists of long, branching, knife
edge crests, with sharp and often precipitous peaks, separated by deeply
cut valleys. The average relief of the district is about 3,500 to 4,000 feet.
Beyond a somewhat general accordance of summit levels the range gives no
evidence of ever having been planated, and probably was an upland tract
at the time of the planation and subsequent uplift of the Yukon plateau.

The Yukon plateau is separated from the mountain province by a belt
of lowland or by an old drainage channel which cuts diagonally across the
present drainage courses. It has a width of from 10 to 15 miles and is floored
by sands and gravels with a thickness of 600 to 700 feet. These are referred
by McConnell to the late Tertiary*.

Numerous evidences of glaciation exist, especially in the upper reaches
of the valleys which frequently terminate in cirques. Small lakes with rock
rimmed basins are also numerous in the higher portions of the valleys. The
glaciation was local, and was apparently more intense on the northern
slopes. As a result of post-glacial changes the ~orth Fork has in several
places cut deep trenches or canyons both in unconsolidated material and in
bedrock and has overdeepened portions of the channel, with the result that
tributary streams are depositing wide flats of gravel over which the streams
flow as braided watercourses. These have a tendency to overflow in winter
and thick masses of ice are formed on the flats and remain for the greater
part of the summer.

The valley of the ~orth Fork of Klondike river offers a low, flat pass
into Blackstone river. The elevation of this pass is slightly less than 4,000
feet; and at the summit the valley is so flat and swampy that it is difficult
to teJl where the actual divide occurs.

General Geology

The part of the Ogilvie range studied during the past summer is under
lain by a thick series of sediments of undetermined age, composed of cherts,
quartzites and black slates, conglomerates, and red and green slates. The
quartzites and black slates are intimately associated, as are also the red
and green slates, the red colour being apparently due to oxidation. There is
no evidence to show that these rocks are other than of one general age, and
consequently they are grouped together. They strike in a general north
easterly direction, and dip generally to the northwest, although many
minor folds occur. The series continues to the northwest as far as the vallev
of Twelvemile river**. The sediments are cut by dykes and sills and othe"r
small bodies of igneous rock including granite porphyry, diorite, diabase,
and basalt. Sills form an important feature of the geology of the district.
They are usually composed of diabase, and follow the strike and dip of the
strata for long distances; and, in addition, govern the topography to a great
extent, as owing to superior resistance they form the crests of many of
the ridges and peaks.

Mineral Resourc.es

No deposits of minerals of present economic value are known within
---

*McConnell, R. C., "Report on the Klondike gold fields", Geol. SlIrv., Canada, Ann.
Rept., vol. xrv, pp. 248-258.

**Cockfield, W. E., "The silver-lead deposits of the Twelvemile area", Geol. Snrv.,
Canada, Slim. Rept., 1918, pp. 1513-1713.
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the area actually mapped during the past season. Large deposits of anti
mony are reported to oc,ur at the head of Fish creek, and placer copper has
been reported from the head of Blackstone river; but, on account of a
prematurely early fall of snow which rendered it almost impossible to
obtain information with regard to prospects where no underground work
had been done and the urgency of a visit to the Mayo area before the
close of the season, these occurrences were not seen.

In conclusion it may be pointed out that, as geological conditions are
similar to those in the valley of Twelvemile river, the district offers some
inducements to the prospector. 'Nork, however, should be confined to
limited areas in the vicinity of bodies of igneous rocks.

MAYO AREA
by W. E. Cockfield

Two weeks at the end of the field season were spent in the Mayo area,
which, owing to the recent discoveries of argentiferous galena, appears to
be at this time the most promising camp in central Yukon. ,\10 lengthy
description of the geology and topography of this region need be given, as
reports on the geology and economic features have already been published*;
and, owing to the short time available for the visit, attention was paid
only to deposits of argentiferous galena. The newly discovered properties
on Keno hill'were examined, as well as the properties on Lookout mountain,
Rambler hill, and mount Cameron.

Development of Properties

Keno Hill

Keno hill lies between the head of Lightning creek, a tributary to
Duncan creek, and Christal creek, at a distance of about 40 miles from
Mayo by wagon road. The discovery of galena carrying high values in silver
was made by Louis Beauvette in July 1918. A stampede to the hill took
place, and upwards of a hundred claims were staked and recorded in the
vicinity. YIany of these have mineral showings as float, but as time did
not permit of an extended examination, attention was confined largely to
the original discovery and adjacent claims.

The rock exposed on Keno hill consists of gneissoid quartzites, quartz
mica schists, and mica schists belonging evidently to the series of sedimen
tary schists and gneisses known as the Nasina series. These are cut by a
dyke of greenstone which has also been sheared to a considerable exten t.
This dyke, owing to differential erosion, proje,ts about SO feet above the
surrounding rocks and forms an important topographic feature. I t extends
in a general east-west direction and forms the top of the ridge known as
Keno hill, the summit of which is 6,400 feet above sea-level. The greater
part of the ground staked lies above timber-line.

The ore deposits are fissure veins occurring both in the dyke and in
the surrounding country rock. At th(' time the property was visited very

*Keele, J., "Cpper Stewart River region", Geol. Surv., Canada, Ann. Rept., vol. XVI,
pt. C. Cairnes, D. D., Geol. Surv., Canada, Sum. Rept., 1915, pp. 10-34. Cockfield, \1,/. E.,
Geol. Surv., Canada, Slim. Rept., 1918, pp. 11l-15B.
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little stripping work had been done, and most of the exposures consisted
only of debris or float which was exposed on the surface. Consequently,
very little idea could be obtained as to the value and extent of the deposits.

A group of six claims has been staked around the original discovery
and bonded to the Yukon Gold Company which is doing the necessary
development work to prove the value of the claims. The claims are the
Roulette, Keno, Rico, Pinochle, Scottie, and Heather. There were five
main showings of mineral on the claims; three on the Roulette and two on
the Keno. The original discovery on the Roulette claim is a vein occurring
in a small gulch opening into Ladue valley. At the time of the writer's
visit it was largely covered by debris; but values in silver of 150 ounces per
ton and upwards had been obtained from a series of samples taken by the
holders. The main showing on the property lies at the shoulder of the hill,
on the Roulette claim, very close to the border of the Keno. Stripping had
uncovered a vein with a width of 6 feet striking approximately north 10
degrees east magnetic and dipping approximately 55 degrees to the east.
The vein is stripped along the slope of the hill for about 20 feet, the upper
10 feet showing massive galena. The vein is then apparently cut off by a
horse of country rock, but resumes immediately below. The width of the
vein below the horse could not be accurately determined, but it is at least
one foot and possibly more. The values obtained from this vein were as
large as those of the original discovery or slightly higher. On the summit
of the hill a third vein has been uncovered in the dyke rock. It has a width
of one foot and like the other is massive galena. The dip and strike of the
vein could not be accurately measured at the time of the writer's visit;
but it is apparently a different vein from that previously described.

At other points on the surface of this group galena float occurs in such
places as to make it certain that it comes from veins other than those
described above. In many cases it is probable that the outcrops are not far
away and that the material has been brought to the surface by frost action;
in other cases solifluction or land creep has been active and it is impossible
to say how far away the outcrops are. It will, therefore, require a systematic
series of trenches to reveal all of the veins on the property.

Promising showings also occur on two claims owned by T. McKay and
Axe] Erickson. One of these claims is situated at the head of a small gulch
tributary to Christal creek about a quarter of a mile to the east of the
Heather claim. The vein was uncovered by a small open-cut running into
the hillside, but owing to slumping no particulars concerning it could be
obtained other than that the vein strikes in a general northerly direction.
A good showing of vein material occurs on the dump and grab samples
taken by the owners and assayed by the Territorial Assay office at White
horse run from 100 to 1,000 ounces in silver.

The second of these claims, the Nabob, adjoins the Keno on the north
east. The vein is exposed in a small cliff face, but owing to talus very little
of it could be seen. It strikes in a general east-west direction and dips about
45 degrees to the south, and has a thickness of from 4 to 6 feet. Grab samples
taken by the owners show values similar to those from their other claim.
The vein-filling is composed of galena, iron minerals, and quartz.

The Silver Basin, owned by R. Rasmusen, lies about three-quarters
of a mile to the northeast of the Keno. The vein matter exposed is not in
place, but, in a small slide of debris from a rock chimney, occurs in such a
manner that it could have come only a short distance. The vein material
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consists of iron carbonates and hydroxides, quartz, arsenopyrite, and
galena.

On a number of other claims, finds of mineral have been reported and
it seems probable that mineralization has taken place over a wide area,
but owing to the fact that so little can be seen of any of the deposits, no
conclusions can be drawn as to their origin or extent. It seems probable,
however, that further prospecting will add greatly to the area around Keno
hill where mineral has been discovered.

The prospects already discovered all contain a high grade ore which
will stand mining and shipping even under adverse conditions, and many of
them could be worked by hand methods of mining. The size of the deposits
has yet to be determined, and this will be done in a number of cases during
the present winter. If the ore bodies are found to be of sufficient size, the
construction of a good wagon road to the property would be necessary, as
the present road, though good for winter haulage, would be absolutely
impassable for heavy traffic during the summer. It is possible that hauling
will take place to Gordon Landing rather than to Mayo as the route would
be 10 miles shorter.

Mount Cameron

YIount Cameron is situated about 45 miles in a direct line northeast
of Mayo and the distance by the winter road now under construction to the
property is approximately 65 miles. The Mount Cameron property is
situated on the northern slope of Mount Cameron at timber-line or ap
proximately 3,500 feet above sea-level. It consists of three claims, Cameron
No. 1, Cameron No. 2, and Cameron No. 3, owned by J. Alverson and J.
Scougale.

The general geology of the district is similar to that of Keno hill, the
country rock being composed of gneissoid quartzites, quartz-mica schists,
mica schists, and crystalline limestone, cut by dykes of diabase.

The workings consist of an adit 30 feet long and a crosscut 12 feet long.
The mouth of the adit was blocked by caving at the time of the writer's
visit, and consequently the underground workings could not be examined.
The outcrop of the vein consists of a decomposed mass of iron and copper
minerals; pyrite, limonite, siderite, malachite, azurite, and arsenopyrite;
with galena, sphalerite, and calcite. The width of the mineralized cropping
is about 50 feet. It is claimed that in the adit the vein has a banded appear
ance with alternating streaks of galena and sphalerite, the galena occurring
in streaks from 2 inches to 6 inches wide.

I t is not possible at the present time to make a fair estimate of the
value of this property; the size of the cropping and the fact that streaks of
pure galena carrying high values in silver occur, indicate that it may have
considerable value, but much more development work is necessary in order
to prove this. This work should include both sinking and drifting.

Rambler Hill

A description of the Rambler hill property has already been given* and
nothing can be added to it at present; for work had just been commenced at
the time of the writer's visit. It is the intention of the owners to sink the
shaft to a depth of 200 feet during the coming winter.

*Cockfield, W. E., Geo!. Surv., Canada, Sum. Rept., 1918, pp. 613-713.
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Lookout Mountain

The Lookout property has been taken over by the Yukon Silver-Lead
Mining ('ompany, an organization of local capitalists. The property consists
of a group of five claims and several fractions, situated on a spur of Luokout
mountain, on the western side of Bighorn creek, a tributary of IVIcQuesten
river. The outcrop is situated at an elevation of 3,500 feet or 174 feet above
the level of the creek.

The development includes about 930 feet of underground work. The
upper adit is 50 feet in length and is terminated by a winze 25 feet deep,
following the inclination of the vein. A second adit 39 feet below the upper
and 90 feet to the north of it, is 59 feet long to the point where it taps the
vein, and from this point a drift follows the vein until directly below the
winze, and an upraise has been stoped to within 6 feet of the bottom of the
winze. The third adit is 125 feet below the second, and 320 feet to the north.
It is 135 feet long to the point where it taps the vein, and a drift following
the vein has been run in a southerly direction for a distance of 305 feet.
Forty feet from the point where the adit taps the vein, a winze was sunk on
the vein to the fourth level, a distance of SS feet measured along the slope,
and 100 feet beyond an incline has been sunk to a depth of 90 feet. The
fourth level was driven from the incline to the winze and extended north
a few feet.

The vein follows a well-defined but irregular fracture in a gneissoid
quartzite and quartz-mica schist. It strikes from 120 degrees to 150 degrees
magnetic and dips from 45 to SS degrees to the northeast. The filling con
sists of manganite, pyrolusite, limonite, cerussite, anglesite, galena, and
quartz. The hanging-wall is usually well-defined and marked by gouge,
frequently showing an inch or more of impure graphite. The ore is of a dis
seminated character, the galena occurring in small streaks and masses.
There are, however, several zones in which the streaks of galena occur in
sufficient numbers to permit of sorting a shipping grade of ore. The upper
most of these was encountered in the prospecting shaft sunk from the upper
adit. The size of this zone has not been determined, as it does not appear
in the lower workings. In the second adit there are no well-defined zones,
and although galena occurs plentifully along the foot-wall in a gangue of
manganese minerals, it is as a rule more coarsely crystalline and carries less
silver. In the third level there are two streaks of carbonate ore carrying very
high but somewhat erratic values in silver. These streaks vary from 1 inch
to 12 inches in thickness. Two zones occur between the third and fourth
levels, one being in the winze and the other in the incline. ~either of these
has been fully blocked out, but the ore-shoot occurring in the incline is
probably the largest yet found. Five samples were cut across the portion
of the ore-body that is exposed in the workings, four of the samples (Nos. 1
to 4) being taken in the incline, two above and two below the fourth level,
the intervals between samples being 10 feet. Both sides of the incline were
sampled and the material from the two cuts included in the one sample.
No. 5 is a sample taken from the fourth level 10 feet from the incline. The
samples were assayed* and the results are listed on next page.

*Assays by W. C. Sime, Territorial Assay Office, Whitehorse.
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Value Total value
Gold,ozs. Value gold Silver, silver gold and Lead

No. per ton per ton ozs. per ton per ton silver per cent
at SUO per ton

---------- ----
$ 5$ $

1 .. . . . . . . . . . 0·02 o 40 43·48 52.17 52.57 29·80
2. . . ... . .. . . 0·01 020 34·34 41. 21 41.41 28·20
3 .. ......... Trace . ..... 37·20 44.64 44.64 40·60
4. , ..... 003 0.60 45·57 54.68 55.28 36· 60
5 .. .. . . . . . . . . . . Trace . . 28·80 34.56 34.56 23·20

Development work at this mine is still proceeding. The incline is being
sunk to water-level, and it is the intention of the owners to stope out and
sort for shipment the ore occurring between the third and fourth levels.

Conclusions

From the data that have already been collected in Mayo area, it is
becoming increasingly more evident that the silver deposits occur in areas
where the schists of the N'asina series have been cut by intrusions of basic
and semi-basic rocks. The relation holds in too manv cases to be of an en
tirely accidental character, and it would appear that'there is a genetic rela
tion between the two. This, however, can hardly be established until work of
a detailed nature has been undertaken. Greenstones of two widely different
ages are present, however, one being Pre-Cambrian and the other late
Pal<£ozoic or early Mesozoic. Both have apparently been epochs of mineral
ization, but until the areal geology of the district has been done very little
can be said as to the effects of these intrusions. Some evidence also exists
to show that the region has been subjected to earth movements subsequen t
to the formation of some of the ore deposits, and that the veins have under
gone metamorphism.

The discovery of deposits of high grade ore on Keno hill is of great
importance, as it shows beyond doubt that the Silver King vein is not an
isolated occurrence. That other discoveries will be made from time to time
seems highly probable. Nuggets of native silver are common in the placer
gravels of the district. These have largely come from within the area itself,
and represent portions of veins which have been eroded away. The field is
conseq uen tly one that offers great iIld ucemen ts to the prospector, and it
seems probable from what has already been discovered that areas where
greenstones CLlt through the schists are the most likely places to prospect
for silver deposi ts.
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1920
lntroductory Note

In 1921, the Director, W. H. Collins, includes the following note on
field work in Yukon Territory in the Report of the Department of Mines
for the fiscal year ending IVIarch 31,1921, page 6:

"W. E. Cockfield made a detailed investigation of the Keno Hill
silver-lead ore deposits near ;,,1ayo, Yukon. High grade ore is being taken
from a number of these deposits and much attention is, in consequence,
being given the district by prospectors. A detailed geological map of the
Keno Hill area and a report dealing with the nature, distribution, and theory
of origin of the ore deposits appear in the Summary Report of the Geological
Survey, Part A."

SILVER-LEAD DEPOSITS OF THE KENO HILL AREA,
MAYO DISTRICT

by W. E. Cockfield

A detailed geological investigation of the ore deposits of Keno hill,
Mayo district, was made in the summer of 1920. Two and a half months
were spent on the field work, and the writer was ably assisted by P. F.
Armstrong, V\l. G. Cuttle, and C. A. Merritt. The work included the prepara
tion on a field scale of li.~OO of the topographic map that accompanies this
report.

The writer wishes to acknowledge his indeutedness to the officials of
the Yukon Gold Company for information freely placed at his disposal
and for many other courtesies.

Location and Accessibility

Mayo district takes its name from the town of Mayo, which is situated
on upper Stewart river, 180 miles above its confluence with the Yukon.
All parts of the area are readily accessible. During the summer months a
regular passenger and freight service is maintained by the \Vhite Pass
and Yukon route.

Keno ridge is a ridge about 10 miles long and 5 miles wide lying between
Christal and Lightning creeks and Ladue river. The distance from Mayo
by wagon road is about 42 miles.

The rates charged for freight vary greatly. From Dawson to Mayo
the freight rate is from $50 to $60 per ton, depending upon the stage of
water in Stewart river. The freight rate from Mayo to the summit of Keno
hill is 15 cents a pound by wagon and about half that amount by sled in
the winter. Ore is usually handled by contract and can be shipped from
Keno hill to smelters on the Pacific coast for about $60 per ton.

Topography

Mayo district lies entirely within the physiographic province known
as Yukon plateau. It is characterized by being subdivided into isolated
mountain groups, separated by broad, flat-bottomed valleys. The inter
stream areas are mostly flat-topped and stand at an average elevation of
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5,000 feet, the elevation increasing slightly toward the east. These upland
areas are parts of a former plain-like surface, which has been uplifted and
dissected.

The district has been intensely glaciated, all but the upland having
been covered by ice which rounded, smoothed, and scoured the valley walls,
giving to them typical V-shaped cross-sections. The valleys are floored with
glacial accumulations through which the streams have cut, forming terraces.

By far the greater part of the area is floored by the crystalline schists
of the Yukon group* which are thought to be Precambrian. In Mayo district
these belong chiefly to the oldest subdivision of the group, namely, the
Nasina series**, and consist of gneissoid quartzites, quartz-mica schists,
mica schists, graphite schists, hornblende schists, and crystalline limestone.
These schists are cut at some localities by later igneous rocks, chiefly
greenstones and granite.

The area mapped during the past summer consists of a ridge about
10 miles long and 5 miles wide, lying between Christal and Lightning creeks
and Ladue river. The ridge is long and wedge-shaped, with a flat top and is
surmounted by five hillocks rising a few hundred feet above the general
level. These are known as Keno hill, Minto hill, Monument hill, Caribou
hill, and Beauvette hill. All except the very lowest slopes of the ridge is
above timber-line. The summit of the ridge stands at an elevation of
6,346 feet above sea-level, and the bulk of the properties on which work
has been done lie quite close to the summit.

The northern slope of the ridge is very steep, but is broken by a series
of benches, formed by outcrops of the harder formations. These benches
slope gently toward the hill, but their outer limits are bounded by steep,
even precipitous, slopes. A prominent sill of greenstone projecting almost
100 feet above the surrounding rocks forms the summit of Keno hill. This
sill has a cliff face to the north and forms a topographic feature that can be
recognized for long distances.

A number of small gulches drain outward from the ridge, and are trib
utary to the larger drainage courses. These gulches are steep in grade and
mostly rise abruptly in semicircular basins. The more important gulches
draining to the north are Gambler, Faro, and Silver Basin; draining to the
south, Faith, Hope, and Charity; and to the west, Erickson.

General Geology

The greater part of the area is underlain by crystalline schists which are
intruded by sills of greenstone and dykes and sills of quartz porphyry and
granite porphyry.

The crystalline schists consist of a banded blue and white gneissoid
quartzite, grading in places into a quartz-mica schist, sericite schist, graphite
schist, and crystalline limestone. These occur in bands more or less continu
ous across the mapping sheet. The greenstone is intruded as sills, usually
into the softer schist formations. These sills are conformable in strike and
dip with the intruded schists. Like the schists they have undergone deforma
tion, but have suffered less in this respect than the rocks they intrude. In

*Cairnes, D. D., "The Yukon-Alaska International Boundary", Geol. Surv., Canada,
Mem. 67, 1914, pp. 38-44.

**McConnell, R. G., "Report on the Klondike gold fields", Geol. Surv., Canada, Ann.
Rept., vol. XIV, 1901, pp. 12B-1SB.
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places they have a decidedly bchistose appearance, but in general are quite
massive, though possessing a pronounced cleavage in one direction. The
greenstones vary considerably in colour, texture, and composition, ranging
from a diorite to a diabase. Owing to their superior resistance, they form
important topographic features.

The quartz porphyry and granite porphyry occur as dykes and sills
which in general conform in strike to the bedding of the rocks they intrude,
but in some instances they cut across it, and in such cases clearly show that
they are the latest consolidated rocks of the regiun. They are believed to be
apophyses of a large granite body which outcrops 10 miles to the east, and
which undoubtedly extends widely beneath the known strata of Nfayo
district.

Overlying all the consolidated rock formations there is a mantle of
superficial deposits, which nearly everywhere masks the underlying rocks
and renders prospecting difficul t.

The general trend of the strata is in an east-west direction, and they
dip to the south at relatively low angles. However, near the hillocks known
as Keno hill, Minto hill, and Monument hill, the strata undergo a sharp
flexure, bending nearly at right angles, and continue in a southerly direction
across Lightning creek where they gradually resume their former course.
This Aexure is believed to be the cause of the numerous small local faults
which occur in the vicinity, and which have such an important bearing
on the ore-bodies.

Economic Geology
Ore-Bodies

The ore-bodies are iound in fissure veins and are consequently bound
up with the systems of faulting. Two of these systems have been recognized.
Owing to the main system having a general trend of Jlorth 30 to 40 degrees
east (magnetic)* and running in a general way parallel to the trend of the
formations, these systems will be callecl for purposes oi reference, longitudi
nal faults. The main system is composed of one main iault, which crosses
from Beauvette hill on the east to Caribou hill and thence across the top
of Silver Basin gulch, a distance of over 2 miles. Near Silver Basin gulch
this fault diverges into three branches, one of which crosses Nlinto and Keno
hills and the others the top of Faro gulch. Towards thf western portion of
the mapping sheet these die out or their effect is obscured by the mantle of
superficial deposits. Tracei' oi other faults parallel to these have been
found but they could not be traced any distance for the same reason.

The second system of faults will be referred to in this report as trans
verse faults because they are, in general, found cutting across the strike
of the formations. Their strike is from north 5 degrees west to north 15
degrees east (magnetic), and as a rulE' they are short and of comparatively
slight displacement. As already pointed ClIt these iaults are exceedingly
numerous in the vicinity of the locul folding referred to above.

The longitudinal iaults are mineralized with quartz, arsenopyrite,
siderite, manganese, and galena; the transverse faults are mineralized with
quartz, calcite, galena, blende, manganese, and siderite, and enriched with
a silver salt, not yet positively identified but believed to be freibergite
(4(Cu Ag)2S .Sb2S 3), a sulphantimonide of copper and silver.

"Declination 1920,37° 20' east.
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The principal ore-shoots already discovered lie in the transverse faults
and consequently work on these faults has progressed to a greater extent
than on the longitudinal faults. From what has already been learned it may
be established as a general rule that where a transverse fault taps one of the
longitudinal faults and passes upward out of a hard stratum such as quartz
ite or greenstone into schist, an ore-shoot is usually found in the vein beneath
the schist, as if the latter had acted as an impervious barrier to the ore
bearing solutions and had forced deposition of their load at that point.
Development has not yet been carried to the point where it can be affirmed
that the schist is barren of ore, and that ore-shoots occur only beneath
schist cappings, but it is well established that such places are exceedingly
favourable for ore-bodies.

In the longitudinal veins ore deposition has taken place at localities
where the veins have been opened by a distinct fracture, i.e., probably
contemporaneously with the formation of the transverse faults. At other
points, however, the ore is of a disseminated character and may possibly
have been introduced at the time of formation of the longitudinal faults.
Consequently no general rule for the distribution of ore-shoots in longitudi
nal veins can be formulated at present.

1\0 samples for assay were taken by the writer as the content of the
ore is well known. The galena usually occurs fairly pure, i.e. free from
mixture with gangue minerals. In such cases it assays from 200 to 500
ounces of silver a ton, but in places it goes much higher, reaching 2,000
ounces. In such cases, however, it usually contains freibergite. The lead
assays usually average about 60 per cent. These values it must be under
st~od are for samples of the ore-shoots and are not for the full width of the
veIns.

Mining Operations

Upwards of 600 claims have been staked on Keno hill and in its vicinity.
:--.Iaturally on the majority of these only representation work has been done.
Serious development work has been performed on only two or three groups.

The Yukon Gold Company secured options on a number of claims,
which they have been prospecting vigorously. Their main group consists of
the Roulette, Keno, Scotty, Solo Il, Pinochle, \iVolverine, and Rico, and in
addition a number of outlying claims are being prospected such as the
Caribou, Gold Hill, Ladue, and Lucky Queen.

The principal workings of the Yukon Gold Company lie above timber
line at an approximate elevation of 5,800 feet above sea-level, on the small
knoll known as Keno hill and on the steep slope at the head of Faro gulch.
They comprise a series of shafts, tunnels, and surface trenches. The three
branches of the main longitudinal vein and a number of transverse veins
cross the property.

The most northerly of the longitudinal veins is known as No. 1. This
vein strikes north 35 degrees east (magnetic) and dips 60 degrees to the
southeast. It is from 3 to 7 feet in width, mineralized with quartz and
arsenopyrite, and has been explored by three tunnels 230 feet, 140 feet,
and 150 feet long. These tunnels are about 60 feet apart along the dip of the
vein and the upper two are connected by a winze. These tunnels have tapped
an ore-shoot which has an approximate length of 60 feet and thickness of
14 inches, formed in a distinct fracture in the vein.

A second longitudinal fracture runs along close to the top of the slope
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of Faro gulch. This vein is in a general way parallel to No. 1. It strikes
north 40 degrees east (magnetic) and dips 45 degrees to 50 degrees to the
southeast. It is similar in type to No. 1 vein, i.e. a quartz-arsenopyrite vein,
but no decided ore-shoots have been found in it up to the present. A number
of transverse veins intersect it, however, and give rise to some of the more
important veins of the property. These are Nos. 3, 7,8,9, and possibly also
Nos. 4 and 5. :"Jo. 3 vein strikes north 23 degrees east (magnetic) and is
practically vertical. It has been explored to a depth of 80 feet by a shaft.
It averages 3 feet in width and is well mineralized with galena. No. 4 vein
is considered to be the continuation of No. 9, a Aat underlain by schist,
through which the vein has not been traced, intervening between the two.
This vein which is approximately 3 feet wide, strikes north 10 degrees east
and dips 75 degrees to the southeast. An ore-shoot showing 2 feet of massive
galena occurs on the slope overlooking Faro gulch. No. 7 vein strikes north
15 degrees east and dips at 47 degrees to the southeast. It has a thickness
of 3 feet. No. 8 vein is in reality a sheeted zone with a thickness of 3 feet.

A third longitudinal vein crosses the southeastern edge of Keno hill
and the western edge of Minto hill. It shows the typical quartz-arseno
pyrite mineralization with some galena.

The Caribou claim is situated on Caribou hill. The workings consist
of surface trenchings. On the summit of the hill the vein is about 5 feet
in width striking south 45 degrees east and dipping 72 degrees to the north
east. The mineralization consists of 5 to 8 inches of galena in a gangue of
carbonates, oxides, and quartz. The ou tcrop may be traced along the
northern slope of r:ariboll hill. A considerable body of disseminated ore is
found below the intersection of this vein with a Aat-dipping one.

McKay all(1 Erickson's Workings

;\/lining work is in progress on two groups of claims owned by McKay,
Erickson, and Beauvette. One of these groups situated at the head of
Erickson g-ulch, comprises the Shamrock, Reno, Kid, Lion, and Tiger
claims. Development work consists of 200 feet of drifts and a IS-foot winze.
There are two main veins varying in width from 2 feet maximum to a seam,
the dips varying from 45 to 90 degrees. There are in addition a number of
small slip faults. The mineralization consists chiefly of galena, carbonates,
and iron oxide. Abou t three tons of galena was stoped from these workings
and shipped but returns were not available at the close of the season's
work. Very little unaltered galena was encountered in these workings which
are, however, within 40 feet of the surface.

Nabob Claim

::VlcKay and Erickson are also operating the Nabob claim, at the head
of Faro gulch, immediately to the east of the Rico claim of the Yukon Gold
Company. The vein here is the one described as the central longitudinal
vein on the Yukon Gold Company's property. An incline 10 feet in depth
has been sunk and considerable disseminated galena was encountered. The
property also has several transverse faults intersecting this main vein and
it is considered likely that ore-shoots will be found in these as development
work continues.

Rasmusen's Property

Rasmusen's r1aims are situated 011 the western side of Silver Basin
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gulch and consist of the Silver Basin, Silver Basin IV, Diorite, and Silver
C;ulch. A main longitudinal fault striking north 30 degrees east and dipping
65 degrees to the southeast cuts across the property. This has the typical
quartz-arsenopyrite mineralization, with some galena. Four transverse
faults intersect this main fault and pass upward from the quartzites into
the schists. The chances for mineralization at these points have already
been pointed out. The work done consists of some open-cuts and trenches,
but is insufficient to show the true value of the property.

On a number of other claims, assessment work has been done, but in
most cases this has not progressed far enough to expose the veins in place.

Conclusions

The high-grade ore in the transverse fissure offers little difficulty either
in finding or extracting. On the upland surface these fissures can frequently
be traced by the iron, manganese, and galena float, which is usually close
to the outcrop of the vein ..'\s the superficial deposits are generally thin,
the task of finding the veins is comparatively easy. On the lower slopes of
the ridge, however, where the drift cover is thicker and where the float
may be some distance from the outcrops, the prospector's task is more
difficult. Good results may be obtained by ground-sluicing with snow water
in the spring. The extraction of the ores also offers few difficulties, as most
of them are rich enough to pay for mining by hand methods, and in most
cases concentration is unnecessary.

In considering the future of the camp it must be remembererl that some
of the transverse fissures are quite short and are not likely to continue to
great depths, but this is compensated for, to some exten t, by the large
number of these veins. The longitudinal veins, on the other hand, are more
persistent, and are more likely to prove continuous with depth. As these
fissures undoubtedly served as the main channels for the circulation of the
ore-bearing solutions, there is some likelihood of ore-bodies being iound
in them. \iVhether these will be of the same high grade character as the ore
found near the surface cannot be foretold. It is believed, however, that the
permanency of the camp depends to a large extent on the character and
size oi the ore-bodies contained in these fissures.
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1921
Introductory Note

The following note, by the Director, W. H. Collins, relative to field
work in Yukon Territory, is contained in the Annual Report of the Depart
ment of Mines for the fiscal year ending March 31,1922, pages 4,5:

"W. E. Cockfield made detailed topographical and geological maps of
three small areas (Stand-to Hill, Rambler Hill, and Mount Cameron) in the
vicinity of Mayo, Yukon Territory. These areas are mineralized with veins
carrying silver-lead ores similar in origin to the rich silver-lead mines at
Mayo, and constitute outlying parts of one mineral district. A full report of
Cockfield's work, illustrated with three geological maps, appears in the
Summary Report of the Geological Survey, Part A."

SILVER-LEAD DEPOSITS OF DAVIDSON MOUNTAINS,
MAYO DISTRICT

by W. E. Cockfield

The investigation of the :Vlayo silver-lead ores was, during the field
season of 1921, confined to the mapping of three small areas in Davidson
mountains, on which some prospecting had been done. These areas
Stand-to hill, Rambler hill, and mount Cameron-comprising a total of
slightly more than 60 square miles, were mapped on a scale of 12.~OO and
the maps (Nos. 1937, 1940, 1943) accompany this report.

The writer was ably assisted by ~. T. Ellis, C. A. Merritt, and T. D.
Guernsey, all of whom performed their duties in a satisfactory and efficient
manner. Mr. Ellis was in charge of the topographical mapping, and Mr.
Merritt and Mr. Guernsey assisted in both the topographical and geological
work. The miners and prospectors of the district assisted in every way
possible and for the many courtesies and favours received the writer wishes
to express his hearty thanks.

General Character of the District
Location and Accessibility

Mayo district takes its name from the town of Mayo, on Stewart
river, 180 miles above its confluence with Yukon river.

Davidson mountains occupy the area enclosed by Ladue, YIcQuesten,
and Beaver valleys, and form a range 30 miles long and 12 miles wide, hav
ing a general east-west trend. In general the southerly slopes of the range
are gentle, being governed to some extent by the dip of the strata; the
northerly slopes are steep, frequently precipitous. This also applies to those
stream valleys flowing in an easterly or westerly direction within the range.
Numerous sharp peaks occur, the highest of which is mount Cameron
(6,893 feet).

The position of the areas with respect to Mayo is shown on Figure 4.
During the summer a regular passenger and freight service is main

tained on Stewart river by the steamers of the White Pass and Yukon route.
From Mayo, roads lead to all the principal creeks. The most direct route
to the properties under discussion is by way of Galena creek. A win ter road
leads from Galena creek to mount Cameron, and a trail leads from this
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Figure 4. Index map showing location of mineralized areas, Mayo district, Yukon.

1. Stand-to hill area.
2. Rambler hill area.
3. Mount Cameron area.



winter road across Ladue lakes to Stand-to hill, and another, up Cache creek
to Rambler hill. A bnter road for summer traffic leads to the base of Keno
hill, where there is a trail down Christal creek to thp Mount ~ameron road.

The rates charged for freight vary greatly. From Dawson to Mayo the
ireight rate is from S50 to $60 a ton, depending on the stage of water in
Stewart river. Ore at the prespnt time is hauled 42 miles from Keno hill to
Mayo for $30 a ton. The freight rate from Mayo to Keno hill is 15 cents a
pound in summer and about half that amount in winter. In considering
the three areas covered by this report it must be remembered that at present
summer haulagp is out of the question, there being no road, and that owing
to greater distance and poorer roads winter haulage would be more expensive
than to Keno hill.

Topography

Mayo district lies within the physiographic province known as Yukon
plateau, which is in this district characterized by its subdivision into isolated
mou ntai ns groups, separated by broad, flat-bottomed valleys. The in ter
stream areas are mostly flat-topped and stand at an average elevation of
5,500 feet. These upland areas are parts of a former plain-like surface which
has been uplifted and dissected. Occasional hills rise from the plateau to
heights of 500 to 1,000 feet.

The district has been in tensely glaciated, all bu t the upland having
been covered by ice, which scoured the valley walls, giving to the valleys
typical U-shaped cross-sections. The valleys are Aoored wi th glacial ac
cumulatiolls, through which the streams have formed terraces.

Genel'al Geology

Mayo area as a whole is floored by crystalline schists and gneisses.
These are the oldest rocks of the district, and, by analogy with similar
districts where the age of the rocks has been determined, they are tentatively
referred to the Precambrian. These schists and gneisses consist of banded
blue and white gneissoid quartzites, grading into quartz-mica schists, and
mica schists, graphite schists, and crystalline limestone. These schists are
intruded at many poin ts throughou t the district by later igneous rocks,
diorite and diabase, granite, quartz porphyry, and granite porphyry.

These conditions also obtain in Davidson mountains- one of the three
groups referred to above -where the greater part of the areas mapped
consists of banded blue and white quartzites, quartz-mica schist, mica
schist, graphite schist, and crystalline limestone. Cutting these are dykes
and sills of greenstone, which vary widely in colour, texture, and composi
tion, ranging from diorite to diabase, but which appear to belong to one
general age of intrusion. These have been intruded along the bedding
planes of the schists and have been subsequently sheared and altered.
:\1any of them have become so altered, and now consist to such an extent of
secondary minerals, that it is difficult to determine what their original
compositions were. In the field they are nearly always weIJ-defined owing to
their dark green colour, different texture, and the fairly sharp dividing
line between them and the schisls. Owing to their superior resistance they
frequently control the topography and form the crests of the ridges.

The granitic intrusives are more prominent in Mayo district than in
those parts of Davidson mountains that have been mapped; but one small
body of ~ranite was round ill Stillld-to hill ilrCil, occurring well down on the
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slope toward Ladue valley. This occurrence is distinguished by the presence
of muscovite, whereas in all other granitic occurrences observed in the
district biotite is the predominating ferromagnesian mineral.

Overlying all the consolidated rock formations is a mantle of super
ficial deposits of varying thickness. It is thickest in the valleys, where
boulder-clay and stream deposits cover bedrock, but it is also prevalent on
the hillsides and even on the upland surface where soil, frost-heaved blocks
of bedrock, rock rubble, and talus make outcrops scarce. Outcrops are most
numerous along the crests of ridges, particularly at the edges of the steep
northerly slopes referred to above. They also occur in small jagged peaks
at irregular intervals along the upland surface. On the hillsides rock out
crops are rare and are usually of the more resistant rocks, such as green
stone. In the valley bottoms there are occasional outcrops, particularly in
the small canyons on the creeks.

Economic Geology

The silver-lead ores of Davidson mountains are the only known de
posits of economic value. They have many characteristics in common and
are presumably similar in origin. They are veins formed by the filling of
fault fissures. The ore mineral is galena in a gangue of siderite and quartz,
with which is associated manganite, and in some cases pyrite, chalcopyrite,
and zinc blende.

Stand-to Property

The Stand-to property (Map 1943) is situated on the east side of
Homestead creek about 2 miles from its mouth. The workings are about
500 feet above the creek level. There is no road to the property, a winter
trail from the workings across Ladue lakes to the Mount Cameron road- 
5 miles distant- being sufficient for its present needs.

The Stand-to property comprises seven claims, Elsie, Dorothy Brown,
Janet Agnes, Two Donalds, Victoria, Mary Bell, and Glengarry, owned
by J. Zahn, VV. Forbes, D. Forks, D. MacDonald, J. Falconer, and J. A.
iVIacDonald. These claims are grouped for the purpose of representation
on the map. They were staked August 15 and 16, 1920. At the time of the
writer's visit (July, 1921) the workings consisted of a number of surface
trenches, and a 50-foot adit on the vein, about midway between the creek
and the summit of Stand-to hill.

The vein is formed in a fault fissure which at the elevation of the
workings brings a band of schist into juxtaposition with a greenstone sill,
the fault having a vertical displacement of about 50 feet. The vein has been
traced on the surface by open cuts for 200 feet, but probably e ":.h farther
in both directions, for in this vicinity bedrock is covered by sC'i and talus,
and the extent of the vein can be ascertained only by trenching. The average
strike of the fissure is south 50 degrees east (magnetic); the dip is about
vertical. The trend, however, is irregular, for the vein is broken by slip
faults. The vein, which varies in width from 16 inches to 2 feet, is mineraliz
ed with galena, calcite, siderite, cerussite, limonite, manganite, chalco
pyrite, and quartz. The galena occurs as bands from 1 inch to 6 inches wide
in the other gangue minerals, and the chalcopyrite as small specks in the ga
lena. The presence of the cerussite and limonite shows that some oxidation
has taken place and possibly also some leaching. The workings are at no
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place more than 50 feet below the surface. Two samples were taken, No. 1
across 14 inches of the working face and No. 2 from the roof of the tunnel
25 feet from the entrance. These were assayed and the results are given
below:

No. 1
Gold .
Silver '" ,
Lead .

Trace
17·60 ozs. per ton
19.36%

No. 2
Nil
3·30 ozs. per ton
4.40%

Many other claims have been staked around the original locations,
but on the majority of these only representation work has been done. On
one group, however, stripping and open-cutting have shown traces of
mineralization. This group lies on the summit to the west of the head of
Homestead creek, and consists of three claims, the Surprise, the Enterprise,
and the Hillside, owned by C. Coutts and J. McKinnon. On the Hillside
claim there are two veins, both of which show float containing iron, man
ganese, and lead minerals. On the Surprise claim a wide band of float with
the same minerals apparently shows the location of another vein. Stripping
work was in progress at the time of the writer's visit, but bedrock had not
been reached, and consequently it was impossible to estimate the value
of these veins.

Rambler Hill Property

The Rambler hill property (Map 1937) is situated on Rambler hill,
abou t 6 miles east of the foot of McQuesten lake. The workings lie above
timber-line, at an elevation of about 5,000 feet. Eight claims are held,
owned by Messrs. A. Martin, A. Lamb, A. R. Thompson, H. Colley, J.
Alverson, G. Forey, J. Lake, and J. Robertson, each of whom owns an
undivided eighth interest. The property is connected by a 4-mile trail to
the winter road from Galena creek to mount Cameron. The workings
consist of a shaft about 80 feet deep on the summit of the hill and a crosscut
of 12 feet. The vein was traced down the hill for about 300 feet in elevation
by means of open-cuts, and an adit has been started here.

At the time of the writer's visit (J uly, 1921) the shaft was full of water
and the upper workings could not be examined. The data obtained from a
previous examination* are given here for purposes of reference. The vein
filling consists of Iimonite, galena, pyrite, quartz, cerussite, anglesite (?),
malachite, and cha1copyrite. Limonite makes up by far the greater mass
of the deposit. Included in it are small nodules of galena, coated with oxida
tion products. Near the surface and extending downward for 37 feet are
large masses of galena. Farther down, these disappear, leaving only the
small nouules.

Galena appears in three open-cuts along the vein between the shaft
and the adit. In the adit the vein is 3 to 4 feet wide. The strike and dip are
both variable. The vein-filling consists of iron oxide and carbonate, man
ganite, and galena with lead carbonate and a little chalcopyrite. The galena
occurs in small bands in the vein, and the chalcopyrite as small specks in
the galena.

Two samples of the massive galena were taken. Although these do not
represent the average content of the vein, they do give valuable informa-

*Cockfield, W. E., Geol. Surv., Canada, Sum. Rept., 1918, p. 6B.
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tion with regard to the ratio of ounces of silver to one per cent of lead. This
ratio determines whether the ores can be concentrated sufficiently to pay
for shipment. The samples gave the following results:

~o. 1 No. 2
Gold. .. . .. . .. . .. Nil Nil
Silver. . . .. . . . . .. 36·80 ozs. per ton 36·00 ozs. per ton
Lead... .. . .. . ... 54·91% 52·60%

On claims surrounding Rambler Hill property very little, other than
representation work, has been done. In some places veins have been un
covered but work has not progressed far enough to enable much data to
be given. One of the most promising of these properties is the Lucknow claim
owned by A. R. Thompson. This lies on the long, flat stretch of upland to
the east of Rambler hill. Here a fault fissure occurs: it can be traced on the
surface by means of float for more than 2,000 feet and is partly exposed in
a trench that has not yet reached bedrock but which discloses part of a
broken outcrop of massive galena that is, probably, almost in place. Judging
from the galena the vein has a wid th of 6 or 7 feet and of this width the
massive galena occupies, probably, about 5 feet; but until more work is
done nothing definite can be ascertained about the vein.

The Homestake group on Cache creek owned by A. Martin, W. J.
Elliott, Fred Arnold, and B. Verschoyle, shows several veins. There are at
least two fault fissures which have float showing iron manganese and lead
minerals, but until the overburden is cleared away the character and content
of the veins cannot be known.

At other points on the hill, particularly on both hillsides overlooking
Rambler creek, galena float has been found, but the veins from which it
comes have not been located. Some of this float is reported to be richer in
silver than any of the galena tested during the past summer.

Mount Cam.eron Property

The Mount Cameron property (Map 1940) is situated on Cameron
mountain about 45 miles in a direct line northeast of Mayo, and lies near
timber-line on the central fork of Alverson gulch. The winter road from
Galena creek to the property has not been completed, but there is a trail
from the end of it to the workings. The distance from Mayo by way of this
road is about 65 miles. The property consists of three claims, Cameron
No. 1, No. 2, and No. 3 owned by J. Scougale, J. Alverson, and J. Philip.

The workings consist mainly of an adit and a crosscut, but at the time
of the writer's visit (August, 1921) the entrance to these was blocked by
caving of the roof. There are, also, several trenches. The outcrop is a de
composed mass of iron and copper minerals, chiefly limonite, manganite,
malachite, and azurite, and judging from the material which had been
excavated from the adit, the chief minerals present are pyrite, arseno
pyrite, galena, sphalerite, chalcopyrite, limonite, siderite, manganite, and
calcite. The galena apparently occurs in streaks and small masses in the
other gangue minerals and, judging from the material on the dump, these
streaks would reach a width of 6 to 8 inches. The mineralized outcrop is
50 feet wide and can be traced on the surface for 440 feet, and occasional
patches of float show that the vein continues. \i\lhen, however, the fault
passes out of the limestone the fissure is, apparently, filled with a fault
breccia composed of broken schist, apparently barren. Passing downward
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in the series the character of the fault is unknown, as its track is covered
by forest growth.

A sample of the galena on the dump was picked so as to represent as
nearly as possible the best of the material in sight. Although such a sample
in no way represents the average content of the ore, it gives useful informa
tion as to the ratio of ounces of silver to one per cent lead. This assayed:

Gold................. ... Nil
Silver. . . . . . . . . . . . . . 76·00 ozs. per ton
Lead. . . . . . . . . . . . . 56·83%

It is manifestly impossible to make a fair estimate of the value of this
property, as deductions made from the weathered outcrop are sure to be
misleading. The vein is a large one-the widest noted in the Davidson
mountain group'-and it extends probably for 2,000 feet, but the character
and extent of any ore-bodies it contains cannot be judged from the few
tons of material on the dump.

Conclusions

The ores of Stand-to hill, Rambler hill, and :\/Iount Cameron-and in
fact of all the other prospects noted in Davidson mountains-are strikingly
similar in mode of occurrence and mineralization. They also resemble the
Keno hill ores in many ways. Keno hill is 5 miles away directly across
Ladue valley from Stand-to hill. There are, however, marked differences
between the Davidson mountain ores and those of Keno hill, the former
being much lower in their silver content and mineralization. The Keno hill
ores almost invariably show a silver content of 3 or 4 ounces to 1 per cent
lead, whereas the highest obtained during the past summer from the David
son mountain ores was 1·33 ounces to 1 per cent lead. This is due to the fact
that the Keno hill ores contain freibergite, a rich copper-silver salt, whereas
in the others chalcopyrite, probably carrying little or no silver, is present.
The cause of this difference in mineralization is not yet apparent.

In considering these properties from an economic standpoint it must
be borne in mind that the deciding factor at the present time is the cost of
transportation. Under present conditions it is doubtful if ore or concentrates
could be successfully shipped unless the content realized at least $100 per
ton. Ore cannot be hauled 65 miles by sled and then shipped several hundred
miles to a smelter unless that ore is extremely rich-a condition which the
deposits in the Davidson mountains do not fulfil.
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1922
Introductory -:'IIote

In 1922, the Director, W. H. Collins, includes the following note on
field work in Yukon Territory in the Annual Report uf the Department of
Mines for the fiscal year ending March 31,1923, page 8:

"W. E. Cockfield commenced the geographical and geological mapping,
for publication on a scale of 1 inch to 4 miles, of an area of 800 square miles
around Whitehorse. The area is part of the eastern margin of the Coast
batholith and includes the copper ore deposits at Whitehorse, the gold
silver deposits of Wheaton district, and various other evidences of mineral
ization. Two seasons of field work will be required to complete the area."

EXPLORATIONS IN SOUTHERN YLKON

by W. E. Cockfield

In reviewing the published descriptions of the mineral deposi ts of
vVhitehorse, Wheaton, and Comad districts, it was found that wherever
the genesis of these deposits has been established it is attributed to the
intrusion of the Coast Range batholith. It was, consequently, considered
advisable to map the eastern edge of these granitic rocks in order that
prospectors m igh t know more precisely the location of the zone, adjacen t
to these rocks, in which ore-budies are likely to occur. With this in view,
the writer commenced mapping such parts of the area lying betweel)
longitudes 134 and 136 degrees and latitudes 60 and 61 degrees as had not
already been mapped.

Of the area assigned, considerably more than half is now completed.
A reconnaissance map of this part, on the field scale of 2 miles to the inch,
to show the drainage and geology, is compiled and waiting for the additional
field information to complete the area. During the course of the field
work the writer was ably assisted by N. T. Ellis, T. D. Guernsey, and
R. H. B. Jones, all of whom performed their duties in a capable and satis
factory manner.

Topography

The area lies along the junction between Yukon plateau and the Coa::;t
Range* and con tai ns parts of both these provi nces. The Coast Range ill
general is an irregular complex of peaks and ridges that possess little
symmetry other than a rough alignment on a northwesterly trending axis.
1t has every"" here a jagged and preci pi tous aspect, and consists of rugged
or even needle-like summits, knife-edged crests, and sharply incised valleys.
The summits stand at elevations of from 5,500 to 7,500 feet.

The Yukon plateau is an upland surface standing at <In elevation of
5,000 to 5,500 feet. Into this surface the streams have cut to depths vary
ing from 1,500 to 4,000 feet, giving a very irregular topography. The
summits of the unreduced ridges lying between waterways are the remains
of a gently rolling plain, which is broken only here and there by isolatecl

"For a discussion or the physiographic provinces of Yukon, see ('airnes, D. D.,
"Wheaton District", Geol. Surv., Canada, Mem. 31,1912, pp. 9-11.
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residuary masses that rise above the general level. This surface IS appar
ently an uplifted and dissected peneplain.

General Geology

The area under discussion lies along the eastern edge of the Coast
Range batholith, and practically the entire area is believed to be underlain
at some depth by the granitic rocks of this batholith, isolated bodies of
which outcrop at intervals to the eastward of the main boundary. In
addition to these granitic rocks the area contains numerous other rock
types, including igneous, sedimentary, and metamorphic varieties which
range in age from the Precambrian to the Tertiary or Quaternary. In the
central part of the area the plateau surface corresponds very closely with
the original roof of the batholith, so that remnants of the former roof of
this igneous body are still preserved. In addition there are numerous masses
of the rocks invaded by the granites which remain as inclusions in the
granites. Farther west these masses gradually become less numerous and
disappear, having most likely been removed by erosion.

Table of Formations

Era Period Formation Lithological characters

Quaternary .. .. . ..... " .. . . Superficial Gravel, sand, clay, soil, muck, vol-
deposits. canic ash, ground ice, slide rock, and

morainic materials

Wheaton River Rhyolite, granite porphyry, and re-
volcanics lated volcanics with their tuffs and

breccias

Tertiary..... ............... . Chieftain Hill Andesite, basalt, and related rocks
volcanics with their associated tuffs and

breccias

Cretaceous to Coast Range in- Granitic rocks ranging from granite to
J urassic trusives diorite with associated porphyritic

phases

Probably Lower Perkins volcanics Andesite, diabase, basalt, with asso-
Cretaceous ciated tuffs and breccias

Mesozoic .... Lower Cretaceous Laberge series.... Argillite, metargillite, shale, sand-
or Jurassic stone, conglomerate

J urassic ..... ... . Tantalus conglo- Conglomerate and sandstone with
merate (Koote- seams of coal
nay?)

Pal<eozoic.... Triassic to ... . ....... ... . Crystalline limestone
Carboniferous ...

Cherty quartzite, black slate, biotite,
slate, and limestone

Devonian? ...... ....... . ... . . ... Pyroxenite and peridotite

Precambrian. .... " ... . ... . M t. Stevens group Sericite and chlorite schists, mashed
(Yukon group?) basic and semi-basic volcanics, gneiss-

oid quartzite, hornblende gneiss, and
crystalline limestone
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The oldest rocks known to occur in the area are included in the Mt.
Stevens group, a series of sericite and chlorite schists, mashed basic vol
canics, gneissoid quartzites, hornblende gneiss, and crystalline limestones.
These represent remnants of the roof of the Coast Range batholith or inclu
sions in it and are really a complex of both igneous and sedimentary rocks
which have suffered prolonged dynamic metamorphism. These are probably
equivalent to the Yukon group* and are thought to be Precambrian in age.

More recent than the Mt. Stevens group are certain pyroxenites and
peridotites which occur only on the southern part of Tally-Ho mountain.
These are thought to be related to similar rocks in other parts of Yukon
and in northern British Columbia, and are believed to be of Devonian age.

Outcropping along parts of Windy arm and Tagish lake is a series of
sedimentary rocks; cherty quartzite, black slate, biotite slate, and limestone.
They extend toward Atlin lake, and are followed by limestone, generally
crystalline, from which occasional fragments of fossils are obtained. This
limestone may be referred either to the Upper Carboniferous or to the
Triassic.

In Mesozoic time a considerable thickness of sediments was deposited
in this part of Yukon Territory, and although a large part of these have been
removed by erosion, in the central part of the map-area they are still
preserved, and have an aggregate thickness of from 5,000 to 6,000 feet.
No complete section of these beds has been obtained. The lower conglom
erate series (Tantalus conglomerate) has a thickness of about 1,000 feet
and on the basis of fossil evidence is referred to the Kootenay. It is coal
bearing in the lower part. The Laberge beds consist of argillites, metar
gillites, shales, sandstones, arkoses, tuffaceolls conglomerates, and bedded
tuffs, and these have been referred to the Lower Cretaceolls. M uch of the
material forming these beds is of igneous origin. I n certain parts of the
district the division into Tantalus conglomerate and Laberge series has not
been carried out, as both were included in the one group, the Tutshi series,
by earlier investigators.

Contemporaneous with these sediments, and possibly in part more
recent than they, is a series of volcanic rocks, chiefly andesites, diabases,
and basalts, with their associated tuffs and breccias.

Following the volcanics are the Coast Range intrusives, which present
a number of rock types ranging from granite to diorite or gabbro. These
rocks have dominantly a granitic habit, and granodiorite is the prevalent
rock type. The Coast Range batholith apparently represents an igneous
complex formed by a long and probably intermittent period of intrusion.
Pebbles of granodiorite identical with that of the Coast Range are very
numerous in the Laberge beds; yet even the uppermost of these beds are
invaded by Coast Range rocks. This would point to several periods of
intrusion with intervals during which sufficient time elapsed to permit of
the cooling and erosion of the intrusives.

The Tertiary and Quaternary are represented by two types of volcanic
rocks, the earlier consisting of andesites and basalts with their associated
tuffs and breccias. Some of these flows appear to be quite recent, having
been poured forth since the rivers have cut approximately to their present
depths. They may consequently be Pleistocene or even Recent in age.

*Cairnes, D. D" "Yukon-Alaska International Boundary", Geol. Surv., Canada, Mem.
67,1914, pp. 38-44.
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These are followed by rhyolites, quartz porphyries, and related rorks which
occur only as dykes and small surface flows.

Overlying all the cunsolidated rock formations there is a mantle of
superficial deposits including sand, gravel, clay, soil, muck, ground-ice,
volcanic ash, slide rock, and morainal materials. This mantle covers all the
valley bottoms and in addition extends over large parts of the valley walls
and upland surface.

Economic Geology

The mineral deposits of the Conrad, vVhitchorse, and Wheaton districts
have in large part already been described*. Briefly stated, the mineral
resources, excluding coal, may be grouped into four classrs as follows:

1. Contact metamorphic deposits. Chiefly copper.
11. Gold-silver deposits.

lJ 1. Silver-lead deposits.
IV. Antimony-silver deposits.

Contact Metamorphic Deposits

The contact metamorphic deposits include all the properties of the
Whitehorse copper belt, and also the Fleming mineral claim on Carbon hill,
Wheaton district. These drpositti, in the first case, occur in altered lime
stones close to, or in direct contact with, the Coast Range granodiorites;
and in the secund case, in hornblende gneiss at the contact with the same
intrusives. There can be no doubt as to the close genetic connexiun between
the ore-bodies and the intrusion of the Coast Range batholith, this being
apparent on evrn thr most casual examination.

Gold-Silver Deposits

The gold-silver deposits include the properties on Stevens, vVheaton,
and Tally-lIo mountains, Gold hill, Becker creek, and the Big Thing mine
on Windy arm, all of which have been.described**, and also the Midnight
group to be described later. Discussing the genesis of these deposits Cairnes
says in part: "I t is, therefore, apparen t that if these deposi ts are associated
with any of the igneous materials of the district, these must be the Jurassic
granitic rocks. In the field the veins appear to be everywhere intimately
associated with these intrusives so that the genetic relationship between
them appears certain." The majority of these veins occur in a belt 2 to 3
miles wide closely paraJIf'ling the eastern boundary of the Coast Range
batholith.

*McConnell, R. G., "Whitehorse Copper Deposits", Geol. Surv., Canada, Sum. Rept.,
1900, pp. 49.'\-52A, and "Windy Ann District", Geol. Surv., Canada, Sum. Rept., 1905,
pp. 30-32.

Cairnes, D. D., "Explorations in a Portion of Yukon south of vVhitehorse", Sum.
Rept., Geol. Surv., Canada, 1906, pp. 24-30, and "Report on a Portion of Conrad and
Whitehorse Mining Districts, Yukon", Geol. Surv., Canada, pp. 13-23.

McConnell, R. G., "Report on the \iVhitehorse Copper Belt", Geol. Surv., lanada,
1909.

Cairnes, D. D., "Wheaton River District", Geol. Surv., Canada, Sum. Rept., 1909,
pp. 51-57, and "Wht:aton District, Yukon Territory", Geol. Sur"., Canada, Mem. 31,1912,
pp. 85-147.

"Wheaton District", Geo!. Surv., Canada, Sum. Rept., 1915, pp. 43-49.
"'Cairnes, D. D., "Wheaton District", Geol. Surv., Canada, Mem. 31,1912, pp. 87-113.

Cl'o!. Sun'., Canada, SUIll. !{ept., 1917, p. 36.
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Silver-Lead Veins

The principal silver-lead properties which have been described are the
Union and Nevada mines, Wheaton district!, and the Montana, M and M,
Venus, and Dail Fleming group of Windy Arm district 2 • The Mascot group
is described in this report. The genesis of these deposi ts appears to be
somewhat uncertain. They have been attributed to igneous rocks of dif
ferent ages, but the probability seems to be that they owe their origin to
the phenomena attending the latest stages of the intrusion and cooling of
the batholith.

Antimony-Silver Deposits

The most important of the antimony-silver claims are the Porter
group and Goddell group on Carbon hill, and the Morning claim and Even
ing claim on Chieftain hill. These have all been described 3 and their origin is
ascribed to heated waters ascending from the cooling mass of the Coast
Range batholith.

This review will serve to show the importance of the Coast Range
batholith in connexion vvith the ore deposits of the district. It may also be
pointed out that the majority of the ore-bodies occur in connexion with
outlying bodies of granite rather than with the main mass of the batholith,
although there are many exceptions. It may also be laid down as a general
rule that the main mass of the batholith away from its borders is not likely
to have been the seat of ore deposition, except possibly where there are
inclusions of the older intruded rocks.

Only three properties were visited by the writer during the past sum
mer. These included both gold-silver and silver-lead veins. The silver-lead
vein visited lies on the Mascot group at the head of a small tributary to
Watson river. The vein occurs practically on the divide between Berney
creek and \iVatson river. The property is owned by E. Johnson and M.
Watson of Carcross, but was bonded to J. Moore Elmer of the Slate Creek
Mining Company during the winter of 1921-22. A small amount of prospect
ing was done on the claims, but the option was abandoned in the spring
of 1922.

The outcrop is visible along a cliff face for about 2,000 feet. The vein
varies considerably in strike, dip, and thickness, being in some places 20
feet thick and in others less than 1 foot. A.t the foot of the cliff an adit was
driven 200 feet on the vein. It was filled with water and ice at the time of the
writer's visit, and consequently only the surface features could be examined.
According to information supplied by J. M. Elmer the vein pinched to
6 inches towards the end of the tunnel and the values dropped to ~7 a ton
in gold and silver. Assays from the outcrop, it is claimed, show values of
from $15 to $30 a ton in gold and silver. Below the mouth of the adit the
vein is 6 feet wide, but it narrows to less than 2 feet inside the portal. The
country rock is a diorite (Coast Range intrusives) and near the deposit is
a large inclusion of schist (Mt. Stevens group). The writer took a grab
sample across the 6-foot width of the vein immediately below the entrance
to the adit. This was assayed and found to contain:

'Cairnes, D. D., "Wheaton District", Geol. Surv., Canada, Mem. 31,1912, pp. 129·139.
2Cairnes, D. D., "Report on a Portion of Conrad and Whitehorse Mining Districts,

Yukon", GeoJ. Surv., Canada, 1908, pp. 14·18.
Sum. Rept., GeoJ. Surv., Canada, 1917, pp. 36-44.
'Cairnes, D. D., "Wheaton District", GeoJ. Surv., Canada, Mem. 31,1912, pp. 113-129.
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Gold. . . . . .. . .. . .. . .. . .. . .. . .. . .. 0·11 oz. per ton
Silver. . . . . . . .. . .. . .. . .. . .. . .. . .. 1·45 "
Lead. . . . .. . . . . . . . . . . . . . . . . . . . . .. (not determined)

Though the results obtained so far from the prospecting of this property
have been unsatisfactory it must be remembered that only a small part of
the vein has been explored by underground workings, and these workings
do not extend under the widest parts of the vein as shown on the surface.
The possibility of finding paying ore-shoots on the property has not been
exhausted.

The deposit is somewhat unfortunately situated with regard to trans
portation. There is no road to the property, and the nearest point on the
railway is Robinson, about 45 miles distant. A road could easily be con
structed up Watson river to the property, or from the end of Wheaton
River wagon road at Carbon hill up Berney creek, but in either case the
distance to the railway would be about the same.

Midnight Group

The Midnight group is situated on Midnight gulch, a tributary to
Wheaton river, about 8 miles above its mouth. The property is readily
accessible from Carcross by a boat across lake Bennett to the mouth of
Wheaton river, whence a trail leads to the claims.

The Midnight group consists of six claims, the Midnight, Midnight
No. 1, Midnight No. 2, Anna Frances, Guardsman, and Harrison, owned
by Matthew Watson and E. Johl1son, of Carcross.

The workings consist of three short adits and a large number of open
pits or trenches. Two of these adits are situated close to the camp on the
Midnight No. 1. The third is situated on the Midnight. o. 2 near the
crest of the hill and is known as the 'old showing'. In addition there are
a number of open-pits situated on the YIidnight, Midnight No. 1, and
Midnight No. 2.

The showings are all very similar in character so that only typical
ones need be described. On the Midnight claim there is some trenching
known as the 'lower workings'. Here a dyke of granite porphyry is shown
cutting schists of the Mt. Stevens group, and the dyke itself contains some
inclusions of schist. Close to the hanging-wall of this dyke is a small dyke
of basalt that cuts the granite porphyry, and, near the foot-wall, another
dyke 7 feet wide of the same material. The width of the granite porphyry
dyke is 50 feet. The granite porphyry is very much altered and, apparently,
silicified. LT nder the microscope it shows large crystals of feldspar in a
microgranitic groundmass. The feldspar is highly altered to sericite. Run
ning through both the feldspar crystals and the groundmass of the rock
are small veins of quartz which are taken to represent secondary silicifica
tion. The infiltration of secondary silica \-vas probably accompanied by
deposition of the ore minerals, pyrite, galena, and occasional specks of
native gold visible to the naked eye. The gold occurs both with the sulphides
and also in the quartz when the sulphides are absent.

There is a similar occurrence at the 'old showing' on the Midnight
No. 2 claim. Here a dyke of granite porphyry 25 feet wide cuts the Perkins
volcanics. The dyke is well silicified and carries seams of quartz containing
pyrite, galena, and free gold. The two adits situated near the camp show,
apparently, two-cross seams, but these are not well exposed. Both of the
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seams are considerably leached and decomposed. Colours of gold may be
obtained by panning this material.

Adjoining the Midnight group are a number of claims, but on only·
two of these, the Gladys Sand Sarah J, owned by T. Brooks, has any work
been done. The occurrences here are similar to those already described.

These porphyry dykes have been traced for considerable distances by
means of surface pits and trenches. They are, apparently, broken by a
series of more or less parallel cross-faults, which would require further
stripping and an accurate survey of the property to work out. There would,
however, be no question of the tonnage available if it could be demonstrated
that the values were persistent over the width of the dykes. A rough sam
pling of the property indicates, however, that the values in gold are not main
tained over the mass of the dykes, even where silicification is complete,
but are confined to small portions where either gold or sulphides are visible.
These portions form only a very inconsiderable part of the whole deposit.
I t, therefore, remains to be demonstrated whether these portions carry
sufficient values to form ore-shoots. This can be done only by further
stripping and systematic sampling. The writer is inclined to regard those
points where. cross-faults or cross-seams intersect the main dykes as the
most probable locations of ore-shoots.

The second gold-silver property visited lies on the eastern slope of
mount Reid, near the junction of Berney creek and Wheaton river. The
property is situated about 5 miles beyond the end of Wheaton wagon road,
or 36 miles from Robinson. There are two claims, the Grandview owned by
A. Birnie, and the Rambler by C. 1. Burnside.

The vein is situated in a small gulch tributary to Skookum gulch,
and the workings consist of a number of trenches. At the time of the writer's
visit the gulch was largely filled with snow so that very little could be
seen of the deposit. The country rock consists of the Perkins andesites,
which at this point form an inclusion in the Coast Range granodiorites.
The vein is first exposed on the shoulder of the mountain near the top of
the small gulch. Abou t 500 feet below this is a small opencut in which the
vein is partly exposed. At the upper \vorkings the surface trench has been
filled in with slide rock. The lower workings, however, show a vein 3 feet
in width with gouge on either side. The vein at this point is almost vertical.
Mineralization consists of galena, pyrite, stibnite, and arsenopyrite in a
gangue of quartz. The vein has been exposed on the surface over a distance
of 1,000 feet by means of pits, but most of these were filled with slide rock.

Coal

Coal is known to occur at several localities in the area under discussion.
Seams occurring on Coal creek near Dugdale and Idaho hill have already
been described*. The coal occurs in the Jura-Cretaceous Tantalus con
glomerates, in or immediately below which have been found all the valuable
coal so far discovered in southern Yukon. It is quite probable that other
seams exist in addition to those described by l.airnes. There is, however,
at present no demand for coal in southern Yukon, and prospecting for it is
consequently not being carried on.

*Cairnes, D. D., "Report on a Portion of the Conrad and Whitehorse Mining Districts,
Yukon", Geol. Surv., Canada, 1908, pp. 20-21, and "Wheaton District", Geol. Surv.,
Canada, Mem. 31,1912, pp. 145-147.
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1923
Introductory Note

In 1923, W. H. Collins, Director, refers to field work in Yukon Territory
in the Annual Report of the Department of Mines for the fiscal year ending
March 31, 1924, page 9, as follows:

"'vV. E. Cock field spent part of the field season in an investigation of
the ore deposits of Keno Hill area, Mayo district. A brief examination was
also made of the newly discovered silver-lead deposits of Beaver River
area, about 80 miles northwest of Mayo. Reports on these investigations
are published in the Summary Report of the Geological Survey for 1923,
Part A. The geographical and geological mapping of the area around
Whitehorse in southern Yukon, begun in 1922, was also carried on. During
Cockfield's absence in northern Yukon the work in the southern part was
continued by A. H. Bell. A small part of the work in this area remains
unfinished.' ,

At the end of the Summary Report for 1923, Part A, page 102, the
Director includes the following paragraph under the heading "Other Field
Work":

"W. E. Cockfield and A. H. Bell. Bell continued the geographical and
geological mapping of a 4,500 square-mile sheet in southern Yukon lying
between latitudes 60 degrees and 61 degrees and longitudes 134 degrees and
136 degrees, which was begun in 1922 by Cockfield. This sheet, when com
pleted, will include Conrad, Whitehorse and Wheaton districts, which form
part of the eastern margin of the Coast batholith and which contain im
portant silver, gold, and copper deposits and other evidences of mineraliza
tion. The western half of the sheet was completed in 1922, but there still
remains unfinished a small part of the eastern half. The results of the
investigation will be published as a memoir, accompanied by a map on a
scale of 1 inch to 4 miles, now in course of preparation."

GEOLOGY AND ORE DEPOSITS OF KENO HILL,
MAYO DISTRICT

by W. F. Cockfield

Silver-lead ore deposits were discovered at Keno hill in July, 1919, by
L. Beauvette. Almost immediately the Yukon Gold Company, Limited,
secured options of purchase on the original claims, and as a result a stam
pede to the hill took place. Over 500 claims were located in the next few
months and this number has since been very materially increased. During
the winter of 1919-20 the Yukon Gold Company prospected their holdings
and secured options on a number of other claims. In 1920, a subsidiary
company, Keno Hill, Limited, was formed to operate the original group,
and the entire holdings of the parent company have since been turned over
to this subsidiary.

Ore shipments from Keno hill commenced during the winter of 1920-21,
and the tonnage shipped has increased in each succeeding winter. In 1921,
the Sadie-Friendship vein was discovered and has since proved of such
importance that its production will soon surpass that of the original dis
covery. The Yukon Gold Company acquired the Sadie and Friendship
claims and the Tread,vell Yukon Company, Limited, secured a group of
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claims on the northern extension of the same vein. i\ third company, Onek
Mining Company, Limited, also entered the field in 1921, securing options
on a number of claims scattered over the hill; but in 1922 this company
suspended operations, and has not since renewed them.

The writer wishes to express his thanks fur the Illany favours and
courtesies received while engaged on the examination of the deposits. Par
ticular thanks are due to Messrs. Livingston vVernecke and '0/. B. Har
greaves, of Treadwell Yukon Company, and to ;V1essrs. F. R. Short and
A. K. Schellinger, of Keno Hill, Limited, for information without which the
compilation of this report would have been impossible.

A. H. Bell, C. H. Stockwell, C. S. Evans, and H. T. Ellis arted as
assistants.

Location

Mayo is situated 180 miles up Stewart river, one of the main tributaries
of Yukon river, which it enters 72 miles above Dawson. Mayo serves as a
business centre for the surrounding district to which it gives its name.
From June until Octoher the White Pass and Yukon Route maintains a
regular steamer service on Yukon and Stewart rivers, in connexion with
their railway service from the coast to Whitehorse. In winter, :V1ayo can
be reached by mail stage either from Whitehorse or Dawson.

Keno hill is 40 miles northeast of \l1ayo. A good wagon road to it has
been constructed by the Yukon government from Mayo and the journey
may be made in a few hours by automobile. Telephone communication has
been established between the mines and Mayo, and the Federal government
has recently established wireless stations at Mayo and Dawson, thus con
necting Mayo with outside points by means of the Yukon Telegraph line.

Hitherto, practically all haulage in Mayo district has been done by
horse-drawn vehicles, chiefly in the winter time, when the roads were at their
best. During the winter of 1922-23, however, the Treadwell Yukon \om
pany introduced caterpillar tractors and reduced the cost of haulage about
two-thirds. As the previous cost of hauling ore to Mayo had been nearly
half the cost of shipping from mine to smelter, the saving is important.

Topography

Mayo district lies within Yukon plateau. The hills are prevailingly
flat-topped and separated by broad, deep valleys. Keno hill is a typical
wedge-shaped ridge, lying between Lightning, Christal, Faith, and Ladue
creeks. It is 10 miles long by 6 miles wide at the western end, tapering to
the east, and is surmounted by five hillocks locally known as Keno, Minto,
Monument, Caribou, and Beauvette, which rise a few hundred feet above
the general level. The northern slope of the hill is steep, but is broken by a
series of benches, representing the outcrops of harder formations. The
southern slope is more gentle, being controlled to some extent by the dip
of the strata.

General Geology

The greater part of Mayo district is underlain by schists, which are
intruded by sills and laccoliths of greenstone, and by dykes and sills of
granite porphyry and quartz porphyry. Keno hill lies within this schist
belt, and consequently the rocks outcropping are those enumerated above.
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The schist series consists of quartzite, quartz-mica schist, graphite schist,
sericite and chlorite schist. The greenstones intruding this schist series
are themselves largely sheared and altered. The quartz and granite por
phyries are massive and fresh in appearance and are believed to be offshoots
from a granite mass which outcrops some miles to the east, and which
probably extends under a considerable part of Mayo district.

The quartzite, quartz-mica schist, and graphite schist are believed to
belong to the Nasina series, described by McConnell in his report on Klon
dike district. This series has been referred by Cairnes to the Precambrian.
In the type sections the rocks consist of alternating bands of blue and
white, thinly laminated quartzites, that pass gradually into dark grey
quartz-mica schists, and finally into black, graphite schists. In the Keno
Hill area, however, the quartzites as a rule are more blocky and homo
geneous than is the case in Klondike region. Under the microscope the
minerals present are seen to be the same in all cases, but to vary in abun
dance according to the type of rock. Quartz, the most abundant constituent,
appears as a fine mosaic of grains, in some cases highly granulated, in
others with sutured texture showing recrystallization. A subordinate
amount of feldspar is associated with the quartz. The micas, biotite, and
sericite are arranged in parallel bands, or sweep in a series of waves through
the granulated mass of quartz and feldspar. Chlorite, calcite, magnetite,
pyrite, and graphite are also present, the last named becoming locally
abundant enough to form a graphite schist. In many cases, however,
graphite is most abundant along the planes of schistosity. This series
represents a great thickness of siliceous and argiJJaceous sediments now
altered into quartzites, quartz-mica, and graphite schists.

The sericite and chlorite schists are present only in minor amounts.
The sericite schist has been recognized only on the first and third levels of
Treadwell Yukon Company's workings, where it is intrusive into the
quartzites, and the chlorite schist on the Lake group. Under the micro
scope these rocks were seen to consist mainly of varying amounts of quartz
and feldspar, sericite, and chlorite, with numerous accessory and secondary
constituents. All the specimens examined are fine grained and highly
altered. These rocks are believed to be similar to McConnell's Klondike
series, which consists of altered acid and intermediate volcanics.

The rocks included under the field name of greenstone occur as sills
and laccoliths throughout the area. They are frequently sheared and
altered, and now consist of secondary minerals to such an extent that it is
difficult to determine their original composition. They are dense, green,
medium-grained to aphanitic rocks. In spite of their alteration they are
more resistant than the schistose rocks, and consequently project above the
surrounding surface. Microscopically, the rocks are seen to consist largely
of hornblende, or augite and feldspar. In some of the specimens examined
the hornblende ,vas quite fresh, but most of it is altered to chlorite. Calcite
is also a common secondary constituent. The commoner variety is porphy
ritic, and in this type the alteration to secondary minerals is as a rule com
plete. The coarser-grained varieties are hornblende diorites and augite
diorites.

The quartz and granite porphyries occur as dykes and thin sills. They
are light-coloured to white rocks of massive appearance, showing crystals
of quartz and feldspar. An important feature of these rocks is that they
contain particles of the minerals of the ore-bodies, such as pyrite, galena,
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and occasionally tetrahedrite. These are commonest along joint-planes,
but occur, also, in the body of the rock. The phenocrysts consist of corroded
quartz and orthoclase in a microfelsitic to microgranitic groundmass of
quartz, feldspar, and muscovite.

The greater part of the surface of Keno hill area is covered with soil,
talus, muck, boulder-clay, and vegetation. Rock outcrops are not numerous
and these belong chiefly to the harder formations, such as quartzite and
greenstone. The covering of superficial deposits renders prospecting diffi
cult, as it is commonly frozen down to bedrock, and the thawing in summer
is relatively shallow. !VI uch prospecting has been done in the past by using
snow water in the spring for ground-sluicing. It is possible that further
discoveries will be made on Keno hill as more prospecting is done, either
of new veins, or along the extension of veins already known to exist.

Ore Deposits

The ore deposits of Keno hill area are practically all fissure veins, that
is, they represent vein material deposited in fault fissures. The faults which
gave rise to these veins are all of the normal type, and this applies also to
post-mineral faults. No reverse faults have been recognized. The dis
placement is as a rule small and the maximum horizontal displacement
noted is 500 feet.

The veins may be divided into two classes, which in an earlier report*
were termed longitudinal and transverse, depending on whether they follow
the trend of the strata or cut across the strata. These two fault systems
represent two stages of mineralization, the longitudinal faults being the
earlier. In general, these strike north 30 to 40 degrees east magnetic, and
the transverse faults make an angle of 70 to 80 degrees with them. There
is, however, considerable variation in direction of the faults in different
parts of the area, and mineralization rather than direction is the criterion
to determine to which class a vein belongs.

The strata in the area have a general east-west trend, but near the
hillock known as Monument hill the beds bend sharply to the south and
continue southward across Lightning creek where they gradually resume
their former direction. It is believed that the transverse faulting is directly
attributable to this f1exure, owing to the bending of resistant beds such as
quartzite and greenstone. The origin of the longitudinal faults has not
been satisfactorily solved; they may, however, be due to stresses developed
at the time of intrusion of the granite mass referred to before.

The earlier mineralization consists of quartz, arsenopyrite, and pyrite.
After being filled, the longitudinal fissures remained planes of weakness
affected by subsequent movements. 'vVhen the transverse fissures were
mineralized, they probably acted as the main circulation channels for the
ore-bearing solutions and considerable amou nts of the ore minerals were
deposited in them. The chief minerals of the second stage are siderite,
freibergite, galena, and sphalerite.

Production

The following table gives the total production of Keno hill, and esti
mated values of silver and lead. Tonnage figures are those published by the

*Cockfield, W. E., Geo!. Surv., Canada, Sum. Rept., 1920, pt. A, pp. 3-4.
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rollector of customs, Dawsoll; the values are estimated, as in some cases
the smelter returns are not available. It is expected that the output for
1923-24 will equal that of 1922-23.

Production and Estimated Values of Silver and Lead from Keno Hill

Year Tons Value Value Total
silver lead value

$ $ $

1920-21. '" . . . . .. 2,102 218,395 100,900 319,295
1921-22 . .. . . . . ... 3,231 471,320 197,770 669,000
1922-23 .. .. . . . 7,982 1,056,902 379,253 1,436,155

Totals. 13,315 1,746,527 677,923 2,424,450

Mineralogy of Ore Deposits

The following ore and gangue minerals have been
Keno Hill deposits.

Native elements... Silver
Sulphides. . Argentite, galena, sphalerite, covellite, chalco-

i-lyrite, pyrite, arsenopyrite
Sulpho-salts. Pyrargyrite, freibergite, polybasite, jamesonite
Oxides. . . . . ... Quartz, limonite, manganite
Carbonates. .Siderite, calcite, cerussite, malachite, azurite
Sulphates. . Barite
,Vative Silver (Ag) is uncommon. It has been noted as small microscopic

grains enclosed in masses of cerussite. It is of local occurrence and not dis
seminated through the deposits.

Argentite (A?,'2S) is uncommon. It has been noted as small microscopic
crystals occurring with galena.

GaLena (PbS) is one of the most important minerals and was found in
every deposit examined. It is commonly coarsely-crystalline and not inti
mately intergrown with the other ore or gangue minerals. The coarse galena
has a gneissoid appearance. The fine-grained, steel galena is somewhat
rare, but carries average values in silver.

Sphalerite (ZnS) occurs in most of the deposits. It is yellowish brown
and resinous in appearance.

Covellite (CuS) is very rare. ,\ few small particles were noted III ore
from No. 9 vein, Keno Hill, Limited.

Chalcopyrite (CuFeS2) is not common and where found is as a rule
illtimately associated with galena.

Pyrite (FeS2) is fairly abundant, occurring both with arsenopyrite
and with galena.

Arsenopyrite (Fe:'\sS) occurs with quartz and pyrite in veins of the
older series.

Pyrargyrite or ru hy silver (AgaSbS 3) is rare. I t occurs wi th frei ber
gite and galena, and was noted only in a few of the deposits, where it is
of local occurrence and not d issern inated through the deposi t. I t is believed
to be secondary in origin.

Freibergite ( (CuAg)s Sb 2S7 ) is com mon and is one of the chief si Iver
minerals of the area. Where this mineral is present even in small tjuanti-
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ties the silver content of the ore is increased. It is associated with siderite,
galena, and sphalerite.

Polybasite (AggSbS6) is rare and was noted only in the microscopic
study of specimens from the Gold Queen. It is believed to be secondary.

Jamesonite (2PbS, Sb2S3) is rare, but was noted in several veins on
the top and southern slope of the hill. This mineral may possibly belong
to the quartz-arsenopyrite stage of mineralization.

Quartz (Si0 2) is common as a gangue mineral, particularly in veins
of the earlier mineralization, though not confined to these. I t is rarely
coarsely crystalline.

Limonite (2Fe203, 3H 20) and J1anganite (YIn203, H 20) are abundant
in the oxidized material at the surface of the deposits. The latter is believed
to be derived from the siderite, and the black 'mani{anese' stain is a com
mon, and as a rule a good indication of a vein lying not far beneath, and
has been used in tracing some of the veins.

Siderite (FeC03), or its equivalent mangano-siderite ( (MnFe) C03), is
the most abundant gangue mineral of the deposits. Near the surface it is
black to dark brown in colour, but with depth invariably changes to white
or light brown. It is mostly fine in grain, but many coarsely-crystalline
masses were noted. Siderite is nearly always accompanied by freibergite,
galena, and sphalerite.

Calcite (CaC03) is not common as a gangue mineral and is mostly
associated with siderite.

Cerussite (PbC03) is not common and is confined to within a few feet
of the surface. It occurs as a rule in white, earthy masses.

Malachite (CuC0 3Cu(OH)2) and Azurite (2CuC0 3C:u(OHh) occur
as oxidation products only at the surface.

Barite (BaS04) is rare as a gangue mineral, having been noted at a
few points only.

Location of Ore-Shoots

I n a former report the rule was enunciated that where a transverse vein
intersects a longitudinal vein and passes upward from a hard rock such as
quartzite or greenstone, into schist, the vein below the schist is an extremely
favourable location for the formation of an ore-shoot. This is most probahly
due to the fact that the fissure through the harder rocks remained relatively
open to the ore-bearing solu tions, whereas in the schist the fault was more
or less sealed by a clayey impervious gouge, forming a dam which forced
deposition below it. This rule, though not absolute, has been proven in
practice; the ore-shoot on No. 9 vein, Keno Hill, Limited, and on No. 3
vein of the same company, may be cited as examples. It cannot, however, be
affirmed that the schist is always barren of ore, for ore-bodies are known
to occur in it; but the rule given will be found to apply in a majority of
cases to the transverse veins.

I n the longi tud inal veins, the causes of localization of ore-shoots are
not so well understood, but in many cases the occurrence of black graphite
schist along either wall of the fault is accompanied by ore.

Genesis

By far the greater number of veins on Keno hill represent a simple
filling of faul t fissures. Replacemen t of wall-rock operated only to a sligh t
extent, except in the Sadie-Treadwell vein. The ore minerals in most cases
are fastened to the polished walls of the fault fissures, but do not project
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into them. It is not believed, however, that at the time of mineralization
the faults existed as open fissures 4 to 6, or more, feet wide, but rather that
the small openings formed by the faults grew in width as the ore minerals
were deposited. I t has been demonstrated that the force exerted by a crystal
in growing is equal to that required to crush it when formed*. Whether this
force was active, or whether the force exerted by the mineralizing solutions
was sufficient to open the fissures, is unknown.

In certain cases there is evidence of solution of the wall-rock. This
is shown in No. 9 vein of Keno Hill, Limited, where large, drusy cavities
lined with crystals of siderite and galena occur in the foot-wall. Replace
ment of wall-rock occurs in the Sadie-Treadwell vein, which presents many
characters not exhibited in the other veins of the area. This vein, or rather
'mineral zone', follows an old line of weakness represented by quartz
arsenopyrite veins. I t was probably re-opened by a fault which branches
frequently and reunites, with cross-faults between the main fractures. The
country rock in the vicinity was badly shattered and the jointing emphasiz
ed, and the ore-bearing solutions penetrated each minute crack, widening
it, and, in places, replacing the country rock. In places the mineral zone is a
network of tiny veinlets of siderite enclosing fragments of country rock. As
a rule these fragments lie in their original positions, but in certain instances
the particles of rock were rotated. These veinlets represent on a small scale
what has taken place on a large scale. Veins of ore project out into the
country rock, in many cases at right angles to the main trend of the ore
zone. Examination of thin sections has shown that these veins grew by
replacement of the country rock. Fragments of quartzite or residual masses
of granulated quartz and feldspar are included in siderite. In some cases,
also, individual grains of quartz are seen with siderite projecting into them.
It is consequently believed that the Sadie-Treadwell ore zone represents a
fault complex along which the deposit grew by widening of fissures as the
minerals were deposited, and by replacement.

Source of Mineralizing Solutions

The veins in Keno Hill area traverse quartzite schists and greenstone
alike. The greenstones must, therefore, have been consolidated sufficiently
to permit of fracturing at or before the time of mineralization. Moreover,
the greenstone bodies by reason of their small size would be unlikely to
hold solutions for long periods, particularly after the development of the
faults. The acid dyke rocks carry small amounts of galena, pyrite, and
tetrahedrite. As these were not injected until long after the greenstones
were consolidated, and even sheared, it is doubtful if the greens tones had
any effect on their mineralization.

The presence of certain of the ore minerals in the quartz and granite
porphyries suggests that these rocks may have been the source of the ore
deposits. It is not thought, however, that these small bodies of acid in
trusives caused the extensive mineralization of Keno hill, but rather that
they and the mineralizing solutions had their origin in a larger body of
magma. A large mass of granite occurs to the east of Keno hill, and other
masses occur along a line running northwest and southeast. It is probable
that these represent the peaks of a batholith which extends under much of

*Becker. G. F., and Daly, A. L., "The Linear Force of Growing Crystals", Wash..
Acad. Sci. Proc., vo!. 7, 1905, pp. 283-288.
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Mayo area. The age of these granites has not been closely determined, owing
to the lack of sedimentary rocks. They have usually been considered con
temporaneous with the Coast Range intrusives which in Yukon range from
Jurassic to Upper Cretaceous. The ore deposits are younger, but cannot be
placed more definitely with regard to age. .

Secondary Enrichment

The term primary is here applied to deposits which have not been
changed in chemical or mineralogical composition by superficial agencies;
and secondary to deposits formed by the action of superficial agencies on
primary ores. The evidence as to primary or secondary origin may be
divided into two main heads: Ca) geological, Cb) mineralogical and textural.

Geological Evidence

In northern latitudes large bodies of secondary ores are not common,
as low temperatures retard chemical activity, and freezing prevents solu
tion. Climates have, however, undergone great changes in geologic times,
and it does not follow because the processes of weathering are now inactive
in any district that they have always been so. Deposits of secondary origin
are, however, rare in Canada and Alaska, though there are important
exceptions such as the St. Eugene mine l , and the Premier and Dolly Varden 2•

In Yukon, a zone of permanent frost extends practically from the surface
down to varying depths. The workings of Keno Hill, Limited, on No. 9
vein, at a depth of 400 feet were still in frost; on the other hand Treadwell
Yukon Company reached un[rozen ground between the 200- and 300-foot
levels. This frozen zone forms an exceptional barrier to the processes of
weathering and as it is believed to date back to the Pleistocene3, it follows
that any secondary deposits must antedate glaciation, with the likelihood
of their removal by glacial erosion. In considering the geological evidence
it is, therefore, well to deal with those deposits where the workings exhibit
the greatest vertical section of ore. These may be considered under two
types, the massive galena deposits as examplified by No. 9 vein, and the
galena-siderite-freibergite type, of which Treadwell Yukon Company's
vein may be considered typical.

The rapid exhaustion of rich shipping ore in No. 9 vein might at first
sight seem to imply secondary enrichment. However, the location of the
ore-shoots is controlled by a bed of schist near the present surface that
acted as a dam to the mineralizing solutions, and the maximum load was
deposited in the fissure close to the dam. Continuing downward is a body
of disseminated ore. The drop in values is largely due to inclusion of crushed
country rock and gangue minerals in the vein, both of which occur sparingly
in the upper workings. Assays of clean galena from the lower workings show
nearly as high a silver content as that from the upper workings. In the sec
ond place post mineral fractures, though rare, do occur in this vein, but
there is no evidence of circulation along such channels, which must have

ISchofield, S. l., Geol. Surv., Canada, Sum. Rept., 1911, pp. 158-164. Econ. (;eol.,
vol. 7, pp. 351-363, 1912.

2Schofield, S. ]., and Hanson, G., Geol. Surv., Canada, Mem. 132, 1922, pp. 39-42.
Hanson, G., Can. Min. Inst. Bull., Aug., 1922, pp. 892-895.

3Tyrrell, ]. B., "The Frozen Muck of the Klondike district", Trans. Roy. Soc., Can.,
vol. XI, ser. Ill, sec. IV, 1917, pp. 39-46.
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been good conduits for downward-moving waters, and no evidence of
enrichment in their vicinity.

In the Treadwell Yukon vein, the controlling factors of deposition
have not yet been recognized. Consequently the relationship of this deposit
to the present surface is not so wellunderstoud. It has suffered from intense
post-mineral faulting, both longitudinal and transverse to the ore-body,
which is cut up into a series of fault blocks. These faults would serve as
excellent channels for downward-circulating waters, and along them one
would expect to find secondary deposition if any is present, but there is
no sign of any.

Silver Values

In large shipments of ore the silver has proved to be remarkably uni
formly distributed through galena when free from gangue. The shipments

Minera'o~icaland Textural Eviden.ce

The important minerals of the Keno Hill deposit~ are galena, freiber
gite, siderite, anll zinc blende. These are usually considered to be primary
minerals. Emmons states that galena is primaryl and siderite usually so.
Of the latter he says2 "siderite is found in the gangue uf deposi ts
formed at moderate depths by hot ascending water. High temperatures are
not necessary for its genesis, however, for it is most abundant in cherty
iron carbonate ores of sedimentary origin. In lode deposits siderite is in the
main primary." Although certain instances of secondary tetrahedrite have
been cited 3 , this mineral is in the main primary. Neither tetrahedrite nor
the argentiferous variety, freibergite, has been formed synthetically under
conditions that prevail in the secondary sulphide zone. Zinc blende may also
be assumed to be primary in the absence of definite proof to the contrary.

I\ative silver, pyrargyrite, covellite, and polybasite have been found
and these are all deemed secondary. Native silver occurs in vugs in the
galena, and pyrargyrite as small specks probably as an alteration of freiber
gite. Instances of both pyrargyrite and polybasite in veinlets cutting
freibergite were seen. All these secondary minerals, however, are in such
small quantities that prolonged search is necessary even to secure specimens.
With the exception of the instances noted, none of the common textures of
secondary deposits is developed. The geological evidence and the mineralo
gical composition of the main ore-bodies, therefore, both point to a primary
origin, and the writer is of the opinion that secondary enrichment played a
relatively minor role in the formation of the deposits. From a study of
the deposits, and comparisons with deposits in other districts, it is believed
that they were formed at moderate depths by hot ascending solutions; that
the mineralizing solutions had their origin in the magma that gave rise to the
acid dykes and sills; and that changes in the ores with depth will depend
upon changes in primary deposition. The deposits resemble in many ways
the ores of the SIocan1 district of British Columbia, and in some points also
resemble those of Wood River district& of Idaho, though the resemblance to
these is not so striking.

1 Emmons, VV. H., "The Enrichment of Ore Deposits", l'.S.G.S. Bull. 625, 1917, p. 359.
2 Emmons, W. H., op. cit., p. 454.
3 Emmons, W. H., op. cit., pp. 278-280.
'LeRoy, O. E., Geol. Surv., Canada, Sum. Rept., 1919, pp. 131-133. 1ngalls, W. R.,

Rept. of the Zinc Commission, Ottawa, 1906, p. 238. Carlyle, W. A., Bull. No. 3, Bur. of
Mines, Victoria, D.e.

6 Lindgren, \11/., D.S. Geol. Surv., 20th Ann. Rept., pt. 3, pp. 218-231.
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already made from Keno hill average very close to 200 ounces to the ton,
and this may be taken as the averagE' silver content of galena on the hill.
It hits been demonstrated* that silver may exist in galena in the form of
sub-microscopic particles or in solid solution only up to 0·2 per cent. Under
the microscope the Kello J-lill galena shows crystals of argentite and frei
bergite intergrown with the gakna.

Description of PropnLies

Over a thousand claims have been staked ill the vicinity of Keno hill, so
that it is manifestly impossible in this report to describe every property.
Certain claims or groups of claims which contain good representatives of
the different types of veins on the hill have, therefore, been selected for
description, especially those on which the amount of work done affords more
information or which have thrown light on the genesis and mode of occur
rence of the ore-bodies. There are properties not described on which veins
have been located, and which future development may prove to be fully
as important as some of the properties described.

Keno Hill, Limited

Original Group. Keno Hill, Limited, was organized in 1920 to work
certain claims then held by Yukon Gold \:ompany. The original property
consisted of seven claims: Roulette, Keno, Scotty, Solo .:--.Jo. 2, Pinochle,
\i\Jolverine, and Reco; and a number of fractions. These claims are staked
across the top of the ridge and extend into faro gulch on one side and
C'harity gulch un the other. Frame buildings have been erected near the
summit of the hill, and a power-line, 4 miles long, connects the property
with a 100 K.\t\'. steam-power IJlant on Duncan creek.

The principal veins of the original group consist of two longitudinal
veins, No. 1 and No. 6, and a number of transverse veins. No. 9 has been
the principal producing vein, although Nos. 1, 3, 4, 5, and 12 have each
contributed a small ·tonnage. There are adits on each of these productive
veins. On vein _ 0.3 a shaft has been sunk to a depth of 150 feet, "vith levels
at 30,75, and 150 feet. The first level is 140 feet long. It reaches the surface
on the steep slope of Faro gulch and forms an adit. The second level is
180 feet long, and is connected with the first by a winze with an inter
mediate level. This winze also connects thf' second and third levels. Five
small ore-shoots were encountered in these workings. The only one of
considerable size extended from the surface down slightly below the first
level. I t was 40 feeL long and pi tched to the sou th, fullowing the zone where
the vein fissure has schist on buth hanging and foot-wall. Other smaller
ore-shoots occurred near the entrance of the adit, and near the junction of
the shaft and second level. The balance of the ore found in these workings
consisted of small stringers.

Vein No. 9 has produced 8,000 tons of high-grade shipping ore, averag
ing close to 200 ounces of silver to the ton. It will be noted that the ore is
confined to the zone where the vein fissure has schist on both hanging and
foot-wall. The development work is shown in the figure and need not be
described. With the exception of small stringers, practically no ore of

*Nis,en, A. E., and Hoyt, S. L., "Silver in ArgentiferOU5 Galena", Econ. Geo!., [915,
\·o!. [0, pp. [72-[79. Cllild, F. "l .. ":vricroscopic Study of the Silver Ores", Econ. eeo!.,
[I)[ 7, \'o!' 12, p. 306.
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shipping grade has been discovered below the second level, although the
workings have been carried to a depth of 400 feet. In the upper workings
there were considerable masses of clean galena which could be shipped
directly from the mine. In the lower workings the galena becomes dis
seminated and although high in grade will require milling before shipment.
In the upper workings zinc averages 0·5 per cent, and in the lower workings
from 7 per cent to 8 per cent. The possibility of other ore-shoots in this
vein following the zone of schist on both walls of the fracture downward,
has not been exhausted. The vein, if persistent, must also intersect a second
longitudinal vein (No. 6) where chances for further ore-shoots would be
increased.

Vein No. 1 has three adits, 230, 140, and 150 feet long. These are
approximately 60 feet apart on the dip of the vein, and are connected by
winzes. They tapped an ore-shoot 60 feet long and 14 inches thick in the
upper workings, which, however, pinched out below. As this vein is one
of the main fractures on the hill, having been traced across the original
group and also found on the Ylaple Leaf claim of the Shamrock group, it is
possible that other ore-shoots will be found along it. Vein No. 6, the second
longitudinal vein crossing the property, is mineralized with quartz, arseno
pyrite, pyrite, and jamesonite. The workings on it consist of several open
cuts. This vein carries small values in gold.

Vein No. 2 is probably the continuation of No. 9. A prospect shaft
was sunk on it in 1920, bu t no further work was done. I n veins Nos. 4,
5, and 12 small ore-shoots were encountered, but the largest ore-body in
any of the veins, No. 9 excepted, proved to be less than 200 tons.

As a rule the veins on the original group had little gangue material.
The ore where found was reasonablv clean. More siderite was encountered
in the veins in greenstone, i.e. Nos.' 2, 4, 5, than in the others. Practically
all the development done on the original group has been on fissures of the
transverse type. These have proved to be disappointing. The ore-shoots
have proved small, with the exception of No. 9 vein, and even this is small
compared with deposits of a similar type in other districts.

Keno Hill, Limited, has suspended operations on the original group in
order to prosecute the development of the Sadie-Treadwell vein, where the
deposit gives greater assurance of permanency.

Sadie-Friendship Group

This group of claims was staked in 1920 and acquired by Yukon Gold
Company in 1921. It consists of the Sadie and Friendship claims. Prospect
ing showed promise of a considerable body of ore, but little work was done
until the winter of 1922-23 when a camp was erected, using a small boiler
plant for power. Three prospect shafts, 35, 20, and 75 feet deep, were put
down following the dip of the vein. From a short level close to the surface
360 tons of ore were extracted. The workings were allowed to fill with water,
and work was suspended for the summer. With the closing of the workings
on the original group electric power from the plant on Duncan creek became
available. Buildings were erected, and a new shaft is now being sunk to a
depth of 200 feet with crosscuts to the vein at 65, 130, and 200 feet.

The workings were flooded at the time of the writer's visit, so an
examination of the property could not be completed. The vein as traced by
shafts and open-cuts is apparently the same as that worked by TreadweIl
Yukon Company. From its course it is apparently faulted a number of
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times, but this could not be definitely established otherwise than by the
offset of the vein, as the surface is everywhere covered with soil and vegeta
tion, and the only outcrops are a few bodies of greenstone. It is considered
likely that the faulting shown in the Treadwell Yukon Company's workings
continues into this property. The extension of this vein to the south of the
Sadie property has not yet been found. This is probably due to faulting,
the vein being offset each time toward the west.

Lucl<y Queen

Amongst the claims being prospected by Keno Hill. Limited. is the
Lucky Uueen owned by H. iVIorrison. It is situated on Gambler gulch,
on the northern slope of the hill. The workings consist of two short adits,
and a winze 40 feet deep, but these were inaccessible in the summer of 1923
owing to caving. The information with regard to the property was fur
nished by A. K. Schellinger, engineer in charge of operations for Keno Hill,
Limited.

The vein is about 2 feet wide and is composed largely of crushed
country rock, cemented with quartz carrying rreibergite. The freibergitE'
occurs as stringers in the quartz, possibly 5 or 6 feet long and 1 or 2 inches
in thickness. These stringers also penetrate the wall-rock. Near the winze
is a cross-fissure carrying galena. During 1922-23, the company took ou t
20 tons of ore averaging about 200 ounces to the ton. Included in this
shipment were seven sacks of selected ore averaging 700 ounces of silver
to the ton.

The type of mineralization, i.e. quartz and freibergite, is unusual on
Keno hill, and is exhibited only at a few points such as the Stone claim
and thE' Lucky Uueen. The reasons for the difference from the ordinary
sideri te-freibergi te type are not apparen t.

Treadwcll Yukon Company, Limited

This company in 1921 acquired a number of claims on the western
slope of the hill, adjoining the Sadie-Friendship group. The chief holdings
include the Bluestone, Ladue, Lotus, YIary, Lansing, Bluebell, Poca Plata,
Tunnel, Travice, and Silver Bell claims, and a number of fractions.

The workings are situated on the northern extension of the Sadie
Friendship vein, at an elevation of 4,500 feet. Three shafts have been
sunk. No. 1 and ~o. 2, which attain depths of 280 and 175 feet respectively,
are on the Ladue claim and about 400 feet apart. No. 3 is a prospect shaft
on the Bluestone, which has been temporarily abandoned. Levels known
as the SO, 100, anu 200-foot have been driven connecting ::--Jo. 1 and :'-Jo. 2
shafts at depths of SO, 90, and 160 feet and the 300-foot level is being driven
both north and south from No. 1 shaft. In addition, a drainage tunnel
3,000 feet in length is being driven to tap the vein at a depth of 500 feet.
Comfortable buildings have been erected and the property is fully equipped
with all the necessary mining machinery. Power is obtained chiefly by
gasoli ne engines, bu t one Diesel engi ne has been installed and steam-power
is also being used.

The ore is deposited along a shear zone, consisting of a fault which
branches and reunites, with cross-faults at varying angles beween the
main faulls. This faulting shattered the country rock, and possibly also
emphasized the jointing. The ore-bearing solutions filled the fissures and
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penetrated the country rock along all available openings, so that in places
the country rock is cut by a reticulating series of veinlets of siderite. The
growth of the ore-bodies along the openings is due in part to the replace
ment of country rock. The ore minerals are irregularly distributed. In
many places they are sufficien tl y concen trated to permi t of handsorting
to a grade that can be shipped, in others concentration will be required.
With the establishment of a concentrating mill on the property it is likely
that the whole deposit will prove workable, and the cost of mining will be
reduced by lessening the amount of development necessary at present to
extract the shoots of clean ore.

Stopes have been started on the 50 and lOO-foot levels. During the
winter of 1922-23 the company shipped approximately 4,000 tons of ore,
and a shipment of 6,000 to 7,000 tons is expected this wi'lter.

Similar ore was found in the J..>rospect shaft on th2 Bluestone claim,
bu t this has not yet been developed. On the Lansing claim float from the
same vein has been discovered. The toLd distance from the Sadie claim
to the Ladue claim over which the vein has actually been traced is 2,200
feet; and it is extremely likely that prospecting will show it to continue
farther north and south. The deepest workings at present are 280 feet,
and the ore at that point is as high in grade as at the surface. As pointed
out before, the evidence is in favour of primary deposition, and consequently
much greater depths may be attained. Production from this source may
be expected for some years to come.

La]{c Group

The Lake group consists of three claims, Lake Nos. 1, 2, and 3, staked
in an easterly direction from the northeast corner of the Lansing claim.
These claims are owned by A. Hollenbeck, D. Cunningham, and R. Stewart.

Development work is practically all confined to the Lake 1'\0. 1 ad
joining the Lansing claim, and consists of a shaft and a series of ditches
used for ground-sluicing and a number of open-cuts. Float has been dis
covered at a number of points, but the main work has been confined to two
veins occurring close to the southern boundary of the property.

The southern vein outcrops 100 feet from the boundary of the prop
erty, and strikes north 27 degrees east astronomic and dips 35 degrees to
the southeast. It is 5 feet wide, and is mineralized with siderite, quartz,
galena, chalcopyrite, freibergite, pyrite, and zinc blende. A shaft was sunk
15 feet, but sinking had to be suspended on account of the flow of surface
water. Further work will be done this winter. To the west of the shaft the
vein is cut by a southeasterly dipping normal fault of small displacement.

The second showing lies 150 feet to the north of the shaft and consists
of a shear zone in schist, nearly parallel to the vein at the shaft. "\ short
open-cut has been driven along the vein, which exhibits mineralization
similar to that of the southern vein.

Galena float presumably from one of these veins was found in the open
cut near the eastern edge of the claim, but bedrock had not been reached.
Further float has been discovered close to the centre line of the claim in the
creek bed, and it is considered likely that an important vein crosses close to
this point.

The veins expo~ed near the southern boundary of the property may
possibly represent the northerly extension of the Sadie-Treadwell vein.
This cannot be ascertained at present, as the surface of the intervening area
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is everywhere covered with drift, tal us, and vegetation; moreover the area
sustained considerable post-mineral faulting which in itself would render the
course of the vein uncertain. The veins exposed are promising, and further
work should be done both on these and on the opening of other veins indi
cated by float.

Onek Mining Company, Limited

The Onek Mining Company, Limited, was organized in 1922 to secure
options on a number of claims in the Keno Hill area. This company was
under the control of the Slate Creek Mining Company. A number of claims
were prospected, but the chief work was done on a group, the Fisher, Lone
Star, Galena Farm, and Rando, situated on the southern and western slope
of the hill close to Keno Hill townsite. Operations were discontinued in 1922
and have not since been resumed.

A vein has been traced by means of a number of open-cuts across the
Fisher, Lone Star, and part of the Galena Farm claims. On the Lone Star
claim it is faulted about 100 feet to the north as shown by the line of open
cuts. The underground workings consist of a vertical shaft 135 feet deep
and two levels at 50 and 100 feet, which are 30 and 97 feet long respectively.
The vein gives evidence of continuity on the surface and there is no evidence
of change in mineralization to the depth that workings have been carried.
The mineralization consists of siderite, galena, and lead carbonate. A fairly
persistent streak of galena varying from 2 to 20 inches in thickness is
exposed in the workings. The values shown by a number of assays range
around 80 ounces of silver to the ton. On the 50-foot level the galena averag
ed 80 ounces of silver; on the lOO-foot level assays across a face of 12 inches
yielded as high as 140 ounces. In the bottom of the shaft across a face of
8 inches the galena assayed as high as 165 ounces. On the 50-foot level the
galena averages 20 inches in thickness; on the lOO-foot level it varies from
3 inches up to 20 inches, and between the lOO-foot level and the bottom of
the shaft the vein flattens somewhat, and splits into two branches; the
northern branch gave the assay referred to above, whereas the south branch
has 4 to 5 inches of galena assaying 6 to 10 ounces. The values contained
in the galena on this property are considerably lower than the average of
the shipping ore from other properties which are shipping.

Onek Mining Company, Limited, also prospected a number of other
claims, but the workings on these are not so extensive as on this group, and
in many cases consisted only of representation work.

Gambler Group

The Gambler group is situated in the basin at the head of Faro gulch
and consists of four claims, the Gambler, Lakeview, Madge, and Lost
Chord, owned by A. Lamb, A. R. Thompson, C. Suttlemier, and A. H.
Dever. The Gambler and Lakeview claims have been surveyed.

One of the main longitudinal veins of the area crosses this property.
It has been found at intervals across the basin of Faro gulch, and probably
extends much farther than it has been traced. Two adits have been driven
on this vein on the Gambler claim. The upper is 50 feet above the lower
and 81 feet south of it, and is 50 feet in length. An underhand stope 18
feet long and 12 feet deep is situated 18 feet from the entrance. The lower
adit is 40 feet in length.

The vein, which varies in width from 4 to 6 feet, is mineralized with
quartz, arsenopyrite, galena, zinc blende, freibergite, and siderite. The
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ore-shoot mined in the stope varied from 2 feet in width at the top to 3 feet
10 inches at the bottom. This stope yielded 53 tons of ore, about half of
which assayed 230 ounces of silver and 34 per cent lead, and the remainder
135 ounces silver and 46 per cent lead. The ore in the stope is not yet ex
hausted. In the face of the lower adit, which lacks some 40 feet of being
under the stope, is a seam of galena 16 inches thick.

Although the vein is one of the main fractures of the area it has been
prospected only at one or two points. Other ore-shoots probably occur,
and further prospecting should be done along this vein.

Silver Basin Claim

The Silver Basin claim is owned by R. Rasmusen and lies on the
western slope of Silver Basin gulch. Development consists of one short adit
and a number of open-cuts and trenches. Five veins, numbered in the order
of their discovery, have been exposed in these workings. ;'\10. 1 vein is
exposed in an adit which lies several hundred feet from the western boundary
of the claim. It strikes north 67 degrees east astronomic and dips to the
southeast at 60 degrees. The vein where exposed cuts quartzite, but a
short distance above passes into schist. The mineralization is typical
comprising galena, siderite, and freibergite. ]n running the adit a small
shoot of ore was encountered which, however, was passed through. Further
work on this vein is desirable, but this should not be carried into the over
lying schist. :"Jo. 2 vein strikes north 74 degrees east astronomic and dips
37 degrees to the southeast. ]t is exposed in a small open-cut to the north
east of the adit, where it has a width of about 1 foot. The mineralization is
mainly quartz and arsenopyrite, but a small amount of galena occurs.
Vein ;'\10. 3 is exposed in several open-cuts at the top of the quartzite band
referred to above, and a short distance below a sill of quartz porphyry.
The strike and dip are variable, but the strike averages north 48 degrees
west and the dip 75 degrees to the southwest. The mineralization is practi
cally the same as vein No. 1. Vein No. 4 is one of the most important show
ings on the property. It is exposed in a series of open-cuts near the eastern
boundary of the claim, and has a width of 4 feet. ] t strikes north 23 degrees
west and dips to the southwest at 50 degrees. The mineralization shows
quartz, galena, siderite, and freibergite. This vein has been traced over 100
feet by means of open-cuts, and also appears on the adjoining claim, Silver
Basin No. 4, owned by M. Michie. The ore minerals are disseminated.
Vein No. 5 lies 150 feet east of No. 3 above the quartz porphyry sill referred
to. It is only partly exposed in an open-cut where it has a width of 8 feet
and is mineralized with quartz, arsenopyrite, galena, freibergite, siderite,
barite, and occasional flakes of native silver. I t is cut off in the open-cut
by a steeply dipping normal fault, the throw of which is small.

Four of the five veins discovered on this claim belong to the earlier or
quartz-arsenopyrite type. There is ample evidence that transverse veins
also occur, and it is likely that these are mineralized. These transverse
faults are well shown in the upper hed of the quartzites which cross the
property, and it is believed that further trenching will uncover veins other
than those described.

Shamrock Group

The Shamrock group, consisting of seven claims and two fractions,
owned by Messrs. A. Erickson, T. McKay, L. Beauvette, and .\. Nicl,;,ol, is
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situated near the summit of Keno hill, immediately to the west of the
original holdings of Keno Hill, Limited. The workings consist of an adit
240 feet in length with three crosscuts, and three prospect shafts, from
the bottom of one of which a drift was run. These workings are all on the
Shamrock claim. On the Reno are two open-cuts, ann one on the Maple
Leaf.

The adit taps a vein 80 feet from the entrance, which is followed to
the end of the workings. This vein varies from 6 inches to 3 feet in thick
ness. The mineralization consists of galena, with lead carbonate. Three
tons of ore were stoped from above the drift and shipped.

The prospect shafts above the adit apparently encountered two
parallel veins; the workings, however, had caved at the time of the writer's
visit and very little could be seen. New shafts being sunk to the north
encountered Roat from the same veins. From these workings a shipment
of 60 tons was taken which assayed 170 ounces of silver and 7·48 per cent
lead.

On the Maple Leaf claim an open-rut partly exposes a vein which is
thought to be the continuation of Keno Hill, Limited, No. 1 vein. On the
Reno claim two new veins were discovered during the past summer. These
were only partly exposed, but showed heavy galena mineralization.

Butyer Group

The Butyer group consists of two claims, the Stone and Rye, owned by
M. ButyeI', who also owns a half interest in the intervening claim, the Scot.
The principal workings lie on the Stone claim. The vein is exposed in three
open-cuts on the northem slope of the hill, and an adit 245 feet in length
taps the vein below. In the adit, the vein has a width of 12 feet and is
mineralized with quartz, siderite, freibergite, chalcopyrite, and a little
galena. The vein is considerably disturbed by post-mineral faulting. In
the open-cuts above, the vein strikes north 57 degrees east and dips to the
sou theast. I t has a wid th of 12 feet, and the filIi ng is com posed of schist
fragments, with the interstices filled with siderite, galena, zinc blende,
freibergite, and chalcopyrite.

S. Thurber and associates have a group of claims situated at the foot
of the western slope of Keno hill, lying on the divide between Lightning and
Christal creeks. This group consists of the following claims: Malcolm,
Butte, Pippin Nos. 1 and 2, Mary, Ora, and :\naconda. The Solomon
Fraction belonging to S. Thurber is not induded in the group.

The workings consist of a shaft and crosscut on the Solomon Fraction,
an adit on the Ora, and a number of open-cuts and trenches on the other
claims. The shaft on the Solomon Fraction is 28 feet deep and vertical,
,-lIld is followed by an incline of 15 feet and a crosscut of 15 feet. The deposit
consists of a shear zone, the width of which has not been determined,
which strikes approximately north 35 degrees east astronomic and dips
46 degrees east. The minerals present consist of quartz, arsenopyrite, pyrite,
zinc blende, siderite, calcite, chalcopyrite, and galena. The ore minerals
occur disseminated in a gangue of quartz, siderite, and calcite. The galena
and chalcopyrite lie chief-Jy along the foot-wall of the deposit, and, passing
over toward the hanging-wall, pyrite ;\Ild zinc blende are apparently more
common. At the time of the writer's visit the workings were largely filled
with water and ice, so that only a very incomplete examinatioll of the
property could be made, and consequently no samples were taken. \'alups
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in gold are reported from this property. On the claims to the north of the
Solomon Fraction are a number of open-cuts exposing shear zones which are,
however, not so heavily mineralized as the zone at the shaft workings. The
distance between these cuts is too great to prove that they are on the same
vein zone as the shaft workings.

On the Ora 1\0. 1, on the north side of Lightning creek, is an adit about
40 feet in length on a vein striking north 27 degrees east astronomic and
dipping to the southeast at 45 degrees. The vein is mineralized with quartz,
siderite, pyrite, zinc blende, but chiefly with pyrite disseminated in a
gangue of quartz.

On the Butte claim there is a vein only partly exposed, with calcite,
siderite, and a little galena.

Thunder Claim
The Thunder mineral claim is situated on Sourdough hill, which lies

south of Keno hill across Lightning creek. It is owned by M. Mellish and
is under lease to J. Gillis, J. McHugh, and J. Curley.

The workings, in addition to several open-cuts, consist of a shaft and
incline 8 feet deep and a drift south from the shaft of 65 feet. There is
also a crosscut 6 feet long about 15 feet south of the shaft. The vein was
originally discovered in two open-cuts; in the upper cut galena and siderite
were found, and in the lower cut, siderite. The shaft lies about midway
between the two ('uts, and the underground workings are being driven
towards the upper cut.

The vein as exposed in the underground workings varies considerably
in strike, dip, and thickness. The average strike is about north 30 degrees
east astronomic and the dip from 70 degrees to the southeast to vertical.
The vein has a thickness of from a few inches to 7 feet. The greater part
of the vein filling is siderite. The chief ore minerals are freibergite and
galena. These both occur in small bunches, the former apparently favour
ing the hanging-wall, whereas the latter occurs at random in the vein and
also impregnating the wall-rock. Associated with the freibergite are the
oxidation products, malachite and azurite. Pyrite, arsenopyrite, and chalco
pyrite also occur in small amounts, the pyrite occasionally enclosing the
galena. Where the freibergite is present high values in silver are obtained.

Conclusions

In spite of the fact that the clean shipping ore from the veins on the
original holdings of Keno Hill, Limited, is exhausted, the camp is in a
much better position at present with regard to probable tonnage than in
1920, owing to the discovery of new veins, particularly on the western and
northern slopes of Keno hill. The most important of these discoveries is
the Sadie-Treadwell vein, which has a known extent of 2,200 feet and a
much greater probable length. Workings have been carried to a depth of
300 feet without diminution in values. The ores are primary and should
extend to greater depth; and, though it is conceded that changes in the
primary mineralization may take place with depth, no sudden drop in
values is looked for. Workings to tap this vein at a depth of 500 feet are
already in progress.

Although considerable prospecting has been done, by far the greater
number of claims may be classed as unprospected. This is due chiefly
to two causes. In the first place the frozen ground renders trenching exceed-
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ingly difficult and costly, and surface water interferes with sinking. In the
second place supplies are costly, rendering it difficult for the prospector
without financial aid to maintain himself on his claim for extended periods.
A large amount of work has been done by the use of water for ground
sluicing, and several important veins have been discovered. Over much of
the hill, however, water is available for this purpose only for very short
periods. Discoveries have been made on Bunker and Sourdough hills to
the south and Galena hill to the west, and in some instances the typical
Keno Hill mineralization is developed. Further discoveries on these hills
are expected*.

*The succeeding pages (22-28) of this Summary Report comprise the report by
W. E. Cock field on the "Silver-Lead Deposits of Beaver River Area". They are not re
printed here as Dr. C'ockfield returned to this area in the following year and later submitted
a complete report on both seasons' work. This was published in the Summary Report
for 1924, part A, and is reprinted in this volume. (H. S. B., 1956.)
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1924
Introductory Note

The following paragraph, by G. A. \'oung, Chief Geologist, is included
in the Annual Report of the Departmcnt of Nlines for the fiscal year ending
March 31,1925, page 14:

"W. E. C'ockficld made a detailed examination of the silver-lead deposits
of the Cpper Beaver River area, :Vrayo district, and geographicaJly and
geologically surveyed an area in the gpneral vicinity of the deposits. A full
account of this work, accompanied by a map, appears in the Summary
Report, 1924, part A. Cockficlcl also completed the mapring of a quadrangle
between latitudes 60 and 61 degrees and longitudes 134 and 136 degrees
in the vicinity of Whitehorse. This work was commenced in 1922; its
completion permits the preparation for publication of a map and report
dealing with an area of 4,500 square miles within which occur various types
of mineral derosits."

At the end of the Summary Report for 1924, part A, page 149, the
Director includes the following note under the heading "Other Field 'Nork":

"W. E. Cockfield. Cockfield completed the geographical and geological
mapping of an area of 4,500 square miles in southern Yukon, between
la ti tudes 60 degrees and 61 degrees and longi tudes 134 degrees and 136
degrees, which was begun in 1922. This area includes a section of the eastern
margin of the Coast Range granite batholith, in which Conrad, Whitehorse,
and \iVheaton mineral areas occur and which is geologically favourable for
the existence of other metalliferous deposits. The results of the investigation
are now being prepared in the form of a memoir and a geological map on
a scale of 1 inch to 4 miles, for encouragement and direction of prospecting
in the areil."

l"PPER BEAVER RIVER AREA, :\1AYO DISTRICT

by W. E. Cockfield

Silver-lead deposits were discovered in 1922 on iVlcKay hill, in the
vicinity of Ppper Beaver river, and as the discovery followed so closely
that of Keno hill, a stampede to the area occurred, and numerous claims
were staked. Subsequen t prospecti ng, however, showed tha t the deposi ls
were low grade, and many of the claims were abandoned. fn 1923, pros
pecting of the area continued and resulted in the discovery of the deposits
on Silver hill, and also of high-grade Aoat on Grey Copper hill. These
discoveries did not become known until midwinter when a second stampede
to the area took place and some fifty claims were staked around the dis
covery claims of GrE'y Copper hill. As the staking took place in the winter
it was not until the spring of 1924 that any development could be under
taken, and on account of the retarded summer very little effective work
could be done 011 most of the claims ulltil JUlle or July. Many of the claims,
therefore, had 110 showings of mineral ill place on them.

In 1923 the writer made a hurried trip to McKay hill, and a report on
the properties there was published*. In 1924 about two months were spent
in the area. The work included the mapping, all a srale of 2 miles to the

*Cockfield, W. E., Geo1. Surv., Canada, Sum. Rept., 1923, pt. A, pp. 22-30.
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inch, of an area including all the known deposits, and the preparation of
more detailed plans of some of the deposits. The writer was assisted in
this work by :VIessrs. C H. Stockwell, B. B. Brock, and S. Gibson, all of
whom performed their duties in a highly satisfactory manner. Thanks
are also due to the prospectors met in the district, who assisted in many
ways in forwarding the work.

Location and Means of Access

Upper Beaver river area as mapped comprises that part of the water
shed of Beaver river lying to the west of Braine creek. The area is best
reached by means of the stampeders' trail from Keno hill to McKay hill.
This trail, although designed as a winter route and swampy in part, never
theless affords a fair summer rou te to the area, and offers no insuperable
difficulties to the use of pack animals. It follows the valley of the south
fork of McQuesten river to McQuesten lake, and thence crosses the hills
to the valley of the north fork of McQuesten river, which is followed nearly
to its head, where a low pass leads to Beaver river valley. From this point
two routes are available to the different properties; the trail which follows
up Falls creek, passing :'vlcKay hill, and crossing a high summit to Police
creek where it terminates, is most used in summer. From Police creek to
the various properties on Carpenter creek, trails are scarcely necessary as
the country is open and the gravel bars of the creeks afford good travelling.
The northern descent of the pass from McKay hill is somewhat steep and
during the early part of the summer is blocked by deep snow-drifts. The
second route follows Beaver valley to the mouth of Carpenter creek and
thence up Carpenter creek to the various properties. This is a good route
in winter, but in summer that part of Beaver valley which it traverses is
swampy. The distances of l\ilcKay hill, Grey Copper hill, and Silver hill
from NIayo, following the Keno hill road and the stampeders' trail, are
approximately 87, 99, and 107 miles, respectively.

It may also be pointed out that a canoe route to the area is available.
In 1905 Camsell and Keele, of the Geological Survey, ascended Stewart
and Beaver rivers as far as the mouth of Braine creek, and it seems probable
that gasoline launches might ascend Stewart and Beaver rivers from Frazer
falls to the mou th of Rackla river. This, however, would require portaging
around Frazer falls some 50 miles above Mayo in order to establish com
munication with lower Ste\vart river.

Topography

rpper Beaver river area lies within the Ogilvie range, a spur of the
Mackenzie mountain system. The Ogilvie range at this point forms the
height of land between Yukon and Mackenzie rivers basins, and separates
the waters of the Stewart on the one hand from those of the Peel on the
other. The range is rather rugged; the higher peaks attain elevations of
6,500 to 6,700 feet above sea-level. Few peaks exceed this elevation. The
Aoors of the larger valleys stand at elevations of from 2,500 to 3,000 feet.
The maximum vertical relief is, therefore, around 4,000 feet.

The hills are long, branching ridges with knife-edged crests, surmounted
by small, ragged peaks mostly composed of the more resistant rocks.
Towards the height of land the presence of a somewhat Aat-Iying limestone
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has a marked effect upon the topography, as, owing to differential erosion,
it weathers into castellated forms with numerous cliff faces, giving to the
hills an extremely rugged appearance.

The main valleys are longitudinal, following in a general way the
trend of the strata. Only one of these valleys occurs in the area mapped,
namely Beaver river valley; but Camsell* notes the parallelism of the
valley of :\lash creek and upper 'Wind river with that of Beaver river. The
valley of Beaver river upstream from the mouth of Braine creek has a
general northwest trend, with a width of 2 to 3 miles. The main branch
of Beaver river enters this valley from the southwest at the mouth of
Carpenter creek; the main valley, however, continues to the northwest and
is occupied in turn by parts of Carpenter, Police, and :vIcLean creeks, and,
across the divide, by a stream tributary either to Wind river or Hart river.
The divide between Police creek and this stream is formed by a low, gravel
ridge.

Beaver valley is joined by shorter and narrower transverse valleys.
The two principal valleys of this type are those of Braine and Carpenter
creeks; that of Braine creek has been described by Camsell** in detail, and
the valley of Carpenter creek so closely corresponds to the description that
it. need not be described at length. In general, it may be said that these
valleys have each several parts with steep grades, or even canyons, between
which the stream bed spreads out over the entire valley floor in a network
of ever-changing channels, forming typical braided watercourses. These
broad gravel flats, having a width of half a mile or more, in the spring are
occupied by large sheets of ice 8 to 10 feet thick, caused by the overflowing
of the water in cold weather. In the upper parts of the valleys it is doubtful
whether these ice-sheets entirely disappear during the summer, as in
August one several acres in extent and having a thickness of from 6 to 20
inches was noted on Carpenter creek.

The larger valleys afford good proof that they were glaciated during
the Pleistocene period. On the upper part of Carpenter creek, the level
of the ice did not extend much above the present-day timber-line, that is
about 4,500 feet above sea-level. Below that level the valley exhibits the
scouring typical of a glaciated valley, with numerous glacial forms and
strize. Above it the hills rise in bold, rocky faces tOlally devoid of any
signs of glaciation. In the lower reaches of the valleys the elevation attained
by the ice was somewhat lower. The direction of ice movement, where
determined, was apparently outward from the crest of the range.

Geology

The rocks exposed in this part of the Ogilvie range comprise both sedi
mentary and igneous types; the former, however, predominate and under
lie by far the greater part of the area. The sediments have been divided
into three main groups and the igneous rocks into two groups. The follow
ing table gives the general subdivisions of the rocks, and the age relations
will be discussed in connexion with each group.

*Camsell, C., Ceol. SlIrv., Canada, Ann. Rept., vol. xvr, p. 17ee.
**('amsell, C, idem., pp. 11CC-14Ce.



531

Era - Lithology

-

Quaternary ... ....... '.,., . Su perficia I deposi ts ...... . .. Chiefly valley accumulations;
gravel, sand, muck, and gla-
cial deposi ts

Augite diorite

Augite andesite with tuffs and
breccias

Pal<£ozoic ................. Devonian to Ordovician .... . ,Limestone and shaly lime-
stone

Volcanic agglomerate, shale,
and sandstone

Precambrian (?) ........... Tindir group (?) ........... Calcareous sandstone, slate,
argillite, and limestone

Quartzite, slate, limestone,
and conglomerate

Prccamhrian (?)

The Precambrian (?) group, consisting of quartzite, slate, limestone,
and conglomerate, occurs only to the south of the main depression forming
the valleys of Beaver river and Police creek. On account of the fact that
wherever found the rock assemblage was separated by this wide valley
from the other rocks of the district, its age relations were not obtained.
From a study of the lithology it seems probable that this group, together
with the second Precambrian* group formed of calcareous sandstone, slate
argillite, and limestone, represents the Tindir group described by Cairnes*
from the International Boundary section. On the boundary the age of the
Tindir group was determined as pre-Middle Cambrian, with a strong
probability that the rocks are Precambrian. In Beaver river area, the
second of the two groups mentioned is known to be pre-Ordovician. The
lithological characters of the rocks in Beaver River area and on the boundary
200 miles away are in many respects identical, but as similar rocks have
been described only from one intervening point** and where also their age
,vas not determined, any correlation must remain entirely tentative until
further work be done.

The quartzites are white, light grey, or blue, and at a distance may
easily be mistaken for limestone. They are metamorphosed to a certain
extent, but have not suffered nearly so much in this respect as the quartz
ites of the Yukon group. Under the microscope they are seen to consist
of interlocking grains of quartz and feldspar with a small amount of sericite
and, in some specimens, calcite or dolomite. Occasional beds contain a
certain amount of mica and chlorite arranged in streaks between layers of
purer quartzite. The quartzites occur mainly to the south of Beaver river,

*Cairnes, D. D., "The Yukon-Alaska International Boundary", l.eo!. Surv., Canada,
Mem. 67, 1914, pp. 44-57.

**Cockfield, W. E., Geo!. Surv., Canada, Sum. Rept., 1918, pt. B, p. 16.
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and interbedded with them are beds and bands of white crystalline lime
stone, and red and green slates. The latter occur as narrow beds between
more massive beds of quartzites. The limestone on the other hand in many
places attains thicknesses of 50 feet or more, but the beds apparently die
out along their strike to be replaced by others at different horizons.

Between Beaver river (west of the mouth of Carpenter creek) and
Police creek, slates predominate. These are red, green, grey, or black and
included in them are thin beds of quartzite and conglomerate, and more
massive beds of white or grey crystalline limestone.

The quartzite-slate group is closely folded and in many places faulted.
Between Police creek and Beaver river the dip is prevailingly to the north,
but changes rapidly from place to place indicating an extremely complex
structure. To the south of the Beaver the dips are prevailingly to the
south and mostly at from 50 to 85 degrees.

The pre-Ordovician sedimen ts to the north of the main depression
forming the valleys of Beaver river and Police creek, are calcareous or
dolomitic sandstones and limestone, with slates and argillites. These rocks
weather a dull red to brown and viewed from a distance give the hills a
bright red appearance perceptible at distances of 50 miles or more. As
these form the country rock of some of the ore deposits this feature is of
some importance, for the areas where such rocks occur may be discerned
from a distance.

The calcareous or dolomitic sandstones are composed of varying
proportions of calcite or dolomite, and quartz. \'iewed under the micro
scope the rocks are seen to be extremely fine in grain, with calcite or dolo
mite, and quartz, arranged in layers, giving to the rock a laminated appear
ance; this lamination is accentuated in weathering by the solution of the
more readily soluble material. Associated with these are smaller amounts
of sandy, white limestone. The slates are red to brown, and break readily
into plates 1 to 2 feet in diameter. Associated with the slates are dark
coloured or black argillites. These rocks are everywhere closely folded and,
in many places, faulted.

Volcanic Agglomerate, Shale, aDd Sandstone

The principal exposures of these rocks are found near the base of the
Ordovician-Devonian limestone. Outcrops at other localities, however,
suggest that they may occur also at higher horizons. The thickness varies
rapidly from place to place. On the upper part of Carpenter creek these
rocks are exposed on the eastern side of the creek, on a steep hillside, where
they attain a thickness of considerably over 1,000 feet. To the west of
Carpenter creek they thin rapidly and finally disappear. They are again
developed, but apparently at a higher horizon, to the north of Castle
mountain; along the hills facing Beaver valley these rocks appear in a
narrow, yet continuous, band close to the base of the limestone.

The major part of the material is volcanic in origin, and is probably
related to the augite andesites, but differs from the agglomerates directly
associated with the andesites in that rounded pebbles and boulders of
rocks other than greenstone are also present. Lithologically the bulk of
the rock is composed of augite-mica andesite, and is dark green to dark
purple. Microscopically the rocks consist mostly of secondary minerals
chiefly chlorite and calcite. Occasional crystals of biotite and augite occur,
and in some specimens patches of brown volcanic glass. The feldspars are
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turbid and altered. The groundmass is largely altered to calcite, but where
preserved is microcrystalline. Pebbles and boulders of the Tindir and other
rocks, quartzite, slate, limestone, calcareous sandstone, and greenslone
were observed. The number of pebbles varies greatly from place to place.
In certain parts, however, they are fairly abundant. Associated with the
agglomerate are beds of dark-coloured shales and sandstones.

Ordo\'ician-Devonian Limestone

This limestone is almost invariably white or slate-coloured, and as a
whole is somewhat massive-bedded over the greater part of the area,
though shaly and sandy members are present.

The limestone occurs in two areas or bands; one of these outcrops along
the hills bordering Beaver valley on the north, and the other occupies the
larger part of the northern part of the area. These two bands are though t
to represent the limbs of an anticline, the central part of which has been
removed by erosion. The southern band has a dip of 25 to 50 degrees to the
south and the northern band a gentle dip to the north. To the north and
west, beyond the area surveyed, the limestone apparently Aattens, and,
farther away, assumes a southern dip, forming a broad, shallow syncline.

Fossils are present, but are by no means abundant. Corals are extremely
plentiful at various localities, and form coral reefs, but large areas of the
limestone appeared unfossiliferous. The following fossils were collected dur
ing the summer and determined by E. :VI. Kindle of the Geological Survey.

Lot I\io. 7662: Horizoll, Devonian
Favosites cf. digitatus
Favosites cf. radiatus
Cyrtina cf. umbonata

Lot No. 7956: Horizon, Siluriall
Favosites cf. favosus
Stromatopora cf. antiquua

Lot No. 7960: Horizon, Silurian
Bryozoa (undeterminable)
J1egalomus cf. canadensis

Lot No. 7961: Horizon, Silurian
Cladopora cf. cervicornis
Orthis jlabellites
Whitfieldella nitida

Lot No. 7964*: Horizon, Silllrian or (lrdovician
A ctinoceras sp. all ied to A. richardsoni

Lot No. 7963: Horizon, Silllrian or Ordovician
Strombodes sp.
Zaphrentis vel StrfjJtelasma sp.
Er1'dophyllum sp.

Lot No. 7958: Horizon, Silurian and Ordovician
Favosites cf. favosus
Columnaria alveolata
Br\'ozoa ? not determinable
CO;'nulites n. sr.
Lophospira sp.

*Donated by J. l\1cLcan, Keno hill, Yukon.



534

Lot ~o. 7959: Horizon, Ordovician
Columnaria alveolata
Zaphrentis ? sp.
Eridophyllum cf. rugosum
Halysites n. sp.

Lot No. 7957, consisting of graptolites, was determined by Or. Ruede
mann who reports as follows: "The faunule from the Beaver River district
of Yukon Territory is not very good material, but I could make out the
following forms, apparently all that there are.

Didymograptus sp. two forms, fragments
Dicranograptus sp. novo cf. rarnosus Hall
Climacograptus cf. antiquus group
Glyptograptus cf. teretiusculus euglyphus (Lapworth)

This faunule would indicate a late ::\Tormanskill age for the beds. In
Chmacograptus antiquus, Glyptograptus euglyphus, and the coarser of the
Didymograpti, it suggests the fauna described by Lapworth from Dease
river, and Kicking Horse pass, British Columbia, but the faunule is too
small for definite correlation."

Mr. Kindle in reporti ng on the collection says: "The Halysites in lot
7959 represents a type which ,ve generally consider to be confined to Ordo
vician faunas, and which appears to be identical with a new Richmond
species or variety in the Lake Windermere district of British Columbia.
Lot 7958 appears to include both Ordovician and Silurian species.

The Ordovician fauna collected by D. D. Cairnes from the Alaska
Boundary section* (Xl K 46) appears to be the same as that represen ted
by faunule 7960 in the above list. The Silurian elements in the collection
show Niagaran affinities. The Devonian collection is too small both in indi
viduals and species to offer more than the observation that it probably
represents a Middle Devonian horizon."

Lots No. 7956 and 7963 were obtained from the southern limestone
area, and the balance of the fossils from the northern area. The Devonian
fossils were obtained from one locality only, namely at the head of Carpenter
creek, close to the height of land. It seems probable that within the area
mapped the Devonian is represented only to a slight extent and that
practically all the limestone mapped belongs to the Ordovician or Silurian.
::\To definite break was recognized between these two systems.

The limestone overlies unconformably the calcareous or dolomitic
sandstones, slates, and argillites classed as pre-Ordovician. The relations
were best determined in the vicinity of Silver hill where the pre-Ordovician
rocks dip at 50 to 85 degrees to the west and the limestone 15 degrees to
the west. The unconformity is indicated in a similar way on Grey Copper
hill and at other points in the area.

As the Ordovician-Devonian does not occur with the Tindir rocks
found to the south of Beaver valley, it must be assumed that this area
was a landmass during these periods, or that the limestone, if deposited,
has since been removed by erosion. I n the latter case one would expect
to find patches of limestone on the higher summits, as in the area of Tindir
rocks immediately to the north of Beaver valley, hut no such outcrops of
limestone were observed. It, therefore, seems reasonable to assume that
this area was a landmass in Ordovician to Devonian times.

*Geol. Surv., Canada, :\1em. 67, p. 67.
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Augite Andesites

Rocks of this type are abundantly developed in the area. They are
most numerous in the hills between Beaver river and Police creek, but also
occur in both the pre-Ordovician rocks and the limestone north of Beaver
river valley. In the quartzites to the south of Beaver river they are scarce.
Both intrusive and extrusive types are present. Due to better outcrops
they are best seen in the limestone areas where they occur chieAy as sills,
in some cases persistent over considerable distances. None was noted in
the higher parts of the limestone series.

In the area to the south of Beaver valley both intrusive and extrusive
types occur. Both are later than the pre-Ordovician sediments, and lacking
definite evidence to the contrary are assigned to the same period as the
intrusives cutting the limestone farther north.

They are dark green, fine-textured to aphanitic rocks which under the
microscope show advanced al teration to secondary minerals. The main
constituents are augite and feldspar in a groundmass that is in many places
almost completely altered to chlorite and calcite. Associated with them
are tuffs and breccias, the latter being composed of angular fragments of
the intruded rock and angular and rounded fragments of greenstone.
Many of the breccias on examination show angular fragments of greenstone
cemented by calcite. Vugs and amygdules occurring in the rock are filled
with calcite, which has also replaced neighbouring parts of the rock to
form large masses of this mineral. The breccias or agglomerates differ
from those previously described in that in addition to greenstone they
carry fragments only of the rock intruded, whereas the previously described
agglomerates contained rounded fragments of other sedimentary rocks.

No definite data as to the age of the greenstones of Beaver river are
available, other than that they are later than the rocks they cut or overlie.
In the lack of definite evidence to the contrary, however, the augite ande
sites may all be considered to belong to one period of igneous activity not
older than the Silurian and perhaps Devonian, though the greenstones
were not noted cutting the uppermost limestones.

Augite Diorite

The intrusions of augite diorite are of small areal extent. One sill
like mass was noted to the west of Carpenter creek and several sills south
of Beaver river. They vary considerably in grain, from coarse to fine, but
are holocrystalline and characteristically of a granitic habit. The principal
minerals are pyroxene (augite) and plagioclase feldspar (andesine). These
are accompanied by secondary minerals, chiefly chlorite and calcite.

The age relations of the augite diorites to the limestone were not
definitely determined. At the only point where they were observed in
juxtaposition the contact was obscured by talus. The data on the age
relations of the diorites and andesites are inconclusive, but it is thought
that they belong to the same general period of vulcanism and that cooling
under different conditions gave rise to different types.

Superficial Deposits

The areas of superficial deposits outlined on the map are the occur
rences in the larger valleys where their thickness is probably so great as to
preclude the possibility of prospecting bedrock. The areas thus indicate
the positions of the major valleys. The superficial deposits represent ac-
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cumulations of an unknown thickness of gravel, sand, soil, muck, and
glacial deposits of Pleistocenf and Recent age.

Economic Geology

The staking of McKay hill in 1922 led to further prospecting in the
district, \vith the result that deposits were discovered on the south end of
Carpenter hill the same summer, followed by the finding of ores on Silver
hill and Grey Copper hill in 1923. The only known deposits of mineral in
upper Beaver river area occur on these hills and consist of silver-lead and
silver-copper ores. Of these, the former are the more plentiful.

The silver-lead ores consist of galena wi th su bord inate tetrahedri te
and zinc blende in a gangue of quartz or calcite. A number of samples
taken of the veins indicate a relatively low content of silver, and this is
confirmed by a larger number of samples of vein float taken the previous
summer (1923). Where tetrahedrite is present the silver content increases,
but samples of fairly pure tetrahedrite show in most cases less than 70
ounces of silver to the ton. In one case, namely Grey Copper hill, tetra
hedrite float assaying 900 ounces of silver to the ton has been reported,
but none of this was available on the ground at the time of the writer's
visit.

Description of Properties
Silver Hill

Silver hill is situated near the head of Ervin creek, a tributary of
Carpenter creek. It is a knife-edged ridge forming a northern spur of
Carpenter ridge. Eight claims and two fractions, staked two deep across
the ridge have been located by J. Carpenter, E. Ervin, and]. \!IcLean, of
Keno hill. Several claims have been staked at either end of the group by
other parties.

The rocks outcropping along the ridge consist of calcareous or dolo
mitic sandstones, intercalated with which are beds and thin layers of impure
sandy limestone. The strata strike in a general way along the ridge and
dip at angles of SO to 85 degrees to the west. Both strike and dip, however,
vary rapidly from place to place. The western slope of the ridge forming
the dip slope is steep, and exhibits numerous outcrops, particularly above
the talus slope at the base. I t is on this steep hi Ilside that all the deposi ts
located to date have been found. The eastern slope of the ridge is gentler
and is covered with a thick layer of soil, moss, and vegetation. Intrusive in
the sandstone are several bodies of greenstone. The largest of these outcrops
on the ridge to the east of Silver hill, in such a position that the beds of
sandstone carrying the ore deposits lie above its upper contact. On the
ridge to the west of Silver hill the Ordovician-Devonian limestone overlies
unconformably the calcareous sandstones.

The calcareous sandstones of Silver hill have been faulted to some
extent. Many of the faults are transverse to the strike of the strata, but
several strike faults were noted. The fissures as a rule are short. There
is no direct evidence as to the age of these fissures; they have not been
traced from one forma tion to another. I t may be stated, however, that
the Ordovician-Devonian limestone has also been faulted in many places,
though this faulting may have taken place at an entirely different period.
It is possible that the short, transverse faults are due to minor crustal
adjustment accompanying the intrusion of the greenstone masses.
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The ore deposits have formed along the short, transverse fissures
which served as channels for the mineralizing solutions. Mineralization
apparently took place by replacement of the wall-rock along these fissures;
the replacement was apparently of a selective character, the impure lime
stone beds offering the most favourable spots for the formation of ore
bodies. The minerals are not confined to the fissures, but in many cases
extend out to varying distances as disseminated ore. The mineralization
consists of galena with subordinate zinc blende and a little pyrite in a
gangue of calcite and siderite. Quartz is present only in minor amounts.
The galena observed at the surface is quite fresh, being coated only with
a thin film of carbonate, but in some places an iron capping composed
chiefly of limonite occurs to a depth of a few feet. The position of the ore
bodies near to the underlying greenstone, and the lack of other igneous
rocks in the neighbourhood, suggest that the mineralizing solutions may
have had their origin in the magma which formed this greenstone mass.

The workings consist of a number of prospect pits or trenches. On the
accompanying plan numbers have been placed at different localities for
purposes of reference, and these locality numbers are employed in the
following descriptions.

At locality No. 1 a vein or lens of ore has been traced for 50 feet on
the hillside by means of three trenches. In the lower trenches the ore-body
is 2 feet thick and in the upper or eastern trench 6 feet. Probably it will
extend considerably farther in both directions. As exposed it consists
almost entirely of mass:ve galena, fairly free from gangue, with pyrite,
zinc blende, calcite, and siderite. Another vein lying 50 feet to the north
and roughly parallel occurs at locality No. 2. It has been traced by trenches
for 175 feet, has a thickness of 4 to 6 feet. and where exposed is bounded
by definite unmineralized walls of contorted calcareous sandstone. The
mineralization is identical with the body at locality No. 1, save that no
siderite was noted. A sample was cut across the maximum exposed width
of 6 feet, and the assay returns showed 9·00 ounces of silver to the ton and
69·38 per cent lead.

At locality j o. 3 a vein has been partly exposed in an open-cut. The
vein consists of disseminated galena and has a width of 4 feet. This vein
may possibly represent a continuation, along the strike, of the deposit
at locality )la. 4, where an outcrop of country rock carries irregular bodies
of massive galena over a total width of 100 feet. The distribution of the
sulphide is highly irregular, although very few pieces of the rock can be
obtained which do Jlot show specks of galena or pyrite. The largest mass
of galena noted was exposed for 30 feet and had a thickness of 6 inches to
1 foot. At locality ))0. 5, a little to the north of this zone, a vein of 3 feet
carrying some disseminated galena is partly exposed in a trench. This may
represen t an extension of the larger deposi t descri bed above.

At locality :"-Jo. 6 is one of the largest of the deposits on the property.
It is not well exposed, but appears to be a tabular body 26 feet thick where
it is crossed by a trench, and strikes north 30 degrees east with a dip of
68 degrees to the northwest. This ore-body is exposed only in the single
cross-trench and consequently its length is unknown. It is composed mostly
of galena, but carries Cl little pyrite and zinc blencle. Near the hanging-wall
there is a horse of unreplaced country rock. The walls at either side of the
deposit are not weIJ exposed. The foot-wall where seen is sharply defined,
but on the hanging-wall side the country rock shows disseminated galena
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a short distance from the deposit. A sample was cut along the face of the
trench, excluding, however, material from the horse of country rock and
the assay results showed 4·5 ounces of silver per ton and 65·46 per cent lead.
Forty feet to the north is another showing (locality ~o. 7) with 5 to 6 feet
of galena disseminated through country rock. It has not been prospected.

Locality No. 8 is on the Irene claim 1,100 feet northeast of locality
No. 7. Here two or more faults of different strike intersect limestone and
form a fault breccia a few yards in diameter which has been partly cemented
with galena and pyrite. The sulphides also occur in the country rock for
distances of at least 100 feet from the fault breccia, but nowhere is any
large body of ure visible.

Locality No. 9 shows a small seam of massive galena exposed for a
few feet along its strike. At localities ;..Jos. 10 and 11 galena float is present
and apparently indicates the existence of one or more concealed deposits,
for it occurs in such a position that it could not have come from any of the
known deposits.

At localities Nos. 12 and 13 at the northern end of the hill several
showings of massive galena in place are partly exposed. 'Nork on these
showings had not been commenced at the time of the writer's visit, but
they may represent parts of the same lode. A large quantity of float in the
slide rock below suggests the occurrence of an ore-body of considerable size.

Grey Copper Hill

Grey Copper hill is situated 4 miles north of the mouth of Carpenter
creek. The discovery, by R. Fisher, in the autumn of 1923, of rich tetra
hedrite float on this ridge, led to a stampede to the district during the
win ter of 1923-24. About fifty claims were staked, most of them being
located on the snow. Only the assessment work required to hold them was
done during the summer of 1924.

Only one mineral vein was noted, but float from one or more other
veins was observed. The available evidence indicates that the deposits
are tetrahedrite-pyrite-siderite veins sumewhat similar in type to those
occurring on Keno hill, except that galena is an important constituent of
the veins on Keno hill, whereas no galena was noted on Grey Copper hill.

The only visible vein noted occurs on the discovery claim-the Grey
Copper King. This vein outcrops in a small canyon in a gulch on the western
face of the hill, a few hundred feet above timber-line. It is partly exposed
in a small open-cut on the northern side of the canyon. Along the strike of
the veins, rock exposures are wanting on the opposite side of the gulch and
no attempt has been made to discover if the vein continues in this direction.
The vein occupies a fault fissure striking north 10 degrees west and dipping
78 degrees to the southwest. It is not exposed for its full width, which is
estimated to be 24 to 30 inches. The vein-filling consists of siderite, tetra
hedrite, and pyrite with some quartz, azurite, and malachite. The siderite
makes up by far the greater part of the deposits and is coarsely crystalline
and of a light brown colour. Tetrahedrite and pyrite are scattered through
the siderite in small specks and bunches. A sample of the 16 inches of the
vein exposed was taken, and assayed 52·0 ounces of silver to the ton.

The second discovery on Grey Copper hill consists of float only and
was also made by R. Fisher. It lies on the King Tut claim, toward the
head of the gulch already referred to. On this claim, owned by R. Fisher,
and the adjoining Silver Queen, owned by L. B. Erickson, siderite float
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has been found. Occasional lumps of fairly pure tetrahedrite carrying up
to 1,100 ounces of silver to the ton have been picked from this float, but
none was observed by the writer although a careful search was made. The
bedrock of the gulch at this point is wholly covered by a thick accumulation
of frozen talus, and this, in addition to a large snow-drift which remained
most of the summer, prevented the prospectors from sinking their trenches
to bedrock during the past season. A body of siderite about 20 feet long and
of unknown thickness was noted in place on the southern side of the gulch.
There can be little doubt that a concealed siderite-pyrite-tetrahedrite vein
crosses these properties, and that the tetrahedrite carries high values in
silver, but the position and course of the vein, its width, and the character
and value of its ore-shoots, must remain unknown until further prospecting
has been done.

On some of the other claims, quartz and siderite float have been
discovered, but to date the veins from which this came have not been
located.

McKay Hill and Neighbouring Hills

McKay hill is situated between Beaver river and Police creek. The
chief claims with mineral showings are: the Carrie and Whiterock, owned
by L. B. Erickson; the Snowdrift, owned by \IV. F. IIcKay; and the Black
Hawk, owned by C. Beck.

The mineral deposits occur in and at the borders of small masses of
largely amygdaloidal andesites and andesitic breccias in which calcite
fills the amygdules and replaces the original constituents of the rocks. No
deposits are known in the Tindir slates which occur at this point. The
deposits are exposed only in a few instances; in most cases their presence
is indicated only by float.

The positions of the exposed bodies and the distribution of the float
indicate that one mineralized zone crosses the southern face of \lIcKay
hill with a general strike of north 30 degrees east magnetic, and that it
passes close to the common corner of the four claims. It cannot be stated
definitely whether this zone is a continuous vein with ore-shoots at intervals,
or whether it consists merely of a number of distinct lenses of mineral
arranged along a single line. The latter alternative seems the most likely
explanation, since the float occurs at isolated points. Uther deposits, some
of them roughly parallel to this zone, also occur at different points on the
claims.

The main showing lies on the Carrie claim about 400 feet sou thwest
of the common corner of the four claims. At this point an open-cut has
exposed a mass of galena, 12 feet 6 inches wide. The strike on the hanging
wall side is north 30 degrees east and on the foot-wall side it is north, both
walls being approximately vertical. In a second cut 30 feet to the north
east, the ore-body is 4 feet wide and in a third cut some 50 feet northeast.
of the second, no ore was found. A section across the large showing from
the hanging-wall to the foot-wall shows:

Disseminated galena in quartz .
Crushed quartz .
1VI assive galena, wi th tetrahedri te and blende .
Quartz \Vi th disseminated galena .
Massive galena .

Feet Inches
6 to 10

12
5
4 6
2 6
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The galena in these cuts has a laminated or gneissoid texture, such as
is common in other deposits in Mayo district. The lamin<e pass around
crystals of tetrahedrite, giving the appearance of an augen gneiss.

A sample, No. 4, was cut across the face of this body in the south
western trench, from wall to wall over the full width of 12 feet 6 inches, and
assayed 3·25 ounces of silver to the ton and 56·45 per cent lead. For the
sake of comparison two assays, :-.Jos. 18 and 19, of samples of the float from
this vein taken during the summer of 1923, are added. These assayed
respectively 45·0 and 14·0 ounces of silver to the ton and 59·45 and 78·20
per cent lead.

At the common corner of the four claims the most northeasterly out
crop of this zone occurs. Though only partly exposed, it apparently consists
of a sheeted zone with the following approximate section from east to west.

Feet
Quartz with disseminated galena. . . . . . . .. . . . . .. . ... 10
Leached and iron-stained greenstone. . . . . . . .. . . . . . . 8
Quartz with some disseminated galena , . . 4
Leached greenstone. . . . . . . . . .. . . . . .. . . . . .. . .. . . . 10
Quartz with disseminated galena. . . 3

Three samples were taken: No. 13 of the 3-foot vein; No. 14 of the
central vein; and No. 15 of the la-foot vein; of which the assay results
are 4·00, 10·00, and 5·50 ounces of silver to the ton and 22·83, 44·00, and
39·38 per cent lead.

~o outcrops other than those described above occur along the zone,
but streams of Hoat descending the hillside indicate where other mineralized
portions occur, and by tracing the float upward to where it ceases the posi
tions of the ore-bodies may be readily located. Two samples, ~o. 16 a
picked sample carrying tetrahedrite, and No. 17 an average of the float,
were taken the previous summer and the assays of these gave 62·1 and 17 ·80
ounces of silver to the ton and 9·57 and 63·40 per cent lead, respectively.

Veins or ore-bodies other than those belonging to the zone described
occur as follows. Two large quartz veins, apparently barren, occur near
the summit of McKay hill. To the north of the summit the existence of
two veins is indicated by float. One of them occurs about 100 feet and the
other 300 feet northwest of the summit. The first of these probably occurs
at or near the contact of the greenstone mass forming the summit of McKay
hill, with black slates. The vein has not been found in place, but apparently
consists mainly of quartz, galena, and tetrahedrite. A sample, No. 11,
taken of the float in 1923, assayed 13·20 ounces of silver to the ton and
54.00 per cent lead. The second vein presumably occurs in a small saddle
at the contact of a smaller greenstone mass. Two trenches have been dug
across the saddle, but neither of these reaches bedrock. The float, however,
cannot be far from its point of origin. It consists chiefly of galena with a
little tetrahedrite. A sample of the float, :'-Jo. 12, taken the previous sum
mer, assayed 11·00 ounces of silver to the ton and 44·95 per cent lead.

On the eastern end of the hill one vein outcrops on the Snowdrift
claim about 200 feet to the east of the common corner of the four claims.
It is only partly exposed, with the hanging-wall and 18 inches of the vein
showing. Judging by the float, however, a streak of galena lies adjacent
to the exposed part. The strike of the vein is north 5 degrees west mag
netic and the dip 70 degrees to the southwest. The quartz lying along
the hanging-wall is barren for a width of about a foot and carries vugs
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lined with large crystals; the remaining 4 to 6 inches exposed is well mineral
ized >vith tetrahedrite, azurite, and malachite. The covered part of the
vein probably consists of quartz with galena. Two samples were taken;
of these :No. 9 is a picked sample of the tetrahedrite, and 010. 10 is intended
to represen t the average of the vein material, both float and that in place.
These showed 38·00 and 26·00 ounces of silver to the ton and 4·58 and
19·76 per cent lead.

Quartz float containing galena occurs in two places at the eastern end
of the ridge around small greenstone masses, and probably indicates the
occurrence of two other veins or lenses of ore, but no trenching has been
done on these. Quartz float, apparently barren, crosses the eastern slope
of the hill.

Adjoining the four claims described above are the Snowball, Big
Windy, Wild Goose, and Eagle claims on the south, the 'vVild Duck and
Bessie claims on the north, and the Tiger and Red Rock claims on the
west. These claims may be considered as part of a group to which the
four described belong. On the east and north of this group is the Yellow
Rock group of six claims owned by A. N. Martin, O. Dahl, E. Anderson,
and C. 'vVilliamsen. iVlineral float has been found at several localities on
this group, but the deposits from which it comes have not yet been located.

Horseshoe hill lies east of McKay hill, across from which it is separated
by a small gulch known as Red gulch. The rocks exposed are similar to
those of McKay hill, and the mineralization may be an extension of that
of the lVIcKay Hill area. In the saddle at the head of the right fork of
Red gulch a large amount of vein float occurs, and a group of four claims,
the Independence group, has been staked by A. N. Martin, O. Dahl, E.
Anderson, and C. Williamsen. The float consists of quartz, galena, and
tetrahedrite, but the deposit from which it comes has not been located.
The assays of three samples, Nos. 6, 7, and 8, taken of this float in 1923,
showed 1·00, 0.60, and 1·00 ounces of silver to the ton and 62·30, 42.36,
and 29·15 per cent lead.

On the other hills surrounding :vIcKay hill there is considerable evi
dence of mineralization. Large quartz veins occur on the hills on both
sides of the head of Falls creek. The quartz outcrops where examined
usually proved to be barren, but similar barren veins occur in the vicinity
of the :\1cKay Hill deposits. In one instance, un the Crystal claim of F.
Envoldsen, on the western side of Falls creek and about 2,500 feet above
the level of the creek, the quartz carries galena, chalcopyrite, and zinc
blende, with limonite, probably derived from pyrite. The deposit has not
been prospected to any extent.

The deposits of McKay hill and the surrounding hills are not suffi
ciently well exposed to permit of obtaining a good idea of their nature and
genesis. As a general rule the deposits occur in, or at, the margins of the
greenstone masses. The conditions on the southern face of lVIcKay hill,
where most work has been done, suggest the presence of a series of lenses
of ore arranged along a line striking approximately north 30 degrees east,
but it is impossible to say whether there is a continuous vein with ore
shoots localized at the points where mineral has been found in place or as
float, or whether there is a series of lenses entirely independent of one
another. The discovery of particles of galena and tetrahedrite in the green
stone suggests the existence of a genetic connexion between this rock and
the ore deposits. This conception is somewhat strengthened by the fact
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that calcite has been deposited in the amygdules of the greenstone, and has
also replaced parts of the greenstone to form large masses of calcite. As
far as is known the ore-bodies are confined to the greenstones and to their
contacts with the Tindir slates, a fact that would further support the idea
of a genetic relationship between the greenstones and the ore-bodies. If
this theory be correct the individual ore-bodies cannot be of great size, as
the greenstone bodies are themselves small.

Other Localities

A considerable amount of Aoat consisting of galena, calcite, and siderite
was observed on the southern end of (:arpenter ridge, but no deposits
were seen in place. The prospect pits made here in 1922 and 1923 have
largely been filled in by slide rock. It is doubtful if any veins were uncov
ered by the pits. A grab sample, No. 5, was taken of the Aoat and the
assay gave 8·75 ounces of silver and 56·0 per cent lead.

On Elliott hill, on the Apex claim, staked by J. McCluskey in 1922,
a quartz vein about a foot thick crosses the ridge a quarter of a mile north
of the summit. The vein is exposed along the strike for a few feet only.
Quartz forms the bulk of the vein-filling..\ssociated with it is some chalco
pyrite and a little galena. The chief values would appear to be in copper.
No sample was taken.

Galena has been reported to occur in the continuation of Beaver
valley to the northwest 30 miles beyond the height of land.

Conclusions

N one of the ores which to date have been located in place in Beaver
River district are rich enough to permit of mining at a profit under existing
conditions of transportation. At present the ores would have to be hauled
overland to Stewart river a distance of R5 to 100 miles and shipped from
there to smelters on the Pacific coast, distant some 3,000 miles by the
route followed. 'vVhen it is considered that the mining costs of the Keno
Hill ores aggregate upwards of $100 a ton, and that these are situated 45
to 60 miles nearer to the shipping point than the Beaver River ores, and
that the latter, on account of their remoteness, would have to bear cor
respondingly higher mining and shipping charges, it will be readily seen
that mining of the Beaver River ores, if dependent upon shipping to outside
smelters, is out of the question. If a railway to the coast were constructed
mining might be carried on successfully, particularly if reduction works
were erected in the district. These improvements could be justified only
if a sufficient tonnage of ore were proved, a condition which does not yet
obtain.

On the other hand galena has been found at many points over an area
of several hundred square miles, and this with comparatively little pros
pecting. It is almost certain that with further work other deposits will
be discovered, both within and beyond the area described. High-grade
ore has not yet been found in place, but occurs as float, and it is quite
possible that within the near future deposits of high-grade ore may be found
such as would permit of profitable mining.
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1925
In troductory ~ote

The following paragraph by G. A. '"oung, Chief Geologist, on field
work in Yukon, 1925, is included in the Annual Report of the Department
of Mines for the fiscal year ending March 31, 1926, page 10:

"e. H. Stockwell, under the direction of \N. E. Cockfield, made a
detailed survey of the geology and silver-lead deposits of Galena Hill
northeast of :V1ayo. A full account of these important deposits, accompanied
by a detailed map, is presented in the Summary Report, 1925, Part A."

GALENA HILL, MAYO DISTRICT

by C. H. Storkwell

The discovery and exploitation in 1914-16 of the Silver King silver
lead deposit on Galena hill, Mayo district, was followed by prospecting
which resulted in finding of other silver-lead deposits on neighbouring hills,
those on Keno hill*, discovered in 1919, being the most important so far
found in the Yukon. On Galena hill a considerable amount of staking and
prospecting followed, but it was not until 1923 that the float was found
which led to the discovery of an ore-body since shown by the mining
operations of 1924 and 1925 to be of importance. This deposit, on the
Arctic and ;\![astiff claims, has already produced about 3i5 tons of high
grade ore, and, at present, is the only productive property on Galena hill.
Another property recen tly shipped a few tons of ore and several prospects
have very good indications of the presence of high-grade ore.

The field work upon which this report is based occupied three mon ths
during the summer of 1925 and included the topographical and geological
mapping, and the investigation of the mineral deposits of Galena hill. In
this work J. E. Kania rendered very able assistance. The writer wishes to
thank the miners and prospectors of the district, all of whom willingly
gave much helpful information and assistance. The writer worked under
the supervision of W. E. Cockfield to whom he is grateful for valuable
suggestions and cri ticisms.

Galena hill is 120 miles east of Dawson and 27 miles in a straight line
northeast of Mayo on Stewart river, a tributary of 'Yukon river. During the
season of open navigation there is a regular steamship service on Stewart
and Yukon rivers between Mayo, Dawson, and Whitehorse. Railway
service between \i\'hitehorse and Skagway, on the Pacific coast, is available
the year round. In winter, Mayo may be reached by stage from Whitehorse.

A wagon road from Mayo passes along the base of the southeastern
slope of Galena hill and continues to the town of Keno a mile farther on.
At present an ungraded branch road connects several mineral claims on the
upper northwest slope of the hill with the main road, and a somewhat
shorter road with a better grade is being constructed for hauling ore to the
main road. On the northwest side of the hill an old road, passing through
the Silver King property, joins the ;\I[ayo road to the southwest.

*Cocktield, W. E., Geol. Surv., Canada, Sum. lZept. 1923, pt. A, pp. 1-21.
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Topography

Galena hill is situated in the dissected Yukon Plateau province, which
is mountainous with a relief of 1,500 to 4,000 feet or more. The hill has an
elevation at its highest point of a little over 5,000 feet above sea-level and
a relief of 2,800 to 3,000 feet above the surrounding valleys. It is about
4t miles wide and 8 miles long, the longer axis striking northeast. On the
northwest it is bounded by the broad, flat-bottomed valley of the south
fork of McQuesten river, on the northeast by Christal creek, on the southeast
by Duncan creek, and on the southwest by \iVilliams creek and a low, flat
area through which Galena creek flows.

Except for a rock prominence at its highest point, the top of the hill
is gently rolling and is grass or brush-covered. These gentle top slopes
graduaUy change to steeper slopes on the sides of the hill, the change in
slope being about at timber-line. Still steeper slopes, in part due to glacial
erosion, occur on the lower parts of the hill.

Faulting has had an effect on the topography both by determining
the location of some of the stream valleys and by causing the formation of
escarpments. Examples of stream valleys localized by faulting are those
of Galena creek, Brefalt creek, Porcupine gulch, and probably others; the
valleys either closely follow, or occur at one side of the faults. An example
of a fault scarp is found along a part of the northeastern slope of Porcupine
gulch which has been eroded at the base of the scarp and obscures its
presence. Other smaller fault escarpments also occur.

Minor irregularities in the topography are due to differellces in resist
ance to erosion of different kinds of rock. Greenstone where surrounded
by schist forms prominent knobs and ridges.

General Geology

The rocks of Galena hill consist of schist, quartzite, greenstone, and
rhyolite. The greenstone, much of which is schistose, and the rhyolite
intruded the schist and quartzite along planes of bedding and secondary
cleavage. In general the cleavage of the schist and greenstone closely
parallels the bedding of the quartzite. On the whole the bedding and
cleavage strike slightly north of east* except on the part of the hill east of
its highest poin t where the strike is sligh tly sou th of east; in detail the
strikes vary as a rule between 35 degrees north and 35 degrees south of east.
The average dip is about 30 degrees southerly, but the angle varies, for
the most part, between 20 degrees and 40 degrees and is even as high as 75
degrees in the vicinity of faults.

The quartzites and schists form three, lithologically distinct strati
graphical units: a lower schist member; a middle quartzite member; and
an upper schist member. The three units apparently are conformable and
within the map-area have a monoclinal dip.

The lower schist member occurs along the lower part of the northern,
and part of the northwestern, slopes of the hill. It consists mainly of grey,
black, and green schists containing variable amounts of quartz, mica,
graphite, and chlorite. Thin beds of quartzite are in places interbedded
with the schist. A light green, quartz-mica-chlorite schist is characteristic
of the upper part of this schist member.

*AII directions referred to in this report are astronomic.
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The middle quartzite member ou tcrops along the northwest slope, the
summit at the northeast end, and the northeast slope of the hill. It con
sists dominantly of a massive, grey and white quartzite which in places
contains a considerable amount of mica and has a gneissoid appearance.
Under the microscope the quartz is seen to be recrystallized and, in addition
to the mica, minor amounts of graphite, epidote, and pyrite are present
in some cases. ':Vlinor amounts of quartz-mica schist and quartz-graphite
schist occur interbedded with the quartzite. Locally the quartzite is cal
careous. In its upper part the quartzite is for the most part less massive
and has a banded appearance; it contains a considerable amount of mica
and graphite. Interbedded with this banded quartzite is much quartz
graphite schist.

The upper schist member occupies a large area on the southern half of
the hill. It consists largely of grey and yellow quartz-mica schists. Quartz
graphite schist and quartzite are quite abundant locally and minor amounts
of crystalline limestone and chlorite schist also occur. The lower part is
generally characterized by a quartz-mica schist containing rounded particles
of quartz readily visible to the naked eye. The microscope shows in addi
tion a few rounded grains of orthocIase, acid plagioclase, and rock fragments.

The middle quartzite, lower schist, and upper schist are correlated
with a part of the Nasina series of Klondike district described by Mc
ConnelP and referred by Cairnes 2 to the Precambrian. The strata on
Galena hill are believed to be largely of sedimentary origin.

Greenstone intrudes the quartzite and schists. It occurs chiefly in
the lower schist member, and to a less extent in the quartzite, but is almost
entirely absent from the upper schist. In the lower schist area it forms
irregular, discontinuous masses elongated in a direction approximately
parallel to the schistosity. In the quartzite it has been intruded along
bedding planes and has formed bodies of fairly uniform character. The
greenstone is much altered. It probably represents andesite and related
rock types. It contains hornblende, altered feldspar, and a small amount
of original quartz and titanite; alteration products include quartz, chlorite,
and calcite. Locally it contains much biotite and a considerable amount
of quartz. The greens tone is both massive and schistose. I t is younger
than the schists and quartzite, and is probably earlier than the rhyolite.

The rhyolite was intruded as a thin sill along parts of the contact
between the quartzite and the upper schist member. It is a fine-grained,
non-schistose rock composed of quartz, acid plagioclase, altered orthoclase,
mica, calcite, and a little chlorite. The rhyolite is probably younger than
the greenstone, for, although its relation to the greenstone was not deter
mined on Galena hill, similar acid rocks cut greenstone on Keno hiJ13.
The rhyolite may be an offshoot from a granite of, probably, Jurassic or
Cretaceous, but possibly Tertiary, age. Although the granite was not
found on Galena hill it outcrops at several localities in :\1ayo district and
probably underlies much of the area.

The quartzite and probably at least the major part of the schist were

1 McConnell, R. G.: "Report on the Klondike Gold Fields"; Geo!. Surv., Canada,
Ann. Rept., vo!. XIV, pt. B, pp. 12-15 (1901).

2 Cairnes, D. D.: "The YlIkon-Alaska International Boundary"; Geo!. Surv., Canada,
Mem. 67, pp. 38-44 (1914).

3 Cockfield, W. E.: "Silver-lead Deposits of the Keno Hill Area, Mayo District,
Yukon"; Geo!. Surv., Canada, Sum. Rept. 1920, pt. A.
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originally sediments which with the greenstone bodies have been folded to
their present attitude and metamorphosed to quartzite and schist. The
folding has resulted in general dips to the south and the local formation of
crenulations and drag-folds in beds of limestone and impure quartzite.
The axial planes of the drag-folds strike northeast and dip southeast,
indicating that during the folding the upper beds moved northwest relative
to the lower beds.

All the consolidated rocks have been faulted. Since the faults are
closely related to the mineral deposits, they are described under the heading
of economic geology. Many joints are present, particularly in the quartzite,
greenstone, and rhyolite.

Glacial deposits are thick on parts of the lower slopes, but are generally
thin on the upper slopes and top of the hill. The ice moved southwesterly
and on the top of the hill it scattered q uartzi te boulders over the schist
to the southwest. The quartzite boulders are abundant near the contact
between the quartzite and upper schist and gradually become less abundant
to the southwest. Most of the bedrock is covered by rock float, talus,
vegetation, and glacial deposits, but the character of the underlying rock
may in many cases be judged by the nature of the float. Rock in place is
well exposed in deep gulches, but outcrops are as a rule scarce elsewhere;
quartzite and greenstone are better exposed than schist.

Economic Geology

The mineral deposits of Galena hill are fissure veins in which the ore
occurs chiefly in shoots. The veins follow faults which, with a few excep
tions, strike northeasterly and dip steeply to the southeast. Other north
easterly-striking faults, which are not known to be mineralized but warrant
prospecting, have also been mapped. ~orthwest faults occur also, some
of which are apparently later than and offset the northeast faults; these
later faults are not known to be mineralized.

The faults as a rule are not easily recognized in the field. Fault-planes
are rarely exposed except in artificial excavations. Observed fault-planes,
if not too much altered by weathering, are slickensided surfaces with
steeply dipping strice. Where not exposed, faults are inferred to be present
where formations are offset along their strike, such evidence being supported
in many places by an abrupt difference in strike or dip of bedding planes
on opposite sides of the fault or by the presence of an escarpment along
the fault.

The faults probably are not as simple as indicated on the map, and
some that are shown as single faults may actually be zones of faulting
complicated by cross-faults. :vfany faults in addition to those mapped no
doubt also occur.

The following minerals occur in the deposits:
Kative elements silver, gold
Sulphides galena, sphalerite, pyrite, arsenopyrite, chalco-

pyrite, marcasite, pyrrhotite, stibnite
Sulpho-salts freibergite, pyrargyrite
Oxides " .quartz, chert, limonite, manganese oxide
Carbonates siderite, ankerite, calcite, cerussite, malachite,

azurite
Silicates white mica
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The veins have been classified on a mineralogical basis into four groups,
as shown below. The classification of any particular deposit is tentative,
for further development work will undoubtedly lead to more knowledge
of the character of the veins. There are no sharp dividing lines between the
different groups of deposits, but taken as a whole each group has certain
fairly definite characteristics.

Summary of Mineralogy, Strikes, and Dips of the Known Veins on Ca/ma hill:
*, surfur.e trrtce; X, of major importance; x, of minor importance

m,,> C

.~ 8
z~

Sulphides Oxides
!!

Carbonates .~

~

Group Name
of property

Strike
of

vein

Dip
of

vcin

Arctic and Mast
ill. X. x X X .... X.

N.l:o E.
N.18° E. 6;° SE.

X .. N. 2io E.

Ruby Fraction. X. X X X.. X X . N. 5';° E. 67° S.E.

Cornl and Wig
wam (main vein) x X .. .... X. x •. XXX .. X ..

Eisa .. X. X. XXX .. Xx x X .. N. 45° E. 70° NW.

X X?. X

Dragon
vein) .

Heclor.

(main
X .. X. X X X. X. X .. N. WE. 66° SE.

X .. N. 48° F.. 65° SE.

Dixic (siderite
float) .. X X X.---1-----1- - - - - - - - - - - - - - - - - - - - - - - - - ------

Silver King vcin. X X X .. x x .. X X x X x X x X .. X .x N. 680 E. 55°_80° SE.

Rico .... X x ? x .. . NE. SE.

" Bluebird. X X x .. xx .. Xxx
1------1--------------------------------
Tin Can .... x x x x x x X x .. N. 500 E. SE.

. . N. 50° E. SE.

.. N. 58° E. SE.

.. x ..

X .... x .. X x

.. X ..

x X X.

x x x X.
1------1- - - - - - - - - - - - - - - - - - - - - - - - - -------

Eagle ..

Jupiter.
1-----1--------------------------------
Belty. X X . X .... x X x

III Cryslal King..

(cross
. ... x N.82"W· ..

Dragon
vein).

Dixi. (quartz
vein) ..

x X. X ..

X. .. E.-W. 10° S.

Coral and Wig-
IV wam (stibnite

vein) . X. X. x .•...

(1) The veins of group No. I may be called siderite-galena-freibergite
veins. iVIanganiferous siderite is by far the most important gangue mineral;
galena and freibergite are the most important ore minerals. The chief
minerals formed by weathering of the gangue and ore minerals are cerussite,
limonite, and manganese oxide, the last causing conspicuous blackening
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in the oxide zone. Quartz and pyrite are present as a rule, but only in very
small quantity. Chalcopyrite, malachite, and azurite were found only in
small amounts in one deposit. NativE' silver is reported to have been found
near the surface of one deposit. Silver values are mostly high, although
not always in sufficient amount to make mining profitable. Gold values
are absent or unimportant.

The vein at the only mine in operation on the hill at present and those
of most of the encouraging prospects have this type of mineralization.

(ll) A considerable variety of deposits are included in group ).lo. 11.
The predominant gangue mineral is either quartz or ankerite; calcite is
present in a few places and siderite is either subordinate or absent..\1
though the ankerite generally carries manganese, the black manganese
oxide, so characteristic of the oxide zone of the veins of group I, is less
conspicuous in most, although not all, of these deposits. Both galena and
sphalerite were noted in all except one deposit; pyrite is always present and
occurs in important amounts in some cases; limonite, cerussite, chalco
pyrite, and malachite are also present. Silver values are important in some
of the deposi ts.

One deposit, the Silver King vein, mined chiefly during the years 1914
16, does not closely resemble any other known deposit on the hill in that
it contains an important amount of ruby silver, smaller amounts of mar
casite and chert, and was a rich silver-lead deposit in a gangue consisting
mainly of quartz. Small values in gold were also present.

The Silver King vein has in the past been an important producer and
some of the other deposits in this group are encouraging prospects.

(11 I) The veins of grou p ).lo. r1I may be called q uartz-arsenopyri te
veins. Quartz is the chief gangue mineral, but ankerite, calcite, and a
minor amount of white mica are present in some veins. Arsenopyrite is
characteristic; pyri te, galena, and sphaleri te are presen t in most cases;
pyrrhotite occurs in one deposit and a speck of native gold was found in
another. Cerussite and Iimonite are present as alteration products. The
veins as a rule contain small values in both gold and silver.

Deposits of this type on Galena hill have not yet shown promise of
being of economic importance.

(IV) Group 1\10. IV is represented by one unimportant quartz-stibnite
deposit said to carry low silver values.

The age of the faults of group III (the quartz-arsenopyrite veins) on
Galena hill has not been determined, but on Keno hill, which lies to the
northeast, it has been determined that veins mineralized with quartz,
arsenopyrite, and pyrite are older than veins mineralized chiefly with
siderite, freibergite, galena, and sphalerite*. The general similarity in the
geology of the two hills suggests that on Galena hill the veins of group III
may be older than those of groups I and I I. The age relation between the
veins of groups I and JI is not known. The northwest faults not known to
be mineralized are believed to be the youngest faults, for they apparently
offset the veins of the above groups.

The strikes of the veins of the different groups vary between the
limits shown below. The limiting directions of the surface traces of north
west faults not known to be mineralized are included for comparison; the

*Cockfield, W. E.: Ceol. Slln·., Canada, Sum. Rept. 1923, pt..\, p. 4.
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true strikes of these are not known, but the) probably approximate the
directiun of the trace.

Surface traces of northwest faults not known to
be mineralized N. 72° W. to~. 21° 'vV.

Veins of group I. . . . . .. . .. . .. . .. . . N. 12° E. to N. 55° E.
Veins uf group Il N. 25° E. to N. 68° E.
Veinsofgroup1II* N.53°E. toS. 74°E.
There is an overlapping of the strikes of the veins of the different

groups, as classified on a mineralogical basis, and a marked variation in the
strike of the veins of anyone group. Regardless of this overlapping and
variation the strikes of veins now known are on the whole different in
different groups. Those of group Ill, probably the oldest, approach most
closely the general strike of the rocks, which is slightly north oi east; those
of groups I and Il, which are probably intermediate in age, strike more
northeasterly; and the youngest faults, which are not known to be miner
alized, strike north"vesterly.

The bedrock strikes slightly north of east and dips southerly less
steeply than the veins. ,'\11 the veins of group I occur in the quartzite;
some of those oi groups 11 and III occur in the quartzite and the rest in
the lower schist and intruded greenstone. ::'-ro veins are known to occur in
the upper schist.

The veins cut the greenstone and are probably closely related in age
to the rhyolite. It is thought that both the material of the veins and the
rhyolite had their origin in a granite mass which is believed to underlie
much of the district. Granite occurs at the surface to the east, northeast,
northwest, and southwest of Galena hill at distances of 18, 10, 14, and 25
miles respectively, and at other places in Mayo district. The granite is
probably contemporaneous with the Coast Range intrusives, which in the
Yukon may range from ]urassic to well into Cretaceous time**. The veins
were formed during the later stages of the consolidation of the granite.

In prospecting for silver-lead veins it has been found that float of
black manganese oxide or galena is a valuable indication of the presence of
a vein. The prospectur folluws the float up hill and looks for a vein near
the upper limit of the float under the superficial covering, which is removed
by means of open-cutting or ground-sluicing. It should be borne in mind
that the ice-sheet which moved southwesterly may have distributed some
float up hill from the veins; however, this has not been an important factor
and most of the float is found on the slope below the vein. If the Roat is
fairly abundant and occurs at or near the surface it is likely to be derived
by down-slope creep from the veins; if it occurs in scattered masses in the
drift it is likely to have been transported by the ice-sheet. Prospecting is
difficult because of the frozen nature of the ground. Ground-sluicing with
snow water, in the spring, is extensively used for removing the overburden.
The quartzite and large greenstone areas appear to be the Illost favourable
for the occurrence of wide, persistent veins.

*The strikes of two non-persisten t stri ngers ha ve been om i tted.
**Cairnes, D. D.: Geo!. Surv., Canada, SlIpplemcnl to Mem. ,,1 (from Sum. Rept.

1915), p. 42.
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Description of Properties
A"ctic and Mastiff Claims

The claims are at present the most important on the hill and during
the summer of J925 were the only ones being mined. They are situated
high on the northwestern slope of Galena hill near the head of Star creek.
The owners are C. R. Settlemier, C. H. Bermingham, S. :\1. Dorr, and
A. Stoner.

The claims were staked in 1921. In J923 float was found which led
to the discovery of the present mine. In the spring of 1924, 26 tons of ore
was shipped and in September, 1925, about 350 tons of ore was sacked
ready for shipping the following winter. A much larger tonnage may be
expected in the future. The ore is hand-sorted before sacking for ship
ment. The owners state that the sacked material averages approximately
$200 to the ton, and carries about 62 per cent lead and 150 ounces or more
of silver to the ton.

A shaft, inclined 67 degrees to the southeast, has been sunk to a vertical
depth of 46 feet and a drift run for 100 feet along a vein. The floor of the
drift is 38 feet below the collar of the shaft. Other workings consist of a
prospect shaft and abou t twen ty-five open-cu ts.

A small amount of ore was found near the surface in sinking the main
shaft, in the prospect shaft, and in some of the open-cuts, but the main ore
body was opened up along the drift. The drift is along what appears to be
the top of a tabular ore-shoot, the limits of which are as yet unknown.
The part mined out was at least 90 feet long and averaged at least 5 feet
in width, but in some places was as much as 9 feet wide. The depth is un
known. Approximately 3,500 cubir feet of the material mined, which is
highly porous, yielded after sorting, 350 tons, a ratio of 10 cubic feet of ore
in place to one ton of sorted ore. The hanging-wall of the ore-shoot as a
rule dips 67 degrees southeast; the foot-wall is at a steeper angle. The
strike is variable, due to an abrupt difference in trend in the central part,
the northeast half striking north 12 degrees east and the southwest half
striking north 48 degrees east. The country rock is quartzite with some
mica and graphite schist, the schist apparently being more abundant on
the hanging-wall.

The minerals in the vein are galena, cerussite, and freibergite in a
gangue of limonite, manganese oxide, siderite, and a very small amount
of quartz and pyrite. The galena, which contains sparsely distributed
blebs of freibergite, occurs in irregular masses, but more typically in bands
parallel to the strike and dip of the ore-shoot. Due to movement along
the vein the galena is generally gneissoid, particularly near the hanging
wall. It is coarse-grained, fine-grained, and 'steel'; the latter variety
occurs as a rule in small amounts close to thf' hanging-wall and is said to
contain higher silver values. The most abundant primary minerals of the
deposit are galena and manganiferous siderite. Due to oxidation, hydra
tion, and leaching by surface waters the siderite has heen almost complete
ly altered to limonite and manganese oxide, with the development of much
pore space and many small cavities. The galena has been much more
resistant and is generally fresh, although on exposed surfaces it is altered to
earthy cerussite. C'erussite also occurs as small crystals loosely adhering
to the walls of cavities in limonite, manganese oxide, and galena. During
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the summer, waters percolate treely through certain channels in the deposit,
but some of the cavities are filled with ice.

The vein probably has been offset by a northwest fault. The part
of the vein described above appears to lie on the northeast side of the
fault and to be offset to the southeast relative to the part of the vein on
the southwest side of the fault. This latter part of the vein, which strikes
north 27 degrees east and dips steeply to the southeast, has been exposed
by a prospect shaft, mentioned above, and open-cuts. The material on
the dumps indicates that the vein is mineralized for a length of 300 feet
from the fault with limonite, manganese oxide, and a small amount of
quartz and pyrite; a little galena and cerussite were also found.

Ruby fraction

This property, a small fraction owned by E. Bjonnes, is situated on the
northeast side of the Mastiff claim.

A vein, I} feet wide, striking Ilorth 55 degrees east and dipping 67
degrees sou theast, was prospected duri ng the sum mer of 1925 by means
of two open-cuts. The country rock is mainly quartzite with some mica
and graphite schist. The vein is mineralized with siderite, galena, a small
amount of pyrite, and probably freibergite. Alteration products are limonite,
manganese oxide, and cerussite. According to information supplied by the
owner, the galena carries from 250 to 385 ounces of silver to the ton and
earthy cerussite carries as high as 700 ounces of silver to the ton.

Coral and Wigwam Claims

This property, part of a large block of claims owned by R. Fisher and
Dr. W. E. Thompson, is situated at the head of Porcupine gulch on the
northwest slope of Galena hill. The claims were staked in 1921, but the
main work on the property was done in 1924. The owners state that 7 or
8 tons of ore, assaying 258 ounces of silver to the ton and 61 per cent lead,
were shipped. No mining was done on the property during the summer of
1925.

The workings consist of a few open-cuts and three shafts along the
strike of a vein. The centre shaft is 26 feet deep and from the bottom a
drift has been run a short distance northeast along the vein; from near
the end of the drift a short crosscut was driven southeast. The other shafts
were filled with water at the time of the writer's visils. On adjoining claims
belonging to the same owners, three ditches, two of which are shown Oil

the map, were dug during the summer of 1925 in preparation for ground
sluicing in the following spring.

The centre shaft, drift, and crosscut are in a shear-zone striking north
53 degrees east and dipping 65 to 75 degrees southeast. The foot-wall is
mica and graphite schist and the hanging-wall is chiefly quartzite with
some schist. jVlineralization is irregular and occurs chiefly near the foot
wall of the shear zone. The primary minerals are galena, associated with a
considerable amount of freibergite, in a gangue of siderite and minor
quantities of quartz alld pyrite. Alteration products observed are limonite,
manganese oxide, and cerussite. It is reported that native silver occurred
near the surface at the shaft.

Similar gangue minerals and their alteration products were observed
011 the dumps of the other two shafts, and in addition to these minerals a
little galena was seen at the northeast shaft.
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Just northwest of the latter shaft brecciated quartzite is mineralized
with quartz and ~tibnite. The deposit is said to carry only low values in
silver.

EIsa Claim

This property, owned by C. Brefalt and D. Tolmie, is situated low
down on the south side of Porcupine gulch. In the spring of 1925 a vein
was exposed by means of ground-sluicing and was further prospected by
an open-cut.

The country tock is quartzite with some graphite schist. The mineral
ization occurs in a fault which strikes north 45 degrees east and where
exposed in the open-cut dips 70 degrees northwest. At this point the waJls
are poorly defined, out the vein may be as much as 7 feet wide. The prim
ary minerals present are siclerite, galena, which is partly gneissoid and
partly undisturbed, freibergite, and minor quantities of quartz, pyrite,
and chalcopyrite; alteration Qroducts include limonite, manganese oxide,
cerussite, malachite, and azurrte. The vein material occurs in part as a
cement of quartzite breccia. The owners stated that samples of galena
from the deposit assayed from 69 to 82 per cent lead and from 150 to 446
ounces of silver tu the ton and that a sample of siderite and freibergite
assayed 1,480 ounces of silver to the ton.

The fault probably extends for a considerable distance northeast and
southwest from this open-cut. The presence of float vein material on the
crest of the northern slope of Porcupine creek and in line with the strike
of the vein indicates that the fault is mineralized at this point also.

Dragon Claim

This property, owned by O. Miller, is situated on the northern slope
of the hill about a mile northeast of the highest point. During the past
fuur years a great deal of work has been done on the property. A vein has
been prospected along its strike for a distance of 500 feet by means of three
shafts, 20, 24, and 42 feet deep respectively, five open-cuts, ancl two sluices.
Many open-cuts and two sluices have also been made to the northeast of
the main workings.

The vein, which is reported to be from 5 to 7 feet or more in width,
strikes north 16 degrees east and dips 66 degrees southeast. The hanging
wall is quartzite and the foot-wall in most places black schist. The minerals
in the vein are siderite, limonite, manganese oxide, galena, cerussite,
freibergite, and a little quartz. The ore minerals carry high values in silver,
but are only sparsely distributed through the siderite, which is the main
constituent of the vein.

~ear the northeast end of the vein the siderite ends abruptly and the
mineralization is quartz, arsenopyrite, galena, and pyrite. Assays are
said to show some gold values. It is assumed that this mineralization is
in a cross-fault, the surface trace of which strikes north 82 degrees west.
It is not known whether the fault is older or younger than the siderite vein.

To the northeast of this cross-fault and along the strike of the siderite
vein there is apparently a brecciated quartz vein, but no siderite has been
found. In a ground-sluice 950 feet northeast of the end of the siderite vein
some galena floa t is presen t.

Hector Claim

This property, owned by C. Sinyarcl and M. S. :VlcC'own, is situated
just west of the highest part of Galena hill.
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A vein, which strikes north 48 degrees east and dips 65 degrees south
east, was exposed during the summer of 1925 by means of two open-cuts.
The country rock is quartzite, graphite schist, and greenstone, the last
being exposed in one of the open-cuts on the hanging-wall of the vein.
The vein, where exposed, is from 4 feet 3 inches to 5 feet wide. The material
filling the vein is mostly limonite and manganese oxide which are probably
alteration products of siderite. Cerussite and a little galena are also present.
•\ccording to the owners the silver values are as high as 312 ounces to the
ton, are carried chieAy in cerussite, and are as a rule highest near the
hanging-wall. Part of the vein filling, particularly along the foot-wall,
is quartzite breccia cemented by siderite. A band of soft quartz Aour occurs
along the hanging-wall.

Dixie Claim

This claim, owned by ]. V. Sullivan, is situated on the northwestern
slope of Galena hill; the workings are at ap. elevation of about 3,900 feet
and are 2,000 feet northeast of Porcupine gu ch.

The country rock is quartzite intruded by a sill of greenstone. In
two open-cuts in quartzite 300 feet north of the greenstone some siderite
Aoat has been found. The siderite contains a little pyrite and is partly
altered to limonite and manganese oxide.

In an open-cut near the greenstone a quartz vein sparsely mineralized
with arsenopyrite is exposed. It strikes roughly east-west and dips about
40 degrees south.

A ditch has been dug in preparation for ground-sluicing in the spring
of 1926.

Silver King, Mabel, Adam, and Webfoot Claims

The Silver King property is situated on Galena creek west of Galena
hill proper. Although it is not being mined at present it was a producer
of importance, particularly during the years 1915 and 1916. Over 2,500
tons of high-grade ore has been shipped.

The property was examined in 1915 by D. D. Cairnes who gives its
early history as follows*. "The Galena Creek vein is believed to have
been discovered and staked by H. '0,1. Mc\Vhorter and partner ahout the
year 1906, but the claim was afterwards allowed to lapse. The deposit
was relocated in 1912 or 1913 by :\1r. McWhorter who gave a lay on the
ground to Jack Alverson and Grant Hoffman. These layers did the first
real development on the property, and proved it to be of importance.
They shipped S9 tons of ore to the smelter at Trail, B.C., the smelter
returns for which amounted to $269 a ton, in gold, silver, and lead, the
gold being very low, but the lead amounting to 45 per cent. In the spring
of 1914 the property was acquired by Thomas P. Aitken and Henry Mun
roe, ~Vlr. Aitken heing the principal owner. During the winter of 1914-15
these owners shipped 1,180 tons of ore to San Francisco. The smelter
returns for this shipment, according to a statement kindly furnished by
Mr. Aitken, included $3 a ton in gold, and for ahout half of the ore, 39 per
cent lead and 280 ounces of silver, and for the other half 23 per cent lead
and 260 ounces of silver per ton." VIr. Aitken continued the mining until
the spring of 1916. Later an option was secured by E. J. Ives and F. Manley
who did some drilling on the property.

The vein has a known length of 2,400 feet, strikes north 68 degrees

*Cairnes, D. D.: Geol. Surv., Canada, Sum. Rept. 1915, pp. 27-29.
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cast, and dips steeply southeast. The country rock Oil the foot-wall side
of the vein is massive quartzite and on the hanging-wall side is inter
bedded schist and quartzite. According to information kindly supplied
by Mr. Alverson, the ore mined from the Silver King property occurred
mainly in a shoot which pitched northeast along the vein. The shoot had
an horizontal length of about 60 feet and was mined to a depth of 200
feet from the surface. The southwest end was 60 feet below the surface.
The shoot averaged about 3~ feet wide and had a maximum width of
about 7 feet. The minerals present were chiefly galena and ruby silver
in a quartz gangue; cerussite, sphalerite, iron sulphide, and siderite also
occurred. In the bottom of the ore-shoot iron sulphide and sphalerite were
the predominant minerals.

At the time of the writer's visit the workings were inaccessible, but
material on the mine dump, which had been obtained chiefly from the lower
workings, was examined and found to contain pyrite, marcasite, sphalerite,
galena, quartz, siderite, and minor amounts of pyrargyrite, chalcopyrite,
chert, and manganese oxide. For further details of the deposit the reader
is referred to the above-mentioned report by Caimes.

The vein continues southwesterly from the Silver King property
through two claims, the Mabel, owned by W. J. Tormey, and the Adam,
owned by M. Evans. :Vlaterial on the dumps of shafts sunk in the vein
include siderite, ankerite, limonite, quartz, galena, and pyrite; both the
siderite and ankerite are as a rule blackened with manganese oxide. No
important ore-bodies have been found on these two claims, although a
few tons of ore are said to have been shipped from the Adam claim.

Northwesterly from the Silver King claim the vein has apparently
not been found. On the Webfoot claim, which is owned by J. Alverson
and is the first claim to the northeast of the Silver King property, some
manganese oxide and a small amount of pyrite were found on the dump
of a prospect shaft; this shaft, however, lies northwest of the prolonga
tion of the strike of the vein. The northeast extension of the vein has
possibly been offset to the south by a cross-fault which occurs higher up on
Galena creek; this conclusion is supported by the fact that ruby silver
float is reported to have been found to the south of the strike of the vein
in a ground-sluice on the Webfoot claim.

Rico Claim

This claim is situated on the eastern slope of Galena hill near Christal
lake. I t is owned by H. A. Stewart.

The workings consist of a ditch, shaft, and tunnel. The shaft exposes
a vein in a zone of brecciated quartzite. The vein probably strikes north
easterly. The minerals observed by the writer are limonite, manganese
oxide, a little ankerite, and very minor amounts of quartz and pyrite.

Blueuird Claim

This claim, owned by A. McLeod, H. Rhor, and S. Turpin, is situated
low down on the northeast slope of the hill. A vein striking north 25 degrees
east and dipping 62 degrees southeasl was exposed during the spring of
1925 by means of two open-cuts. The vein is mineralized with galena,
sphalerite, and pyrite in a gangue of ankerite, calcite, quartz, limonite,
and manganese oxide. The country rock is greenstone and along the foot-
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wall it contains disseminated pyrite. The galena is reported hy the owners
to assay 292 ounces of silver to the ton and 77 per cent lead.

Tin Can Claim

This claim, owned by A. McLeod, H. Rhor, and S. Turpin, is situated
low down on the eastern slope of the northeast end of Galena hill. The
workings consist of a ground-sluice, two shafts, and a few open-cuts. The
shafts have exposed a vein which strikes about north 50 degrees east and
dips steeply southeast. Judging from the material on the dumps, the vein
is mineralized with ankerite, calcite, quartz, sphalerite, pyrite, and a small
amount of siderite, limonite, and manganese oxide. A small amount of
galena is reported to have been found also. The owners report that the two
shafts, which were filled with water at the time of the writer's visit, are 32
and 15 feet deep, that in the deeper shaft the vein is well-defined and about
3 feet wide, and that the hanging-wall is greenstone and the foot-wall is
schist.

Eagle Clailll

This claim, situated on the eastern slope of Galena hill at the head of
McLeod creek, is owned by A. McLeod, S. Thurbur, and Miss]. Stewart.

i\ vein which strikes about north 50 degrees east and dips steeply
southeast has heen prospected by means of several open-cuts, prospect
shafts, and ditches. On the northwest side of the vein the country rock is
largely green and yellow mica schist and graphi te schist; on tI::-e sou theast
side the country rock is quartzite. Judging from the material on the dumps
the vein is mineralized with quartz, siderite, pyrite, galena, sphalerite,
limonite, and malachite.

Jupiter Claim

This claim, owned by R. Fisher, is situated at an elevation of about
2,900 feet just west of Sandy creek on the northwest slope of Galena hill.

An open-cut in greenstone exposes a small vein which strikes north 53
degrees east and dips 80 degrees southeast. The minerals present in the
vein form bands parallel to the walls of the vein and include quartz, ankerite,
calcite, limonite, pyrite, arsenopyrite, sphalerite, and a little native gold
and white mica. Small values in both gold and silver have been reported.

Betty Claim

This claim is situated at an elevation of about 3,700 feet just east of
Sandy creek on the northwest slope of the hill. It is owned by A. YVightman.

Two small open-(:uts in greenstone have exposed a narrow vein which
strikes about north 58 degrees east and dips to the southeast. -. minerals
present are quartz, calcite, galena, sphalerite, arsenopyrite, ~yrrhotite,
cerussite, and limonite. The owner states that near the top of one of the
open-cuts the chief ore mineral was galena; at greater depth sphalerite
was most abundant and in the bottom some pyrrhotite was found. These
changes took place in a vertical distance of only 3 or 4 feet.

Christal King Claim

This claim, situated on Christal creek at the foot of the northern slope
of Galena hill, is owned by F. Swanson, O. Dahl, A. E. Erickson, and M.
Evans.

The workings, which are now caved, appear to be entirely in schist.
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The property was described in 1918 by W. E. C'ockfield* who states that
there are live arsenopyrite-gold quartz veins which, owing to the fact that
they are thin and not very persistl:nt, are not likely to prove of economic
value. One of these veins or stringers strikes north 54 degrees west and is
vertical; another strikes north 20 degrees west, and dips 50 degrees south
west. There is also a shear-zone 3 feet in thickness; it strikes north 74
degrees west and dips northeast at an angle of 60 degrees. Scattered irregu
larly through the rock of the shear-zone are small bunches of quartz, galena,
arsenopyrite, pyrite, and sphalerite. Small values of silver and gold occur
both in the veins and in the shear-zone. For further details the reader is
referred to C'ocklield's report.

*Geol. Surv., Canada, Sum. Rept., 1918, pt. H, pp. 9-10.
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1926
In Lroductory Note

The following parrtgraph, relative to field work ill the YUkOll in 1926,
by G. A. Young, Chief Geologist, appears jn the Annual Repurt of the
Department of Mines for the fiscal year enclillg :Harch 31, 1927, page 14:

"\i\'. E. Cocl,field explored geologically <lml geographically a large
area near Aishihik Lake that includes a part of the eastefll edge of the Coast
Range batholith in southwestern Yukon. The relation of the batholithic
body to ore deposits in Yukon and British Columbia has long been re
cognized. The field work in 1926 completed the mapping of all the more
easily accessible parts of the eastefll margin of the batholith in Yukon. ,'\
map and report representing the seClsoll's field work appear in Summary
Report, 1926, Part A."

AISHIHIK LAKE DISTRICT

by W. F.. Cockfie/d

The jmportance of the Coast Range batholith in connexioll with orc
cleposits has been recognized in British Columbia cll1d the adjacent parts
of Yukon. In Yukon and the northern fringe o[ British Columbia, [or
instance, the mineral deposits of ,'.,.tlin, Windy Arm, Wheaton, Whitehorse,
Rainy Hollow, and .\ishihik Lake districts all have a close genetic COI1
nexion with the batholith, or with underlying bodies of granodiorite which
are closely related to the batholith. I t has become increasingly apparent
that a zone following the eastem con tact of the ba tl10l ith is an exception
nally favourable place to prospect, <lnd with this in view, the program of
work in \'ukon, during the past few \"ears, was to delimit the eastern
margin of the intrusives along the more ,\ccessiblc' parts of the contact,
linking up the work of previous investigators. This work was started in
1922, and has been continued at illtervals. In 1924 a map of Whitehorse
district, comprising the rf'sults of several seasons work, as well as the areas
mapped by several previous workers, was completed, and is now available.

Field work in 1926 was in con ti n ua tion of this general plan. The area
chosen was Aishihik Lake district, which lies immediately west and north
of Whitehorse district. The 1l1,\pping of this area completes the outlining
of the batholith between \Yhitehorse district ;1I1d Lake KIUilne district, and
practically finishes the mapping of the eastefll contact of the batholith
from the British Columbia boundan' northwest to lake Kluane; thus finish
in."; the mapping of all the more ~-eadih' accessible parts of the eastefll
margin of the batholith in Yukon.

The area mapped lies bet\veen latitudes 60° 45' alld 61° 30' and be
tween longitudes 136° 00' al1d 137° 3()' west. It is located I\orth anrl west
uf Champagne, 011 the Whitehorsc-Lake Kluane wagon road, about 65
miles from \i\-hitehorse. This road served as a base, the surveys being
carried north from it for the necessan" distances. The Dalton trail, which
leads north from Champagne to Selkirl, on Yukon river, crosses part: of the
map-area, and as sections of this trilil ,11'1" in fair condition all the area is
readily accessible. A further means of ell try into this district is a trail,
in rather poor condition, from the Whitehorse-Dawson wagon road at the
52-mile post, to Hutshi village, where it connects with the lJaltun trail.
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:\ rapid triangulation was carried over the district, tying In with
vVhi tehorsf' and sta tions of the \Vhi tehorsE' sheet. Plane-ta ble surveys
were made along selected rou tes. No Cl ttem pt was made to map the area
completely, but a nUl11bf'r of routes were surveyed across it, which per
mitted outlining the gf'lIeral fe;ltures of the whole region with a consider
able degree of accuracy, and where possible the geology of the areas between
the lines of survey was inferred. The narrowness of the batholith in this
district made feas(ble the mapping of both tlw eastern allll western contacts
over a considerable distance.

Topography

There are three physiographic provinces in YUKon that are continuous
with similar divisions in adj;lcent parts of northern British Columbia and
Alaska. These are the Coastal system, the Interior or Yukon plateau,
and the ./fackenzie ;\lfountain system. Of these only the first t\VO need be
considered here in conlwxion with Aishihik Lake district.

From sou them Bri tish ('olumbia to near the sixtieth parallel the
Coastal system includes only the Coast range if the island range to the
west be considered as part of the Coast range, bu t near the head of Lynn
canal the simplicity of this province is interrupted, and from that point
north and northwest the Coast range passes inland and becomes the inner
most member of the Coastal system which, for this portion of its length,
consists of a series of ranges and mou ntai n masses separated by broad,
deep valleys. From the head of Lynn canal, northwestward, the ('oast
range gradually becomes less prominen t, and finally merges in to Yukon
plnteau near lake KJuane.

The Coast range consists of an irregular complex of peaks and moun
tain masses that have a rough alignment along a northwesterly trending
axis; the range is everywhere extremely rugged and precipitous, and consists
of sharp, needle-like peaks separated by deeply cut valleys. In British
l'olulllbia the summits attain elevations of 8,000 to 9,000 feet above sea
level, but in Yukon they are much lower and stand at an average elevation
of 5,000 to 6,000 feet above the sea.

The Interiur, or Yukon, plateau stretches from northern British
C'olumbia through Yukon and Alaska to Bering sea. It is in reality a broad
geosyncline, which is higher at the margins than at the centre, sloping
from both the east and west towards an axis which coincides very closely
with the position of Yukon river and its tributary, Lewes river. The sum
mits of the plateau back from the main waterways form a gently undulat
ing plain which is broken only here and there by isolated mountain masses
that rise above the general level. Into this upland surface the streams
have cut broad valleys to varying depths. The upland surface in the vicinity
of the main waterways is everywhere maturely dissected.

The descri ptions just given of the ('oast range and the Y 1I kon plateau
apply in a geneml way to Aishihik Lake distri,t, which is situated along
the margin of the ('oast range, and thus includes parts of both provinces.
The main difference lies in the fact that the ('oast range in this section of
the territory is lower, and consequently less rugged and precipitous than
it is to the southeast. Some of the peaks have a tendency towards a sharp
outline, and thE' valley walls, particularly along the smaller valleys, are
steep, but numerous Hat-topped forms which are more characteristic of
the plateau province also occur. In fact, there is no marked division between
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the two provinces, and it is doubtful if the term Coast range should be
applied to that part of the province north and west of Takhini and Deza
deash valleys. The only reason for applying the term is the continuation
of the granitic batholith across the region. The hills to the south and west
are much higher and more rugged than the Coast range in this part of its
course, and finally culminate in the peaks of the St. Elias range, many of
which may be seen from the district. To the northeast the hills are much
lower, and this part of the plateau seems to have been naturally dissected.

The main valley of the district is Dezadeash valley, an east-west
depression that stretches from Lewes river to the foot of St. Elias range,
and is occupied in its eastern part by fVlendenhall and Takhini rivers,
flowing east; and in its western part by Dezadeash river, which drains into
Alsek river. The divide between :vIendenhall and Dezadeash rivers is only
a few hundred feet in height, and is formed of sands and silts. It seems
probable that this valley was once the site of a single river, draining,
perhaps, to the west, and that the present drainage system is the result of
glaciation.

The other main valleys of the area have a north to northwest trend.
These include the valley occupied by the upper part of Mendenhall river
and Hutshi lakes, and Nordenskiold river, and in which the divide between
the waters of the Mendenhall and the Nordenskiold is only a few feet high;
the valley occupied by Aishihik river and Aishihik lake, and by the west
fork of Aishihik river and Sekulmun lake. There is also a northeasterly
trending valley from the head of Mendenhall river to the vVhitehorse
Dawson road. Most of these valleys afford good routes for travel.

General Geology

The rocks of the area include both igneous and metamorphic types.
The igneous types include both volcanics and intrusives; the latter, the
Coast Range intrusives, form one of the major features of the district.
The volcanics occur only at a few scattered points, and are not as important
as in areas to the north and south. The following table gives the list of
formations.

Table of Formations

Recent and Pleistocene.... . Superficial Deposits ...... . . Alluvium and glacial drift
Dyke rocks Quartz porphyry and related

types
Jurassic ............... ... . Coast Range Intrusives. . ... :Ylonzonites, granodiorites,

granites, and related types
Older Volcanics ... . . . , . . , .. Andesi tes \Vi th associated

tuft's and breccias
Precambrian (?) ......... . . Yukon group ..... ..... ... . Mica schist, quartz mica

schist, chlorite schist, gran-
ite-gneiss, and crystalline
limestone

Yukon Group

This name was applied by Cairnes* to include the metamorphosed
rocks of both igneous and sedimentary origin along the Yukon-Alaska

*Cairnes, D. D.: "Yukon-Alaska International Boundary"; Geol. Surv., Canada,
Mem. 67, pp. 40-44 (1914).
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boundary north of Yukon river. The correlations he made at that time
show clearly that he included in this group all the schistose and gneissoid
rocks of Yukon basin, which had been determined by different workers to
be the oldest in their respective districts, and which had been variously
classed as pre-Devonian, pre-Silurian, or pre-Ordovician according to the
age of the oldest overlying beds. Cairnes offered proof that the mem
bers of the Yukon group were in all probability Precambrian. As some
of the correlations were made over considerable distances, and as degree
of metamorphism is not by itself a reliable key to age, it is perhaps best
to consider the Yukon group as a whole only tentatively as of Precambrian
age, although the lack of definite evidence, in spite of the increased number
of investigations among these rocks, that it is not Precambrian, tends to
strengthen the original correlation.

The rocks of the Yukon group in Aishihik Lake district include both
sedimentary and igneous types, and represent probably, different ages
within the Precambrian, but they have been so highly metamorphosed that
in many cases it is difficult to ascertain the nature of the original rocks,
and consequently, to determine their history. The group is represented
by mica schist, quartz-mica schist, chlorite schist, granite-gneiss, and
crystalline limestone. This group forms, for the greater part of the area,
the rocks into which the Coast Range batholith was intruded, and, there
fore, the degree of metamorphism is high.

The mica schist is a greyish, medium-grained rock showing an abuIl
dance of mica, particularly on cleavage planes. Specimens examined under
the microscope are seen to consist mainly of biotite and quartz, with minor
amounts of chlorite and iron ore. Some specimens also contain calcite.
The quartz grains are intergrown with a sutured texture, and the mica
is usually arranged in leaves parallel to the planes of schistosity.

The quartz-mica schist is very similar in appearance and composition.
Quartz is, however, the dominant mineral, with biotite or sericite sub
ordinate. The quartz grains are nearly always intergrown, and have an
arrangement along parallel lines with leaves of biotite or sericite arranged
along the planes of schistosity. The rock has a decidedly quartzitic appear
ance, and is undoubtedly an altered sediment.

The chlorite schist is a greenish to greyish rock with a glistening
appearance on a freshly broken surface. Individuals of biotite can be
detected with the naked eye. Under the microscope the rock is seen to
consist almost entirely of chlorite, biotite, and hornblende. A few small
laths of feldspar, and minor amounts of iron ore also occur. The rock has
a decided schistose appearance, and is most probably an altered igneous
rock.

Granite-gneiss is one of the most abundant of the metamorphic rocks
of Aishihik Lake district. It is most extensively developed along the western
flank of the intrusives, but is also fairly common on the eastern margin.
It is a greyish to pinkish rock, with a characteristic gneissoid texture, and
in many cases with the development of phenocrysts, forming an augen
gneiss. Under the microscope the essential constituents are seen to consist
of quartz, orthoclase, plagioclase feldspar, biotite or hornblende, and
micropegmatite. The quartz and feldspar show in some cases pronounced
granulation; in most cases, however, the quartz grains are intergrown. The
mica is usually arranged in parallel lines. In some specimens the rock is
much more basic than those described above, and consists largely of plagio-
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clase and augite, with minor amounts of secondary minerals, and exhibits
less intense granulation. These variations were noted, however, at only
one locality.

The crystalline limestone is abundantly developed along the trail lead
ing up Mendenhall valley, and occurs plentifully in the region about the
southern end of Aishihik lake; it is, moreover, in many cases associated
in minor amounts with the other schistose rocks in other parts of the dis
trict. The limestone is white to brown and is more or less siliceous. The
recrystallization is so complete that all trace of the original bedding has
been destroyed. Lenses and veins of quartz, barren of sulphides, are com
mon in the limestone; and in the vicinity of bodies of granitic rocks, garnet,
epidote, and other silicate minerals are extremely abundant. In such cases
careful search was made for sulphides, but without success. No fossils were
obtained from the limestone in Aishihik Lake district.

Older Volcanics

The rocks included in this group have only a limited development in
the district. The chief occurrence lies on the hills north and east of Hutshi
lakes, and in all probability these rocks extend north on both sides of
Nordenskiold valley to join with areas of similar rocks shown on the Brae
burn-Kynocks and Tantalus maps*. Other areas occur on the ridge between
Hutshi lakes and :'\ishihik lake, and on the western side of Aishihik lake.
Other small bodies were noted chiefly on the summits of the higher hills.

The andesites are green to red rocks, and exhibit, macroscopically,
phenocrysts uf feldspar. Under the microscope the feldspar is seen to be
largely andesine, and the ferromagnesian mineral, hornblende or augite.
Crystal tuffs containing fragments of crystals of these minerals in many
cases accompany the andesites, as well as breccias with fragments of
andesite and other rocks. There is little definite evidence to be obtained
as to the age of these rocks in Aishihik Lake district, on account of the
lack of sedimentary strata which would serve as time-markers. They are
cut by the granitic intrusives wherever the two are found in contact, and
are younger than the members of the Yukon group. In Whitehorse district
to the southeast, some of the members of the Older Volcanics cut sediments
of Lower Jurassic age, and are in turn cut by the granitic intrusives, which,
from the evidence collected in Yukon and British Columbia, may range
from J urassic to early Cretaceous time.

Granitic Intrusives

The granitic intrusives form one of the major geological formations of
Aishihik Lake district, both in areal extent, and in importance as possible
ore-bringers. The granitic intrusives southeast of the district have a north
northwesterly trend, but at the eastern edge of the district they turn
abruptly in a more westerly direction, and continue across the district
in this direction towards the northern end of lake KI uane. They form a
fairly narrow band 8 to 10 miles wide across the area, and a tongue of
these intrusives also extends from Sifton mountains in the southeast of
the map-area towards Hutshi lakes, and apparently dies out in the hills
northwest of these lakes.

The Coast Range intrusives include a considerable variety of rock
---

*Cairnes, D. D.: Geol. Surv., lanada, Maps lOA and lIA, 1910.
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types, but they have in general a granitic habit. The typical rock is coarse
grained, greyish, and composed of quartz, feldspar, and mica or hornblende.
Pinkish varieties also occur, as well as types that have a porphyritic habit,
exhibiting crystals of feldspar 1 inch to 2 inches long in a mass of finer
grained material. Types rich in ferromagnesian minerals, and consequently
darker in colour, also occur.

The typical rock of the Coast Range intrusives is medium to coarse
grained, with the essential constituents visible to the naked eye. Under
the microscope the main minerals present are seen to be quat-tz, orthoclase,
plagioclase feldspar of intermediate composition, and biotite or hornblende
or both. The quartz in most cases forms less than 20 per cent of the rock
and the ratio of alkali feldspar to lime-soda feldspar is usually 5:3 to 3 :5.
The rocks, therefore, fall into the class of monzonites and granodiorites.
In some cases the percen tage of Cl uartz increases to nearly forty, and the
lime-soda feldspar becomes rlistinctly subordinate, placing the rocks defi
nitely in the granite family. This variety is, however, less important areally
than the monzonite or granodiorite type.

An attempt was made to determine whether there was a progressive
change in composition across the batholith or along its strike, but the con
clusion was reached that the variation from the normal type around any
single locality was greater than the variation exhibited by the normal
types either across the batholith or along its strike. No regular change in
the normal type of intrusive was detected, but it must be remembered that
the batholith at this point is narrow, and possibly no striking change is
to be expected.

The main body of the batholith in Aishihik Lake district, as already
noted, is in the form of a dyke-like body, 8 to 10 miles wide, with a tongue
of granitic rocks occurring 6 miles to the north. The contacts of the batholith
with the intruded rocks are rarely exposed, owing to the mantle of super
ficial deposits, which occupies the valley bottoms and much of the hill-sides
and upland surface. V/here observations could be made on the eastern
contact, it was found to dip steeply, the angles observed being 5S to 70
degrees. The presumption is that the western contact had also a considerable
dip. The general form of the batholith in this district, cutting as it does in a
fairly narrow band across the country, regardless of the topography,
supports the view that the contacts, in the vicini ty of the surface at least,
are steep. This view must perhaps be modified by the fact that the type
of survey conducted permitted only of obtaining a limited number of
points along the contacts, chieRy adjacent to routes of travel, with the
remainder of the contact interpolated between these points. Taken as a
whole the contacts, where observed, are highly irregular. The western
contact is, unfortunately, concealed for the greater part of its length within
the district by the valley deposits of the \Nest Fork of Aishihik river. Along
the eastern contact, where exposures could be found, the contact was
found to be highly irregular, and the shattering effects of the intrusive
upon the wall-rock were well illustrated. To the north of Moraine lake,
blocks and fragments of the schistose rocks are included in the granites.
The blocks vary from a few inches up to many yards in diameter, and in
many instances the smaller blocks have rounded and indefinite outlines
pointing to partial absorption by the intrusive. Tongues and stringers of
granitic material pierce the inclusions, but lit-par-h't injection was not
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noticed, either in the case of the inclusions or In the wall-rocks of the
batholith.

For the Rreater part of its length in Aishihik Lake district the batholith
is in contact with the schistose rocks of the Yukon group, and it cannot be
determined what part of the metamorphism of these rocks is due to the in
trusion of the batholith, and what part is due to other causes. Along many
of the contacts garnet is found in the schists, pointing to a certain degree of
contact metamorphism. \;\:here the limestones of the schistose group are
in contact with the granites the degree of contact metamorphism is high;
garnet, epidote, and other silicate minerals are abundant and in some cases
make up the bulk of the intruded rock, but the zone where these minerals
are found is quite narrow; in no instance were silicate minerals noted more
than a quarter of a mile from the granitic contacts.

Pegmatite dykes may be included among the contact phenomena of a
granite batholith. No true pegmatite dykes were noted along the eastern
margin of the Coast Range batholith, nor have any such dykes been re
ported elsewhere along the eastern margin of the batholith in Yukon.
The western contact of the batholith has not received much study in Yukon,
but in the short stretch of the western contact exposed in Aishihik Lake
district, pegmatite dykes containing large crystals of tourmaline are fairly
abundant.

A study of the batholith and adjacent rocks along its eastern margin,
from Atlin district in northern British Columbia northwest to Aishihik Lake
district, reveals some important facts that have a bearing not only on the
geological structure but also on the types of ore deposits that may be
expected. The presence, on the tops of many of the higher hills, of bodies
of the intruded rocks, leads to the belief that these are possibly remnants
of the roof of the batholith. In vVheaton district, where work of a detailed
character has been done*, several long, relatively narrow curtains of pre
]urassic rocks occur in the batholith, are cut by the valleys to depths of
3,000 feet or more, and at the level of the valley bottoms are almost as wide
as at their highest points. In the same district, small, irregularly-shaped
patches of the older rocks outcrop at widely different elevations. These
cannot be parts of the roof of the batholith but are inclusions. The method
of batholithic invasion which best answers the known facts appears to be
that of overhead stoping-the batholith advancing by the breaking away
from the roof of fragments or blocks which sank in the magma that rose to
replace them. The batholith also appears, in general, to have intruded the
overlying rocks in the form of great tongues and dykes, from which branched
off smaller portions. However, there is not the minute intern.ngering of the
batholith and the older rocks that occurs in connexion with the Precambrian
batholiths. There is little in the way of addition of granitic material to the
intruded rocks, except in the form of distinct bodies such as dykes and
sills. That a certain amount of marginal assimilation occurred seems evident,
for at the contacts of some of the darker rocks the granite becomes darker
as the conta,t is approached, but this is operative for a few feet only.

Jt is almost certain that a cover was maintained over the magma until
it cooled. Further, it would appear that the roof of the batholith was highly
irregular. This is, perhaps, best illustrated on the hills north of Champagne,
where the summits are granite and, therefore, not at the roof of the batho-

'Cairnes, D. D.: "vVheaton District"; Geol. Surv., Canada, :vrem. 31, pp. 74-76 (1912).
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lith; passing northward, the schist contact appears at a distance of about
2 miles and at an elevation of at least 2,000 feet lower; still farther north
ward, schists are exposed in the bottom of Nlendenhall valley; and on the
higher hills to the north of this valley granite once more appears. If it be
assumed that these granite bodies are connected beneath the schist cover,
the original roof of the batholith must, indeed, have been highly irregular.
YIoreover, a study of the areal geology from Atlin to Whitehorse shows that
there are numerous outlying bodies of granodiorite that are identical in
appearance and composition with the intrusives of the batholith itself, and
no evidence has as yet been presented to show that these are of a different
age. They can, perhaps, best be regarded as peaks of the granitic body,
which have, as yet, been barely deroofed.

Association of )<Iineral Deposits with the
Coast Range natholith

The mineral deposits located along this part of the eastern contact of
the batholith also give some indication of the shape of the body. The fol
lowing table is a summary of the types of ore deposits that occur along
the eastern margin of the batholith from Atlin district northwest to Aishihik
Lake district, and includes only those whose genetic connexion with the
granitic intrusives may be assumed or has been expressly stated by the
authors concerned*. All deposits, however, that are connected with out
lying bodies of granites have been included.

Deposit District Cou ntry rock Type

Gold-silver Atlin Slate, schist, andesite, and
Coast Range intrusives Hydrothermal

Gold-tellurium. Atlin jSlate Hydrothermal
Silver-lead Atlin Granite and associated

dykes Hydrothermal
Antimony-silver Atlin. . . . . . .. . .. Shale and argillite Hydrothermal
Gold-copper Atlin Granite'. . . . . Hydrothermal (?)
Copper Atlin. . . . . .. Schist . . . . . . . . . . .. Contact metamorphic
Gold-silver-Iead Windy Arm. . . . Andesite Hydrothermal
Gold-silver \Vheaton Slate, schist, andesite, and

granite. . . . . . . .. Hydrothermal
Silver-lead Wheaton. Argillite Hydrothermal
Antimony-silver Wheaton. . . .. Andesite Hydrothermal
Copper Wheaton.. Schist Contact metamorphic
Copper ·IWhitehorse. . . Lim.estone and granite Contact metamorph!c
Copper Gdtana lake.. . .. Schist. . . . . . . Contact metamorphic
Copper 'INordenskibld river. Andesite. . . . . . .. Contact metamorphic (?)

It will be readily seen from this table that there are two types of
mineral ization, namely, contact metamorphic and hydrothermal. Contact

*Cairnes, D. D.: "Atlin Mining District"; Geo!. Surv., Canada, Mem. 37, pp. 72-121
(1913).

"\-\lindy Arm District"; Geo\. Surv., Canada, Sum. Rept. 1916, pp. 34-44.
"Wheaton District"; Geo\. Surv., Canada, Mem. 31, pp. 85-145 (1912).
"Lewes-Nordenskibld River Coal District"; Geo!. SlIrv., Canada, Mem. 5 (1910).

Append ices I and 11.
:YIcConnell, R. G.: "Whitehorse Copper Belt"; Geo\. Surv., Canada, 1907.
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metamorphic deposits are believed to have becn formed under couditions
of high temperature and pressure, and consequently soon after thc intrusion
of the batholith. The hydrothermal deposits in this region, from a study
of their mineral associations, belong mostly to deposits of the upper vein
zone, that is, deposits formed under conditions of moderate temperature
and pressure. As these occur not only in the surrounding rocks, but in the
granodimite also, it follows that they were formed at a later date than
the contact metamorphic deposits, after the upper part of the granodiorite
intrusion had solidified and ("Ooled.

Moreover, as the mineral deposits of this region occur in a belt follow
ing the eastern margin of the batholith, and as the deposits have been
found to be genetically connected with the batholith, it follows that the
rocks to the east of the main boundary are really the roof of the batholith.
This is further borne out by the facts that numerous outlying bodies of
granodiorite occur to the east of the main margin of the intrusives and no
evidence has yet been fou nd in this region that these ou tl yi ng bod ies differ
in age from the main body of intrusives. It follows that on the whole the
eastern margin of the batholith in this region slopes gently eastward with
recurrent upward projections whose summits have been laid bare to the
east of the main margin. This conclusion do('s not agree with that of Scho
field*, namely, a steeply-dipping and smooth-Aowing eastern contact, with
a narrow contact metamorphic zone.

The deposits of the contact metamorphic type occur for the most part
at considerable distances from the main margin of the batholith and arc
found at the borders of outlying bodies of granodiorite. Deposits of this
type, with one possible exception, are confined either to limestone, schist,
or to the granodiorite. At one locality, Beeker creek**, a deposit of this
type occurs in a schist inclusion, and deposits of hydrothermal origin occur
in the granodiorite at approximately the same elevation. As the hydrother
mal deposits are low temperature types, compared with the contact meta
morphic, and as the differences in this case cannot be explained by zoning
as ordinarily understood, it, therefore, appears that the time at which the
derosi ts were formed becomes tl1P decidi ng factor; that deposi ts formed
soon after the intrusion of the batholith were of the contact metamorphic
type; <lnd that near them may be fou nd deposi ts of the upper vei n wne
formed in the dying stages of volcanism from the same intrusion.

Dykf' Rocks

The common dyke rocks of the district are, in general, merely phases
of either the Older Volcanics or of the Coast Rallge intrusives, that is,
either dykes of andesites or of granite porrhyry, which are apparently
c10sel y connected wi th their respective periods of voJcanism. There are,
however, Cl number of dykes, ,hieRy ill t]w northern end of the regioll,
which, from (-heir lithological characters, seem to correspond closely with
more recent rocks found in other parts of Yukon. They are, for the most
part, quartz porphyries and related t~-pes and are readily distinguished in
the field, for they have always a white to yellow groundmass holding
occasional crystals of quartz, rf'ldspar, or mic\. The quartz crystals are in

*Schofi~lcI, S. ].: "Salmon R;,·er District", Schor""ld ;l11c1 l-Ianson: Geo!. Sur".,
Canada, Mem. 132, pp. 64-6l> (1922).

*"Cairnps, D. D.: "\Vhcaton Disu-icL"; Geu!' Sur"., C.~al1ada, Nlel11. 31, pp. 110-111,
140-145 (1912).
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many cases of the smoky variety. These rocks break readily into thin,
irregular plates with a roughly conrhoidal fracture, and give a ringing
sound when struck with the hammer. They are, presumably, late Tertiary
or early Pleistocene, for where definite evidence as to their age has been
obtained in this and other districts, they are found to be the most recent
of all the consolidated rock formations.

Superficial Deposi ts

The superficial deposits represented on the map are the thick accumula
tions in the valleys. The thillner deposits on the hill-sides and upland are
not shown as a rule. The superficial deposits include, in ,ludition to glacial
drift, gravel, sand, clay, silt, soil, rock talus, ami volcanic ash. These cover
the valley floors to unknown depths and also spread over considerable parts
of the hill-sides and upland. One of the most notable features of these
deposits is the considerable thicknesses of fine, white silts. These are most
conspicuous at the northern end of H utshi lakes, as terraces along the
west fork of Aishihik river, and along parts of Dezadeash river. Another
notable feature is the occurrence of benches of gravel on the ridge between
Hutshi lakes and Aishihik lake, and on the ridge between Aishihik lake
and Sekulmun lake. The benches occur at all elevations up to the top of
the lower saddles of these ridges. The streams entering the lakes have cut
deep canyons in them and show that in places the gravels are at least 100
feet thick. The streams draining the lakes have, also, cut through the
superficial deposits of their former valley bottoms, leaving terraces that
increase in elevation above the present stream bed downstream. As these
valleys were occupied by glaciers it is probable that the gravel deposits
were formed along the margins of the valley glaciers either by streams
draining toward the valleys or by streams draining along the edges of the
ice. The retreat of the ice was toward the south and as the main divide
between the waters draining to the Yukon and to the Pacific ocean by way
of AJsek river lies to the north, lakes were formed between the retreating
ice and the divide.

;\ number of terminal moraines were noted. Onc of these occurs in
the valley between Sekulmull and Aishihik lakes, a second at the head of
Cracker creek, alld a third in the valley that stretches from the head of
Mendellhall river to the Dawson wagon road. Other smaller moraines are
common. In some instances the 1l10raines haw' been flooded, giving rise to
lakes of extremely irregular shape.

Mineral Deposi ts

}\io mineral deposits are being worked in Aishihik Lake district.
Deposits of copper are known to occur in the vicinity of Giltall<l lake, and
others have been reported from Nordenskiold valley, a few miles northeast
of the map-area, but UIl the whole the district may be classed as unpros
pected. This is perhaps not surprising, as the economic transportation of
ore would be somewhat of a problem. The type' of topography would facili
tate the construction of roads should these be needed, but the long haulage
to the head of navigation on Takhini riw'r, the loading there, and the
re-handling at Whitehorse and Skagway would entail such expense that
only ore of very high grade could be profitably handled.

On the whole, Aishihik Lake district is considered a favourable field
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for the occurrence Cif mineral deposits. The importance of the granite
batholith in connexion with ore deposits has already been pointed out. Some
of the creeks crossing the western contact of the batholith, towards Kluane
lake, have produced considerable amounts of placer gold, and there is no
apparent reason why the creeks that cut the rocks adjacent to the western
contact in Aishihik Lake district should not also carry placer gold. The
chief difficulty lies in prospecting. The superficial deposits are, probably,
very thick, and in many instances are not frozen, which renders prospecting
by the methods ordinarily employed in Yukon out of the question. It is
possible that points may be found towards the heads of these creeks where
the superficial deposits are sufficiently thin to permit the prospector to
reach bedrock, and thus test the ground.

The only lode deposits known in the area mapped occur at Giltana
lake, and it is years since any work has been done on them. The claims
were staked in 1907 and 1908 and were reported on by Cairnes*. The
following summary of his account is included for the sake of completeness.

The deposits are located on both side of Giltana lake. On the north
west side the ore occurs at the contact between granite and limestone, and
is in the form of narrow lenses of quartz and mineral. The widest lens
observed was about 4 feet wide and, generally speaking, the lenses are only
from 1 to 2 feet wide. They have no present economic value.

On the northeast side of the lake the rock formation is mica schist with
limestone and quartzite. In places, the schist is mineralized with magnetite
carrying copper minerals, chiefly chalcopyrite and malachite. The schist
bands show almost all stages of mineralization from barren schist to nearly
solid iron ore. The ore-zones average 6 to 10 feet ,vide, although one of 20
feet exhibiting intense mineralization was observed, and have been traced
for distances of 50 to 200 feet, to where the mineralization becomes scanty
or follows parallel bands. Three prominent ore bands were observed at
different elevations on the face of the hiJl overlooking the lake. The deposits
are genetically connected with intrusions of granite which occur in the
vicinity. The best of the copper ore carries 1'35 per cent to 9 per cent
copper and only a trace of gold.

A second copper deposit was reported by Cairnes from the hills over
looking Nordenskiold valley north of Hutshi lakes**. In this case the ore
occurs at the contact of andesite and limestone, and consists of magnetite
impregnated with copper minerals, chiefly chaIcopyrite, malachite, and
azurite. The main mass is in the form of a hill of almost solid iron ore,
about 200 feet wide and from 300 to 400 feet long. A second occurrence,
where the richest ore is found, was exposed in a small open-cut where the
ore was 10 to 12 feet wide, and was apparently not connected with the mass
referred to above. A sample from the large mass showed no gold and 1·8
per cent copper; a sample from the open-cut yielded 0·025 ounce of gold
to the ton, and 5·55 per cent copper.

Saline Deposits

Saline encrustations occur at many points along the valley of Dezadeash
river and also along Aishihik river. This material is white and occurs

*Cairnes, D. D.: "Lewes and Nordenski61d Rivers Coal District"; Geo1. Surv.,
Canada, Mem. 5, Appendix II (1910).

**Cairnes, D. D.: Op. dt., Appendix 1.
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around the edges of lakes and small ponds, being left as a residue after the
evaporation of the water. These saline encrustations also occur at many
poin ts as a thin deposi t on top of the soil; in some of these cases there is
apparently an abundance of stagnant water early in the spring, and the
encrustations are left as the water evaporates. Samples of these encrusta
tions, collected by D. D. Cairnes*, were examined in the laboratories of the
Mines Branch, Ottawa, and proved to contain hydrated sulphates of lime
and soda, with a small quantity of magnesium sulphate and insoluble
argillaceous and organic matter. They are slightly ferruginous and contain
small quantities of chlorides and phosphates. The potash content in six
samples was shown to be from 0·2 to 0·3 per cent K 20.

Conclusions

Mining has made practically no headway in Aishihik Lake district, bu t
from the geology of the district there is no apparent reason why deposits
of copper, silver, lead, or gold may not be present. :\1ineralization may
extend a considerable distance east of the batholith. It is true that not all
parts of the batholith are ore-bearing, and that on long stretches of the
contact no mineral discoveries have been reported. The evidences of ore
deposits cited above show that mineralization has taken place along the
contacts in Aishihik Lake district, and, since this is the case, other ore
deposits may be reasonably expected tu be present.

. ;

*Cairnes, D. D.: Geol. Surv., Canada, Sum. Rept. 1916, pp. 33-34.
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1927
Introductory Note

The following note with reference to field work in Yukon Territory
in 1927 is included by G. A. Young, Chief Geologist, in the Annual Report
of the Departmen t of NI ines for the fiscal year ending \'larch 31, 1928,
page 14:

"W. E. Cock field geologically and topographically explored an area
of about 2,000 square miles in the vicinity of Dezadeash Lake, southwestern
Yukon. A main reason for undertaking this work was to outline a part of the
western border of the Coast Range batholith, a body with which many
important mineral deposits are associated in Yukon and British Columbia.
Cock field also examined ore deposits at Fifteenmile Creek on Yukon River
below Dawson; at Rude Creek; and at \iVhitehorse. A report upon Deza
deash Lake area, accompanied by a map and short reports upon the ore
deposits of the three localities mentioned, appears in Summary Report,
1927, Part A."

DEZADEASH LAKE AREA

by W. F:. Cockfield

During the summer of 1927, exploratory work was done in the region
lying between Kusaw;1 ;1ncl Dezadeash lakes. The area lies between );1titudes
60° and 60° 45' and longitucles 136° 00' and 137° IS'. The town of Cham
pagne is a suitable base for the western part of the district. From Cham
pagne the Dalton trail leads to Haines on the Alaskan coast, and crosses
the westem part of the area. This trail is still in fair condition for pack
animals, although blocked to some extent by windfalls. All points on Deza
c1eash lake may also be reached from Champagne by ascending Dezadeash
river, which is fairly deep, and, with the exception of a number uf minor
riffles, for the most part sluggish, so that it offers no serious obstacles to the
use of paling boats, or boats equipped with small outboard motors. The lake,
on the other hand, is usually very rough, and for long periods at a time
cannot be crossed in safety by the ordinary light-draught river boats.

Kusawa lake (better known in the district as Arkell lake) may be
reached from v\'hitehorse by descending Lewes river and ascending Takhini
river. This route is easily navigable for steamers and shallow-draught
boats of good power to a point about 4 miles above Nrendenhall landing.
At this point occurs a rapid, several chains long, with a considerable drop,
and obstructed by numerous boulders. Small buats may be taken up and
clown by lining. From this rapid to the lake the river is continuously swift,
with a number or very fast riffles or rapids. Boats with good power may
ascend all except the swift'est water, where lining is necessary. On the whole
there is sufficient water for navigation by small boats. A trail also leads
from the Whitehorse-Kluane wagon road at iVrendenhall landing, to the
northem end of Kusawa lake, and pack animals may be taken south along
the western shore of the lake for aholl t half its length; beyond tha t pain t the
shores are bordered by steep, rocky walls which render the use of pack
animals impossible. A poorly defined trail leads frOIll the central part of
Kusawa lake by way of Freclerick lake to the Dalton trail at Kluhini River
crossing. This trail, although practicable for root travel, is impassable for
pack animals by reason of swamps and rock blllffs at the head of Frederick
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lake. Kusawa lake, like Dezadeash lake, is subject to violent windstorms.
However, they are not so continuous, and with care, small boats may be
used on the lake in comparative safety.

As no base map of sufficient accuracy existed, a survey was conducted
in the district, to ou tline the major features of drainage and topography.
No attempt was made to map the area as a whole. Narrow stretches along
readily accessible routes of travel were mapped, so as to obtain, in a mini
mum time, as much information as possible regarding geology and topo
graphy of the district. The writer was ably assisted in this work by Messrs.
\!. T. EIlis, E. J. Lees, and E. A. Goranson. Mr. ElIis took charge of the
party during the writer's absence on investigations of mineral properties
Jyi ng ou tside the district.

Topography

The area is on the western Rank of the Coast range and in consequence
is for the most part rugged. Ragged and needle-like peaks, typical of the
Coast range, are well developed. The mountains west of the Coast range,
using this term as meaning the terrain underlain principally by the granitic
rocks of the Coast Range batholith, are fully as high as the Coast range.
One or more ranges occupy the region between the Coast range and St.
Elias mountains. The mountains of this range or ranges attain altitudes of
about 7,000 feet, and hold many glaciers. They appear to be formed largely
of folded sedimentary rocks.

One of the main features of the district is the number of large lakes.
Of these the largest are Kusawa, Dezadeash, and Frederick. Kusawa lake
occupies a somewhat zigzag valley, having, however, a general north-south
trend. The central part of the lake is in a transverse valley having a north
west-southeast trend, and continuing beyond the lake to the northwest
to Shawak valley, being occupied in turn by Frederick lake, part of Deza
deash lake, part of Kathleen lake, and lake Kluane. From this valley to
the north end of the lake, terraces or benches of gravel and sand are common
on one side of the lake or the other. They are, however, most commonly
to be found on the western side of the lake, the other side being occupied
for the most part by a steep, rocky wall. A l the root of the lake, these
terraces are cut through by Takhini river, which is evidently lowering its
channel at this point relatively quickly. The water Howing from the lake
is quite clear, but it quickly picks up a load of sediment, and is turbid
before reaching Mendenhalllanding, 11 miles below. This stretch of Takhini
river Rows in a north-south depression, but soon enters a wide east-west
valley, having a much lower grade. The river on entering this valley Rows
east, and save for occasional riffles, the greater part of the stretch from
Mendenhall landing to the mouth is comparatively slack water. The
southern end of Kusawa lake lies in a steep-walled, LT-shaped depression;
at the northern end the valley is more open, and the hills lower.

Dezadeash lake occupies a broad valley bordered by low hills to the
east, and south of Shawak valley by a high range to the west, to which the
name Dezadeash mountains has been applied. The lake is drained by
Dezadeash river which Rows north through a broad valley for some miles,
to where, by a narrow C-shaped valley at mount Bratnober, it enters a
continuation of the depression followed by Takhini river, but turns west,
and Rows into Alsek river. The height of land between Yukon and Alsek
drainage in this valley is vrry low, the divide between the waters of the
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two rivers being probably less than 300 feet high, and formed by sand
hills. Dezadeash river between the lake and Champagne is bordered for
the greater part of the distance by swampy flats, with numerous lakes
representing cut-off meanders.

Shawak valley is a wide depression extending southeastward from
lake Kluane to Dezadeash lake, from where a valley continues in the
same line to Kusawa lake. As has been pointed out, Shawak valley con
tains parts of some of the larger lakes of southwestern Yukon, and the
divide between the drainage of this valley and the drainage directly to
the Alsek by way of Klukshu lake and Klukshu river, and Tatshenshini
river, and also by way of Alder creek, Bates and iVI ush lakes, and Tatshen
shini river, is very low. The view was put forward by Brooks* that this
valley formerly carried the drainage from Upper White river to the sea
by way of Tatshenshini and Alsek rivers. Although Cairnes** has shown
that so far as White river is concerned this course is impossible, it nerverthe
less is evident that Shawak valley was, previous to the Glacial epoch, the
line of one of the main drainage features of the district. That there have
been changes in drainage is evidenced in part by the sudden lowering in
grade of Takhini river on en tering the east-west valley which carries it to
the Lewes; the gradual steepening in grade of Dezadeash river on entering
the same valley; the broad Shawak valley, occu pied in part by large lakes,
and in part by small streams; and the high gravel and silt benches along
parts of Kusawa lake, Dezadeash lake, Takhini, Dezadeash, and Kluhini
rivers. There are not, however, sufficient data at hand to permit of outlining
the preglacial drainage.

General Geology

The rocks of Dezadeash Lake area include sedimentary, igneous,
and metamorphic types, ranging in age from Precambrian to Tertiary. The
oldest rocks are represented by a group of schists and gneisses, thought
to belong to the Yukon group, which is considered Precambrian. Following
these is a thick series of argillites, presumably Palceozoic, and some volcanics
tentatively classed with the 'Older Volcanics' of about Jurassic age. The
Coast Range Intrusives form an extensive terrain, and cut all the forma
tions listed above. No new evidence was obtained in Dezadeash Lake
area as to the age of the intrusives. The youngest consolidated rocks of the
district are dykes and small masses of quartz porphyry and granite porphyry.
Overlying the rock of most of the valley bottoms, and much of the side
hills and uplands, is a mantle of superficial deposits, including sand and
gravel, silt, boulder-clay, and talus.

Descriptions of Formations
Yukon Group

The rocks of this group are extensively developed in Dezadeash Lake
area. They are all schisiose or gneissoid, and include mica, hornblende,
and chlorite schists, granite-gneiss, and crystalline limestone. The mica
schists are grey, medium grained, and with a pronounced development
of mica on the planes of schistosity. They cunsist of quartz and mica, with
subordinate feldspar and chlorite. The proportion of quartz to mica varies

*Brooks, A. H.: V.S. Geo!. Surv., 21st Ann. Rept., pt. 2, pp. 354-355 (1900).
**Cairnes, D. D.: "Cpper White River District"; Geo!. Surv., Canada, Mem. 50,

pp. 60-62 (1915).
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widely in different specimens; ranging from types in which mica is abundant
ly developed to others in which the mica is rather sparse, and which ap
proach quartzites in composition. The quartz grains are usually intergrown.
The mica is arranged in parallel bands that occasionally show intense
plication even in a hand specimen, sweeping in a series of curves through
the specimen.

The chlorite schists are bright green to grey rocks with pronounced
foliation, and a glistening appearance on a freshly broken surface. They
consist of varying amounts of chlorite, biotite, and hornblende, with laths
of feldspar, and minor amounts of magnetite.

The hornblende schists are dark greenish rocks more massive in
appearance than the chlorite schisb, but still with )Jronounced foliation.
They consist largely of hornblende and feldspar, with minor amounts of
chlorite and magnetite.

The granite-gneiss is grey to pink, with characteristic gneissoid tex
ture, and at many localities with an abundant development of crystals of
feldspar forming an augen gneiss. It consists essen tially of quartz, ortho
c1ase, plagioclase feldspar, biotite or hornblende or both, and micropegma
tite. The quartz and feldspar in some cases show granulation, but in most
cases the quartz grains are intergrown, with a sutured texture. Mica when
present is arranged in parallel bands. In some specimens the individual
leaves of mica show bending or crushing against an individual of quartz
or feldspar.

Crystalline limestone is not abundantly developed in Dezadeash Lake
area, being most common on the hiJ1s east of Frederick creek, where it is
associated with other members of the schist group. There is also a narrow
band in the schists east of the foot of Sixmile lake. The limestone is white
to brown, and more or less impure, being usually quite siliceous. Prac
tically all traces of the original bedding have been destroyed.

On the basis of their lithological characters, and from the fact that
they are the oldest rocks of the district, these rocks are tentatively classified
with the Yukon group. The rocks of this group have been variously classed
as pre-Ordovician, pre-Devonian, and so forth, according to the age of the
oldest overlying strata in different districts, but C'airnes* has offered
evidence to show that all developments of the Yukon group are, in all
probability, Precambrian.

It is evident that they include sediments and igneous intrusions into
t~ose sediments, but it is almost impossible to unravel the original succes
sion.

"alceozoic (?) Argillites

The argilIites are dark, coarsely bedded rocks seldom strongly cleaved,
but in some instances considerable mica has developed and they pass into
schists. A number of greyish quartzitic bands occur, and also occasional
conglomeratic phases. No limestone beds were noted in the series. A similar
group occurs to the southeast in Rainy Hollow district, but contains meta
morphosed limestone beds.

The argillites nearly everywhere are highly inclined, the angles of
dip ranging from SO to 85 degrees. The best section of these beels seen

*Cairnes, D. D.: "Yukon-Alaska International Boundary"; (:eol. Surv., Canada,
Mem. 67, pp. 40-44 (1914).
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was along part of the western shore of Dezadeash lake and west up the
valley of Alder creek. Here the beds are inclined uniformly at about 85
degrees, and unless it be assumed that there has been repetition by fault
ing or isoclinal folding, as seems likely, a tremendous thickness is repre
sented. Evidences of faulting were noted along some of the tributaries
to Alder creek near the granitic intrusion in that locality.

No fossils were found in this group. The rocks apparently overlie the
Yukon schists, and are cut by the granitic intrusives. In the limestones
and argillites of Rainy Holluw district 110 fossils were obtained, but ;\/fc
Connell reported that from a group apparently belonging to the same
series south of the International Boundary, specimens of a Carboniferous
fauna had been obtained. Tyrrell reported finding specimens of Bythotre
phis from dark calcareous shales along Unahini river, 7 miles north uf
Dalton post. Some confusion exists as to this locality, as the name L"nahini
is applied to different streams on different maps. It is believed, however,
that the locality referred to is the stream named Klukshu river on the
writer's map, and consequently that the rocks from which the fossils were
obtained are included in the series under discussion. The specimens were
referred by Ami to the Lower Palceozoic. The evidence as to age is, there
fore, somewhat contradictory, or else rocks ranging in age from Ordovician
to Carboniferous are present.

"Older Volcanics"

These rocks have only a limited development in Dezadeash Lake area,
occurring in a mass at the southern end of the area along the Yukon
British Columbia boundary line. At this point they have been highly
altered by a nearby granite intrusion. Elsewhere they occur as dykes.

The rocks are green to black, with a texture ranging from aphanitic
to porphyritic. Unaltered specimens consist mainly of hornblende or
pyroxene, and plagioclase feldspar. Specimens from the area near the
interprovincial boundary are almost entirely altered to serpentine and
magnetite.

These rocks are cut by the granitic intrusives. Beyond this fact no
other data as to their age were obtained. Because of their similarity to
rocks that elsewhere in Yukon have been grouped as the 'Older Vol
canics' they are provisionally placed in this group, which is probably
of Jurassic age. The altered rocks in the vicinity of the boundary present
somewhat of a problem. It is quite possible that they should be correlated
with somewhat similar rocks in southern Yukon and northern British
Columbia known as the 'Gold series' and probably of later Palceozoic age,
but as this correlation is somewhat in doubt, the writer prefers for the
present to class them with the porphyrites of Dezadeash district.

Coast Range Intrll.~ivcs

The rocks of this group, considering their areal extent and their im
portance as possible ore bringers, constitute one of the major geological
features of Dezadeash Lake area. The district includes the western edge of
the Coast Range batholith, and consequently considerable areas are under
lain by granitic rocks. In Kusawa Lake section, granitic rocks underlie
practically the whole area except for a few curtains of schist. To the west,
in Dezadeash valley, the main boundary of the batholith crosses the valley
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twice, and swings to the southeast towards the head of Tatshenshini river.
West of this boundary, the rocks are chiefly schists and argillites.

The Coast Range granites are typically grey to pink, coarsely textured,
and composed of quartz, feldspar, and mica, or hornblende, or both. The
typical rock belongs to the class of monzonites and granodiorites, but more
acid and more basic varieties occur, including dark types rich in ferro
magnesian minerals and porphyritic types with large crystals of pink
feldspar. .

The western contact of the batholith is usually obscured by drift and
float accumulations. At those points where the contact could actually be
seen, the observed dip of the contact is steep, but the general irregular
course of the contact and the widespread development of contact minerals,
such as garnet in the schists, seem to indicate that the contact in general
is gently sloping. The effects of metamorphism on the intruded rocks is
a difficult problem, as the bordering rocks nearly everywhere are schist.
It is not known what part of the metamorphism is due to the injection
of the batholith, and what part is regional metamorphism. Garnet is
abundant in the schists at some localities, particularly in the vicinity of
the contacts, and its occurrence at these places is regarded as a phenomenon
of contact metamorphism.

Pegmatite dykes occur, but are by no means common.
No new evidence with respect to the age of the batholith was obtained.

The granitic rocks cut all the consolidated rock formations except a few
dykes and small masses of granite porphyry and quartz porphyry. The
evidence obtained to date in Yukon indicates that the granite is more
recent than the lower part of the middle Jurassic and older than certain
Tertiary rocks. Beyond this the age is not as yet fixed.

Quartz Porphyry and Granite Porphyry

These rocks are the youngest consolidated rocks of the district. They
occur chiefly as dykes and small masses.

Typically they are light coloured, weathering either red or yellow, so
that they are conspicuous for long distances and may lead the prospector
to believe that they are the weathered outcrops of veins. The coloration,
however, is due to the oxidation of pyrite which nearly everywhere is a
primary constituent of the rocks. Almost all these rocks are porphyritic,
although fine-grained or aphanitic varieties occur. They have in most
case a white to yellow groundmass in which lie occasional crystals of quartz,
feldspar, or mica.

These rocks cut the granitic intrusives. In other parts of the Yukon,
they are referreJ to the late Tertiary or early Pleistocene.

Overlying all the consolidated rock formations is a mantle of super
ficial deposits. This covers most of the floors of the valleys, and also much
of the valley walls and upland surface. It consists chiefly of sand and
gravel, sil t, boulder-clay, tal us, and rock ru bbJe.

Economic Geology

:--.Jo mineral deposits are being worked within the region mapped. This
is not surprising since little or no prospecting has been done, and such as
has been done has mostly been a search for placer gold. The district lies
along the western edge of the Coast Range batholith, and for that reason,
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should be considered as favourable ground for the prospector. It is not far
removed from Rainy Hollow district where copper-gold deposits are known,
and Rainy Hollow district is also situated on the western margin of the
Coast Range batholith. In addition to the Rainy Hollow deposits, bodies
uf galena and chalcopyrite are reported to occur some 30 miles sou th of the
interprovincial boundary. Specimens of ore from these bodies were shown
to the writer by the Indians at Dalton post, but time did not permit of
making an examination of the locality.

The only deposit which, to the writer's knowledge, has been worked
in the area, is a deposit of placer gold on Shorty creek, flowing in to the
head of Dezadeash lake. According to reports, an attempt was made to
work this some years ago, and a minor amount of gold was obtained; but
the attempted operations were on a large scale, and the result was a finan
cial catastrophe.

Towards the close of the field season, some excitement was caused by
Indians reporting placer gold on Squaw creek. Very little information was
available, and the lateness of the season precluded making a visit to the
locality. Squaw creek enters Tatshenshini river about 4 miles below Dalton
post. This creek, according to report, rises in British Columbia. Staking
took place on both sides of the boundary line; practically all the staking
was done by Indians. The creek is reported to rise from a glacier, to have
a steep gradient, and a large number of big boulders in its bed. The discovery
was made at a bend in the stream, where the depth to bedrock is reported
to be 6 to 8 feet. A small amount of gold, 11 ounces 12 pennyweights, was
brought to Whitehorse from the Discovery claim. The gold i~ prevailingly
coarse with a rough surface, and, quite evidently, comes from close to its
point of origin. The gold is coated black.

Coal has also been reported to occur on Squaw creek.

SILVER-LEAD DEPOSITS OF FIFTEENMILE CREEK

by W. E. Cockfield

Considerable interest was aroused in Yukon by the staking during
the winter of 1926 of a number of claims on Yukon river in the vicinity
of Fifteenmile creek, 25 miles below Dawson. High values in silver and
lead were obtained from some float found on the river bank, and as the
occurrence is favourably situated with regard to transportation, the writer
was instructed to visit it.

There are three distinct locations: the upper is about a mile below the
mouth of Fifteenmile creek; the middle about 6 miles below the upper,
opposite the mouth of Roal creek; and the lower about 5 or 6 miles farther
down the river, opposite the mouth of Cassiar creek. The upper locations,
in the vicinity of Fifteenmile creek, are re-locations of claims staked a
number of years previous, but allowed to lapse.

General Geolo~y

The geological conditions at all three localities are similar. The greater
part of the bedrock of the district is schist, in large part quartz-mica schists
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of the Nasina series", but including also mashed diabases similar to the
Moosehide diabase**. The schists include numerous bands of limestone and
dolomite. These bands are usually discontinuous, and can be traced only
for short distances along their strike. The schists are highly disturbed and
evidence of faulting is marked. Intrusive into the schists are dykes of
porphyrite.

Minel'al Deposits

The ore deposits are with one exception confined to the bands of lime
stone or dolomite. The ore minerals, chieAy galena and zinc blende, but
with some chalcopyrite and its oxidation products, azurite and malachite,
occur as disseminations in the calcareous bands, or in small quartz stringers
cutting these bands. The mineralization is scanty, and although high
assays may be obtained from picked samples, it is believed that samples
taken over reasonable mining widths would show low values.

Very little recent development work has been done. In most cases
only short open-cuts have been driven. On the Camp Bird claim, Aoat
on the beach of the river has been traced up the slope to the deposit in
place. From the tal us, which has undergone a rough concentration by
nature, a shipment of 5 tons of hand-sorted ore was made.

Cnssiar Creek

A deposit occurs about 2 miles above the mouth of Cassiar creek, on
the right, or eastern bank of Yukon river. The outcrop is below mean
water-level of the river, and only visible at certain seasons of the year. At
this point lenses of limestone are extremely abundant in the schists, and
one of these lenses carries galena and zinc blende in streaks and small
masses. The streaks of galena apparently are short, and in most places the
limestone is barren. The widest streak noted by those working the property
measured about 8 inches and consisted of galena disseminated in limestone.
An open-cut has been run along the strike of the limestone, and encountered
three of these streaks, but they apparently pinched out in a few feet, for
the writer could find no mineral in the walls and floor of the open-cut. A
grab sample was taken of the material that had been removed from the
cut. This included, however, only material that showed some galena. This
was assayed and yielded 4·5 ounces of silver to the ton and 10·04 per cent
lead.

Roal Creek

The occurrences at this locality are on the eastern bank of Yukon river,
opposite the mouth of Roal creek. There are in all twelve claims, and they
are the property of Louis Roal, P. Rost, and E. Chapman. At the upper
workings, the country rock consists of schist cut by a porphyrite dyke.
The schist contains beds and bands of limestone. A limy bed in the schist
is partly replaced by disseminated galena and zinc blende. This bed is
about 8 inches thick. The mineralization is rather scanty.

At the lower workings the country rock is schist with serpentine rock
(Moosehide diabase) and a bed or replacement of dolomite. The dolomite
in places carries considerable mariposite and is there a bright green. A
short tunnel has been driven into the schist at this point, but does not

*McConnell. R. G.: "Report on the Klondike Gold Fields"; Geo!. Surv., Canada,
Ann. Rept., vo\. XIV, pt. B. pp. 12-15 (1905).

"*Idem., pp. 22-23.
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penetrate to the dolomite-mariposite bed. There are 110 minerals of economic
value visible at this point.

Fifteenmile Creek

At the upper discovery, namely near Fifteenmile creek, upwards of
sixty claims have been staked, but by far the greater number have no
mineral showings, and little has been done on them in the way of assessment
work. The three principal claims lie along the beach of Yukon river, at the
bend below the mouth of Fifteenmile creek. These are the Camp Bird,
Yukon Chief, and Yukon :\1aid, owned and worked by P. Rost. From the
Camp Bird, a shipment has been made of five tons of material that occurred
as float on the beach.

The chief showing on the Camp Bird is somewhat similar to occur
rences already described. Lenses of dolomite occur in the schist. These
lenses have been highly faulted, and are difficult to follow for any distance.
The dolomite contains seams of galena and zinc blende, with subordinate
chalcopyrite, malachite, and azurite. These seams range in thickness from
less than 1 inch up to about 8 inches, but, as a whole, thE' mineralization
is scanty. Picked samples of the float on the beach have yielded high
assay values, ranging from 200 to 500 ounces of silver to the ton, but it is
doubtful if the deposits would average more than a few ounces over a
reasonable mining width.

On the Christal claim, lying east of the Camp Bird, and 700 feet in
elevation above the river, the deposit varies from the type. The mincraliza
tion is confined to stringers of quartz that cut thc schists. The stringers
range from an inch to two in thickness up to 8 inches, and are sparsely
mineralized with specks of galena and chalcopyrite.

Genesis

There is, in the district, no known intrusive mass of sufficient size
to cause the widespread mineralization in the schist. Disseminations of
sulphides are common in many areas of crystalline schists and in certain
cases their present manner of distribution may be attributed to regional
metamorphism regardless of how the sulphides were originally introduced.
Many such disseminations occur in the schists of Yukon, but in all known
cases, the processes of concentration have not proceeded far enough to
form workable ore deposi ts.

These deposits along the \'ukon also have meagre mineralization, so
that it is doubtful if mining could be made to pay.

SILVER-LEAD DEPOSITS OF RUDE CREEK

by W. E. Cockfield

Attcntion was first attracted to Rude creek as a placer gold camp
in 1915, and the creek was worked to some extent in the spring and sum
mer of 1916, but on most of the claims gold was not found in paying quanti
ties, and after a short time most of the claims were abandoned. At that time
an outcrop of galena was known on the creek, but it attracteci little atten
tion and was not staked until some years later.

Rude creek is about 5 miles long, has a steep gradien t, and is a trib
utary of Dip creek, which in turn flows into Klotassin river. Rude crcek
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lies some 15 miles west of Yukon river, and is reached by means of a trail
from Isaac Creek landing, the distance by this trail to the workings being
about 18 miles. The trail is mostly in rather poor condition for anything
except travel afoot, and large stretches would require rebuilding before
supplies coulcl be hauled in or ore hauled out.

General Geology

The district w"s examined in 1916 by ('aimes* ancl the gener<ll geology
m<lY be summarized from his report as follows.

The oldest rocks of the distrirt are schistose or gneissoid, and belong
to the Yukon group, thought to be Precambrian. They consist of mica
schists and gneisses, quartz-mica schists and gneissL:s, schistose and gneissoid
quartzites, phyllites, and bands of crystalline limestone.

More recent than the members of the Yukon group are some ande
sitic volcanics, thought to be contemporaneous with the 'Older Volcanics'
of Cpper v\'hite River district. These have a limited development and are
mainly andesites, basalts, and related types.

The most extensively developed rocks are granitic rocks, which form
a batholith that was explored for a length of 50 miles without reaching
either encl, and has a width of from 15 to 20 miles. The rocks of this batholith
range from granite to diorite, with accompanying porphyritic phases. Their
age was not determined. They present, however, such striking similarities
to the ('oast Range Intrusives, that it was thought that they may be an
outlying or subjacent part of the Coast Range bathoJith.

More recent than thL: granitic intrusives is a group of rocks corre
sponding to the 'Newer Volcanics' of Upper \Nhite River clistrict. These
are mainly andesites and basalts.

The most recent rocks are c1ykes of rhyolite, granite porphyry, and
related volcanics.

TrombJey Creek, a brallch of Rude creek, on which the silver-lead
property occurs, lies wholly within the granite. The closest point at which
rocks of the Yukon group occur is near the mouth of Rude creek.

Claims

About twenty-five claims and fractions have been staked around the
discovery. A group of eight claims, including the Discovery, has been
optioned to C. U. Stllart of Boston, Mass., for a period of three years
from :Vlarch 30, 1927. The greater number of the outlying claims are also
tinder option to iVI r. Stuart.

Three cabins are on the claims and are sufficient to provide accom
modation for a small crew.

Ore Deposit

The ore-body consists of a replacemL:nt of granite by galena and
other minerals along a small fissure in the granite. This fissure is some
what irregular in its trend. The granite bordering the fissure is leached
to varying distances, and minerals have been deposited in it to varying
distances from the fissure, but ill no ooserved case at a greater distance

*Cairnes, D. D.: Geol. Sun'., Canada, Sum. Rept., 1916, pp. 20-33.
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(han 40 inches. Movement along the fissure apparently has been relatively
slight, and the fissure has the appearance of a short and somewhat irregular
contraction crack, formed at the time of cooling of the granitic mass.

The mineralization consists mainly of galena and zinc blende, with
pyrite and carbonates of lead and iron. A small amount of black stain
believed to be manganese oxide, and derived possibly from manganiferous
siderite, coats much of the granite adjacent to the fissure. A section across
the 'vein' at its widest part is as follows:

Galena, with some carbonates .
Leached granite with disseminated galena and streaks of

galena .
Leached granite with manganese (?) stain and some

carbonates .

Inches
4 to 4!

6

30

The writer took three samples from the open pit: Xo. 1 being of the
4 inches next to the hanging-wall; No. 2 of the next 6 inches, showing
some galena mineralization; and )Io. 3 of the remaining 30 inches of the
vein. These were assayed with the following results:

Sample No.

1 .
2 .
3 .

Gold,025. Silver, 025. Lead,
per ton per ton per cen t

-----

001 122·46 37 ·16
none 73·78 15·55
none 243 079

It is apparent that there is a streak of good ore 4 inches wide, a streak
of fair ore 6 inches wide, and that the balance of the 'vein' is practically
barren.

The 'vein' outcrops at the level of the creek bed, and the stream has
been diverted by a bedrock drain. A pit has been sunk 8 feet on the deposit.
On the west side of the pit, an adit 72 feet long has been driven westerly,
with, at 49 feet, a crosscut to the south approximately 18 feet long. The
deposit does not show in this underground work for more than a few feet
beyond the portal. No fault was observed that would tend to throw the
deposit to one side or the other of the adit. The only part of the vein found
in the workings was concealed in the floor at the time of the writer's visit,
but from descriptions it is evident that the vein pinched out within one set
from the portal of the adit. The underground work has, therefore, been
entirely wasted.

In the other direction, i.e., eastward from the portal of the adit, there
is the lens 40 inches wide with a well-defined hanging-wall, and indefinite
foot-wall, but this body pinches out on the floor of the pit towards the
rock drain. The showing thus consists of a mineralized lens 12 to 14 feet
long, with a maximum width of 40 inches, and a dip of 45 degrees to the
south. As such lenses have in general a depth somewhat in relation to
their length, it is safe to assume that the amount of ore in the lens does not
exceed 5 tons, with an average content of 93 ounces of silver, and 24 per
cent lead. This estimate excludes the greater part of the width of the lens
because sampling revealed practically no values thereon.

There is not sufficient ore in sight or promise of sufficient ore to justify
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serious consideration of this property as a producer. Such deposits, however,
are sometimes of importance in indicating the presence nearby of other,
larger bodies. The writer, therefore, carefully examined the float in the
creek, the old placer dumps, and the placer concentrates of the only placer
claim working on the creek. A small amount of galena Aoat has been found
at various times on the creek, and also in the placer workings, but the
quantity is not sufficient to justify the hope that large deposits of galena
border Rude creek. In a region such as Rude creek, which has not been
glaciated, galena Aoat should be of common occurrence if large deposits
of this mineral occurred in the vicinity, but this was not foulld to be the
case. The writer was, therefore, forced to conclude that the chances were
decidedly against the finding of large deposits of galena on Rude creek.

PUEBLO, TAMARACK-CARLISLE, A~D WAR EAGLE-LEROI
PROPERTIES, WHITEHORSE COPPER BELT

by W. E. Cockfield

Richmond Yukon Company, Limited, was engaged in 1927 in prospect
ing the Pueblo, Tamarack-C'arlisle, and War Eagle-LeRoi groups in the
vVhitehorse copper belt. These groups are from 4 to 6 miles by road from
Whitehorse. The Pueblo and Tamarack-Carlisle are owned by Richmond
Yukon Company, and the War Eagle-LeRoi is under option, the price to
be paid as a royalty on production.

Claims were staked in the Whitehorse Copper belt during the time of
the Klondike gold rush in 1898 and 1899, and were prospected Juring the
next few years. Some of the properties were operated at different times
up to about the year 1920 or 1921. In most cases where continuous mining
was attempted, the operations resulted in a heavy financial loss due to
chieAy, perhaps, two causes: first, the deposits are of the type known as
contact metamorphic, a type in which lenses and irregular bunches are
common, but in which, frequently, the individual ore-bodies are entirely
independent of one another, thus entailing the expenditure of large sums
in the search for ore-hodies, particularly where this is done by means of
underground workings such as drifts and crosscuts; and, second, few of the
mines ever had in sight at one time sufficiently large ore-bodies to justify
the erection of a concentrating plant; crude ore, therefore, had to be shipped
at freight rates not greatly differing from what concentrates would have
borne.

The chief shippers of thE' camp to date have been the Pueblo, C'opper
King, Grafter, and Valerie.

The Pueblo was the largest producer and shipped in the neighbour
hood of 140,000 tons of ore. Following a cave-in, the mine was shut down,
but was subsequently reopenecl, and in the opinion of Lhe management
at that time, all the ore that was extractable was removed. The Pueblo
venture resulted in a heavy financial loss, whirh was, to a large extent,
due to the cost of pumping and timbering. The mine was wet, making
from 500 to 600 gallons of water a minute, and some of the ground was
soft and difficult to hold. Pumping was clone by steam power, using wood
as fuel, and the power cost was consequently high.

The War Eagle and Carlisle groups were operated only in a small
way, and the shipments frum them did not exceed a few thousand tons.



582

General Geology

]n 1906 the district was examined by :Vlclonnell* whose report is still
the authoritative work on the district. The following brief summary from
this report gives the essential facts with regard to the geology and ore
deposits.

The rock formations, in order of age, consist of limestone, porphyrite,
granite, and granodiorite, porphyrite dykes, and basalt. Of these only the
limestone and the granitic rocks are economically important. The prin
cipal ore-bodies occur in the limestone close to or adjoining the granitic
contacts, but discoveries have also been made in the granitic rocks at
considerable distances from the limestone. Copper minerals h<Jve also
been found in the porphyrites, but such occurrences have not proved of
economic value.

Ore Deposits

The princip<J1 copper minerals are bornite and chalcopyrite. Tetra
hedrite and chalcocite occur, and minerals resulting from the oxidation of
the sulphides, such as the carbonates, malachite and azurite, the silicate,
chrysocolJa, and the oxides, cuprite and malaconite, are prominent but
are seldom important as ores except at the Pueblo. Cuprite is occasionall~'

associated with grains of native copper.
The iron sulphides, pyrite and pyrrhotite, are not abundant. The iron

oxides, magneti te and hemati te, occur in large masses. i\il agneti te is rarel~'

absent from the mineralized areas, and occurs in lenses from a few inches
up to 360 feet in length. Hematite is less common, but is the principal
mineral in the Pueblo lode.

Other metallic minerals of lesser imporlance are: arsenopyrite, stib
nite, sphalerite, and molybdenite. Gold and silver occur in small quanti
ties anJ both are occasionally found native.

The principal non-metallic minerals are garnet, augite, tremolite**,
actinolite, epidote, calcite, c1inochlore, serpentine, and quartz. Of these,
garnet, augite, epidote, calcite, and tremolite (wollastonite?) are the most.
abundant.

The ore-bodies fall into two classes: those in which the copper minerals
are associated with magnetite and hematite; and those in which the gangue
consists chiefly of the silicate minerals.

The \iVhitehorse deposits possess all the characteristics of contact
metamorphic deposits and are unhesitatingly referred to that class. The
location of the ore-bodies, and their constituent minerals leave little doubt
as to the correct classification of the ore deposits. Bodies of this type are
apt to be irregular and bunchy, a condition which has been borne out by
many of the Whitehorse deposits and which undoubtedly adds considerably
to the cost of mining.

The work of Richmond Yukon Company to date has been largely of
the nature of prospecting with the diamond drill, the aim of the company,
apparently, being before planning any elaborate scheme of development
work to establish whether or not there is sufficient ore on its properties to
justify the erection of a concentrator. The field work latterly has been

*McConnell, R. G.: "Whitehorse Copper Belt"; Geo!. Surv., Canada, 1909.
**McConnell lists tremolite as one of the gangue minerals of the deposits. It seems

probable that this is a mistaken identification for wollustonite.
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under the able direction of T. H. Kerruish, who has had experience in
several of the vVhitehorse properties and is fully conversant with the
problems and difficulties attending their successful exploitation.

On the Pueblo, eleven holes, Nos. 1 to 10 and No. 21, have been
drilled west of the old workings. The cores of these holes were not avail
able for inspection to the writer, but from information supplied it is under
stood that holes t\os. 1, 5, 6, and 21 encou ntered ore at depths varyi ng
from 250 to 300 feet. Hole No. 1 is reported to have encountered 23 feet
of cu pri te ore at a depth of 250 feet; hole No. 5, 16 feet of ore; and hole
No. 6, 14 feet of ore at depths of about 300 feet. Hole No. 21 encountered
ore at 61 and 331 feet. The data furnished bv these holes are not sufficient
to permit calculating the strike, dip, and thickness of the ore-bodies en
countered. As some of the holes are blanks it is evident that further drilling,
or development work, must be done before any satisfactory calculation
of tonnage can be made. Nevertheless, an ore-body lying west of the aiel
workings is indicated.

North of the old workings, elrill holes Nos. 16 to 20 indicate an ore
boely trending at right angles to the former Puebl0 lode. This newly dis
covered body was encountered in two holes; two of the other three holes
showed mineralization, but no commercial ore. As before, the data are not
sufficient to indicate the essential facts with regard to this body, and
further drilling must be done before the available tonnage may be calculated.
The indicated ore differs radically from the ore of the Pueblo lode; it has
a silicate gangue, in contrast with the Pueblo hematite body.

The Tamarack-C'arlisle property lies east of, but on the same altered
zone as, the Copper King mine, the last of the Whitehorse properties to
be worked prior to the Richmond Yukon Company venture. This al tered
zone is apparently an inclusion of limestone in the granitic intrusives. The
limestone is highly altered, silicate minerals, such as garnet anel epidote,
and also copper sulphides having been introduced. At the time of the
writer's visit the Carlisle workings were largely filled with water, but from
descriptions by the management, a shaft 140 feet deep, partly vertical and
partly inclined, has been sunk on the ore-body, with levels at 50, 98, and
134 feet. The upper workings were driven by the former management
and on them was encountered a shoot of ore which has been largely removed
by stoping. The lowest level also encountered a shoot of ore, which is ap
parently lenticular in shape, ending upwards on the second level, and
having on the lower level a length of about 90 feet, with a maximum width
of 20 feet. From the lower level crosscuts were run, and diamond drill holes
were spreael out fanwise below the level. These pierced the ore-body below
the level. The east drift and south crosscut of the third level terminate
in granite.

The al tered zone extends some distance north of the shaft. I n this
area the introduction of silicate minerals into the limestone is quite marked,
thus making this ground a favourable zone for prospecting. The depth to
which the limestone inclusion and, consequently, the mineralization,
extends, has not been tested. It would be somewhat difficult at this locality
to determine the extent, in depth, of the limestone, owing to the fact that
there is an interfingering of the granite and limestone, so that it is difficult
to determine if the main mass of intrusives has been reached unless the drill
holes penetrate some considerable distance into granite.

The War Eagle has a number of showings; the main workings are on
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the largest of these, which is a lens 45 feet wide. On this a shaft has been
sLink to a depth of about 70 feet, with levels at 13, 33, and 50 feet, and a
crosscut to the west at the bottom of the shaft.

To the north of the main ore-body, a vertical shaft has been sunk on a
hematite magnetite body, which is apparently slightly off the strike of the
main zone, and may be situated in a cross fracture. This shaft was full of
water at the time of the writer's visit, and, consequently, was not open to
inspection. To the west of this shaft, on the strike of the main zone, there
is an open-cut with Cl. showing of mineral. To the south of the main shaft,
and situated along the main ore zone, a lens of high-grade ore has been
partly removed by means of an open-cut. There are several small show
ings on the property.

The main showing is 125 feet long, 45 to SS feet wide, and consists
of two streaks of ore with Cl. barren or low-grade streak between. The ore
bearing streaks are 18 and 25 feet wide on the first level and the barren or
low-grade streak 12 feet wide. South of the main shaft, the eastern streak
of ore has been stoped, apparently from the third level, to the surface.
The third level is blocked with ice, and ice extended in the stopes almost
Lip to the second level, making it impossible to determine the exact amount
of stoping done. " orth of the shaft both streaks have been to some extent
stoped from the first level upwards; but are untouched below. McConnel1
obtained an average of 2· 7 per cent copper across the whole lens, including
the barren or low-grade streak; but the average in the upper workings
has since be('n reduced by the removal of much of the high-grade ore.
The writer took three samples: Tos. 1 and 2 of the east and west streaks
of ore, respectively, and No. 3 of a cut along the hanging-wall of the old
stope in the second level. These were assayed with the following results.

Sample No.

1 , . . . . . . . . . . . , , .
2 .
3 .

Silver,
025. per ton

1· 31
2·95
2 ·40

Copper,
per cen t

1·53
9·34
165

These samples cannot be regarded as other than merely indications
of what the ore-body may contain. The number of samples is not sufficient,
in an ore-body of this character, to give average results, and from all the
workings sampled a certain amount of ore has been removed.

The work of Richmond Yukon ~ompany to October 1,1927, consisted
of drilling an inclined hole to the west of the ore-body in order to tap the
high-grade body visible in the south open-cut; and in cleaning out the shaft
and levels preparatory to underground drilling during the winter.

The drill hole encountered ore about 100 feet from the surface, but
failed to reveal any ore beneath the open-cut, though it passed through an
altered zone, with som(' specks of mineral, at the depth calculated to be
beneath the orc-body.

When the Pueblo mine was formerly operated a spur line connected it
with the main line of th(' White Pass and Yukon route. The spur line is
no longer ready for use, as many of the fills have been washed out, the
cuts sloughed, and replacements and repairs are needed on ties, bridges, and
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culverts. It would require considerable money to place this spur line and
the ore bunkers at Skagway in shape for handling crude ore. On the other
hand, ore and concentrates sacked, receive the favourable rate, in carload
Jots, of $5.25 a ton from \Vhitehorse to Seattle, Tacoma, or San Francisco,
and with the use of caterpillar tractors or trucks, the item of transporting
the ore to vVhitehorse would not be unduly heavy.

The silicate ores such as those of the Carlisle and War Eagle are
readily amenable to concentration. The hematite ores of the Pueblo, on
the other hand, would probably have to be shipped as mined, but this
would be compensated in part by preferential smelting rates.

One essential fact with regard to the \Vhitehorse deposits must be
kept in mind, namely, that the deposits are of the contact metamorphic
type, and consist usually of disconnected lenses, si tuated near the con tacts
of the limestone with the intrusives. One lens does not necessarily lead
to another, and in general each lens does not form a large ore-body. The
costs of development and mining under such conditions must, undoubtedly,
be high.

To what depths values, and consequently mining, may be reasonably
expected to extend has never been determined. It may be safely assumed
that the values will not extend far below the Jower contact of the lime
stone with the granite, and the depths to which these limestones extend
probably differ from area to area within the field.
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1928
Introductory Note

The following note, by G. A. Young, Chief Geologist, with reference
to field work in Yukon Territory in 1928, is included in the Annual Report
of the Department of Mines for the fiscal year ending Nlarch 31, 1929,
pages 9 and 10:

"W. E. Cockfield mapped geologically and topographically the drainage
basin of Little Salmon River, southern Yukon. The area examined is 100
miles long by 5 to 20 miles wide. An apparently small dC'posit of silver-lead
ore a few miles from the head of Little Salmon Lake indicates that the
district is mineralized and that other deposits of the same type may be
present. A report upon the district, accompanied by a geological map,
appears in Summary Report 1928, Part A."

UTILE SALMOl'." AREA

by W. r.. Cockfield

Little Salmon area includes that part of Yukon territory drained by
Little Salmon river. Jt lies between latitudes 62° and 62° 30' and longi
tudes 133° and 135° 45', being bounded on the west by Lewes river and on
the east by Pelly river. The only settlement within the area is Little Salmon
village, on Lewes river about 180 miles north of Whitehorse and 45 miles
south of Carmacks. The river steamers of the 'v\'hite Pass and Yukon
route pass Little Salmon village at regular intervals during the snmmer
months. 1n the winter, the course of Little Salmon river is followed as a
regular route between Ross River post and points on Lewes river. Thus the
district has been known for a considerable ti me; bu t details as shown on
existing maps proved to be incorrect. Little Salmon village at one time
consisted of a trading post, an Anglican mission, and an Indian village,
but it is now deserted for the greater part of the year.

Access to the area is afforded either by means of a foot trail or by boat
using Little Salmon river as a route. The foot trail follows the course of
the river fairly closely, but it was found to be in extremely poor condition
and difficult to follow, as repeated bush fires had either caused it to become
choked with windfall or in some cases had entirely obliterated it through
the destruction oi every vestige of vegetation. Considerable time had,
therefore, to be devoted to cutting a trail suitable for use by pack animals,
and at the close of the field season this trail was in fairly good condition
from Little Salmon village to the upper canyon. Except in two instances,
the trail is never very far from the river. About 2 miles from the head of
the lower canyon the trail leaves the river for a distance of 4 miles, saving
in this distance nearly 10 miles travel Cllong the banks of the stream. Three
miles below Little SalmOIl lake the trail follows up Bearfeecl creek, and
cutting through a pass in the hills, again enters the valley of Bearfeed
creek which it follows to its head. At this point it climbs to the plateau
surface and then drops to the valley of f)rllry creek, which it follows to
Little Salmon IClke. This part of the trail adds nearly 10 miles to the dis
tance to be travelled, but it would be impossible to secure a pack trail
around the shores of Little Salmon lake. From the head of the lake to the
upper canyon the trail is never very far rrom the river. '\Jear the upper
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canyon it swings away from the nver and crosses to Pelly river along a
series of small lakes.

Little Salmon river itself offers a fair route into the district. It may
be navigated by boats of shallow draught either by poling or with outboard
motors for power. Except in the lower 10 miles the river presents few
obstacles to navigation; this stretch of the river, however, known as the
lower canyon, is swift throughout, with certain riffles of much faster water.
The river is narrow and crooked, with numerous hairpin bends and over
hanging trees or sweepers, and a large number of boulders and a few log
jams add considerably to the difficulties of navigation. A boat of good
power can ascend without great difficulty all but perhaps a few stretches
of the fastest water. In low water the current in this stretch is much slacker,
but lining would probably be necessary on some of the bars. From the head
of the lower canyon for 3 miles upstream the current is still swift, but the
river is much straighter so as to offer no great obstacles to navigation.
Thirteen miles above the mouth there is a rapid. The channel is towards
the left hand bank proceeding upstream. In high water the current at this
rapid is probably swift enough to require lining, but in medium stages of
water it can be ascended without difficulty. From the head of this rapid to
the mouth of Bearfeed creek, i.e. 4 miles below Little Salmon lake, the
current is much more sluggish, and the water is deep. A few riffles with
fast water occur, but this stretch as a whole offers no difficulties to boats
of good power. Four miles below Little Salmon lake a short rapid occurs
and the channel is again towards the left bank proceeding upstream. Above
this the river widens out to a lake-like expansion with a sluggish current,
and with the bed of the stream overgrown with water grasses and weeds
through which it is at times difficult to find a channel. The total distance
from Little Salmon village to Little Salmon lake is 45 miles by river, and
28 miles by trail.

Little Salmon lake is 21 miles long and slightly over a mile wide.
Almost throughout its length it is bordered by rocky shores and in some
c?ses by rock cliffs which rise 15 to 20 feet above the water. The valley
walls rise abruptly from the lake to a marked shoulder, whence they slope
more gradually to the summits of the upland surface. From the experience
gained during the season, which is confirmed to some extent by the Indians,
it may be stated in general that the lake is not subject to the sudden and
violent storms that are characteristic of the large lakes of southern Yukon,
and there are probably few days during the summer when it would be un
safe to travel the lake in the small boats used for river work. In general
it was found that windstorms usually died away at sundown.

Above the lake, Magundy river is reported to be navigable for about
20 miles in high water. The same point, however, may be reached in 7 or
8 miles by trail. This part of the river was not examined during the course
of the work, save for a short distance above the lake, where the current
was sufficiently slack in low water to allow a boat to be rowed against it.
From 8 miles up the valley above the lake, Magundy river shoals rapidly,
and there are numerous bars or riffles of fast water.

Topography

Little Salmon area lies within the region known as Yukon plateau,
which has so frequently been described that no lengthy description need
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here be given. In general it consists of broad, Aat, g<'ntly undulating up
land surfaces, separated by deeply cut valleys. The upland surface stands
at 5,000 to 5,500 feet above sea-level. A number of isolated peaks and
mountain ranges rise somewhat above the general level. :'-Jear the major
valleys, the upland surface has been maturely dissected. This is true also
in the case of Little Salmon area, in the vicinity of Lewes and Little Salmon
valleys, which are usually fronted by low hills that do not rise above timber
line (4,500 feet). The elevation of the summits of these hills is, therefore,
1,000 feet below the plateau surface. vVhen Little Salmon lake is reached,
the character of the valley changes to a marked degree. The valley walls rise
abruptly from the lake to a marked topographic unconformity, or shoulder,
whence the slope is more gentle to the upland surface. Above the lake the
hills still rise steeply from the valley, but the continuity of the plateau
surface is interrupted by the Glenlyon range. To the north of Little Salmon
valley is a second valley which occurs along the foot of Glenlyon range.
This is occupied in part by Drury lake and Drury creek.

Little Salmon valley extends in a fairly straight line from Lewes to
Pelly rivers. It is an old valley which is only occupied in part by Little
Salmon river and its upper continuation, l\iIagundy river. Near Pelly
river, Maguncly river enters this valley through a canyon after flowing
parallel with Pelly river for some distance. Thirteen miles from Little
Salmon village, Little Salmon river leaves this older valley to enter Lewes
river through the lower canyon. This older valley with canyons above
anel below suggests changes in drainage following glaciation. The area
has been, to a large extent, heavily glaciated. The exact extent of the ice
was not determined, bu tit is probable that the greater part of the older
valley referreel to was occupied by ice. Many of the hills on the north side
of the valley have a typical roches moutonnees effect and 7 miles below
Little Salmon lake a terminal moraine 3 miles long occupies the valley.
Throughout its length from Little Salmon lake to the mouth, the river is
bordered by high, gravel benches that represent in part glacial drift, and
probably in part glacioAuvial accumulations, through which the river has
cut to depths of 100 feet or more.

One feature of Little Salmon district that deserves attention is the
difficulty uf putting a road into the district should such be desired for
mining operations. A road could be constructed without great difficulty
as far as Little Salmon lake, although this woulrl require a great deal of
heavy grading work as a number of deeply cut gulches ('ross the high
benches that a road would naturally follow. The cost of building a road
around Little Salmon lake would be prohibitive, as a very great deal of
rock-cutting would be entailed.

The timber of the area has been largely destroyed by repeated bush
fires. Some stands of timber remain on the northern slope, that is, th"
southern side of the valley, wherE' the ground as a rule is swampy, partic
ularly along Little Salmon lake; but as a whole there is little green timber
left in the area.

General Geology

The rocks of Little Salmon area include sedimentary, igneous, and
metamorphic types. Of these the latter two types occupy the greater
part of the area, the secliments occurring as a fringe along the western
border and as isolated pa tches along the eastern border. For this reason,
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the lack of sedimentary horizon markers, the ages of the various rocks in
the district are difficult to determine. In general the rock types found
correspond closely with those of other districts in southern Yukon, and it
may be stated at the outset that little new evidence with regard to ages of
different formations was obtained. Perhaps the outstanding feature from
a geological point of view was the discovery of fossils that may be classed
with some assurance as Triassic. In southern Yukon fossils have heen col
lected hitherto which were supposed to be Triassic, but the determinations
were alwavs doubtful. The fossils obtained last summer lead to the belief
that the I~arine Triassic in southern Yukon is possibly much more wide
spread than has generally been supposed. The following table gives the
formations present and their relative ages where known.

Table of Formations

Recent and Pleistocene Recent alluvium and glacial drift

Tertiary (?) ...... .. . .. . ..... . .. Quartz porphyry

. . . . ..... . . . . . ... . ..... Granodiorite and related rocks

Mesozoic ........ . ..... . . .. . . . . . . . . . .. Andesite, tuff, and breccia

Upper Triassic and, probably, Conglomerate, argillite
Jurassic

Palreozoic. . , .. " . . . Carboniferous (?) and, possibly, Limestone
Triassic

Carboniferolls and, or, Older. . Serpentine

Precambrian (?) .. .. . ..... . ..... . ... . ...... . .. Quartzite, mICa sch ist, chlorite
schist, and crystalline limestone

Schist Complex

The oldest ro,ks of the area are a group of metamorphic rocks, con
sisting of quartzite, mica schist, chlorite schist, and crystalline limestone.
The quartzites are dark grey, green, mauve, or white, and as a rule are
massively bedded, breaking up into large blocks which are a characteristic
feature of the upland surface wherever these rocks occur. ('lose exami
nation reveals an abundance of secondary mica, which gives to the rock
a gneissoid appearance. Grey mica schist and greenish chlorite schist are
interbedded with the quartzites. Where the mica schists are abundant
they include beds or bands of crystalline limestone. These appear for
the most part to be small, discontinuous lenses of impure limestone, which
is in most cases dark brown or yellow due to staining with iron oxide.
The schist group is well developed on both sides of Little Salmon lake and
extends northwdrd to Glenlyon mountains, and continues up the valley
of Magundy river to Pelly river. In the part of the group exposed about
the lower half of Little Salmon lake and on the hills to the north of it,
quartzite anc! schist are most abundant, but passing up the lake and up
Magundy valley, limestone bands become more prominent, until at a point
7 miles above the lake several hills, facing the valley, are composed entirely



590

of limestone. Above this again there are several exposures of fairly thick
limestones. This abundant development of limestone in the schist group
has not been noted elsewhere in Yukon. A careful search was made over
large areas of these limestones for fossils, without results, and it also be
came apparent that these larger developments of limestone were also
interbedded with schist and, therefore, to be included in the schist group.

The structures of the schist group are exceedingly complicated and
it would require much more detailed stuny than could be e1evoted to them
to determine even the major features. Rapid changes of strike and direc
tion of dip, combined with the prevailing steep dips, bear witness to in
tense and complex folding and probably faulting. No definite evidence
as to the age of these rocks was obtained. They are undoubtedly older
than the igneous rocks of the district, which cut them, and they have
undoubtedly been subjected to folding and metamorphism that the older
sedimentary rocks have escaped. For these reasons they arc regarded
as the oldest rocks of the area, and as investigations in other parts of
Yukon have shown the schistose rocks there to be Precambrian, the schist
group of Little Salmon area has also been dassed in that era.

Serpentine

Only one small area of serpentine was noted in place, namely on the
ridge south of Drury lake, but float in other parts of the area renders it
fairly certain that there are other occurrences that were not found. It is
a dense green to black rock with a greasy lustre, traversed in many cases
by small veinlets of asbestos, which although of scientific interest are too
small and insufficiently numerous to prove an economic source of that
mineral. The relation;;hip of 1"Ile serpentine to the schist group was masked
at its single occurrence by superficial accumulations; as it is, however,
entirely surrounded by schist it seems probable that it represents a basic
igneous in trusivc since converted in to serpen ti ne. Tlw speci mens selected
for examination proved to be wholly serpentine with veinlets of asbestos,
and do not afford any clues as to the original character of the rock. This
rock is similar to the 'Gold Series' of Atlin district, which may be con
sidered Palceozoic and possibly Carboniferous. On the other hand it might
be correlated with the 'lVloosehide diabase' of Klondike district, the age
of which is uncertain. Cairnes classes certain pyroxenites and peridotites
of Wheaton district as Devonian, but as evidence of age is distinctly lacking
in Little Salmon district, the serpentine has been classed as Palceozoic,
Carboniferous, or older.

Lilnestone

Limestone occur;; in patches and bands in the andesite of the lower
canyon of Little Salmon river, and at a few points above the canyon.
These bands are seldom more than 500 feet wide, and as they are partly
covered it is in many cases difficult to trace iudividual bands. The bedding
is in most cases obscure, and difficult or impossible to detect. One prominent
band crosses Little Salmon river near the head of the lower canyon, ap
pearing as Cl series of outcrops that give the appearance of belonging to
the same band. This is in part Cl fault breccia, recemented with calcite.
The limestone is grey, compact, and largely, if 110t wholly, recrystallized.
A careful search of what was assumed to be a single band of limestone re
sulted in the discovery of only two fossils, which were submitted to E. '\1.
Kindle and F. H. McLearn for identification. One of these, Mr. Kindle
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reports, "belongs to the Zaphrentid group of genera, possible Hapsiphyllum,
and affords satisfactory evidence of the Palzcozoi~ age of the formation
represented. Until more evidence is presented I would advise referring
the beds represented to the Carboniferous as a provisional disposition of
them". The second coral was determined to be not a PaJa'ozoic form.
Mr. McLearn reports it to be too poor for identification; it may be Isastrea
with a Mesozoj, correlation. These corals were obtained some distance
apart on what was believed to be the same band of limestone; but as the
outcrops are not continuous and with the evidence of faulting previously
cited, it would appear that there are two limestones, one of f:arboniferous(?)
age and the other of Triassic(?) age. As these cannot be separated in the
field without adequate faunal evidence they are grouped on the map under
one pattern as Palzcozoic limestone, but it should be remembered that
:Vlesozoic limestone probably is also present.

CongloITlcra te and ArgilIi te

The rocks of this group compose the hill faring Lewes river north
of Little Salmon village, and continuE' up the northern bank of Little
Salmon river nearly to the head of the lower canyon. Exposures are not
numerous except along the summits of the hills and on the benches of the
river. The conglomerates were found along the lower part of the river
and as they have been traced continuously from one of the type areas,
namely Carmacks area, along the banks of Lewes river, they are unhesi
tatingly classed with the Laberge beds. The conglomerates are massively
bedded with cobbles and boulders of granite, anclesite, and rocks of the
schist group embedded in a tuffaceous matrix. The bedding is best seen
from a distance; close at hand it is quite obscure. Towards the upper end
of the lower canyon a few exposures of black to dark grey argilJite were
noted, which have been jointed and sheared so that the bedding is indis
tinguishable. Fossils were obtained from one of these outcrops. These
were determined by Mr. M~Learn to be Rattened and fragmentary speci
mens of Pseudomonolis subcircularis (?), with a probable correlation with
upper Noric of the Upper Triassic. The age of the Laberge beds has been
determined in Whitehorse district to bE' Lower Jurassic to lower Middle
Jurassic; with the probability of a somewhat greater range. It seems ap
parent that the argiJlites found in Little Salmon area do not, therefore,
belong in the Laberge beds, but constitute an underlying formation. Oc
casional fossils that were believed to be Triassic forms have been here
tofore found in southern Yukon, in all cases in limestone, but always the
poor state of preservation precluded a definite age determination. It would
now appear to be fairly definitely established that marine Triassic does
occur in southern Yukon, ancl if the previous somewhat indefini te deter
minations be accepted the marine Triassic is much more widespread in
southern Yukon than was formerly believed to be the case. It is also pos
sible that some marine Triassic has been included with the Laberge beds
in other sections. Detailed studies will probably be necessary at a number
of points before the succession can be established. For mapping purposes
the Triassic and J urassic have been incl uded under the one pattern on
Map 227/\ accompanying this report.

Alldesite, Tuff, and Brcccia

:\ large area in the lower part of Little Salmon valley is Roored with
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andesites, andesite tuff, and breccia. These rocks exhibit a variety of
coluurs, usually red or green, and they vary greatly in texture. Some are
aphanitic, others are porphyritic, and still others amygdaloidal, with the
amygclules filled with quartz, calcite, or more rarely zeolites. The tuff
aceous phases resemble greatly the matrix of the conglomerate of the La
berge beds, and phases of the latter, where pebbles are absent, cannot be
disti nguished from the tuffs here included. The andesi tes, however, are
in part at least younger than the Laberge beds, for it has been found,
where they have been studied in detail, that they cut the Laberge beds.
No new evidence on this point was obtained in Little Salmon area. The
andesites here described are probably in part intrusive and in part extru
sive. Remnants of ('arboniferous or Triassic limestone occur in them and
elsewhere it has been found that some of them cut the Laberge beds and
in turn are cut by granitic intrusions of the Coast Range batholith. They
may thus be partly contemporaneous with the Laberge beds and partly
later and may be referred to the] urassic.

Granodiori te

These are grey to pink rocks, of a granitiC' habit, usually coarse in
grain, with feldspar crystals in many cases up to 1 inch or 2 inches in length.
They resemble closely in lithological characters the intrusives of the Coast
Range batholith, and also granitic intrusives which occur at many places
throughout the plateau. In Little Salmon area several small bodies of these
intrusives occur in the vicinitv of Little Salmon lake. The main occurrence,
however, is in Glenlyon range. Only a small part of the western contact
of these intrusives of Glenlyon range was examined during the field season,
but from work that has already been done by :VIc('onnell on Pelly river,
and from what could be seen from the hills facing Glenlyon range, these
mountains are apparently underlain by granitiC' intrusives throughout
their length, and in reality form a batholith at least 75 miles long, stretch
ing from near the junction of Pelly and Macmillan rivers to Little Salmon
river, and possibly extending farther both northwest and southeast than
indicated by the jJresent known limits. This boely has a maximum width
of 16 miles and narrows rapidly towards the northwest. It has a north
westerly trend, thus corresponding to the trend of the major structural
features of Yukon. It is proposed to call this body the Glenlyon batholith.
It crosses :Vfagundy river at one point where it has a width of about 4 miles,
but its southeastern extent from the valley could not be seen. The age of
these bodies of granitic intrusives vvhich occur within the plateau region
has never been satisfactorily determined. They have usually been correlated
with the ('oast Range intrusives, but definite evidence as to their age is
lacking. In Little Salmon area they cut anclesites which are believed to be,
in part at least, more recent than Lower ]urassic. Consequently they may
be considered as related to the Coast Range batholith, i.e. tipper ]urassic,
or they may possibly be younger, extending illto the Cretaceous.

Quartz Porphyry

Rocks of this type are not abundant in Little Salmon area. One small
body was found cutting schist close to the margin of the granitic intrusives,
and a few dykes cutting andesite occur near the margin of one of the smaller
granitic masses. Typically these are light yellow to brown rocks with a
fine-grained matrix with phenocrysts of quartz, and occasional crystals of
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feldspar. These are the youngest consolid~ted rocks of the area. Elsewhere
similar rocks have been classed as Tertiary, and as no new evidence has
been obtained they are also in this report referred to that era.

Overlying all the consolidated rock formations is a mantle of allu
vium and glacial drift. This consists oi soil, talus, rock debris, silt, sand,
gravel, boulder clay, and volcanic ash. The accumulations in the valleys
are thickest, and where their thickness is such as to render it difficult or
impossible to inspect- the underlying bedrock by ordinary prospecting
methods, they have been mapped. On the upland surface and hillsides
numbers of rock exposures permit of making an estimate oi the type of
rock underlying the soil covering. The accumulations in the valley bottoms
are in places at least 100 feet thick, as the rivers have exposed sections of
this thickness of these unconsolidated materials, without cutting through
to bedrock.

EconOJuic Geology
Mineral Deposits

So far as is known to the writer there are no claims in good standing in
Little Salmon area. Although the area has been travelled to a considerable
extent by both white men and Indians, it would appear to have received
very little attention irom the prospector. The reasuns for this are not
apparent. The country at the present time is undoubtedly difficult to
travel owing to the large amount of windiall, but this condition did not
always exist, and the ease with which central points in the district may
be reached by water, overcomes the difficul ty to some exten t. The !'act
that the district has iurnished a winter, rather than a summer, route,
may possibly in some measure account for the lack of prospecting. The
only deposit brought to the attention oi the writer was an occurrence of
silver-lead ore, which has been known for a long time to the Indians who
travel through the district. Another deposit of silver-lead ore is reported
to occur to the south oi the area mapped, but definite iniormation with
regard to this could not be secured.

The occurrence shown to the writer by the Indians lies about 7 miles
from the head of Little Salmon lake, near the head oi the first large creek
entering Magundy river irom the north. There is no trail to the deposit,
which, however, lies close to a route used by the Indians while hunting
between Little Salmon lake and Pelly river. The mineral showings occur
in a line of small cliffs at the pass near the head of the creek.

The country rock in the vicinity consists of schist with a small in
trusion of quartz porphyry. Owing to poor exposures the form oi this
intrusion could not be ascertained. There are a number of showings, none
of which is well exposed, being mostly covered with talus from the cliffs.
The best exposure consisted of a vein cutting sc:hist having a strike oi
south 80 degrees east and a dip of about 45 degrees to the southwest. The
vein could be traced up the cliffs from the tal us below for a length of about
80 feet; the part exposed in the cliff iace being probably the narrowest
part of the vein. At the top of the cliffs it had a width of 6 inches; at the
base the width was judged to be about 2 feet. On the flat above the top
of the cliff the vein was covered by overburden so that it could not be told
whether the vein continued or pinched out immediately. No float was
found on this flat. The mineralization consists oi galena and zinc blende
with siderite, quartz, chalcopyrite, and pyrite. ,\t the widest part of the
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vein noted, there was 2 to 6 inches of more or less massive galena along the
foot-wall of the vein, followed by about 10 inches of disseminated galena.
The remainder of the vein was apparently barren. On the cliff face a seam
of about 2 inches of galena occurred at the foot-wall, with occasional small
masses of galena elsewhere in the vein. A sample was cut across the best
mineralized showing that could be found; including only those parts showing
some galena mineralization. This sample had a width of one foot and as
sayed* as follows:

Gold .
Silver '" .
Lead .
Zinc .

none
23·53 ozs. per ton
48·76 per cent

1·60 "

A second showing occurs about 25 feet southwest of the first. This
is apparently in the form of a lens having a maximum width of 6 feet and
an estimated length of about 40 feet. The galena mineralization is ap
parently much more scan ty than in the first showing. The minerals noted
in place were quartz, siderite, and zinc blende, but float from this lens
showed some black manganese oxide, pyrite, and galena, demonstrating
that these minerals do occur.

The intrusion of quartz porphyry occurs below these showings. Below
this again, near the creek level, are a number of occurrences of iron oxide,
carrying pyrite and chalcopyrite. The amount of overburden in this vicinity
precluded the securing of definite data with regard to these.

A considerable amount of work would have to be done on these deposits
before a clear idea of their character and extent could be obtained. From
what can be seen at present, the writer would judge that the individual
occurrences are quite small and the assay taken shows that they do not
carry any considerable amounts of silver. It may be taken that unless
deposits of much greater size than indicated by those seen are discovered,
attempts at mining would not be justified, as the cost of putting a road
into the district for mining purposes would be considerable. The deposits
are of interest, however, in indicating that mineralization has taken place
in Little Salmon area, and that this mineralization lies near the border of
the Glenlyon batholith. This batholith, as already pointed out, extends
from Little Salmon river to near the junction of Pelly and Macmillan
rivers; and it may possibly extend farther southeast and nothwest beyond
its present known limits. Its eastern border lies along Pelly river for a
large part of this distance and is consequently easy of access; its western
border is more difficult to reach and extends in part along Drury lake where
the batholith is widest. Towards its northern end the batholith apparently
narrows, so that both borders may be readily reached from Pelly river.
The schists to the south of Drury lake, i.e. along the contact of the grano
diorite, hold numerous quartz veins. Where examined these proved to
be barren of sulphides.

With regard to placer gold, the areas bordering the batholith might
be classed as reasonably favourable, were it not for other factors which
tend to destroy the value of deposits of this type. As already pointed out
parts of Little Salmon area have been intensely glaciated, and these are the
very parts in which placer deposits most likely might have formed. This

*Assay by Mines Branch, Dept. of Mines. Ottawa.
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glaciation would not only tend to destroy concentrations of gold in the
form of placers, but would also tend to bring any remnants beneath a deep
layer of glacial drift. Consequently the region cannot be looked upon as
favourable to deposits of this type.

Coal

The rocks of the Laberge beds contain coal at many points in Yukon.
A narrow fringe of these rocks occurs on Lewes river and a few isolated
olltcrops occur near Pelly river. Owing to the lack of definite horizon
markers, it is impossible to say whether the coal-bearing horizons are
presen t or not.
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1929
Introductory Note

The following note, by G. A. Young, ~hief Geologist, incorporated in
the Annual Report of the Department of Mines for the fiscal year ending
March 31,1930, page 12, relates to field work in 1929 in Yukon Territory:

"\71/. E. Cockfield, assisted by E. J. Lees, commenced the topographical
and geological mapping of Laberge quadrangle (latitudes 61 degrees to
62 degrees, longitudes 134 degrees to 136 degrees), southern Yukon. Silver
lead, placer gold and, possibly, copper-bearing deposits, occur within the
map-area. The work, when completed, will result in the publication of a
geological and topographical map, un a scale of 4 miles to 1 inch.

"During the field season, Cockfield visited several of the active mining
camps of Yukon and will report upon them in Summary Report 1929,
Part A. An effort will be made to continue annually this review of mineral
developments on Yukon."

THE MINING INDUSTRY OF YUKON, 1929

by W. E. Cockfield

.;bout six weeks of the regular field season of 1929 was devoted to a
general survey of the mining industry of Yukon. The industry enjoyed
a rather satisfactory year in 1929. Although no new camps of importance
were discovered and several development schemes in some of the older
camps proved to be disappointing, yet production from the established
camps was maintained at a high level, and in the case of lode mining in
the IIayo camp, was even slightly increased.

Placer Operations
](Ionclike District

In Klondike district production of placer gold was maintained at a
high level. Four dredges were at work for the greater part of the sum
mer, and the company operating these, Yukon Consolidated Gold ~om

pany, was actively engaged in refitting a fifth, which it hoped to place in
operation before the end of the summer. Two of the dredges operating
were on the Rats of Klondike river, hetween the mouths of Bonanza and
Hunker creeks. These are dredges of largE' capacity having a daily capacity
of 10,000 cubic yards, and are electrically driven. The other two dredges
operated on Dominion creek, one at Cariboo and the other at Granville.
These are boats of smaller capacity, having a yardage of about 3,500 cubic
yards apiece daily. The Yukon Cunsolidated Gold Company also operated
hydraulic plants at Jackson gulch on the Klondike, and on Lovett gulch
on Bonanza creek. In addition to this work, the company, to secure adequate
power for extending its operations in the future, undertook the digging
of a ditch to bring the water of the Klondike to the power plant now using
the water from the "iorth fork of the Klondike.

Gold production was augmented to some extent by a number of
individuals, working chiefly on Bonanza and Hunker creeks. The gold
produrtion from this source probably will not exceed 5 per cent of the total.
Figures for the production of the Klondike are not available, but it is
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estimated from reliable sources that for 1929 they will probably prove to
be slightly in excess of $600,000.

The amount of ground still available for dredging in the Klondike
is difficult to estimate. Lowering of costs may in the future increase the
available ground, as has been the case in the past. The method of thawing
with cold water in the place of steam has on the whole considerably cheapen
ed the cost of thawing and made available ground which could not be con
sidered before. Whether there will be otller advances in dredging practice
that will prolong the life of the camp is impossible to predict. It seems
certain, however, that there is still available to the company very con
siderable ground, particularly on the Dominion slope, that can be dredged
profi tably under presen t condi tions.

Other Districts

There has not been a great deal of activity in placer mining in other
districts. On Sixtymile river, a dredge which had lain idle for about 12
years was refitted, and started operating late in the summer, between
Glacier and rvIiller creeks. The ground ahead of this dredge has been only
partly prospected as it was intended to prospect with the dredge itself.
The early results of dredging were reported to be quite satisfactory. This
dredge is a steam-operated boat of the smaller type.

On Thistle creek, ManIey and Logan did a certain amount of work,
largely stripping, as a preliminary to sluicing; but no washing for gold
took place.

On Squaw creek, in Dezadeash Lake section, there was not a great
deal of activity. Most of the ground is still held by Indians, who were
the original locators and are unlikely to accomplish much in the way of
mining.

Lode Mining
Klondil<c Distl'ict

In Klondike district the only development in lode minIng was the
attempt to reopen, by means of ]ocal capilal, the Lone Star. This property
was operated a number of years ago, and for a period of four months milling
of the ore showed recoveries running from $3.69 to $3.90 a ton. These
values are considerably in excess of those shown by the sampling of the
property by T. "\.. MacLean*, and it was claimed that the values contained
in the sulphides were not recovered as the mill was equipped to recover only
the free gold.

The property is situated on the eastern slope of Victoria gulch, a
tributary of Bonanza creek, and may be reached by road from Dawson,
the distance being about 25 miles. The road is normally in fair condition,
and an automobile can be taken right to the property.

The deposit is not a definite vein or lode. It consists of a crushed zone
in the schists of the Klondike series, with veins, bunches, and masses of
quartz developed along the zone. These are very plentiful, and :VlacLean
estimated that they make up aboLlt 20 to 25 per cent of the mass of the
country rock in this vicinity. Accompanying these bodies of quartz are
feldspar, pyrite, and galena, with occasional specks of chalcopyrite, and

"MacLean, T. A.: "Lode Mining in Yukon"; Mines Branch, Dept. or Mines, Ottawa.
1914, pp. 20-31.
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small amounts of free gold in particles large enough to be visible to the
naked eye. From the work already done, and from samples taken, it appears
that the values are not confined to the quartz, but extend into the schists
on either side of the quartz bodies. There are no definite walls to the deposit.
Mining has been carried on for widths ranging from 15 to 35 feet, and it has
not been established that the values are confined even to these widths.

The main workings have been divided into two groups, those driven
before 1911 and those made since that date. Prior to 1911 there was a main
tunnel about 300 feet long which cut a rather persistent quartz vein known
as the Carthy ledge at 225 feet with a drift to the north into the main zone.
This encountered a clay zone which was explored by several crosscuts.
From a point about 150 feet from the portal in the main tunnel there is a
crosscut to the south to the C'arthy vein which drifts to the nurth and soutll
along this vein; the northern drift being connected to a shaft from the
surface and the southern drift being terminated by a 42-foot winze. Several
shallow shafts to the northwest of these workings complete the work done
prior to 1911, all of which are now inaccessible as they are partly caved and
partly filled wi th water.

The workings driven since 1911 consist of an open-cut about 350 feet
long, 12 to 14 feet wide, and 30 feet deep, frum which the ore that was milled
was taken. There is also Cl drift now caved, from the open-cut into the
foot-wall side of the mineral zone, and a shaft 22 feet deep with a drift
65 feet long at the bottom. These latter workings are filled with water.
It was in these that the company secured some rather high, but erratically
distributed, values, as a result of sampling during the driving of these work
ings.

At the present time the rompany is driving an adit to hit the mineral
zone, and intends to drift along it to the north until under the workings
mentioned above, to which a raise will be driven to drain them. ,\t the time
of the writer's visit, this aclit had encountered the Carthy lode, thus proving
its continuity to the south, but had not entered the main mineral zone
beyond.

As pointed out before, sampling did not demonstrate commercial ore on
the property; but mill run recovered values far in excess of that indicated
by sampling. This, however, can hardly be cited as an argument against
sampling, and in spite of past results, the writer is of the opinion that
careful, systematic sampling is the only method to test properly this deposit,
but the samples should be cut at very small intervals, uwing to the occur
rence of free gold. The problem is to ddermine if commercial ore exists
over reasonable mining widths. If it be established that this zone contains
commercial me-bodies, there is 110 doubt whatever that other similar zones
exist in the neighbourhood, for the amount of quartz in the schists is very
high. Quartz bodies have been found in a number of open-cuts on the
property, and there is a good deal of quartz float generally on the hill.

'Vlayo District

Mayo district had on the whole a vpry satisfactory year. No new
areas of importance were discovered, but developments in the better estab
lished camps were encouraging, ane! production was slightly increased,
amounting to about 8,300 tons of ore and concentrates. Although exact
figures as to the metal content are not available at the time of writing, it
is believed that they will constitute a record for the camp. In 1924, when
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Keno Hill, Limited, withdrew from the camp, and Treadwell Yukon Com
pany, Limited, began milling its ores, there was a falling off in tonnage of
shipments, but since then the tonnage has been increasing year by year
until last year the tonnage shipped about equaJled the combined tonnage
of the two companies in 1923. The metal content, however, is much higher,
as a very considerable part of the shipment;; are now composed of con
centrates running higher in silver than the crude ore which was formerly
shipped.

The producing area for the year centred about Keno hill. The major
mining operations are being carried on by TreadweJI Yukon, Limited. This
company owns the Laclue mine situated on the western slope of Keno hill
at an elevation of abou t 4,000 feet, and is also operating under lease from
Keno Hill, Limited, the adjoining property known as the Sadie mine. The
two are being worked as one mine. Treadwell Yukon Company, Limited,
has also pursued a campaign of developing likely looking prospects in the
vicinity, and this policy has been meeting with marked success. Four
properties have been acquired either by purchase or under option, and good
progress has been made in developing them. These properties are the Lucky
Queen, Silver King, Arctic, and Eisa groups..\lI these, with the exception
of the Lucky Queen, are situated on Galena hill.

For a general description of the geology and ore deposits the reader is
referred to previous work by Stockwell* and Cockfield**.

On the Sadic and Ladue groups work has been very much extended since
the properties were last described. A drainage tunnel over 3,000 feet in
length has been driven to tap the vein, and about 900 feet of drifting done
on the 600-1evel where the tunnel entered the vein. A raise to connect
with No. 2 shaft has been made, and the 400-level driven about 750 feet
north of the shaft, and south into the Sadie workings, a distance of about
2,500 feet. The 200-Jevel has also been extended into the Sadie. In all this
work very little ore was encountered that extended below the 400-foot
level. The vein has a maximum thickness of 70 feet, but the average thick
ness is probably about 7 to 8 feet. The mineralization is a siderite gangue,
with galena, freibergite, and zinc blende as the important ore minerals.
Small amounts of native silver and pyrargyrite also occur, as well as quartz,
arsenopyrite, pyrite, and chalcopyrite. The vein is one of the main longi
tudinal fractures of the area. Beyond the workings to the north it appears
to become lost in a clay zone, probably as the' result of the brecciation of
the schist, and it has not been traced to the sou th beyond the Iimi ts of the
Sadie claim.

On the Ladue group there are two main ore-shoots, one in the virinity
of each shaft. These shoots have lengths of alJout 150 and 500 feet, but
practically terminate at the 400-level, very little ore having been found
below that level. On thf' Sadie and Friendship group there are three shoots
of ore. Thf' smallest is 125 fef't long, and the other two are 175 to 200 feet
in length. As on the Ladue, very little ore has been encountered below the
400-level. The win is cut by a fault which weaves along its length and is

*Stockwell, C. I-J.: "Galena Hill, Mayo District, Yukon"; Geo!. Surv., Canada, Sum.
Rept. 1925, pt. A, pp. 1-15.

**Cockfield, W. E.: "Sih'er Lead Deposits of the Keno Hill Area, Mayo, Yukon"; Geo!.
Surv., Canada, Slim. Rept. 1920, pt. A, pp. 1-6, and "Geology and Ore Deposits of Keno
Hill, Mayo District, Yukon"; Geo!. Surv., Canada, Slim. Rept. 1923, pt. A, pp. 1-22.
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accompanied by numerous cross fractures and small slips, and by one large
cross fault on the Sadie claim. These faults have the effect of cutting the
ore into a series of fault blocks, which adds considerably to the amount
of development work necessary to expose the ore. These faults are much in
evidence in the vicinity of the ore-shoots, and it is not known whether they
had some influence on the deposition of the ore and continued as zones of
weakness along which movement took place after ore deposition ceased,
or whether the ore-bodies happened to be the weakest parts through which
adjustments took place long after deposition ceaseJ, thus causing a some
what acciden tal relationshi p between the location of the ore-shoots and the
post-mineral faults.

The vein continues as a strong fracture below the 400-level on these
groups. It is mineralized with siderite, but is practically without ore minerals
in that stretch in which development work has been carried out. There is,
so far as is known, no adequate reason that can be assigned why mineral
ization should not continue to greater depths, nor has the existence of an
unfavourable horizon for ore deposition been recognized. Possibly work
elsewhere in the district will furnish the key to this problem, but in the
meantime it may be stated that the known ore reserves of these two prop
erties are approaching exhaustion and for the present at least their place
will have to be taken by the other properties which the company is now
developing to the stage of production.

The Lucky Queen property is situated on the western slope of Keno
hill, somewhat less than a mile east of the Ladue. It is connected with
the Lad ue mill by an aerial tram, and there is also a road to the property
from the main camp. The property consists of the Lucky Queen, Nlud,
Uncle Sam, and Mayo claims, the Too Good Fraction, and a lease on the
..\11 ay thole claim.

There are in addition to the older workings described in earlier reports,
two shafts, one to the lOO-foot level, and the other to the 200-foot. These
shafts are approximately 260 feet apart. From the main shaft levels have
been driven southerly at SO, 100, and 200 feet, and work was in progress
sinking the main shaft to the 300-level preparatory to drifting on that
level. The lOO-foot level has been driven approximately 1,300 feet in a
southerly direction from the shaft. The SO-foot level terminates in an ore
shoot which has been removed from the lOO-foot level to near the surface.
This shoot was 80 feet long and varied from 6 to 10 feet in width; it included
nearly all ort> of shipping grade.

The vein follows a shear zone in quartzite and has a general strike
of south 45 degrees west, astronomic, and a dip of SS degrees to the south
east. It varies considerably in width, from seams to 10 feet, and in places
the width is considerably increased by the presence of mineral in the joints
and seams of the country rock. On the lOO-level the ore zone is somewhat
over 300 feet long, with some mineralization continuing beyond for a con
siderable distance to the south. On the 200-level, the ore zone had not been
fully explored at the time of the writer's visit. On this level the mineraliza
tion in the seams and joints of tht> quartzites includes very considerable
amounts of native and ruby silver, the former occurring as a coating on
the galena.

1t is to be expected, as developmen t of this property proceeds, that
other ore-shoots similar to the one already fuund will be discuvered. Such
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ore-shoots rarely occur singly, and considerable further developmen t is
justified by the results already obtained.

EIsa Group. One of the holdings ot" the Treadwell Yukon ~ompany

on Galena hilJ is the Eisa group, consisting of the Eisa, Porcupine, Jean,
Lucky Strike, Minerva, Minerva Jr., Keno, :\10hawk, Punch, and vVeston
claims. This property lies on the northwestern slope of Galena hill, and is
situated below timber-line in the vicinity of Porcupine gulch. The country
rock in the vicinity is quartzite, with some graphite schist, and the mineral
ization occurs in a vein striking north 45 degrees east, and dipping about
SS to 60 degrees to the southeast. The vein varies considerably in thickness,
ranging from a stringer to 6 or 7 feet. The ore minerals are galena and frei
bergite with some pyrite and chalcopyrite in a gangue of siderite and oxida
tion products. On the 200-level, the vein consists largely of oxidation prod
ucts with small nodules of galena and freibergite. Judging by the silver
content of this oxidized material, it is doubtful if there has been much
movement of the silver by leaching. The thoroughness ot" the oxidation in
this vein is probably accounted for by the fact that it contains considerable
pyrite as contrasted with some of the other veins of the district.

Besides the original prospect workings there are three crosscut adits
to the vein, either driven or in progress. The lower of these had not reached
the vein at the time of the writer's visit, hut was at that time about 800
feet long. The second level is 165 feet above the lowest level, and is 380
feet long to the point where it taps the vein, and from this point a drift has
been driven to the south upwards of 500 feet with a raise to the surface,
and a drift to the north is 240 feet long with a raise to the surface. At 140
feet in this drit"t the vein is cut off by a fault, and its northern continuation
has not yet been located. The upper workings were filled with ice at the
time of the writer's visit; they consist of a crosscut 200 feet long to the vein.

Arctic and Mastiff Property. This group was described at some length
in Stockwell's report referred to above. Some of the earlier work was done
by the original owners, and was continued by lessees. After this earlier work
ceased the workings filled with water, and have only recently been drained
by the new shaft put down by Treadwell Yukon ~ompany, Limited. This
shaft is being sunk in the country rock on the foot-wall side of the vein,
to a depth of 200 feet, from which point a crossrut is to be driven to the
vein. As at the time ot" visit sinking the shaft had not been completed, no
new data regarding the property was obtainable from these workings. The
older workings consist of a shaft about 85 feet deep, following the dip of
the vein, with levels at 38, 70, and 80 feet. The workings on the south side
of the shaft encountered a body of ore lying above the 70-foot level, and
varying from 2 to 6 feet in width. This body has been stoped out to within
20 feet of the surface. On and below the 70-foot level the vein widens con
siderably, and shows disseminated ore minerals over a total width of about
70 feet. To the north of the shaft, the vein does not appear to be heavily
mineralized.

The extension of the vein to the sou thwest has been stepped to the
northwest by a t"aul t, and has been traced on the surface by means of pros
pect shafts. The horizontal movement amounts to about 400 feet.

The minerals in the vein are galena, freibergite, and siderite, with some
pyrite and quartz, and oxidation products such as cerussite, limonite, and
manganese oxide. Taken as a whole the values are probably not as high
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as those obtaining on some of the other properties of the district; fairly
massive galena assaying from 125 to 135 ounces of silver.

Silver King Group. This group is one of the most recent acquisitions
of Treadwell Yukon Company, Limited. It is situated on Galena creek,
to the west of Galena hill proper. This property was the first producer of
silver-lead ore in Mayo district and its history dates back to about 1906,
although it was not until 1912 or 1913 that it came into prominence. In 1914
it was acquired by T. Aitken and H. Munroe, who worked the property
until 1916. In 1915 the property was reported on by Cairnes* who urged
further prospecting on the extension of the vein. This, however, proved to
be quite a difficult undertaking as in that direction the drift cover was thick,
in some places attaining 70 feet, and after the property was closed down
twelve years passed without any new discoveries being made. Last spring,
however, the northern extension of the Silver King vein was picked up and
an ore-shoot about 800 feet long, of which about half is reported to consist
of shipping ore, was discovered on the Silver King and adjoining- Webfoot
claims.

The property was purchased last summer by Treadwell Yukon Com
pany, Limited, and preliminary work, such as road building, erecting a
camp, and shaft sinking, was started. As the original workings and the more
recent prospecting shafts and cuts were inaccessible, being either sloughed
or filled with water, an examination of the property was not made. It is
expected, however, that this property will very soon enter once more into the
list of producers.

The ore-shoots of the original properties worked by Treadwell Yukon
Company, Limited, are approaching exhaustion after 7 years of continuous
shipments, but the new properties now being brought in are fully capable of
taking the place of the Sadie and Ladue groups, so that even if no further
ore should be found on the older properties this does not mean that the com
pany's operations in Mayo district will be discontinued, and should mining
progress not be retarded by the unduly low prices obtaining for the metals
produced, it might even be expected that the company's operations would
produce a larger annual output than is the case at present.

As many as possible of the claims held by individuals were visited,
but time did not permit of seeing even all those claims that have mineral
showings on them, many of which have had considerahle work done on
them since the writer last visited the district. Claims were visited as op
portunity occurred, but no ground lying to the east of Monument hill was
included in the work of the past summer.

Shamrock Group. This group has been one of the most consisten t
producers of the claims held by individuals in the area. It lies near the head
of Erickson gulch, adjoining the original holdings of Keno Hill, Limited,
on the west, and is being worked under lease from the owners, by iVIcIvor,
McKay, and Formo. To date it has shipped 1,900 tons of sorted ore, of
which amount 565 tons were shipped during the season of 1928-29.

The workings lie on what is believed to be one of the major veins,
sometimes called the Gambler vein, which crosses Faro gulch and swings
southwest across the broad Rat at the summit above this gulch and consist
of a shaft 120 feet deep and inclined at 60 degrees. This shaft has levels
driven from it at depths of approximately 65 and 110 feet. The upper level

*Cairnes, D. D.: Geol. Surv., Canada, Sum. Rept. 1915, pp. 27-29.
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is approximately 580 feet long, and drifts along the vein for about 250 feet
to the south of the shaft to form an adit tunnel, and continues 330 feet to
the north of the shaft. The lower level follows the vein for about 240 feet
north from the shaft, and about 90 feet south. A number of streaks of ore
have been encountered and stoped in these workings. As a general rule
these have not been large, seldom exceeding 4 feet in width. Although the
ore-shoots discovered to date have not been large, it is interesting to note
that this property is one that has paid for its development by the ore
extracted, and the chances seem very favourable that as development work
goes on, other shoots of ore will be discovered.

Properties of Keno Hill, Limited. Very little work has been done on
the original group of this company since the property was closed in the
autumn of 1923. For several years after that the property was worked by
lessees, and some ore, chiefly some that had been developed before, was
extracted. The main workings were on the vein known as ~o. 9, with some
prospecting on a number of other veins crossing the property. Lately the
company has secured options on some of the adjoining claims, notably
the Nabob, Toledo Fraction, Venus Fraction, Gold Hill, Orphan, and Ladue
Fraction. Un some of this ground one of the main veins has been traced
in places by a number of open-cuts, and promising showings have been
obtained at some points. Although many of the cuts have now sloughed,
the dumps show galena mineralization.

Two of the other main veins, known as, respectively, the Kinman and
No. 6 veins, cross the southern part of this company's property and have
lately been receiving some attention. Un the Kinman vein, representation
work being done on the Porcupine claim near the head of Hope gulch
encountered a shoot of ore 4 feet wide, which where exposed in the open
cut consisted of massive galena. Data with regard to the length of this
shoot have not yet been obtained. The extension of this vein has also been
discovered on the Teresa claim near the head of Charity gulch. This property
is owned by Smith, Corp, and Ryan, and is leased to a group of individuals.
The workings here consist of a shallow shaft, which at the time of the
writer's visit had not quite reached bedrock, but which was yielding the
float of the vein, making it apparent that the outcrop was not far off. This
float was mineralized with quartz and arsenopyrite but contained none of
the ore mi nerals.

Bunny Highlander and Cub Group. This group, owned by O. Letour
neau and D. NIercure, adjoins the Lucky Queen on the northeast side.
Six open-cuts have been excavated in which ore has been obtained, but
in most of these, owing to sloughing, very little information with regard
to the deposits could be obtained. To the northeast of these is a shaft 26
feet deep terminating in a drift 48 feet long. These workings were filled
with water, and, therefore, were inaccessible. It is reported that 51 tons
of ore was obtained from these workings, and that the ore-body on the
floor of the drift showed 2 feet of massive galena. From the material on
the dump it is evident that the ore-body consisted of a shear zone in quartz
ite, with siderite, pyrite, galena, freibergite, and zinc blende. Much more
work is necessary on this property before the exact rela tions of the various
showings can be determined. It is possible that the mineral showings
represent the faulled, northward extension of the Lucky Queen mineraliza
tion, but until more work is done, it is impossible to prove this is the case.

Stone Group. This property is owned largely by M. Butyer who owns
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outright the Stone and Ray claims, and has a half interest in the Scott
claim, the other half interest being owned by Mrs. W. C. Sime. The property
is situated northeast of the ground last described, and extends across Faro
gulch. The main workings are on the slope on the western side of Faro
gulch, and consist of two adits. A third was, at the time of the writer's
visit, being driven lower down towards the creek, but had not yet penetrated
the overburden. The lower of the two completed adits is about 475 feet
long, with a crosscut, 16 feet long, to the east at 230 feet, a crosscut 70 feet
long to the west at 430 feet, and several small stopes at intervals in the adit.
At the face there is a fault with a highly polished hanging-wall with 18
inches of siderite and freibergite. The balance of the face shows shattered
greens tone with siderite. About 15 feet back from the face there is about
1 foot of siderite heavily impregnated with grey copper, in which a small
stope about 12 feet high and about the same length has been excavated.
The 70-foot crosscut to the west is in schist which has been shattered and
filled with siderite, and carries some values throughout. This terminates
against a greenstone body, into which the main adit penetrates about half
way between the crosscut and the face. The shorter crosscut shows the ore
body to be about 12 feet wide.

The upper adit is 135 feet long, and is now partly caved near the
entrance. It encounters the vein about 30 feet from the portal, and con
tinues along the vein for the balance of its length.

A shipment of 6 tons from this property assayed 161 ounces of silver
to the ton, and a small shipment, less than a ton, of hand-sorted ore showed
586 ounces of silver to the ton.

Apex Claim. This property is on the southern slope of Keno hill, on
the southwest side of Charity gulch, and is owned by T. McKay, and
worked under option by F. Hoffman and J. (;renier.

The development work includes an open-cut terminating in an adit
with a winze sunk near the face. The general course of the vein is north
45 degrees east, and it is composed mainly of manganese oxide and sider
ite. ]\IIost of the workings do not permit of obtaining an idea of the min
eralization owing to the timbering that was necessary in the adit. At 35
feet the adit encountered a slip striking north 77 degrees east, and dipping
to the northwest on which a winze was sunk 18 feet. This slip was min
eralized with calcite and zinc blende. The workings to date have not en
countered any ore-shoots of value.

Vanguard Claim. This claim adjoins the Apex on the south and is
being worked by D. Ferguson and associates. A considerable amount of
heavy galena float was picked up on and near the surface and a good deal
of prospecting work has been done in an endeavour to locate the vein from
which the float came. From the nature of the float it is deemed impossible
for it to have travelled any great distance, and although the present work
ings have not yet picked up the vein, further prospecting in the vicinity
is j usti fied.

Bunker Hill. Only one property was visited on Bunker hill, namely the
Homestake group, which consists of six claims owned by J. Walsh and
associates, and leased by J. Carpenter, J. \!IcLean, and G. Lee.

The work done consists of two open-cuts, and a shaft 43 feet deep with
a drift 15 feet long in a southerly direction from the bottom of the shaft.
The shaft at the time of the writer's visit was filled with water to within
6 feet of the surface, so that very little of the vein could be seen. The strike
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of the vein is approximately north 30 degrees east astronomic, and the
dip 70 degrees to the southeast. It is reported that at the bottom of the
shaft the vein had a width of 7 feet; composed of a little over 3 feet of
siderite, and somewhat over 2 feet of shattered quartzite with siderite,
followed by 1 foot of siderite with streaks of the ore minerals through it.
South in the drift the vein narrowed to 5 feet, and was about half siderite
and half country rock; towards the cnd of the drift the siderite appeared
to pinch out. The siderite is coarsely crystalline with !Jlebs and streaks of
galena and grey copper in it. To the north of the shaft a width of 4 feet of
siderite was encountered in all open-cut, and still farther to the north a
second open-cut, which had not reached bedrock, showeu heavy siderite
float. Further surface prospecting is desirable on this property, before
underground work is undertaken, but prospecting is difficult, as the over
burden is about 12 feet thick.

Sourdough Hill

A number of promising showings have been located on Sourdough hill,
which lies immediately to the south of Keno hill, and a considerable amount
of work has been done on these in the past few years. Cnfortunately,
however, the ownership of this ground has been the subject of litigation,
and in the mean time the work has not been proceeded with. Such work
ings as exist are full of water and, therefore, inaccessible.

Galena Hill

A number of mineral showings have been found on the northern and
eastern slopes of Galena hill. Time did not permit of visiting all of these,
and on many of those visited earlier work had sloughed so that little could
be learned. Many of the properties are described in Stockwell's report
referred to before.

Hector and Darling Claims. This property is owned by r:. Sinyard and
M. S. l\!lcCown, and is situated just west of the summit of the hill. A vein
striking from north to north 20 degrees east and dipping from 45 degrees
east to vertical has been prospected by means of a nu mber of pi ts, and
several prospect shafts. The main shaft is 57 feet deep with a drift 82 feet
in all at the bottom and extending both to the north and south from the
bottom of the shaft. The vein in the shaft shows about 5 feet of oxidized
material with nodules of galena. To the north of the shaft in the drift, the
vein is about 8 feet wide, with bunches of galena and carbonates throughout.
It is reported that this material will assay from 60 to 70 ounces across the
width of the vein, and that samples of the clean galena yield very high
assay values. Two other prospect shafts, one about 50 feet north of the main
shaft, and the other a!Jout the same distance south, have picked up the vein.
On the Darling claim to the south, a number of open-cuts and prospecting
ditches have been put in, but these have not yet been successful in picking
up the extension of the vein.

Jiagle Group. This group is owned by A. McLeod, M. S. McCown,
D. Matheson, and Miss T. Stewart, and is situated near timber-line on the
easterly slope of Galena -Hill. A vein which strikes north 40 to 50 degrees
east and dips about 67 degrees to the southeast has been located by means
of a number of open-cuts and by sluicing. The vein was not very well
exposed at the time of the writer's visit, !Jut is apparently about 18 inches
wide, and mineralized chieAy with quartz and arsenopyrite, with seams
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of galena. From the float visible on the dumps it is apparent that siderite,
pyrite, limonite, and sphalerite also occur.

Rio Claim. On the Rio claim, owned by Mrs. W. C. Sime, a vein is
exposed by an incline driven down the strike of the vein. The incline is
about 30 feet deep, and follows a stringer of galena which widens to 3 feet.
The vein strikes north 37 degrees east and dips at 63 degrees to the south
east. Immediately below the large showing the incline is filled with water.
Some 65 feet lower in elevation an adit was started with the intention
of striking the vein, in which all told 140 feet of drifting and crosscutting
was done, but the workings were not driven sufficiently far to intersect
the vein.

Bluebird Claim. This claim is owned by O'Sullivan and ~icholson.

On it a vein striking north 27 degrees east and dipping 62 degrees south
east was exposed by means of open-cuts. The vein is mineralized with
galena, sphalerite, and pyrite, in a gangue of ankerite, calcite, quartz,
Jimonite, and manganese oxide. Two shafts have been sunk, the lower of
which is 40 feet deep, and hit the vein at 22 feet. The upper shaft is 23 feet
deep. Both shafts were filled with water at the time of the writer's visit.

Tin Can Claim. This claim is owned by A. McLeod, H. Rohr, and
S. Turpin, and is situated on the eastern slope of Galena hill. Most of the
workings were full of water or ice, so that very little information could be
obtained with respect to the mineralization. One shallow pit, the highest
of the group of workings, showed, in greenstone, a small vein striking north
40 degrees east and dipping 82 degrees to the southeast. The maximum
width of mineralization exposed in this pit is about 12 inches. The vein is
heavily oxidized and carries abundant zinc.

Formo Group. A group of seven claims on the northern slope of Galena
hill, near the mouth of Christal creek, is owned by H. C. Formo. The
workings consist of a shaft about 30 feet deep. It was partly filled with
water. The vein strikes nearly north and south, and for the first 16 feet
in the shaft is nearly vertical; below it flattens out to an angle of 45 degrees,
and towards the bottom of the shaft is reported to be straightening up
again. The vein is about 3 feet wide. On the foot-wall side there is a seam
of calcite 4 inches wide, followed by slightly over 2t feet of galena, with
zinc blende and pyrite. The wall-rock is greenstone. It is reported that fairly
pure galena carries about 120 to 135 ounces of silver to the ton, a somewhat
lower silver value than obtains in most of the surrounding properties.

Beaver River Area

Time did not permit of making a trip to Beaver River area. The Con
solidated Mining and Smelting Company, Limited, has for several years
been developing a prospect on McKay hill in this area, and surface work
resulted in a very good showing of ore. During the summer of 1929 the
property was diamond drilled, and it reported that the results were very
disappointing, as it was found that the deposit did not extend to any rea
sonable depth. It is reported that the option held by this company has been
abandoned.

Windy Arm District

Last year a group of claims known as the Dail and Fleming group situ
ated along the west side of Windy Arm near the boundary between Yukon
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and British Columbia, attracted some attention. A company known as
Yukon Gold Mines, Limited, incorporated under the laws of British Co
lumbia, was formed to take over these claims, and to develop them. Early
last spring a start was made on the development of the property.

The company owns the Humper, Red Deer, Peggy, Bull Moose, Venus
Extension, and Ray claims, and has options on the Humper No. 2, ~ipper
1\0. 2, Hobo, Lakeshore, Bum, Ruby Silver, and Maybell Fraction. This
property amI the adjoining property, the Venus, have been described at
length by Cairnes* and that description has been summarized by the
writer**, so that only a brief description need be given in this connexion.

tTnfortunately for the enterprise, operations were started before suf
ficien t money was in the treasury to carry the project through to a success
ful conclusion. Difficulties of financing arose after development work had
started, and the operations had to be abandoned without thoroughly
testing the ground.

The rocks of the area are Mesozoic andesites with their accompanying
tuffs. The claims are at no great distance from the main contact of the
Coast Range batholith, and some intrusives, apparently related to the
batholith, also occur in the area between Windy Arm and lake Bennett.
The veins are fissures filled mainly with quartz, arsenopyrite, and galena,
with some zinc blende. A number of other minerals are present, but are
by no means abundant. These include a number of silver minerals such
as argentite, pyrargyrite, stephanite, and some native silver; also jameson
ite, yukonite, cha1copyrite, and chalcocite, and the arsenic minerals orpi
ment and realgar, together with oxidation products of copper and lead.
The ores are valuable chiefly for their gold and silver content.

There are three main veins. Some other showings occur, but the work
done on them is not sufficient to enable a true idea of their importance
being obtained. The vein to which attention has been mainly directed is
known as the Venus vein. This is apparently continuous across the Venus
property, and extends into the property of Yukon Gold Mines, Limited,
on the Venus Extension claim. It has not been traced across the Venus
Extension claim. Certain workings on Nipper No. 2 have exposed a vein
in a gulch to the south of the Venus Extension. This vein may possibly
be the continuation of the Venus vein, but more work is necessary in order
to prove this. The Venus vein strikes approximately north 10 degrees east
astronomic, and varies considerably in its dip, ranging from nearly flat
to 60 degrees. In most places, however, the dip is about 30 degrees. The
thickness of the vein ranges from a few inches to 6 or 7 feet, but is gen
erally from 2t to 3 feet on the Venus claim and from 1t to 2t feet on the
Venus Extension. The workings include an incline shaft reported to be
140 feet deep, but which at the time of the writer's visit was filled with
water below 115 feet. Near the bottom of the incline drifts run north and
south along the vein; higher in the incline, an intermediate drift runs
north. About 800 feet southerly from the incline, and about 75 feet below
it in elevation, is an adit which drifts along the vein for 560 feet, and which
has several raises one of which extends to the surface. Near the southern
boundary of the Venus Extension, another adit, known as the nail tunnel,
drifts along a small vein for about 26 feet.

'Cairnes, D. D.: Geol. Surv., Canada, Sum. Rept. 1916, pp. 39-44.
"Cockfield, W. E., and Bell, A. H.: "Whitehorse District"; Geol. Surv., Canada,

Mem. 150, pp. 40-41 (1926).
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On .:--,ripper ~o. 2 there are two crosscut tunnels, the lower 170 feet
long, with a drift to the south in a fault zone, and the upper 90 feet long.
Both were, apparently, driven to explore a vein showing in the gulch
higher up, but neither is long enough to reach its objertive. The vein on
the surface is partly exposed by a number of open-cuts. It has a strike
of north 30 degrees east, and a dip of 30 degrees into the hill. The min
eralization is very like that of the Venus and Venus Extension vein. The
thickness of the vein where exposed in the gulch is about 12 inches. As
pointed out before, there is a possibility that this represents the southerly
extension of the Venus vein, but more work is necessary in order to prove
this.

On the Red Deer claim a vein is exposed in three small open-cuts.
Where exposed the vein has a thickness of about 2} feet, and is mineralized
with quartz, pyrite, and galena. The mineralization at these points is some
what scanty, but it appears fairly well-established that the best of the
ore at these points was removed when making the open-cuts. The vein
strikes north 30 degrees east astronomic, and dips to the northwest at
about 50 degrees. At these localities ('aimes specifically mentions a num
ber of high-grade silver minerals, but none is now visible.

Un the Humper claim, the Humper vein is exposed by a shallow shaft
and a number of open-cuts. The same vein is exposed in another shaft on
Humper No. 2. The strike of the vein varies from north 60 degrees east
to nearly east astronomic, and the dip ranges from 35 to 65 degrees to the
north. The entrances to the shafts are caved so that nothing can now be
learned from these workings. The gangue of the vein is quartz, with galena
and pyrite as the chief ore minerals present. High-grade silver minerals
were also reported by Cairnes from these workings, but none was identified
by the writer.

There are a few other points on the Yukon Gold Mines property where
mineral showings have been found, but on these not sufficient work has
been done to give a true idea of their relations and importance, though
some of them are probably deserving of further work.

The Venus property is not part of the holdings of Yukon Gold :\1ines,
Limited. No work has been done on it for a number of years, and as the
later winzes are nearly filled with water, there is nothing to be added to
the earlier reports on this property, to which the reader is referred for
full details.

The Venus vein which crosses the Venus and part of the holdings of
Yukon Gold Mines, Limited, has been established to be continuous. It
crosses Venus No. 1 and ~o. 2, and part of Extension claim, thus giving
it a length as traced on the surface, of between 3,500 and 4,000 feet. The
vein averages perhaps 2~ to 3 feet in width, and the metal values are not
high. The vein on the Venus has been proved to a depth of about 630
feet below the surface, but of its characters in the lower workings there is
not a great deal of information availahle. It is difficult, without a system
atic sampling of the properties, to estimate the average content of the ores.
as the values appear to be somewhat erratic. Some high assays have been
obtained from the veins in this section, but Cairnes concluded, from a sur
vey of different samplings made from the properties, and from smelter
returns, that the ore in general would run under $25 in gold, and from 5
to 10 ounces in silver to the ton, and that the average content might pos
sibly be about $15 a ton, based on normal prices for silver. Much of the
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vein is, of course, very low grade, and will not go over ~10 a ton. I t is
difficult at the present time to secure representative samples from the
Venus workings, as the best of the ore has undoubtedly been extracted
from the workings open to inspection. Thp. writer took a number of samples
which are intended not as a systematic sampling of the property but rather
to afford a general idea of the mineral content. The assay results of these
samples are listed below.

Gold I Sih'er Lead I Zinc
No. Location

OZ5. per ton Per cent

1 Extension adit ... . . . . . . . 0.41 I 0.73 ; none none. ..
2 " 041 i 1 54 0.50 none. . ... . . .. .. . · .

3 " 0.25 401 1.37 none......... . . . ...
4 " 0.17 1. 82 0.65 none.. . .... . ...
5 " 0.30 9.45 3.54 none....... . ..... · .
6 " 0.19 3.97 0.66 none.. ..... . .. . . ..
7 " 005 25.36 0.51 none..... . .. · . . . . . .
8 Raise from adit. ... . .' . .. . .. . 0.29 082 0.09 none
9 Extension shaft .... .. . .... 1.64 8.11 2.67 none

10 " 0 29 3.04 o 79 none.... . ........
11 " 0.44 3.01 o 73 none... ... . · . . .. · .
12 " 076 40.35 7.34 0.61.. . .... . ....
13 Dail tunnel. . . . . . .. ..... , · . 006 046 0.14 none
14 Ni~per ... . . . . . . . . . . . . . ... . · . 0.05 6.07 1. 87 none
15 .. . .... 0 02 1.57 0.33 none
16 Venus N. adit. . . . . . . . · . ... 0.14 22.61 7.34 0.61
17 " 0.06 2.71 0.56 0.59. . ... . ..... ... .

18 " 0.06 6.34 1.77 5 12........
19 " 0.02 2.09 072 0.40...............

There is no ore blocked out on the properties, but a considerable ton
nage of orc is indicated by the present workings. The Humper and Red
Deer veins are worthy of investigation to test their continuity and min
eral content. Although the tenor of the ores is undoubtedly low, it seems
probable that with careful, systematic sampling, ore-shoots of economic
size and value could be outlined, and there seems a chance that with eco
nomical management the properties might develop into a small mine.



610

1930
Introductory Note

The following note, by G. A. Young, Chief Geologist, appears in the
Annual Report of the Department of Mines for the fiscal year ending March
31, 1931, page 13, and relates to field work in 1930 in Yukon Territory:

"W. E. Cockfield reviewed mining developmen ts and further investigat
ed geological problems in Dawson, Mayo, and v\'hitehorse mineral areas.
This was done in accordance with the plan, inaugurated last year, of present
ing an annual 'review of mineral developments in Yukon. The review will
appear in Summary Report 1930, Part A, and has been supplied, in advance
of publication, to the Department of the Interior, which is charged with the
administration of Yukon Territory.

"E. J. Lees, under supervision of V,:. E. Cockfield, continued topograph
ical and geological mapping of Laberge quadrangle (latitudes 61° to 62°,
longitudes 134° to 136°), southern Yukon. This area lies along the eastern
margin of the Coast Range ba tholi th and, therefore, is geologically fa vour
able for the occurrence of metalliferous deposi ts."

THE MINING INDUSTRY IN YUKON, 1930
by W. E. Cockfield

About half of the field season of 1930 was devoted to visiting some of
the mining camps in Yukon and northern British Columbia.

The year 1930 was a difficult one for the mining industry of the north
as early in the year the decline in metal prices made it apparent that some
of the enterprises could be carried on only with great difficulty. This decline,
owing to the remoteness of the main producing camp in Yukon and to the
fact that ore shipped during any season is largely hauled to the river before
the spring break-up, is not reflected in the shipments for 1930. The Mayo
camp shipped 10,000 tons of ore and concentrates and, although accurate
figures are not available, this may be estimated to contain roughly 5,000,000
ounces of silver and 5,000 tons of lead. These figures constitute a record
for the camp.

Actual figures for the production of placer gold are not available and
estimates from different sources show considerable differences. The produc
tion may show a slight falling off as compared with 1929, but as all estimates
were made prior to the close of the season they are su bject to correction
according to the amount of gold recovered by operatiuns in the autumn.

Placer Mining

In Klondike district, Yukon Consolidated Gold Company had four
dredges in operation. Two of these were boats of the larger type and were
worked on the Klondike flats between the mouths oi Bonanza and Hunker
creeks. The other two were working on Dominion creek, one at Cariboo
and the other near Granville. In addition the company operated its hy
draulic plants at ]ackson gulch on Klondike river, and at Lovett gulch
on Bonanza creek. I t is reported that the hydraulics did not operate to
capacity owing to lack of rainfall and also owing to the interruptions caused
by breaks in the ditch.

A number of individuals are, also, working claims in Klondike district.
These account for about eight properties being worked on Hunker creek
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and its tributaries and approximately the same number on Bonanza creek.
On the Dominion slope there are six properties being worked on Quartz
creek, three on Sulphur, one on Gold-run, and several on Upper Dominion
creek. I t is estimated that the production will not exceed $50,000.

In Sixtymile area a dredge which was put into operation in 1929 is at
work on the concession between the mouths of Big Gold and .\IIiller creeks.
No data are at hand with regard to the success of this operation. It is
reported that on Thistle creek the operations carried on by Manley have
been closed down. A small amount of work is being carried out on nu
merous other creeks in the territory.

Towards the close of the season a strike was made on Lake creek
which enters Big Salmon river 2 miles below Livingstone creek and this
strike has revived interest in a district long neglected. The discoverer,
Mr. T. Kerruish, reports finding what appears to be a preglacial channel,
Oil the right limit of the creek. The gravel contained in this is reported to
be fine compared with the heavy wash in the bed of the creek. The pay
streak has a width of 40 feet, with a depth to bedrock of 12 feet, but as the
discovery was made late in the season, its linear extent is not known.
The grade of the creek is steep; water is not abundant, but there is a suf
ficient supply to permit of sluicing for some hours each day. The gold
obtained is high in value, assaying $18.50 an ounce; and is prevailingly
coarse, by far the larger amount consisting of nuggets. There is no fine
gold. The gold brought in to the bank yielded $2,360; Mr. Kerruish esti
mates that this was recovered from 546 cubic yards of the paystreak.
An anditional 50 ounces had been obtained, but not delivered at the bank
at the close of navigation. The gold is believed to be scattered through
the paystreak ann not confined to within a short distance from bedrock.
A placer lease of a mile has been staked on the creek, and 600 feet of pipe
and a 4-inch monitor installed. It is probable that this discovery will
stimulate more intrrest in Salmon area and that considerable prospecting
will be carried out there this winter and next summer.

Lode Mining

Mayo District

Mayo district has furnished the only production from lode mlnl11g
during the year. As already pointed out, the decline in metal prices did
not cause a reduction in shipmE'nts during 1930. Present plans, however,
call for a drastic reduction in tonnage to be shipped in 1931; these plans
call for a shipment of 4,000 tons. The reduction in silver output will not,
however, be as great as indicated by the tonnage figures, for the concen
trates to be shipped in 1931 will be much higher in silver than those shipped
in 1930, and but little crude ore will be shipped. Recent advices from Vlayo
are to the effect that the tonnage may be increased to 6,000; but of this
there is no confirmation.

The decline in silver prices has undoubtedly brought about a large
reduction in ore reserves. An ore that was profitahle a year ago can no
longer be considered as ore; the minimum content of silver necessary for
profitable operations has nearly doubled. Consequently, material that
falls under the minimum for profitable operations must be left in place,
and will not likely become available during the lives of the enterprises
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unless silver speedily reverses its recent price trend. The type of ore must
also be carefully scrutinized. An ore may contain the minimum of silver
necessary for profitable mining, but if the silver cannot be concentrated
to the point where shipping is profitable, the ore cannot be mined at a
profit. The ratio of ounces of silver to unit of lead thus becomes of extreme
importance. In the early days of the camp an ore with 200 ounces of silver
and 60 per cent lead was shipped without concentration. Such an ore or
concentrate is no longer profitable. The reduction in ore reserves brought
about by these considerations has been quite severe. AI though defini te
statements of the tonnages of ore in sight are not available for the full time
the camp has been working, it may be stated that in 1929 the ore in sight
was very nearly as great as at any time during the development of the
camp. At the close of 1930 Treadwell Yukon Company, Limited, an
nounced that the ore in sight in its properties was sufficient to last two and
a half years.

The individual operator is the hardest hit. In most cases he cannot
produce at all and is forced either to close down or to content himself
with development work or with merely doing the necessary assessment
work to hold his ground in good standing. Some few individuals are fortunate
enough to possess small bodies of ore that can be hand-sorted for shipment
even at present prices, but on the whole the production from these sources
will be very small. The company, on the other hand, can by concentration
raise its ores to the point where shipping becomes profitable.

Along with the decline in silver prices there has been a slowing down
of development. In 1929, Treadwell Yukon Company, Limited, had four
properties under option with development work proceeding on these and
prospects seemed bright for a second mill in the camp. It seems likely
that the course to be followed will be to exhaust the ore in the property
now being mined and then to move the present mill to a point where it
can serve the other properties.

vVith regard to the ore deposits themselves, certain facts stand out
from the developments that have taken place in the past few years and
these have considerable bearing on the future development of the camp.
In the first place, the ore-shoots that have been developed do not extend
to any great dejJths. The Sadie ore-shoot proved to be the largest found
to date and furnished 110,000 tons of ore. It did not extend below the
fourth level, 400 feet from the surface, and the same has proved to be the
general rule for the ore-shoots of the camp, which have been fully developed.
In some lases the veins continue c!own\vard almost undiminished in size,
with a siderite gangue, but ore has not been found to a depth of more than
600 feet in any deposit. However, on only one deposit, namely, the Ladue
where considerable drifting was done on the 6th level, has development
taken place at this dejJth.

It may be that ore deposition in any onp. vein was f01 some reason
confined within very sharpl) defined vertical limits, or it may be that
ore-shoots do occur at different elevations within the same veins. If the
first view he accepted and if ore deposition was due to a temperature gradi
ent, it would have to be assumed that the present surface is essentially
the same as though deeper than the surface at the time of ore deposition,
for ore-shoots outcrop at many different eievatiol1s on the hill and there
is no evidence that ore-shoots on the top of the hill extend deeper than
those found at lower elevations. The view that the ore-shoots are pre-
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vailingly shallow has much to support it, as five of the more promisIng
deposits have been bottomed at relatively shallow depths. On the other
hand, the second view, namely, that other deeper ore-shoots may occur
in the same veins cannot be said to have becn disproved, particularly
in those cases where the veins are known to continue below the known
ore-shoots.

A second feature which stands out is the existence of a number of
northwesterly trending faults. The prevailing trend of the mineral veins
is northeast. The northwest faults cut and offset them and in some cases
the connexion between the northwest faults and the positions of ore
shoots is striking. The view may be held that the northwest faults are
post-mineral and that their apparent connexion with the ore-shoots is
accidental, or, at most, brought about by such shoots being located in
weaker parts of the strata through which such faults would naturally
trend. On the other hand, the faults may he regarded as being pre-mineral
fissures at whose intersections with the northeast fissures ore deposition
took place, movemen t con tin uing along the faul ts after the conclusion of
ore deposition. If this had been the case, the faults would, possibly, have
been the main circulating channels and have given rise to the ore-shoots
in the northeast fissures, thus accounting for the localization of ore-shoots
near the northwest faults. Against this explanation may be urged the lack
of mineralization in the northwest faults. So far as known they do not
contain ore other than that which might be considered as having been
dragged into the fault zones. VJhatever view is accepted, the occurrence
of ore-shoots at or near the intersections of the two types of fissures is
striking and though there are probably not enough examples to prove that
as a general rule they are so localized, yet the availahle evidence supports
such a rule which is important as possibly limiting the areas that must be
intensively prospected. Unfortunately, owing to overburden, the courses
of the [aults cannot be traced [or considerable distances and, in many
cases, their presence can only be inferred from the offsetting o[ one part
of a vein with respect to another.

Company Operations

Treadwell Yukon Company, Limited, had in 1929 [our properties
under option or purchased and was developing these in addition to mining
the Sadie property. The ore on the Sadie, which was worked under lease
from Keno Hill, Limited, was exhausted early in 1930 and the Sadie and
the adjoining Ladue property, owned by Treadwell Yukon Company,
Limited, were closed down and mining operations transferred to the Lucky
Queen situated about a mile from Ladue camp.

Lucky Queen Group. The shaft on this property has been sunk a short
distance below 300 feet and drifts have been run on the SO, 100, 200, and
300-foot levels. All these drifts are to the southwest of the shaft and are
300, 1,300, 1,100, and 650 feet long. A number of crosscuts and subsidiary
drifts run on different levels explore the ore-body thoroughly. There are two
main ore-shoots, the first being 170 feet long on the lOO-foot level and 280
feet long on the 200-foot level. The second is about 240 feet long. The
width of the ore varies considcrably from point to point. The mineralization
is freibergite, galena, and zinc blende in a siderite gangue. Ruby silver
and native silver art> somewhat common on and below the 200-foot level
and oxidized ore is common from the lOO-foot level up. The ore-shoots
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have not been fully explored on the 300-foot level. Two main faults cut
the ore-bodies, one of which has been tentatively correlated with a similar
fault in the Sadie workings. The Treadwell Yukon interim report, pub
lished at the close of 1930, gives the ore reserves in the Lucky Queen as
sufficient to last about a year. There is still the chance of finding more
ore in this property as mining progresses.

The Company's option on the Arctic and Mastiff group on Galena
hill has been abandoned. The company put down a 200-foot shaft in the
foot-wall of the vein and crosscut to the vein at the 200-foot level. A second
shaft was put down on a faulted segment of the vein lying southwest of
the main workings. This is reported to be 50 feet deep. These workings were
full of water and consequently could not be examined. Since the option was
abandoned the owners have found another faulted segment of the vein to
the northeast of the main workings.

Breifalt Property. Development work on this property was partly
completed and the property closed to await the moving of the mill from the
Ladue property. This property is developed by three crosscut tunnels at
elevations of 3,320, 3,240, and 3,070 feet. The highest of these is 210 feet
long; the intermediate is 380 feet with a drift to the northeast of 130 feet
and a drift to the southwest of 1,100 feet. The lower adit is 1,020 feet long
and hits a small stringer at 660 feet and a quartz vein at 980 feet. This vein
has a reverse dip to that of the main vein and lies on a greenstone contact.
It varies in width from 1 foot to 2 feet. It joins the main vein 90 feet from
the adit. Drifts have been run from the adit 440 feet to the southwest
and 520 feet to the northeast with a crosscut 160 feet long situated 320
feet from the adit along this drift.

The northeast drift of the intermediate level terminates in a fault
zone and the vein has not been picked up beyond. Some development
work remains to be done on this property to the northeast of the faul t
zone, and also to find the course of the ore between the intermediate and
lower levels. Otherwise the tonnage available is known with a fair degree
of certainty.

Silver King Property. This property was the first producer of silver-lead
ore in Mayo district. After working out a single shoot of ore the owners
closed the property and although numerous attempts were made to trace
the vein and to locate other ore-shoots, it was not until 1929 that the
continuation of the vein to the northeast was found and a promising shoot
of ore located on this and the adjoining claim, the Webfoot. Both properties
were optioned to the Treadwell Yukon Company, Limited. Development
and the erection of a camp were started in 1929. A shaft has been sunk
to 200 feet and levels driven at 100 feet and 200 feet. At the time of the
writer's visit the south drift on the 200-foot level had been driven 120 feet.
The width of the ore was 5 feet and it was very high in zinc. On the 100
foot level the north drift was 100 feet long and above it the material has
been largely stoped out. The south drift on this level is 420 feet long with
the material above largely stoped out. The maximum width of the vein is
8 feet and the mineralization is galena, zinc bJende, and freibergite in a
siderite gangue. Ruby silver is plentiful in the upper workings..

Keno Hill, Limited. This company recently started development on an
ore discovery made on the Porcupine claim in the course of assessment work
in 1929. It is the intention of the company to sink a prospect shaft on this
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showing and to drift from the bottom of the shaft should the results ob
tained be favourable.

The company has abandoned the option which it held on the :\labob
claim and several others in the vicinity of its original group.

Reserve Mining Company. The property of this company has lain idle
throughout the year.

Nabob Claim. The owner, L. Beauvette, has put in several open-cuts,
tracing one of the main northeast veins of the vicinity from the holdings of
Keno Hill, Limited, parl way across this claim. These cuts are close to the
shaft which hac! been sunk on this vein and some ore of milling grade has
been found in them. The vein has also been traced farther to the east by
a series of cuts, but no new development has been added to this group of
workings during the year.

Stone Claim. The owner, :Vlat Butyer, is engaged in driving a long
tunnel to cut, at a lower elevation, the vein found in the older workings.
This tunnel is now 240 feet long and is still in overburden. About 100 feet
from the portal the tun nel passed through a reef of schist, bu t after passing
this once more entered gravel. The gravel contains boulders of ore material
such as siderite with galena and grey copper, and also pyrite and chalco
pyrite. The pyritic material carries high gold values. The gravel in which
this material was found is quite evidently of glacial origin as it carries
pebbles and boulders of granite, a rock which does not outcrop on Keno
hill. Consequently the finding of the ore material in it cannot be looked
upon as indicating with any certainty the occurrence of veins close at hand.
This tunnel is 460 feet below and 1,400 feet distant from the older workings.

Shamrock Group. Work at this property had been suspended at the
time of the writer's visit. It is reported that the lessees of this group shipped
500 tons of ore in 1930, but that no attempt will be made to ship ore during
1931.

Silver Basin Group. This property is owned by R. Rasmusen and
occupies part of the steep northeasterly slope of Silver Basin gulch. A large
amount of work has been done on the property at different times, but the
entrances to nearly all the adits have caved, thus making an examination
unsatisfactory as it is difficult to secure the relations of one showing to
another. The property is one on which it is difficult to keep the various cuts
and adits open owing to the heavy overburden and steepness of the slope.
Some of the mineral showings may still be observed in the open pits. It
would appear that there are two main veins cutting diagonally across the
steep slope and that there are a number of cross fractures in connexion
with these, some of which carry mineralization. The lower vein where
exposed has a width varying from 2 to 7 feet and strikes north 77 degrees
east with a dip of 70 degrees to the southeast. The upper vein is approxi
mately 4 feet wide. Both are quartz-arsenopyrite veins carrying galena,
freibergite, and zinc blende in places. Gold values of $10.50 a ton are reported
fro III a shipment of 12 tons.

Some of the cross veins carry mineralization, but details with regard
to them cannot be supplied.

Dorothy Claim. This property is being worked by E. Corp and J. Ryan.
A siderite vein 4 feet wide has been traced for nearly 200 feet on the surface
by means of two shafts and an open-cut. One shaft is 55 feet deep and is
terminated by a drift 35 feet long to the southwest. The second shaft is
45 feet to the northeast of the first. Both were filled with water. Several
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open-cuts beyond these workings have not picked up the vein. No ore
minerals were encountered in the workings other than a few specks of grey
copper. One block of galena was encountered on the surface near the out
crop. The vein is probably cut off to the northeast by a fault, but there are
so few exposures that this could not be definitely determined.

No Cash Claim. This claim is owned by Breifalt and Tolmie and worked
under lease by E. Bjonnes. There is a shaft 50 feet deep with two drifts, one
siightly higher than the other, at the bottom. These drifts are connected
by cross-cuts. One drift is on the foot-wall and the other on the hanging-wall
side of the vein. The hanging-wall drift is 60 feet long, it extends 15 feet
to the north and 45 feet to the south of the shaft. The foot-wall drift is
22 feet long on either side of the shaft. The hanging-wall of the vein shows
a dip of 55 degrees and the foot-wall varies from 60 to 75 degrees. Between
the two drifts there is a streak of low-grade ore. The ore on the hanging
wall is 5 feet wide and is fairly high grade; the lean ore between the two
drifts is 31 feet wide; and the foot-wall streak is well mineralized and about
3 feet wide. Very high assays have been secured from the ore as hand
sorted for shipment. The lessee shipped 21 tons during 1930, but the actual
returns for this were not available. Mr. Bjonnes states that a channel
sample cut across the whole width of the deposit assayed 75 ounces.

Tyee llaim. This claim is owned by H. E. Formo who has also an option
on the adjoining claim, the Rocket. These claims are situated on the northern
slope of Galena hill near the mou th of Christal creek. A considerable
amount of work has been done improving the trail to the property. The
workings consist of an incline shaft 80 feet deep; the dip of the vein is
somewhat Ratter than normal, being about 35 degrees, and the strike is
north 17 degrees east. There is a drift to the sou th at the bottom of the
shaft and another drift to the south at 60 feet with a raise connecting
the two. Both these drifts are 15 feet long. At the bottom of the shaft
there is a IS-foot drift to the north. The ore is 20 to 28 inches wide in a
vein which shows a maximum width of 4 feet in the shaft. I n the bottom
of the shaft the ore increases to 36 inches, but is of much lower grade, con
taining much pyrite and zinc blende. In the north drift the vein is cut
off by a northwesterly trending fault and no attempt has been made to
pick it up beyond this fault. The best ore was found 25 to 30 feet down
in the shaft and 40 tons of this were sorted and shipped. The smelter returns
on this shipment were not available, but assays of the ore made before
shipment indicated a content of between 225 and 250 ounces of silver and
60 per cent lead.

Bunker Hill
Homestake Group. Only one property was visited on Bunker hill, which

lies to the south of Keno hil!. This property, the Homestake group, is
operated under lease by ]. Carpenter and]. McLean. The workings consist
of two shafts close to one another, Cl crosscut and a number of open-ruts.
Owing to sloughing the vein cannot be seen in the open-cuts or crosscut
and the shafts are full of water. The original shaft is reported to be 32 feet
deep and the second shaft 42 feet deep with a drift 15 feet to the south and a
drift of 7 feet to the north. Three hundred and fifty feet to the north of
the shafts, the vein was reported to have been found in an open-cut, but
this cut was also sloughed and consequently the showing could not be
examined. A streak of galena 21 feet wide was reported as occurring ill the
second shaft.
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Klondike District

Lone Star Properly. PI. hurried visit was paid to the Lone Star property
near Dawson. A.s this has already been described* there is no need to repeat
the details with regard to the property. The object of the work being done
at present was to crosscut the mineral zone and then drift along it to a point
below a shaft sunk some years ago and connect with the shaft by means of a
raise, thus draining some of the older workings. Th<> crosscut was driven
196 feet and from the point where it intersected the mineral zone a Jrift was
started towards the shaft. Considerable quartz with pyrite and galena,
also specimens of free gold, were encountered in the drift.

A survey of the data obtainable with regard to this deposit shows them
to be contradictory. Assays from channel samples have shown almost
uniformly Iow results and with the exception of occasional high assays,
are, if these results are to be accepted, sufficient to condemn the property.
On the other hand the management has assayed numerous grab samples,
most of which show good values. The tendency would be to discard the
results of these assays were it not for the fact that mill tests have shown a
rather uniform recovery of $3 a ton, or slightly better. The management
states that approximately 8,000 tons of rock from the open-rut was milled
and the gold recovered was approximately S24,OOO. At that time, it is
claimed, the mill was not equipped to reCOver the values contained in the
sulphides and it was felt that the loss on this account was high. Conse
quently, 1,860 pounds of hand-sorted ore was shipped to a smelter and the
return from this shipment was .~2,200. These statements ;)re given added
weight by the publication of certain of the mill tests by MacLean who
sampled the property. The mill tests for 1912 as summarized by i\'IacLean
arc as follows:

Ore milled Recovery Average
2,495 tons. $:9,467.58 ,s3.79 per ton

The workings from which this ore came were s,lmpled at the time the
mill tests were being run and the weighted average of the samples is only
77 cents a ton. It is not to be inferred that :\larLean's sampling was poorly

No. Location Character Width

25
10

Feet
10
3}
9

5
2
H
2-
2

20

Nort.? end of OP~11 cu t. . . Schist ...
Yellow oxides, quartz and schist.

. .. Wall of open-cut at top of shaft .. Schist, very little Quartz.
. East wall of open-cut 50 feet from

shaft. . . . . . Yellow oxide and qllartz ..
5 Face of drift. . .. Quartz. . .
6. 35 feet from face. . .. Schist with quartz.
7. . . . . .. 50 feet from face. . .. Quartz vein .
8. 110 feet from face. . Pyritized dyke.
9. . Mineral zone west of drift at

junction of crosscut. . . . . . .. Schist with quartz stringers....
Mineral wne east of drift at
junction of rrosscut Schist with Quartz string-ers .

Hanging-wall (?) of Illineral zoneSchist.. . .

1.
2.
3.
4 ..

10 ..

11.

·Cockfield, W. E.: Geol. Surv., lanada, Sum. Rept. 1929, pt. A, pp. 2-4. MacLean,
T. A.: "Lode Mining in Yukon", Mines Rranch, Dept. of Mines, Ottawa, 1914, pp. 20-31.
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done. Many others, including the writer, have since sampled the property
with results closely checking those of VlacLean. The writer took eleven
samples from different parts of the property and on assaying these all
proved blank. The details are in table on the previous page.

Gold specimens may be obtained from the workings from which the
last seven samples were obtained. In addition a grab sample was assayed
showing some pyri te and galena, but no free gold. Th is yielded $40 to the
ton.

The possibility with regard to the property lies in the fact that if the
mill tests are to be accepted there may be a very large tonnage of rock of
this grade. There is no apparent reason why mining should be restricted
to the widths that it has, as there is no apparent difference between wall
rock and ore. There is thus the possihility of a zone of very considerable
width carrying $3 values. Although $3 rock is not attractive in the Klondike
if the deposit is limited, it does become attractive if there is exceedingly
large tonnage in view. Pnfortunately, to ascertain the value of the deposit
will mean the expenditure of a considerable amount of money. Ordinary
sampling does not give results at all comparable with the mill tests and it
would consequently appear likely that the only way to adequately test the
property would be to remodel the existing mill and put through it sufficient
tonnage from different parts of the hill to test the content. If one of these
zones in the Klondike becomes proved there are similar zones in other
parts that might prove equally attractive.

Wheaton District

Only two properties were visited in vVheaton district; these were the
Export group (formerly the Cnion and Nevada mines) and the C'ariboo
group. Both properties are situated on Idaho hill near Annie lake.

The Export group of eight claims is situated on the southern, eastern,
and northern slopes of Idaho hill and is owned by C. NIcC'onnell. In addi
tion there are two claims owned by :',/lrs. C. :.vrcC'onnell. The country rock
consists of greywackes and argillites of the Laberge series. The ore-bodies
are veins and replacements in those rocks. The property is in part a re
staking of the Pnion and Nevada mines* and there are a number of mineral
showings of which the two upper are the most important. These are situated
at elevations of 3,625 ann 3,500 feet, respectively, and appear to represent
two zones with somewhat similar dips and strikes cutting diagonally across
the face of the hill. The upper showing is 27 feet widE' and consists of a
quartz and calcite gangue with pyrite, arsenopyrite, galena, and zinc
blende. The better mineralized part consists of a streak 2 feet wide about
7 feet above the foot-wall, but there is some mineral throughout. The
lower of these two showings is 22 feet wide and has an approximate strike
of 80 degrees with a dip of 50 degrees to the south. There are three streaks
from It to 2 feet wide with heavier sulphide mineralization; the balance
of the showing is somewhat sparsely mineralized.

Coming down the hill towards Schnabel creek from these showings
there are a nUlllber of cuts all of which show mineralization and which are
supposed to represent the traces of these veins descending the hill. This
is, however, uncertain. Several of the cuts show narrow bodies of galena
carrying high values in silver. On Schnabel creek are some of the older

*Cairnes, D. D.: Geo!. Surv., Canada, Ylem. 31, pp. 129-139 (1912).
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workings of Unioll mines, which include two tunnels, one driven 25 feet on
a flat-lying quartz vein about 5 feet wide and carrying heavy pyrite mineral
ization, and the other being caved and inaccessible. There are also a number
of narrow veins visible in the canyon of Schnabel creek. The majority of
the galena veins are narrow, ranging from 4 to 12 inches. Assays of material
picked from these show values ranging as high as 127 ounces of silver,
49 per cent lead, and 6 per cent zinc. A considerable amount of work is
necessary in order to prove the relationships of the various showings.

The Cariboo group oi three claims, owned by T. Brooks, is about 1~

miles up Schnabel creek from the Export group. There are four open-cuts,
the lower two of which indicate a vein striking 35 degrees and clipping 60
degrees to the northwest. I n the lower cut this shows a wid th of 7 feet
and in the upper cut of 3 feet with a 2-foot streak of copper-stained rock on
the hanging-wall. In the third cut there is a vein approximately parallel to
the first and about 10 feet higher up the hill. This appears to be about 8
feet wide, but is not well exposed. The fourth cut was nut into solid rock
at the time of the writer's visit. The values reported are quite low.
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1931
Introductory Note

The following note, by G. A. Young, Chief Geologist, relative to field
work in 1931 in Yukon Territory, appears in the ,'\nnual Report for the
Department of Mines for the fiscal year ending March 31,1932, page 10:

"H. S. Bostock and E. J. Lees completed the geological and topograph
ical mapping of Laberge 4-mile quadrangle (latitude 61° to 62°, longitudes
134° to 136°). A report by Bostock on the Livingstone Creek placers appears
in the Summary Report 1931, Part A; preparation for publication of the
geological and topographical map of the Laberge quadrangle is now under
way. Bostock also investigated a discovery of lode gold about 50 miles
northwest of C'armacks and has given an account of the discovery in
Summary Report 1931, Part A."

In the Summary Report for 1931, part A, page 111, the following
paragraph is included under "Other Field V/ark":

"E. J. Lees. Lees, under the supervision of H. S. Bostock, completed
the topographical and geological mapping of the Laberge 4-mile quadrangle
(latitudes 61° to 62°, longitudes 134° to 136°), Yukon. A report and map
are being prepared*."

THE MINI~G INDLSTRY OF YUKON, 1931
by H. S. Bostock

During the 1931 field season the writer was mainly engaged on work
connected w:th the geological and topographical mapping of the Laberge
map-area and, therefore, could devote little time to the collecting of in
formation regarding the progress of the mineral industry in Yukon. It
was possible, however, to make a brief examination of Livingstone placer
camp and of the lode gold strike made in ] 930 northwest of Carmacks.

Livingstone Placer Camp

Livingstone is the site of a placer camp that has been of some impor
tance in the past. Gold was first discovered in the vicinity in 1898 and since
then a very considerable amount is saicl to have been taken from the creeks
in the neighbourhood. At the present time Livingstone, once a booming
placer camp, consists of a dozen or more cabins in various stages of dilapida
tion and is inhabited by a half dozen prospectors and trappers. During
1931 a little hydraulicking was done on Lake creek and the results are
reported to be encouraging. Some development of a similar nature was
also begun on Little \'iolet and Summit creeks. During the last two sum
mers several families of Indians were occupied intermittently in "sniping"
among the old diggings of the creeks. The camp is on the east side of the
valley of the South Fork, Big Salmon river, and is about 52 miles directly
northeast of Whitehorse. It was examined in 1901 by R. G. \!IcConnell
and his report was published in part A, Annual Report, volume XIV, of
the Geological Survey. The present writer paid a brief visit to the camp
in 1931. The information gathrred by the writer is supplemented in this

*Bostock, H. S., and Lees, E. J.: Laberge Map-area, Yukon; Geo!. Sur"., Canada,
Mem. 217, 1938.
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report by that contained in the report of R. G. McConneII and by a few
details from unpublished notes made by D. D. Cairnes in 1907.

Five routes have been used to reach Livingstone. The most important
route follows Teslin river from Hootalinqua at the confluence of Teslin and
Lewes rivers, for 19 miles upstream to Mason landing, and from there
crosses by a rough wagon road the ridge that separates the valleys of
South Fork and Teslin rivers. This road is 14 miles long and the summit of
it is at about 3,900 feet elevation, or nearly 2,000 feel above Testin river
and 1,300 feet above South Fork river. Another route frequently used at
the present time is that of the winter road from Whitehorse which strikes
Teslin river at Winter crossing, 16 miles above Mason landing, and reaches
Livingstone 11 miles farther along, by a pass 2,800 feet in elevation. A
third route is an old trail from the south, which connects with Teslin river
near Boswell. The other two routes have now fallen into disuse. One ascended
Teslin river to Seventeenmile cabin and crossed the ridge by a pass some
miles north of the road from Mason landing. The other followed Big Salmon
and South Fork rivers, but these two streams are difficult to ascend and
now only the section of the route on the Big Salmon is sometimes used
going downstream. i\ trail leads easterly up Livingstone creek to Quiet
lake and other trails connect with the workings on various creeks.

The head of the South Fork is in the mountains southeast of Living
stone. In the upper part of its course it runs westward to join Fish creek.
At the junction it turns northward and follows a wide main valley to Big
Salmon river. ,\t Living-stone the valley of the South Fork marks the
border between the mountains to the east and the Yukon Plateau region
to the west, though the plateau surface is represented along the eastern
side of the valley by rounded ridges extending westward from the moun
tains. Where the wagon road crosses it the valley extends approximately
north and south and has a comparatively fiat floor about 2 miles wide.
West of the valley flat, the land rises moderately steeply to (orm the ridge
between it and Teslin river.

Along the east side of the flat valley floor a ridge rises 200 to 300 feet
high and extends from ]\Ifartin creek to Cottoneva creek, though broken
by several gaps. East of this ridge, between it and the foot of the mountain
slopes to the east, runs a narrow valley. From the east side of this narrow
valley the main valley wall rises abruptly for 1,500 feet, above which it
rises more gently in ridges that slope upwards to elevations of between
5,000 and 5,500 feet. The summits of these ridges are remnants of the
Yukon plateau. Farther to the east the mountains rise an additional 1,000
feet in the form of a range of originally more rounded eminences whose
northerly slopes, once occupied by alpine glaciers, are cut into by cirques
divided by sharp ridges and surmounted in places by rugged peaks.

The creeks entering the main valley from the east occupy hanging
valleys and this is also true of the head of the South Fork itself to the south
above the junction of Fish creek. These valleys have gentler gradients,
are broader, and their bounding slopes are less steep in their upper parts
than in their lower western sections where they drop abruptly into the
main valley of the South Fork.

Evidence of con tinen t;:tl glaciation is presen t throughou t the district
in the form of a man tie of tiJ I on the gen tIer slopes and the tops of the
ridges, and the presence of erratics which occur at all elevations. An erratic
found on the highest point reached in the neighbourhood, over 7,000 feet,
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shows that the ice at its maximum reached above this elevation. A few
stri<e observed in the surrounding country indicate the directioll of move
men t of the ice to have been towards the north and northwest and down
the valley of South Fork river. The valleys in the mountains are typically
C-shaped in cross-section. Their floors are covered by moraines and fluvial
deposit::>. The cirques at their heads ar, evidence of alpine glaciers sub
sequent to the continental glaciation. The valley of the South Fork is filled
with stream gravels which are pitted here and there by kettle-holes.

General Geology

The valley of the South Fork at Livingstone also marks the geological
boundary between the rocks that form the plateau region 011 the west and
those that compose the mountains on the east. On the west side of the
valley the rocks are of the relatively unmetamorphosed volcanic and sedi
mentary formations that form most of the plateau region between lake
Laberge and Teslin river. all the east side of the valley, a series of in
tensely metamorphosed sedimentary and igneous rocks occur, which dip
towards the valley and, apparently, pass beneath the strata that outcrop
on the other side of the valley 2 miles to the west.

The general features of these rocks as given here are based on rather
limited field observation. The lowest members of the section dealt with
occur at the head of Livingstone creek and northward along the ridge that
separates it and the heads of the other tributaries of the South Fork between
it and Mendocina creek irom the upper part of iVlendocina creek. These
rocks are a group of basic and ultra-basic igneous rocks and schists, c1iorite.
pyroxenite, and peridotite being among the varieties noted. They are all
intensely fractured and sheared, and chloritic schists occur among them.
)I umerous segregations of magneti te were noted in the ul tra-basic types.
To the west of these rocks, the hills are formed of grey, quartz-mica schists,
white and grey schists, and sheared quartzites..'\ number of lenses of
limestone are interspersed through their eastern members. To the west is
a belt of green, sheared rocks chieRy of igneous origin, foliated diorite and
diabase types with green, chloritic schists occurring among them. Farther
west these rocks are followed by grey, quartz-biotite schists, white and
light grey sericite schists, and lead-coloured argillites, succeeded by a
second series of green rocks, mostly tuffs, and these by a band of inter
bedded cherty q uartzi tes and limestones wi th sonw cerici tic, ch lori tic,
talc and graphitic schists among them. The schists and associated quartz
ites and limestones strike approximately north 30 degrees west and dip from
20 to 60 degrees to the west. R. G. lVIcConnell remarks that the schists are
partly of igneous and partly of clastic origin and resemblr in a general way
the gold-bearing schists of Klondike district. Many lenses of vein quartz
carrying small quantities of sulphirles and in some cases visible free gold,
occur in the schists and seem to be more abundant in the western members.

The schists of the north part of the ridge referred to above are cut by
some small bodies of granitic rocks and in th, mountains to the southeast
of Livi ngstone at the he;1d of the Sou th Fork thesp rocks occur in bod ies of
b;1tholithic dimensions.

The original source of tlw placer gold, J"OUIIU in the creeks Howing
from the east, is most probably the quartz veins in ('he schists. The majority
of these are small lenses a iew inches wide and only a few feet long. In
places, however, they were noted to be over 2 feet wide and more than 100
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feet long. It is said that some of these small veins were discovered to be very
rich in free gold, but that when such small lenses with high values were
ta ken ou t no visible con ti nuations remained.

Placer Deposits

The creeks that are reported to carry gold are St. Germain creek on
the left bank of the South Fork and all those from Mendocina to Mav
creek, a distance of 12 miles, on the right bank. The creeks from Litt(e
Violet to Livingstone appear to have been the most productive.

Livingstone Creek

Livingstone has been by far the most productive of the creeks. ~o

records of production are available, but 'old timers' say that this creek
produced over $1,000,000 in gold. The creek flows westerly to where at the
edge of the main valley it enters the narrow vaUey at the foot of the main
slope, which it follows north for 2 miles before again turning west and
breaking through the flanking ridge on the west. The stream where it turns
north after leaving the hills is about 15 feet wide and above this point is
6 miles long. It heads in a cirque and from there for ahout 3 miles it follows
a shallow, C-shaped valley with a gradient of about 100 feet a mile. Lower
down, the valley takes on a V-shaped section and narrows to a canyon for
the last three-quarters of a mile before it turns north. In the narrower part
of the valley and in the canyon the floor is SO to 100 feet wide and in the
canyon the gradient increases to a maximum of about 500 feet a mile. In
the lower part of the canyon, rock outcrops on both sides, but towards the
head the south wall is composed of a great thickness of sand, clay, gravel,
ilnd till with large boulders.

The old workings are in the lower mi le or so of the canyon. Their
history is said to have been one of alternate periods of rise and decline in
production from 1898 to 1920 when production virtually ceased. The
better ground was in the lower part of the canyon where the creek Rows
between the rock walls. As this became worked out production began to
decline and higher up the channel of the creek was yielding even poorer
results. Shortly afterwards, however, an old channel with good pay was
discovered under the overburden on the south side a little below the head
of the canyon. This channel was on bedrock a few feet higher than the
present creek channel where they joined. It was found to extend upstream,
but its gradient was man' gentle than that of the present creek channel and
half a mile or so abov/" its lower end the old channel was 40 feet below and
over 1,000 feet to the south of the present channel with a rim of bedrock
rising between them. The old channel lay under a great depth of frozen
ground, though the pay gravels at the bottom were unfrozen. The pay
streak in the old channel is said to have been on the average about 30 feet
wide and 2 feet deep. Since the pay gravels lay in a stream channel cut in
rock it is probable they were of pre-Glacial age like those found on Lake
creek, which are described later. The old channel of Livingstone creek was
at first worked in separate claims, some of which had long adits and inclines
extending southerly from the present channel. The upper claims were dif
ficult to work all account of water, the pay gravels being unfrozen and below
the level of the entries on the creek. These circumstances finally led to
amalgamation of these claims and the connecting of the workings ror
drainage and operating purposes, and once more operations revived. As
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the olel channel was followed up the gold was found to become finer and
scarcer, rich patches such as were present in the lower part did not occur,
and the channel no longer paid to work. finally an attempt was made to
work these claims on the old channel by hydraulicking the whole channel,
but the great depth of frozen overburden and the doubtfulness of the
returns led to the abandoning of the project soon after it was begun.

Some distance up the creek, abreast of the workings on the old channel
of the south side, another buried channel is reported to have been dis
covered. An adit was run into it, but the results are not known and in spite
of the ground being reported to be unfrozen it appears to have been aban
doned without much work being done.

At the mouth of the canyon where the creek turns abruptly north
rich ground is supposed to exist and in the past an attempt was made to
test it. A steam plant and pumps were installed and a shaft was put down
with great difficulty-owing to water and great boulders-to a depth of
70 feet and abandoned before reaching bedrock.

The gold from the creek was very coarse as a whole and a number of
nuggets were found worth over $200 each and some over $400. The gold
had a dull, copperish tinge and the average assay value is stated to have
been $18.20 to the oUllce". A few nuggets showed a rough surface and
included fragments of quartz, but as a rule they were worn quite smooth.
A great deal of magnetite in coarse lumps and as sand was present with
the gold. This magnetitE' came from the ultra-basic rocks at the head of
the creek. Small quantities of galena, native copper, garnets, and cinnabar
are also said to have occurred wi th the gold.

Lake Creek

During the season of 1930 Mr. T. Kerruish took up a placer lease on
Lake creek and the work on this lease has been the chief development in
the camp during the last two seasons**. The valley of Lake creek has a
relatively gentle gradient in its upper part, but as it approaches the main
valley of the South Fork it enters a narrow canyon and drops steeply to the
level of the side valley already referred to. The present development, as
well as the old workings, is all above the canyon. In the past this creek is
reported to have produced many thousands of dollars in gold taken from
an old channel in which the paystreak was said to be about 15 feet wide
and to lie close to the present course (If the creek on its north side. The old
workings, the results of several successive independent owners, burrowed
irregularly through the old channel and a number of very rich pockets
were removed, leaving intervf'ning patches of ground untouched. Though
the total depth of gravels was only 15 to 30 feet and though they were
unfrozen and contained only a few large boulders, hydraulicking was not
used as the creek is small. Mr. Kerruish, however, has made a reservoir
on it and has put in a small hydraulic plant which has proved very suc
cessful. The effectiveness of the hydraulic plant was enhanced in 1931 by
the wet season which provided an unusually prolonged flow of water in the
creek. During the past two seasons a long cut 20 to 30 feet wide was made,
extending up the channel followed by the old workings. The returns are
reported to be very satisfactory and this work has shown that the old chan-

*McConnell, R. G.: Geol. SUfV., Canada, Ann. Rept., vol. XIV, pt. A, p. 28.
**Cockfield, W. E.: Geol. SUfV., Canada, SUI11. Rept. 1930, pt. A, p. 2.
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nel is wider than formerly supposed, as the north edge has not been reached
yet.

At the time of the writer's visit the top 10 feet or more of drift over an
area adjacent to the present cut on the north side was being cleared off in
preparation for a similar cut next spring, as the limits of the pay channel in
that direction appear not to have been reached yet and the ground is
virgin. The section on the north side of the cut is about 30 feet thick to
bedrock. At the top is 16 feet of glacial till. This overlies 6 feet of poorly
sorted gravels containing rounded fragments some of which are of foreign
material. This in turn lies on 6 to 8 feet of gravels and sand of a distinctly
rusty colour and composed only of local bedrock material, the fragments of
which are angular in form and seldom over 12 inches long. Fortunately the
whole section contains only a very few large boulders. The rusty gravel lies
on bedrock which is decomposed and soft for a depth of a few inches to a
foot and can easily be shovelled off the harder rock beneath. The extent of
the layer of rusty gravel is uncertain. It is considered to be of pre-Glacial
age and to have escaped disturbance by the ice owing to its sheltered posi
tion in the bottom of this small valley whose course is transverse to the
direction of movement of the ice. As is the case in most of the creeks the
schist bedrock strikes across the course of the stream and forms a very
favourable surface for the retention of the gold. The rusty gravel is regarded
as the paystreak. The gold in it has a copperish tinge and the occasional
fragments of quartz enclosed in it are rusty brown. Most of the gold is
fairly coarse, and occurs as flat flakes or nuggets with smooth surfaces.
The gravels above the paystreak are also said to carry gold, but it is finer,
brighter, and yellower, and forms pieces of irregular shape in many cases
containing white quartz.

Summit Creek

Summit Creek valley is somewhat similar to Lake Creek valley. The
old workings are just at the head of the canyon and do not appear to have
been so extensive as on Lake creek. From time to time work has been carried
on and during the season some development was in progress.

Little Violet Creek

Little \'iolet creek, the northernmost of those visited, is small and runs
down a narrow valley with a steep gradient which becomes still more steep
at its lower end where it drops to the level of the main valley. Some old
workings lie above the steeper part of the course and some development
work is being started on the creek at the present time. Rusty gravels similar
to those on Lake creek outcrop along the creek. The flow of water is small
and many boulders make it difficult to work. Because this creek is to the
north of the others and the strike of the formations is west of north, the
bedrock along it belongs to more easterly horizons than those under the
workings of Lake, Summit, and Livingstone creeks. The schists here are less
foliated and contain massive members and dykes that form inferior surfaces
for the reten tion of the gold.

Cottoneva Creek

Cottoneva creek is one of the larger creeks of the camp, but its more
gentle gradient and the large quantities of coarse gravels have made it
difficult to work. However, a considerable amount of work has been done
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along the creek, for which a relatively large amount of hydraulic and derrick
equipment was relluired. As the result of this the work proved too costly
and has been at Cl standstill for some years. Some exposures of rusty gravels
were noted on a soft, decomposed bedrock. The present creek gravels hold
a conspicuous quantity of vein quartz and between this creek and Little
Violet a number of quartz veins outcrop along the foot of the valley.

Several important factors appear to have contributed to the presence
of the placers of the Livingstone camp. The factors that leu to the forma
tion of the placers in the first place were: the presence of the quartz veins
in the schisls, providing a source for the gold; the very long period of erosion
prior to the Pleistocene, during which a great thickness of rock was eroded
concentrating the gold in the gravels and on the bedrock surface; the
cleavage and stratified structure of the schists and their strike across the
direction of the courses of the creeks, giving them an unusually favourable
bedrock surface for the retention of the gold. The factors that led to the
preservation of some of the placers from disturbance by glaciation were:
the sheltered positions of the placers in the bottoms of the valleys; the
courses of the streams being east and west and transverse to the direction
of the movement of thE' icE'; the spurs separating the valleys being high and
steep and particularly so on the south side of Livingstone creek, from which
direction the ice moved. As a result of these iactors the valley bottoms
containing the placers were filled with gravel and till and were overridden
instead of being scoured by the continental ice-sheet. Another factor
contributing to the preservation of the placers was that the mountains at
the heads of the streams were not sufficiently high to cause valley glaciers
that would have n:moved the placers after the recession of the continental
ice-sheet. An exception to this was Livingstone creek, where fortunately,
the valley glacier did not extend far down the creek.

Gold Strike Northwest of CarmacJ{s

In 1930 a lode gold strike ,"vas reported near Carmacks and attracted
considerable attention. The locality is in the east end of the Dawson range
and lies about 38 miles northwest of Carmacks by the trail up Crossing
creek. The trail follows the road from Carmacks for 10 or 11 miles towards
Yukon Crossing and then turns off to the northwest and cuts over a low
ridge into Crossing Creek valley. After fOl"ding the creek it turns west along
the north side of the valley, follows the creek to its head, crosses over th e
divide and continues for several miles down the valley of Seymour creek,
a tributary of Big creek. The latter half of the trail is wet and very little
cutting has been done on it. Another route from Carmacks follows the
:'-!ansen Creek trail as far as Rowlinson creek, branches off there, and
follows up Rowlinson creek and through a pass to the head of Seymour
creek. This route is longer and reported to be no better than the other.

In 1917 a small placer stampede took place into the valley of Seymour
creek. Though this produced no directly profitable returns it aroused the
interest of some of the prospectors in the locality and since then two or
three have returned from time to time to look over the surrounding country.
:Vfr. F. Guder, who was one of these, discovered some magnetite Roat carry
ing visible gold on the top of the ridge north of Seymour creek. In June,
1930, after he had discovered it in place, he staked the first claim, the
Augusta. After staking of this claim the interest in the locality steadily grew
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until by the beginning of 1931 well over one hundred claims had been
recorded. The locality was visited by the writer in the beginning of Sep
tember, 1931. During the summer the assessment work had been done on
many of the claims and a few mineral showings discovered.

M ost of the claims are located along the top of the ridgr which forms
the north side of Seymour Creek valley and separa tes it from Stoddard
creek, another tributary to Big creek. The slopes of the ridge rise steeply
out of the creek valleys, Aatten towards the upper part, and steepen again
along the backbone of the ridge. The ridge is steepest on the sou th side.
On the north side the slopes are more gentle and conform with the general
north\ovard slope of the whole country. Most of the outcrops occur on the
steep lower slopes and here and there along the backbone of the ridges
and spurs where in many places the outcrops have a castellated appearance
from a distance. Thf gentler slopes are covered by a mantle of soil and
disintegrating rock in which trenches have been dug several feet in depth
before reaching rock in a solid condition.

General Geology

The ridge on which the claims are staked is composed of a series of
metamorphic rocks, and a number of bodies of younger, coarse-grained,
intrusive granitic and syenitic rocks. The metamorphic series was observed
to extend a few miles north and is reported to cover large areas to the
north and west. The younger intrusive rocks occur over a considerable
area to the sou th and east.

The metamorphic series in the area exami ned consists, in the main,
of gneiss and quartzite. The most of the gneiss is composed of light and
dark bands which give it a stratified appearance. The dark bands are the
thicker and are usually several inches broad, whereas the lighter material
forms bands t to t inch thick. The dark bands are composed of feldspar,
some quartz, considerable quantities of homblende and less of biotite.
The light bands are largely of fine-grained, granitic, and aplitic material
consisting of feldspar, quartz, and a very little homblenJe. The gneiss is
foliated parallel to the banding. A considerable amounl of unbanded,
foliated gneiss of a generally lighter colour and containing more feldspar
and quartz is also present. II contains both orthoclase and plagioclase, and
equal amounts of biotitt' and hornblende. The gneiss is cut by unfoliated,
scattered aplite and pegmatite dykelets which tend to follow the foliation,
usually crossing here and there at a slight angle. 1n places the rock is tra
versed by a network of epidote veinlets. The quartzite is thinly bedded in
the form of white to light grey layers separated by dark grey to nearly
black seams of schist from 1-\ to 1 inch thick. This schist is composed of
quartz and mica with graphite in some seams. Some Aoat of similar schist
from thicker beds was also noted. A single boulder of limestone was found
on the surface of the area in which the quartzite outcrops and indicates that
limestone probably occurs with the quartzites. The gneiss and quartzite
are closely folded and vary in dip and strike within almost every outcrop.
The quartzite occurs chieHy on the south of the gneiss, but no regular
boundary could be traced between them. 1n all probability they belong
to the Yukon group (Precarnbrian). They are cut by a number of small,
diorite dykes. In the immediate vicinity of the magnetite showings on the
Augusta claim the surrounding gneiss and quartzite have been much meta
morphosed, the metamorphic silicates, garnet, actinolite, and epidote,
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have been produced and magnetite and specularite have been introduced.
The younger, intrusive series consists of stocks of syenite porphyry,

large bodies of granodiorite and granite, and numerous small dykes. Typical
ly the syenite porphyry is very coarse-grained and composed of large, pink,
orthoclase phenocrysts in a grey, coarse-grained groundmass of orthoclase,
plagioclase, and hornblende. The orthoclase phenocrysts are chunky in
form, usually H inches, but in some places 2t inches, long. They are scat
tered abundantly through the rock and in some places show the parallel
alignment of flow structures. The hornblende is dark green to black. The
plagioclase is an oJigoclase; it is thickly clouded wi th al teration prod ucts
and this is also true of the orthoclase though to a less degree. Orthoclase is
more abundant in the groundmass than the plagioclase. A little quartz
fills the interstices between the other minerals. Titanite and apatite are
present in small quantities. Magnetite occurs as scattered grains of irregular
outline, equally abundant in all the essential minerals. Minute fractures
traverse the rock and strain shadows occur in the quartz. In several places
the rock was noted to be so crushed that its original characters were largely
obliterated and the rock consists of large, cracked grains of feldspar, rem
nants of the phenocrysts, embedded in a mesh work of fine, chloritic material,
the whole being traversed by numerous, small veinJets of epidote.

In the case of the syenite porphyry stock outcropping on the summit
of the ridge northwest of the Augusta claim, the porphyry slowly changes
as the contact with the metamorphic series to the west is approached.
The size of grain and the quantity of orthoclase decrease, whereas the
amount of hornblende increases, making the rock close to the contact a
hornblende syenite of a dark grey colour and uniform grain with a slightly
developed ophitic texture. Fragments of gneiss were noted in it close to the
contact.

The second body of syenite porphyry lying southeast of the above
mentioned stock outcrops in only a few places, but the area is covered
with its float except for stretches where a very large proportion of the
float is of dyke rocks such as varieties of diorite, rhyolite, quartz porphyry,
and granite. The fragments of the diorite may come from inclusions of
older rocks in the syenite porphyry, for in the metamorphic series a small
dyke of syenite porphyry was found intruding a small dyke of diorite.
The other types represented in the float are almost certainly dykes, judging
from the distribution of their float and the occurrence of similar rocks
as dykes in the other bodies of syenite porphyry and other rocks. In the
southwest corner of this body of syenite porphyry the rhyolite and quartz
porphyry float is so abundant that these rocks must make lip the major
portion of the bedrock.

The most easterly of the three bodies of syenite porphyry cuntains
slightly less hornblende and more quartz than the others. It extends a
considerable distance eastward. Dykes of granite and granodiorite cut
the eastern body. No mineralization was observed in the syenite porphyry
bodies.

The granodiorite and granite form the spurs and lower slopes of the
ridge on the Seymour Creek side and are part of an extensive area of these
rocks that continues in the hills on the north side of the trail as far east as
the foro on Crossing creek and probably forms much of the range to the
south. The rocks vary from a grey granodiorite of orthocJase, plagioclase,
quartz, hornblende, and biotite to a light pink granite of quartz, orthoclase,
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plagioclase, and a little mica, but for the most part the types are distinct.
It was noted that the outcrops on the lower slopes of Seymour ('reek valley
from about 3,500 feet downward, and the eastern body, are of granodiorite,
whereas along the top of the slope adjacent to the contact with the older
rocks they are of granite. The granite and granodiorite are younger than the
syenite porphyry bodies, for they cut them in the form of dykes. The grano
diorite and granite in turn are cut by dykes of rhyolite, quartz porphyry,
lamprophyre, and andesite and by small bodies of aplite and pegmatite.

:\To sign of glaciation was found upon the ridge on which the claims
occur, the general limit of glaciation lying a few miles to the south on the
other side of the Dawson range. A tongue of the ice-sheet, however, extended
through the range by way of the gap at the head of Rowlinson creek, into
the heads of the valleys of Crossing and Seymour creeks. I t carved the upper
part of Seymour Creek valley, truncating the lower ends of the spurs and
giving rise to a V-shaped cross-section, and left an area of glacial debris
whose uneven surface gave rise to the lakes at the summit between the two
creeks. Since the ridge on which the mineralization has been found was not
glaciated, the mantle of soil and rock debris has remained undisturbed
since pre-Glacial time. For this reason the sources of float where the slopes
are gentle lie directly beneath or a short distance up the slope.

Economic Geology

As many of the claims were staked on the snow in the winter and
much of the ground is devoid of outcrops, most of the prospecting so far
done on the claims has consisted of trenching to find the type of under
lying bedrock and the source of mineral float. In this way the magnetite
showing on the Augusta, Badger, and Morning claims, a galena vein on the
Red Fox claim, and veins on the Rambler and Nabob claims have been
found.

Augusta Claim

The best developed mineral deposit is that of the original discovering
of the Augusta. The chief showings of this are on the top of the west end
of the main ridge between 4,100 and 4,500 feet elevation. The ground slopes
steadily downward from the showings to the west and northwest and rises
to the east 50 feet or more to a rounded summit. The rocks immediately
around the deposit are those of the metamorphic series. The magnetite,
which is the chief mineral of the ore, has been exposed in place in six short
trenches and a number of shatlow pits which are distributed down the slope
to the northwest for several hundred feet from where the original find was
made near the top of the ridge. Magnetite float has been traced for over
1,000 feet farther to the northwest heyoncl the excava tions along the same
line, but it does not continue more than 50 feet to the southeast from the
highest trench. The highest trench is the largest working and it is approxi
mately 5 feet wide and 8 feet deep and 30 feet long across the line of the
float. The magnetite is exposed throughout its length and breadth, the
trench ending as soon as the wall-rock is reached. The next two trenches are
about 60 and 125 feet away respectively down the slope. The magnetite
shows a width of 12 feet in the upper trench and 6 feet in the lower. In the
remaining excavations down the slope the full width of the magnetite is
not displayed.

The deposit is of the contact metamorphic type and of the magnetite
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variety*. The minerals present in the ore are magnetite, quartz, specu
larite, limonite, free gold, actinolite, garnet, and epidote. The magnetite
occurs as perfect crystals embedded in lirnonite or as solid areas of inter
locking crystals traversed by veinlets of limonite. The magnetite crystals
frequently show a series of alternating pure and less pure zones of growth
about a pure central core. The limonite occurs irregularly rlistributed
among the magnptite. It is in solid patches, vein-like masses, or networks
surrounding magnetite or cavities in which it forms a cellular structure in
some instances. Ko sign of pseudomorphs of former minerals could be
detected in the limonite. The quartz is glassy and crystalline. It occurs
as small veins and patches in the magnetite and limunite, usually showing
a comb structure and in many cases surrounding vug-s into which its crystals
project. A little specularite occurs with the quartz and silicates in the ore,
but it is much more abundant in the wall-rock where it is in large flakes
forming veins and patches among the silicates. The gold occurs here and
there as small patches visible to the unaided eye. These patches are scattered
through the limonite and under the microscope numerous minute particles
can be seen around larger ones. Gold was noted adjacent to magnetite,
but never in it. Tiny wires and films of gold also occur between quartz
crystals in the vugs. Small patches of silicates, including yellow brown
garnet, occur in the ore, but they form a large proportion of the ""'tll-rock.
The wall-rock in which the metamorphic silicates occur consists ot altered
quartzi te and schist of the metamorphic series, bu t gneiss ou tcrops aoproxi
mate]y 60 yards to the north. One boulder of limestone was found abou t
30 yards down the slope to the southwest. It consisted of finely crystalline,
blue-grey limestone with a portion of an adjacent bed composed of meta
morphic silicates and specularite adhering to it. The walls of the deposit
appear to be sharp but irregular and the dip is uncertain. The present
excavations do not reach below the zone of weathering which is ullusually
deep for this northern latitude on account of the lack of glaciation. It seems
probable that the limonite has formed from the weathering of iron sulphides
which carried the gold and that when greater depth is reached, where the
alterations due to weathering are less complete, the iron sulphides will be
founel in place of limonite.

Two other showings of similar magnetite occurrences have been dis
covered by trenching-one on the Badger and one on the Morning which
lie respectively north and northeast of the Augusta. The extent and form
of these are unknown.

No evidence as to which of the large intrusive bodies in the immediate
neighbourhood contributed to the mineralization was found. The mag
neti te' deposi ts lie between two bodies of syenite' porphyry and rnagneti te
is abundant in the porphyry. Possibly the mineralization oWe's its origin
to the syenite porphyry.

Red Fox Claim

A small vein containing galena has been found on the Red Fox claim
on the south side of the head of Guder creek. The vein is exposed in two cuts
approximately 30 feet apart on the steep side of the draw. It strikes approxi
mately east and dips nearly vertically. It is 6 to 8 inches wide and composed
of lumps of sheared galena between which limonite and gouge occur, the

*Lindgren, \"Ai.: "Mineral Deposits", 3rd Edition, p. 801.
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exposures being well up in the zone of weathering. The wall-rock is quartzite.
Small amounts of chalcopyrite anu sphalerite occur in the galena.

Rambler and Nabob Claims

On the Rambler and Nabob claims quartz veins a few illches to a foot
wide containing fine crystals of pyrite have been exposed in place in pits
6 to 9 feet deep. The floal of vein quartz and lirnonite which was first
discovered on thE' surface on the Rambler is reported to have contained
free gold.



632

1932
Introductory Note

The following brief reference to field work in 1932 in Yukon Territory
is given by G. A. Young, Chief Geologist, in the Annual Report of the
Department of Mines for the fiscal year ending March 31, 1933, pages
9 and 10:

"H. S. Bostock commenced geological mapping and investigation of
Carmacks 4-mile map-area (latitudes 62° to 63°, longitudes 136° to 138°).
This quadrangle is one of the as yet unmapped areas most easily accessible
to prospectors and in it a gold strike has recently been made. As it lies on
the border of the unglaciated regioll, its examination may also yield results
of economic value in connection with placer deposits of the Yukon. Bostock
visited Dawson to collect informatioll regarding the mineral industry. A
review of mining activities during 1932, prepared by him, appears in
Summary Report 1932, Part A, 11."

THE MINING INDUSTRY OF YUKON, 1932
by H. S. Boslock

During the field season of 1932 three weeks in August were devoted to
visiting KJondike and :\lIayo districts. The remainder of the season was
occupied in the geological mapping of the Carmacks sheet to be published
on a scale of 4 miles to 1 inch. In the course of this work a visit was paid
to the locality of the lode gold strike made on Seymour Creek in 1930,
previously visited in 1931*.

During the visit to Klondike and :Vlayo districts, the work was greatly
enhanced by the gracious assistance of all those met among the Governmen t
officials, officials of the mining companies, and prospectors. The writer
expresses his appreciation, in particular, to Mr. G. :\. ]eckell, C'omptroJler
of Yukon Territory, and also to the officials of the Yukon C'onsolidated
Gold Corporation. Particular recognition is due to this corporation for
the privilege of using in this report the information on the gravel reserves
and operations in Klondike district. The writer is indebted to Mr. A. K.
Schellinger of Keno for his kindness in escorting the writer over the proper
ties on Keno and Galena Hills and for supplying a great part of the infor
mation relating to them. Without his assistance it would have been im
possible to have roJlected so complete a record of the activities of this
camp in the time available. The writer is also indebted to the officials of
the Treadwell Yukon Company, Limited, for their kindness in showing
him over the properties of their company.

In Yukon thE' mineral production of 1932 was slightly below that of
1931, but the activi ties of the main cen tres, Klond ike and VI ayo districts,
were maintained. The gold production, which had been rising since 1926
and was $915,969 in 1931, fell to ~842,925 in 1932. This drop is said to be
due to two of the large dredges in Klondike district being closed uown
earlier than usual for reconditioning. Over three-fourths of the placer
gold production came from Klondike district, the remainder from Sixty
mile area, Mayo, Livingstone, and Kluane districts. The only lode pro-

*Bostock, H. S.: "Mining Industry of Yukon", 1931; Geol. Surv., Canada, Sum.
Rept. 1931, pt. A, p. 7.
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duction is that from the mines in iVIayo district. In 1931 this was $1,223,162
or 4,444,774 pounds of lead, 3,674,730 ounces of silver, and 245 ounces of
gold. The tonnage shipped in 1932 is reported to be approximately the
same as that of 1931.

Placer Mining

K.londike District

During 1931 and 1932 the Yukon Consolidated Gold Corporation has
had tive dredges in operation. Three of these dredges, all large boats with
17 cubic foot buckets, are on the Boyle Concession in Klondike Valley;
Canadian No. 2, approximately a mile below Bear Creek, Canadian ~o. 3
approximately a mile above the mouth of Bonanza Creek, and Canadian
No. 4 on the upper side of Bear Creek. The other two dredges are small
boats with 7 cubic foot buckets and are on the Indian River tributaries.
One of these, Northwest :-.Jo. 1, is nearly a mile above the mouth of Caribou
Creek on Cpper Dominion Creek, and the other, Northwest TO. 2, 2 miles
below Granville on Granville Flat. In addition the corporation has been
operating its hydraulic plants at Jackson Gulch in Klondike Valley and at
Lovett Gulch in Bonanza Creek Valley. A number of individual miners
were also working on Bonanza, Eldorado, and H unker Creeks.

During the season of 1932 the Yukon Consolidated Gold Corporation,
which with its subsidiary companies now holds almost the entire gravel
reserves of KJondike district, employed Mr. E. H. Dawson, consulting
engineer and placer expert, to examine their reserves and operations.
Mr. Dawson's report was completed in December and it is probably the
most comprehensive report ever compiled on the gravel reserves of Klon
dike district. The corporation has graciously permitted the publishing of
the following information derived from this report.

In 1932 the operations of the corporation handled a total yardage of
approximately 5,699,800 cubic yards of gravel yielding $685,000. This
production was divided approximately as follows: Canadian No. 2, 1,720,488
cubic- yards; Canadian ;\10. 3, 842,358 cubic yards; Canadian :-.Jo. 4,
1,450,665 cubic yards; Northwest :--.Jo. 1, 562,979 cubic yards; Northwest
No. 2, 534,810 cubic yards; and the hydraulic operations, 588,500 cubic
yards..\s already mentioned, two of the large dredges stopped work un
usually early and the following figures are estimated to be the normal full
capacity of the present plant: for the three large dredges in Klondike
Valley, 1,800,000 cubic yards a year of 180 days each, or a total for the
three of 5,400,000 cubic yards; for the Northwest ='Io. 1, 600,000 cubic
yards a year of 170 days; and for Northwest No. 2, 700,000 cubic yards a
year for 180 days. It is also pointed out that the ditch supplying the hydrau
lic work is reported to be in a state of poor repair and has a capacity of
only 1,000 miner's inches instead of 5,000 for which it was designed, and
that this is limiting the hydraulic operations at the present time.

It is interesting to note the following estimated costs as given in the
report for 1932: for Canadian No. 2 and No. 3, with thawing, 8.2 cents a
cubic yard; and for Canadian No. 4,6.7 cents a cubic yard without thaw
ing (this dredge was digging naturally thawed ground); for Northwest
No. 1, 16.2 cents a cubic yard with thawing; and for Northwest ;\10. 2,
12.4 cents a cubic yard with thawing. Mr. Oawson points out that if the
dredges can be kept running steadily for the full season these figures will
be cut even lower.
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Mr. Dawson points out that for the calculation of the gravel reserves
the amoun t of data on the values of the ground over large areas is very
scanty, and for this reason only a small percentage of the ground con
sidered to contain gravel reserves can be classed as proved. A great deal
of testing must be done before an exact working estimate can be made.
The values that arC' available, however, are so distributed as to indicate
very large reserves of partly tested ground.

A total of 9,740,000 cubic yarns of proved and partly proved dredging
reserves is given [or the Klondike River side of the district on the Boyle
Concessiun and Hunker Creek, and a total probable and possible dredging
reserve of 117,296,000 cubic yards, making Cl total of approximately
127,000,000 cubic yards of dredging ground for the three big dredges on the
Klondike side, or enough ground to keep them in operation for over twenty
three years at full capacity. In these figures, however, the large area of
untouched ground on the right limit of Klondike River below the mouth of
Foster Creek is not included and only a strip 1,500 feet in width along the
sou them edge of the valley Rat between the Anderson Concession at the
mouth of Hunker Creek Valley and that of Bonanza Creek is considered as
dredgeable. Thus, very large areas of ground in Klundike Valley, which
later may be proved to be of some value, have been left out. Another area
that it would seem has some value but is omitted from the estimate is the
upper part of Eldorado Creek above 27 Gulch, which has not been dredged
or worked by modern methods.

Mr. Dawson points out in his report that l\lr. V!cConnell's* estimate of
the high-level gravels has proved dependable where it has been tested
and that on a number of the high-level benches only a part of the gravel
reserves estimated by Mr. McConnell have been exhausted by the hydrau
lic operations. From the available figures for those hills where sufficient
volume is warranted for reopening operations, Mr. Dawson estimates
that on Bonanza and Hunker Creeks there still remains a total of 60,247,000
cubic yards of these gravels which should contain a total value of $8,800,000.
At 3,500,000 cubic yards a year, which he thinks could be managed with
the restoration of the working equipment, this would mean a further life
of approximately seventeen years.

The most promising areas of valued dredging reserves occur on the
Indian River tributaries where Mr. Dawson reports over 15,811,000 cubic
yards of proved and partly proved dredging ground. Most of this lies in
Granville Flat and Cruger Concession. The probable yardage of dredging
reserves on Granville Flat, Cruger Concession, Upper Dominion ~reek,

and lower Sulphur ~reek is 34,500,000 cubic yards. Besides these areas,
the report points out the enormous area of rather unknown territory
in Indian River Valley from the Cruger Concession down stream to Ophir
Creek, a portion of which is included in the estimates of possible dredging
reserves and calculated to be nearly 24,000,000 cubic yards.

Large reserves of gravels are given for Quartz and Cpper Sulphur
Creeks which cannot be worked by dredging or the usual hydraulic methods
and for which other methods are suggested. These reserves total over
4,500,000 cubic yards of proved, probable, and possible classes of reserves
and have a total estimated value of $4,500,000.

*McConnell, R. G.: "Report on Gold Values in the Klondike High Level Gravels";
Geol. Surv., Canada, No. 979, 1907.
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Summarizing the reserves, the report shows a total of all classes of
reserves of 268,000,000 cubic yards of gravel containing a total value of
$54,500,000 in gold.

The total of all the dredging reserves on the Indian River side amounts
to 74,311,000 cubic yards. Over fifty years would be required to dig these
reserves with the present two dredges with their combined capacity of
1,300,000 cubic yards a year. The question of fuller development of this
large and promising area is now receiving attention. If, after thorough
testing, these reserves approach the figures of the estimates it is not improb
able that eventually the bulk of the dredging operations will become centred
on the Indian River side.

It is apparent from VIr. Dmvson's estimates that a very considerable
increase in annual output of placer gold may be looked for from Klondike
district after the next two or three years and that the production can be
expected to be maintained for at least two decades.

Sixtym.ilc District

Sixtymile district was not visited, but the following notes have been
collected from those in touch with that locality. It is reported that in this
district there is an increase in the activities of the placer prospectors and
that creeks are again being prospected that have been practically deserted
since the discovery of Klondike district.

The dredge installed on Miller Creek in the winter of 1912 by the
Northern American Transportation and Trading Company*, and which
had been closed down for over ten years, was put into operation by ;VIessrs.
Holbrook and Edmundson in 1929** and has been operating since that year.
This is a steam-operated dredge of the Risden type with an open bucket
line and bucket capacity of 57~ cubic feet. Twenty-four men are said to
be employed in the operation. The dredge is digging naturally thawed
ground on the N.A.T. concession between the mouths of M iller and Glacier
Creeks. The returns are said to be very satisfactory.

Placer work is being carried on by individual miners on a few claims
above the 01.A.T. Concession on :Vliller ('reek. Two and a half to 3 miles
of claims are being worked by individual miners on Glacier Creek. In
dividual miners are at work on Big Gold Creek from the bridge to the
mouth and some of these are working deep ground. On Little Gold Creek
a 5-mile prospect lease has been granted. Opposite the dredging con
cession on the left limit is a row of bench claims being held by individual
miners, but only one or two were actually being worked during 1932. On
Matson Creek one miner has been successfully operating since 1913.

Mayo DisLrict

In Mayo district some placer mining was being conducted on Duncan,
Haggart, and Highet Creeks. On Duncan Creek Mr. Andrew Johnson
has !Jut in a ditch nearly a mile long above the first road house below
Keno and a small hydraulic operation was in progress on Upper Duncan
on the right limit just at the top of the canyon. Haggart Creek was not
visited, but the following notes on the reported activities were collected.
Three miles of placer leases are being worked on Haggart Creek and Dublin

'''The Yukon Territory, Its History and I{esources"; Department of the Interior,
Ottawa, 1916, p. 77.

"Cockfield, W. E.: Ceol. Sur"., Canada, Sum. Repts. 1929 and 1930, pt. A.
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Gulch, the centre of the combined leases being about the junction of the two
valleys. These leases were taken up during the autumn of 1931 and spring
of 1932. All are being worked by hydraulicking. It is supposed that the
values are coming from a pay-streak on the left limit, opposite the old
workings. One or two miners are working on the lower parts of Highet
Creek, but the chief operations are those of :VIr. Elmer Middlecoff on a
stretch of ground between Rudolph Gulch and McCreary Pup. The dis
covery of gold was made in this immediate locality in the autumn of 1903*
and some mining has been in progress along this creek almost ever since.
Mr. Middlecoff has operated in this vicinity over a period of more than
twenty years**. The operation at the time of the writer's visit consisted in
extending a cut down the left limit against the steep slope of the valley
side. The face of the cut was approximately 30 feet high from the bedrock
surface. Bedrock slopes diagonally from the rig-ht to the left limit and the
rim on the left limit is not yet exposed, though it is evidently only a short
distance away. The ground is being worked by an ingenious method de
veloped by Mr. ;Vliddlecoff. Previously, various methods had been tried
but with varied success. The water condition and the depth of gravel,
together with a relatively slight gradient on the creek, made the more
usual methods of operating difficul t. Two of the chief problems were to
dispose of the coarse gravel tailings and to so dispose of them as not to
prevent future operations. One of the chief merits of Mr. Middlecoff's
method is the solution of these problems. The face of the gravels is attacked
with a monitor and the gravels are then blown by the jet of water into and
up an inclined box having a suitable size and slope. The bottom of the
box is a grating made of large, Rat, iron bars set across the box and an
inch or more apart. Under the box is a sheet iron tray several inches deep,
the lower end of which empties into the sluice boxes. As the gravel is blown
up along the length of the box, the finer material and gold fall through
the grating into the inclined tray and are washed back along it into the
sluice boxes, while the coarser material is blown out at the upper far end
onto the tailings pile which is on the ground already worked. Fortunately
a head of over 200 feet is available [or the monitor and this gives sufficient
force to blow everything up to 100 pounds weight up through the box.
Heavier boulders are rolled to one side. The monitor is of 3!--inch diameter
and lO-inch pipe is used for it. The method disposes of the coarse tailings
immediately and cuts down the gravel which goes through the sluice boxes
to a minimum. It may result in a relatively Imv percentage of the total
gold values being recovered as some are probably blown over onto the
tailings pile, but as it enables this ground to be worked at a profit these
losses are justified.

Othcr Districts

In Carmacks District three partnership groups of placer prospectors
have been at work during the last two years on Stoddard and Seymour
Creeks, tributaries of Big Creek. The two creeks drain the northeast and
southwest sides, respectively, of Mount Freegold, upon which the recent
lode discoveries have been made. As yet the placer workings in this vicinity
have not proved profitable, though enough gold has been recovered to keep
the stakers interested. As far as can be told at present the geology of the

*Keele, J.: Geo!. Surv., Canada, Sum. Rep!. 1905, p. 34.
**Cairnes, D. D.: Geo!. Surv., ('anada, Sum. Rept. 1916, pp. 24, 25.
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neighbourhood appears favourable for placer mll1lng possibilities. The
area lies just within the limits of the unglaciated region and consequently
any placers formed in the long period of erosion extending to the present,
have not been disturbed. The rocks consist of a series of gneisses, schists,
and quartzites similar to those of the Yukon group to which the rocks
of the placer fields of the Klondike and the other important placer districts
of the territory belong. These rocks have been intruded in this neighbour
hood by a variety of granitic rocks and a large number of mineral showings
have been discovered.

In Livingstone district no new developments have been reported.
There are, however, a few placer miners working on Lake and Summit
Creeks and it is reported that plans are being made to re-open operations
on Cottoneva Creek next summer.

Four men are reported to have been working on Iron Creek, a tribu
tary of Sydney Creek which enters Nisutlin River on the west or right
limit. They are reported to have been examining some olel placer hydraulic
ground near the mouth of Iron Creek, about 12 miles southwest of the
south end of Quiet Lake. In the past a quantity of equipment was installed
there, but no work has been done during the last ten years.

A single miner is reported to have been working for several years on
Geary Creek, a tributary of Teslin River which it enters from the west or
left limit a little above the mouth of Boswell River.

A revival of activity is reported to have occurred on the placer claims
on Squaw Creek, a tributary of Tatshenshini River*. Most of the mining
is said to be taking place on the upper part of the creek un the south side
of the provincial boundary.

Lode Mining
Mayo District

In 1930, W. E. Cock field visited and reported on the activities of this
district**. The following notes record activities of the camp from that time
to the presen t.

In 1931 and 1932 the bulk of the ore production was from the Lucky
Queen and Sadie mines on Keno Hill and the remainder consisted of a
small tonnage from the No Cash group on Galena Hill. Prospecting and
development have been continued on one or other of the many properties
and claims on the hills in the neighbourhood of Keno. This activity is
supported by the feeling that if the price of silver were to rise to approxi
mately 50 cents an ounce, it would be possible for these small, rich proper
ties to be worked at a profi t.

Keno Hill

The Treadwell Yukon Company, Limited, in 1931 is reported to have
treated 47,793 tons of ore in the mill at Wernecke, with a yield of 4,109
tons of concentrates. In addition to the concentrates some 154 tons of
crude, high-grade ore was also shipped. All this ore came from the Lucky
Queen. In 1932, 1,000 tons of ore were taken from the Sadie mine, the
track was then taken out, and this mine abandoned. The rest of the produc
tion has come from the Lucky Uueen. For the first few months this was

*Cockfield, W. E.: Geol. Surv., Canada, Sum. Repts. 1927 and 1929, pt. A.
**Cockfield, 'vV. E.: Geol. Surv., Canada, Sum. Rept. 1930, pt. A.
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from the 200 and 300-foot levels and for the later months of thE' year from
the lOO-foot level and above it where a body of ure was recently discovered.
This ore contains argentiferous galena as the chief mineral of value; the
gangue is quartzite. It was reported that over 4,000 tons of concentrates
were to be shipped in 1932. It was expected that the ore in sight in the
Lucky Queen would be exhausted in a few months, and as the margin of
profi t was not considered great enough to warrant any extensive exploration
for more ore, the company planned to close the mine, transfer the neces
sary equipment, and start production from the Brefalt property on Galena
Hill. It is reported that the Lucky Queen was closed down about the end
of the year (1932).

On the Shamrock group no mining has been done since 1930, hut the
mine equipment and "vorkings have been kept in good repair.

In the autumn of 1930 and in 1931 Kenu Hill, Limited, carried out some
development work un the Porcupine discovery made in 1929 and a body of
mill ore was developed near the surface. A number of good surface show
ings have been discovered during the last year or so by tracing the veins
across the property of the company.

On the :\iabob claim a small amount of surface prospecting has been
done each year and has resulted in exposing the continuation of the vein.

On the Stone claim, the lung tunnel has been driven through the
overburden into bedrock and is now over 400 feet long. It has intersected
a vein that contains arsenopyrite, pyrite, and zinc blende, and some fair
gold as well as silver assays have been obtained. It is intended to explore
this vein further.

On the Peel claim some prospecting has been done resulting in exposing
a vein, but the work has bef'n discontinued.

On Mr. Andrew Johnson's Hope Gulch property a tunnel was driven a
short distance in 1931 and showed up sume galena ore.

Galena Hill

M ining operations on the Silver King and \iVebfoot claims were
continued by the TreadweJl Yukon Company, Limited, until about January,
1931, when the option on these two properties was dropped. The bu Ik
of the milling ore was raised and stacked on the dump on the adjoining
fraction belonging to the company. At the time the property was visited
in 1932 a warehouse had been erected, as it had been intended to build a
mill or transfer that at Wernecke to the Silver King. .'\ tramway grade
had also been put in between the Brefalt property and the Silver King to
transport the ure from thE' former to the mill on the latter. On the Silver
King, however, the ore carries an unusually high percentage of zinc and a
penalty is charged for over 10 per cent; this with the low price of silver has
prohibited the continuation of the developments on this property.

On the Brefalt property or Eisa group the underground development
has been completed since 1930 by putting- up raises between the levels.
On the surface some buildings have been built including a small hand
sorting plant. The road to the property has been improved and a winter
road has been built on a good grade from the Silver King to the IVIayo road,
which with the tramway grade between these properties will be used to
haul out the production from the BrE'falt property.

On the Settlemier property some surface development has been carried
on and has resulted in the vein being picked up in two trenches 300 feet
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apart. By these trenches and float the vein has been traced a total distance
of approximately 700 feet to the northeast into new territory. Une of the
trenches shows the vein to have a width of approximately 20 feet with a
seam of 5 feet of solid ore in the middle.

On the Betty group the owner has sunk some prospect shafts and has
found a lot of good mineral float on the bedrock below 20 feet of overburden.
This is thought to come from a possible extension of the No Cash vein.

On the No Cash group the le,;see, Mr. E. Bjonnes, continued operations
on a small scale in 1931 and shipped somewhat less than 100 tons of ore
running about 450 ounces of silver a ton. About 20 tons of ore were shipped
in 1932.

On the Tyee claim a little surface prospecting has been going on since
1930.

On Bunker Hill a little development work was continued in 1')30.
On Sourdough Hill since 1930 nothing but surface prospec<:ing has been done.

Carmacks District

During the season of 1931 a visit was paid to the gold strike northeast
of Carmacks and an account is given in the Summary Report, part A, for
that year. The strike was again visited in July, 1932, during the course
of the field mapping of the Carmacks sheet, Cl reconnaissance sheet to be
published on a scale of 4 miles to 1 inch and covering an area including the
lower Pelly River, Selkirk, Carmacks, and Nansen Creek. The mapping
was extended to take in the couJltry in thl" immediate vicinity of the strike
and a small sketch map was made to show the geology in the immediate
locality of the discoveries. The following notes are given to supplement
those in the report of 1931.

The topographical mapping of the Carmacks sheet, under :\11 r.
W. H. iVliller, has accurately fixed the position and elevation of lVlount
Freegold where the original lode discovery was made. The distance to
Mount Freegold from where the trail leaves the road 11 miles from
Carmacks is 26 miles. The distance by trail from McDade Hill to the mouth
of vVilliams Creek is 14 miles. Another route to McDade Hill leaves the
Crossing Creek trail shortly above the ford across this creek and heads
northwesterly, passing on the north side two lakes, crosses Merritt Creek,
and follows the north side of this stream to its head. By this route it is
20 miles from the road to ;VlcDade Hill. There is also a route from Selkirk
and Lewes River, by way of Big Creek and its tributary Stoddard Creek.
Another route from Carmacks to :;\10unt FreegoJcI is by the Nansen Creek
trail 34 miles long. No proper trail has been made along any of these routes.
To reach the strike from Selkirk, or if coming up Lewes River, by boat, the
best route is probably that by Williams Creek, whereas the best route from
Carmacks and for horses is probably the Crossing Creek trail or that past
the lakes and up Merritt Creek, dl"pending upon which part of the locality
it is intended to reach. The magnetic declination 011 Mount Freegold was
found by Mr. Miller to be between 33 and 34 degrees east of true north
and this is close to the average value for the parts oi the Carmacks sheet
so far covered. He also iound that the compass varies widely from this
figure locally in some parts of thE' map-area.

Many of the claims staked in the initial rush in the spring of 1931 have
now been allowed to lapse. However, the assessmen t work has been done
on a large number and some active prospecting was in progress in 1932.
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A good deal of trenching has been done and a large number of mineral
showings have been found, but except those on McDade Hill, they are as
yet merely discoveries.

General Geology

The rocks in the area and its immediate vicinity form four divisions,
a metamorphic series, a group of older volcanic rocks, granitic intrusives,
and a group of younger volcanic rocks. The oldest of these is the metamor
phic series referred to in the report of 1931. It consists in the main of gneiss,
schist, and quartzite. On either side of Schist Creek these rocks show a
persistent strike in a direction between north and northwest and a dip
between 45 degrees east and vertical. On the northwest side of Mount
Freegold the dips and strikes in those rocks vary very much more and
indicate the presence of crumples and small folds. On Schist Creek the
series is composed of interbedded gneiss and schist, the quartzites occurring
on the west side of Mount Freegold and in the head of Guder Creek. The
great part of the gneiss, as well as the schist and quartzite, is thinly bedded.
The gneiss is composed of feldspar, quartz, mica, and hornblende. The
schist is composed of quartz and mica with subordinate quantities of feld
spar. Most of the schist occurs interbedded with the gneiss and smaller
amounts with the quartzite. The quartzite is finely crystalline and in some
places cherty in appearance. This series is cut off on three sides by bodies
of younger granitic intrusives, but extends for an unknown distance to the
northwest.

The older volcanics occur in the mountains southwest of Seymour
Creek. Their extent here is unknown, but it is probable that they form a
large part of the mountains to the south and southwest as similar rocks are
recorded as occurring on Nansen Creek, 12 miles south'.

They are not well exposed here, but elsewhere are known to be com
posed of andesitic lavas and breccias with some small intrusive bodies of
diorite and diabase that are intruded by the granitic bodies. Diorite and
diabase dykes grouped with these rocks intrude the metamorphic series on
Mount Freegold. The older volcanics are prevailingly green and may usually
be distinguished by this colour. They are correlated with those bodies of
similar rocks found in other parts of Yukon, that have been grouped under
the term Older Volcanics by D. D. Cairnes 2 and W. E. Cockfield 3 •

The metamorphic series and the Older Volcanics now form remnants
of the roof into which large bodies of granitic rocks have been intruded.
These granitic rocks include variations from hornblende syenites, syenite
porphyry, granodiorite, granite porphyry, and granite. The syenites are
the oldest and form two stocks on Mount Freegold ridge, and a third, larger
body extending from the southeast end of the ridge across Seymour rreek
and to the mountains directly south. Syenite porphyry is the chief rock
of these bodies. It is typically very coarse grained and composed of large,
pink orthoclase phenocrysts in a grey, coarse-grained groundmass of
orthoclase, plagioclase, and hornblende. The rock varies from this to a
hornblende syenite rich in hornblende and plagioclase and, on the other

I Cairnes, D. D.: Geol. SlIrv., Canada, Sum. Rept. 1914.
2 Cairnes, D. D.: "Lewes and Nordenskibld Rivers Coal District"; Geol. SlIrv.,

Canada, Mem. 5 (1910).
3 Cockfield, 'vV. E.: "Whitehorse District, Yukon"; Geol. Surv., Canada, Mem. ISO

(1926).
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hand, to phases hold ing considerable quartz and very little hornblende.
Where the two stocks have intruded quartzites on the west side of Mount
Freegold, a considerable amount of contact metamorphism occurs, as
evidenced by the presence of garnet, actinolite, and epidote, and with
them, magnetite, specularite, pyrite, and chalcopyrite.

The intrusion of the syenite porphyry bodies was followed by the
intrusion of a great, composite batholith of granites, granodiorites, and
their porphyry phases. These rocks stretch continuously 18 miles to the
east, almost to Yukon Crossing. The many varieties of these rocks and the
ways in which they are distributed, render it probable that the batholith
is composed of a succession of intrusions closely related in composition and
in age. Besides varying in composition it was noted that these granitic
bodies near their contact with the metamorphic series, include numerous
xenoliths of these rocks and in many places possess a foliated structure.
Since these granitic rocks are younger than the older volcanics and in general
resemble the Coast Range intrusives, it is probable that they and those
granites near Selkirk mentioned by D. D. Cairnes 1 are correlatives of the
Coast Range intrusives.

The intrusion of the granitic rocks was followed in this region by a
great period of erosion which was interrupted by the deposition of con
glomerates and sandstones in some of the valleys and by the accumulation
of a great thickness of volcanic rocks, chiefly basic lavas and breccias and
tuffs. These lavas cover extensive areas between Mount Freegold and
Carmacks and have been described by D. D. Cairnes under the name
Carmacks voJcanicsz. They have also been grouped by Cairnes and Cock
field under the Newer Volcanics 3• The areas covered by these rocks have
few possibilities and are not recommended for prospecting, since little
mineralization of value has ever been found in them in Yukon or in similar
rocks in British Columbia, whereas mineralization has frequently been
found associated with all the other formations mentioned here.

:\flount Freegold and McDade IIill lie in unglaciated territory very
close to the western limit of glaciation. If the area has been glaciated it
was at a period so much earlier than that of the glaciation recognized that
all ordinary traces of it have since been obliterated by normal erosion.
The fact that Mount Freegold lies outside the limit of glaciation is all
important consideration in prospecting. It means that fresh rock exposures
are fewer than in the glaciated areas, but that float is much more easily
traced to its origin by following upstream and up slope. It also means that
the mineral showings at the immediate surface are likely to be leached of
some of their original values in such metals as silver, copper, and zinc,
whereas there is a possibility of a residual concentration of gold from the
former parts of the mineralization now removed by erosion. This neces
sitates getting below the surface zone which in some places continues to
considerable depths, before truly representative samples holding values
likely to continue in depth can be obtained.

I Cairnes, D. D.: Geo!. Surv., Canada, Guide Book No. 10, p. 90 (1913).
2 Cairnes, D. D.: "Lewes and Nordenskiold Rivers Coal District"; Geo!. Surv.,

Canada, Mem. 5 (1910).
3 Cockfield, W. E.: "Whitehorse District, Yukon"; Geo!. Surv., Canada, Mem. 150,

p. 33 (1926).
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Mi.neral Deposits
The mineral showings worked upon during the last year may be

divided into threE' groups: (1) the magnetite deposits of contact metamor
phic type in the rocks of the metamorphic series on the northwest side of
the summit of Mount Freegold; (2) the pyritiferous vein deposits in the
granitic rocks on the south side of the mountain; and (3) the mixed sulphide
vein deposit in the granitic rocks on YIcDade Hill.

Since 1931 ~ number of trenches have been put in on the claims con
taining the magnetite deposits. Mr. Guder has traced the line of Roat
from the Augusta where the original showings are, across the Margaret
and Cold Star claims, a total distance of over 4,000 feet. On the Augusta
the trenches along the line of the float failed to find the magnetite in place
beyond a point 200 to 300 feet northwesterly from the main showing at
the upper end of the deposit. However, farther down hill, northward along
the line of float on the Margaret, in the saddle at the head of King Gulch,
a number of trenches and pits have revealed magnetite with hematite,
quartz, pyrite, and chalcopyrite in place. Cubical cavities formed from
the leaching of pyrite occur in the magnetite on the Augusta. A long trench
not yet down to bedrock was being excavated on the Margaret and sho'Ned
abundant magnetite float. On the adjoining Badger and :\10rning claims,
NIr. 'IV. Langham has started a number of long trenches, hut bedrock
had not been reached. In these trenches, however, some float carrying
magnetite and pyrite in metamorphic silicates was found. ::--Jo further work
was done on the magnetite showings mentioned last year on these claims.

On the Rambler, and the neighbouring claims to the south and south
west being worked by Messrs. \i\-. LanRham, G. Fairclough, A. Brown,
and others, a considerable amount of surface prospecting has been done.
It has consisted of searching for float and trenching. This has disclosed
some nine or more vein showings, all of the same general type as that
referred to in the report of 1931 on the Rambler and :--Jabob claims, that
is, quartz veins a few inches to Lt foot wide containing crystals of pyrite.
At the time of the writer's visit the best exposed showing was on the Snow
flake. Here IVIr. Langham has exposed a quartz vein in two cuts on the
steep slope of the mountain. In the lower cut, the vein is 5 feet 6 inches
wide with stringers in the adjacellt granite wall-rock, making a total
width carrying vein matter of 10 feet. The vein quartz is very finely crystal
line and has a pale bluish grey colour. This colour is due to minute cubes
of pyrite and some crystals of arsenopyrite disseminated through the
quartz. The vein strikes north 34 degrees east and dips very steeply to the
northwest. This was found to be the prevailing strike and dip for the veins
of this immediate locality, with one or two exceptions that strike due north.
1n the upper cu t, 30 feet above, the solid vein is 3 feet wide, bu t stri ngers
occur on either side of it for a few feet. The granite wall-rock here, as
well as in the cut below, is much sheared, weathered, and iron stained.
Gold colours have frequently been obtained from fragments of the oxidized
or partly oxidized vein matter by panning, but though a few spectacularly
high assays in gold are reported the majority of the assays reported have
been disappointing. Since, however, all these showings are in the most
elementary stage of discovery and none of the trenches yet extends below
the limit of weathering, considerable work must be done before they can
be judged.

On McDade Hill a group of twelve claims have been staked along a
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single, large, persistent vein. This vein was discovered in 1931 by Mr. G.
lVlcDade and since then Messrs. G. McDade, T. Mackay, ]. Walsh, and ].
Coleman have put down a number of pits and shallow shafts at intervals
of 200 to 400 feet along the vein, proving it to continue for at least 4,000
feet. The vein varies between 3 feet and 6 feet in width and has weJl
defined walls of granite, though in one place bodies of wall-rock are said
to divide it into three close, parallel veins. The strike is approximately
north 119 degrees east and the dip from vertical to 85 degrees north. One
shaft 800 feet east of the creek has been put down 32 feet. This shows the
vein to be 4 to 6 feet wide. Here, the vein is composed of quartz with
patches of sulphides. The quartz is white, finely crystalline, and contains
abundant small cavities which in places are so numerous that the quartz
is in a loose, sandy condition. The wall-rock on either side is granite. The
vein and wall-rock have everywhere been subjected to intense weathering
even to the bottom of the rleepest shaft. As a result, much of the original
sulphides have probably been leached out and those remaining only occur
where the quartz was solid and protected them. The wall-rock has been
reduced to a crumbly state, particularly on the south or down hill side of
the vein. In some of the pits on the vein the sulphides found are in different
proportions. Thus in the shaft mentioned the sulphides seemed to be
disseminated, but in the pits on either side they tend to be in large patches.
The sulphides occurring in the vein are pyrite, galena, zinc blende, chal
copyrite, and tetrahedrite. "Vhere the galena is found in solid masses it is
coarsely crystalline and shows a sheared structure. The cha1copyrite occurs
in small amounts associated with the galena. The zinc blende is a resinous
variety. The pyrite forms small strings and patches of minute cubes. In
places the quartz exhibits a comb structure and contains numerous small
vugs amongst which the sulphides are scattered and a vague banding is
apparent. Originally particular interest was drawn to the vein by the fact
that fine colours of gold could be panned from almost any piece of rusty vein
matter on the surface. A number of encouraging assays are reported, but
unfortu nately the values obtained to date fmm the majori ty, though con
sistently showing small amounts oi gold, have not been high enough to
class the matter as ore.
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1933
Introductory Note

The following note by G. A. Young, Chief Geologist, was incorporated
in the Annual Report of the Department of Mines for the fiscal year encting
March 31, 1934, page 10, and has reference to field work in Yukon Ter
ritory in 1933:

"H. S. Bostock continued geological mapping and investigation of
Carmacks 4-mile map-area* (latitudes 62° to 63°, longitudes 136° to 138°).
This quadrangle is one of the as yet unmapped areas most easily accessible
to prospectors. It is close to the Great Klondike placer mining field and may
contain marginal parts of the formation in which the placer gold was found.
A lode gold strike of some importance has also been made recently in this
quadrangle. The incomplete study of the area has yielded information of
value to those searching for placer deposits. This information appears in
Summary Report 1933, Part A. Bostock also visited the placer operations
in Klondike and Sixtymile districts. A review of mining activities during
1932, prepared by him, appears in Summary Report 1933, Part A."

THE MINING INDUSTRY OF YrKON, 1933, AND NOTES ON THE
GEOLOGY OF CARMACKS MAP-AREA

by H. S. Bostock

With the exception of ten days in August the entire field season of
1933 was devoted to the geological mapping of the C'armacks sheet. The
ten days were occupied in a visit to the placers of Klondike and Sixtymile
districts.

The writer wishes to express his appreciation of the courtesies and
assistance extended to him by all those with whom he came in contact, and
in particular by Mr. G. A. ]eckell, Comptroller of Yukon Territory, Mr.
E. Holbrook, general manager of the Holbrook Dredging Company, Mr.
H. A. R. Stewart of Miller C'reek, and the officials of the Yukon Consoli
dated Gold Corporation.

Placer Mining
Klondike District

During 1933 the Yukon Consolidated Gold Corporation continued to
operate its five dredges and some of its hydraulic plan t. In Klondike Valley
the three large dredges operated on the Boyle C'oncession. Canadian
No. 2, starting approximately a mile below Bear Creek, has been working
its way upstream into the central part of the valley. In following this course
it has been digging small islands of virgin ground left among the tailings
by the old small dredges, chieRy Canadian No. 1. In some of this ground
these old dredges are thought to have failed to reach bedrock. It is hoped
that some ground that will cover running expenses for this dredge for the
next year or so wil1 be found among the old tailings and along their north
side. In the meantime it is planned to prove and, if possible, thaw ground
on the left limit of the valley below Bear Creek for the future operation
of the dredge. A large area of low-grade ground is believed to be present

*Bostock, H. S.: Carmacks District, Yukon; Geol. Surv., Canada, Mem. 189, 1936.
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in this section but the regular thawing plant method has proved to be too
costly for it. To surmount this difficulty a large part of Klondike River is
to be diverted and directed over the ground. This is expected to thaw
sufficient of the ground for the dredge to operate on it after two or three
years. For this purpose a canal has been begun to divert the water from the
river below Bear Creek.

Canadian No. 3 has been working on partly thawed ground in the
Bonanza Basin above the mouth of Bonanza Creek. It is dredging a narrow
strip along the northeast side of the Bonanza tailings. I t is in tended to try
digging the old tailings of the very first dredging done and some islands of
virgin ground, in the course of working down to dredge the site of the old
camp of the Yukon Gold Company and ground in that neighbourhood.
Canadian :\10. 4 has been working approximately a mile above Bear Creek
and is dredging ground between Klondike River and the left limit of the
valley. This is expected to occupy it for nearly two seasons. It will then dig
its way up to the mouth of Hunker Creek to dredge some ground that
has been recently proved by drilling in that vicinity.

The thawing of the ground ahead of the dredges in Klondike Valley
has proved a large item of expense and, therefore, advan tage is being taken
of every possible means of eliminating this cost. The dredges are being
directed to dig as far as possible naturally thawed ground. By this method
the thawing operations have been reduced to a great extent, and at present
Canadian :\10. 3 is the only dredge in Klondike Valley with a thawing
plant working ahead of it. The hydraulic operations were continued this
season on J ackson Gulch and on the Lovett Gulch side of Trail Hill. The
Twelvemile ditch, however, is to be abandoned as its maintenance has
proved too costly and it is planned to discontinue the hydraulic operations
until some future date when equipment will have been designed that will
provide a better flow of water. In the meantime dredging operations will
be carried out on any dredging ground at the foot of Jackson Gulch on
which the hydraulic tailings have been spreading out.

On the Indian River side of the district, .:\lorthwest :\To. 1 continued to
dig up the valley of Dominion Creek and is now on Fifteen below Upper
Discovery. Sufficient reserves still are present up the creek to keep it in
operation there for two or three more years. Ground-sluicing and thawing
operations continue ahead of this dredge. Northwest No. 2 is working mid
way between Granville and the mouth of Sulphur Creek on the right limit
of Dominion Creek. Here, too, a thawing plant is necessary ahead of the
dredge. A change is being made in this plant by installing pumps to sup
ply a greater volume of water with which to ground-sluice the frozen
muck before thawing the gravels below with points instead of thawing
the whole thickness of overburden with points. It is expected to reduce
the cost of thawing very considerably by this change of method. On Quartz
Creek a large stretch of ground is being prospected and prepared for dredg
ing. The prospecting is showing good values and the depth of the gravels
is generally close to 16 feet and seldom over 20 feet. In the past a consider
able area was cleared and the muck sluiced off in the lower part of Quartz
Valley. At the present the brush is being cleared off this area and the
remainder of the ground is being prepared for sluicing. It is expected that
after the removal of the muck the gravels will thaw to bedrock naturally.
A dredge using 5-cubic foot buckets is to be installed. To assist these opera
tions water will be pumped from Indian River. Besides these operations
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the corporation is carrying Ollt prospecting operations with its drills 111

many parts of its holdings.
During the season of 19J3 the corporation has handled a total of

5,341,194 cubic yards of gravel yielding $571,430.23 in gold, at the value of
$1 =0.048375 ounce. All the dredges began operating on or before May
16 excelJt Canadian ),fo. J which did not start until June 29 on account of
the frozen grollnd. Owing to an unusually early freeze-up in October the
dredges were all forced to close down by October 19 which made the sea
son an exceptionally short one, bu t there were no major stoppages. The
average percentage of the season spent on digging for the Jive dredges was
practically 90 per cent.

A considerable number of individual miners and small groups encour
aged by the higher value of gold were working during 1933 on the creeks
in Klondike district. On Bonanza and Eldorado l.reeks there were between
twenty and thirty-Jive men employed in this way. The ground worked
lies chiefly on Eldorado, Cpper Bonanza, and on the rims below Discovery.
Gold Run, Dominion, Sulphur, and Quartz Creek::; are also providing
employment for a number of men.

Sixtymile District

A brief visit was paid to the dredging operation on Sixtymilf> River and
to p:acers on Miller and Glacier Creeks. This was possible owing to the
exceptionally good condition of the road from ])awson to the dredging
C:lmp in Sixtymile Valley below :\Ililler Creek. One dredge is operated here
by the Holbrook Dredging l.ompany. Directly and indirectly thirty men
have been employed by the operation during 1933. The dredge has been
greatly improved since it was taken over by the present management and
its efficiency much increased. lt is run by steam, wood bping the fuel.
Thp boiler has a working capaci ty of 125 horsepower and for the dredge
from 6 to 7 cords of wood are burn l per 24 hours. A new bucket line is
one of the chief improvements. This consists of a closed line of fifty-two
4-cubic foot buckets instead of the old open linp of twenty-eight. The new
line weighs approximately the same as the old one but has twice the digging
capacity. Another improvemenl has been the in::;talment of a modern
rubber belt stacker. This dredge will dig to a depth of 20 feC't under water.
During the writer's visit in ,\ugust the dredge was being moved up the
river to a point just below the mouth of Miller ('reek on the left limit of
Sixtymile Valley where the ground is more consistently thawed and the
areas of pay gravels are better known. The ground in this part of the valley
was being stripped of muck to enable it to thaw next spring. Lack of water,
however, was a great drawback to the operations during the season. The
successful operation of this dredge in a district cut off from hydroelectric
power and organized transportation reflects great credit on the management.

A number of individual miners are working along the upper part of
.Miller Creek and six men, under Mr. H. A. R. Stewart of Mc('ormick,
McDonald, and Stewart, on the K.A.T. Concession. On the concession the
work is being done on the oench on the left limit of the creek approximately
a quarter of a mile up the valley from the Miller Creek roadhouse. This
ground proved too deep to hydraulic with the limited amount of water and
a tunnel was being- driven on bedrock to intersect an area of pay ground
known from the findings in some oldC'r workings. At the same time some of
the shallower ground adjacent to the tunnel was being stripped preparatory
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for hydraulicking lH'xt season. 1n addition to the operations on Miller
Creek six or seven individual miners were working along Clacier Creek and
one on Big Gol<..l Creek.

Mayo District

This district was not visited during the season and the following notes
were obtained from those familiar with the district. Mr. Elmer 'Vliddlecoff
continued to operate on Highet Creek. Some ten or twelve miners were
working on Haggart Creek and Dublin Gulch. Some work was also done on
Duncan and Lightning Creeks. There was a considerable increase in activity
on the placer creeks about Mayo Lake. Statistics show that 663·92 ounces
of gold were turned in at Mayo during the year up to the end of :\fovember.

Other Districts

Small placer operations were being carried on in areas widely scattered
over the terri tory.

A few individual miners were reported to be working on !Jatson,
Thistle, and Canadian Creeks and Klines Gulch on Selwyn River.

I n the course of the field work on the Carmacks sheet a brief visi t was
paid to the placers on ~ansen and Victuria Creeks. The district immediately
surrounding these creeks was examined and mapped ill 1914 by Cairnes*'
,\t the time of the writer's visit five men were working on ~aIlsen Creek
and its tributaries and two on Back Creek, a tributary of Victoria Creek.
The miners were working in partnerships of two and individually. For the
last twenty years small amounts of gold have been recovered from time to
time from these placers in this way.

A miner was reported to have discovered some gold on the North Fork
of Big Salmon River.

Some' staking was reported to have occurred in the vicinity of Sayea
and Scurry Creeks on the west side of Liard River.

In the neighbourhood of Livingstone, one or more individual miners
were operating on Little Violet, Lake, Summit, and Livingstone Creeks.

Some placer work was also reported to have been done on Geary Creek,
a tributary of Teslin River on the left limit near Boswell River.

A few prospectors were also working on placers in Kluane district.
On Squaw Creek on the 'y'ukon side of the provincial boundary the

whole valley within the territory has been taken up in a placer lease and
was being tesled by the \'ukon Ventures, Limited. Mr. John Shaller was
directing the work and had four men with him. To c1ate not much gold
has been rerovpred from the Yukon side, bu t the resul ts of the testi ng have
proved cncouraging and it is expected that operation is to be continued in
the coming season.

Lode l\1ining
Mayo District

The writer is indebted to Mr. Livingston Wernecke of the Treadwcll
Yukon Company, Limited, and Mr. A. K. Schellinger of Keno Hill, Limited,
and others connected with the district for the following notes.

The TreacJwell Yukon Company, Limited, dosed down their mill and
camp at \iVernecke at the end or 1932 ,1nd transferred their activities entirely
to their properties 011 Galena Hill. Here this company mined, sorted, and

*Cairnes, D. D.: Geol. Sur"., Canada, Slim. Rept. 1914. Nansen and Victoria Creeks,
Nislillg' River, 'Yukon Territory, Map 151A (issued ]<)17).
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sacked 3,138 tons of high-grade ore, assaying 492·3 ounces of silver to the
ton and 30·6 per cent of lead, from the Eisa group, 600 tons of which are
still on hand for shipment in 1934. This exhausted the known reserves of
high grade in these workings. In October the activities of the company
were transferred to the Silver King group, where mining and sorting con
tinued to the end of the year. On this property, another shaft was sunk
for 120 feet to facilitate mining the small amount of high-grade ore available.

VI r. E. Bjonnes continued sorting and sacking on the No Cash mineral
claim and shipped 37 tons of high-grade ore.

Very little prospecting has been in progress on Keno and the neighbour
ing hills during this year.

Carrnacks District

Work has been discontinued on Y'IcDade Hill, but active prospecting
has been in progress on Mount Freegold and the ridge extending to the
southeast from it. The geology of this prospecting area is given in Summary
Reports 1931, Part A, and 1932, Part A Il, accompanied by sketch maps of
the topography and general features of the geology. The following notes
have been gathered from prospectors working in the locality.

Mr. F. Guder, the original stakeI' in this locality, has been prospecting
continuously on the west end of Mount Freegold. He has put in a number
of pits and trenches and sunk four shafts ranging between 12 and 23 feet
deep. These workings have shown up a number of new veins of mineral
and some good gold assays have been obtained.

On the south side of Mount Freegold where it slopes down into Sey
mour Creek Valley, three groups of claims have been prospected. The
northwest group is held by Messrs. Langham, Forrest, and Major, and lies
west of the Rambler claim shown on the sketch maps published in the
reports of 1931 and 1932. A large number of showings on this group have
been uncovered by trenches as well as by an adit. Some of the veins are
reported to be persisten t and two are reported to have been traced for over
1,000 feet. Their widths vary from 10 inches up to 8 or more feet. A number
of very good assays have been obtained from this group and some of the
results were published in the Dawson Weekly News, October 6, 1933.

Adjoining this group on the southeast Messrs. G. Fairclough and A.
Brown hold five claims and fractions, and several good vein showings have
been uncovered here giving some very encouraging assays.

Messrs. J. Carpenter and W. Forbes are reported to have staked some
claims approximately a mile farther southeast and to have found a large
vein carrying fine pyrite and arsenopyrite and gold values.

Geology of Carmacks Map-Area

Though geological work in the Carmacks sheet* has not been completed
and the following information may be subject to some modification in the
light of further field work, it is thought desirable to publish here some
general notes on the geology and to indicate their bearing on the selection
of favourable ground for prospecting.

The district embraces the countrv west of Lewes River and an area
between Tatlmain Lake and McGrego~ Creek on the east side of the river.
The district contains large areas of granodiorite and granite and smaller

*Geol. Surv., Canada, Carmacks Sheet, Map 340A, 1936.
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areas of syenite and basic illtrusives. All these rocks are thought to be
related, but to have formed at intervals during a long batholithic period.
The areas occupied by these intrusives are separated by belts of older rocks
and by areas of younger volcanic rocks that lie unconformably upon them.

The pre-batholithic rocks include two groups, the Yukon group, thought
to be mainly Precambrian, and the Older Volcanic group, probably of
Mes020ic age. The Yukon group within the district consists of schists,
gneisses, quartzites, and limestones. These rocks are well stratified as a
rule. Schists varying from nearly pure quartzites to biotite schists form
the greater part of the group, though schists and gneisses containing vari
able quantities of hornblende, feldspar, and quartz also form a large part.

The rocks of the Older Volcanic group along Lewes River are mainly
green, basaltic lavas but minor areas are occupied by andesitic volcanics,
diorites, and tuffs. In the Dawson Range, porphyritic andesite of greyer
green colours predominates and tuffaceous members are more abundant.
This group unconformably overlies the Yukon group.

The batholithic intrusives may be divided into three groups, namely,
a syenite group, a granodiorite and granite group, and a group of rhyolite
and granite porphyry. The rock::; of the first-mentioned group form a
number of small stocks and bosses following a northwest-trending belt in
Dawson Range. They include many varieties of syenite, porphyritic sye
nite, and hornblende syenite, and show phases grading towards granite.
When relationships could be found these syenites are intruded by the grano
diorite and granite. \!\lith the syenites are grouped small bodies of diorite
and gabbro considered as probably belonging to the earlier phases of the
batholithic intrusion.

The granodiorite and granite of the second group compose very large
bodies. They include both coarse porphyritic types and medium-grained
types, and in places along their rontacts they pass into massive, foliated
varieties.

The rocks of the third group form numerous bodies, mostly small, of
rhyolite, granite porphyry, and felsite types. They occur along Dawson
Range and scattered over the areas on either side of it. Most of them occur
near the borders of the bodies of granodiorite and granite and they cut
these rocks.

The ::--Jewer Volcanics are divided into the Carmacks volcanics and the
Selkirk volcanics. The C'armacks volcanics are chiefly basaltic and ande
sitic lavas and breccias, but include in some places trachyte and other
volcanic types. In a few places shale, sandstone, and conglomerate under
lie the volcanics and are exposed at the borders of the areas of these vol
canics. The Carmacks volcanics have suffered warping and faulting and
were once much more extensive. The Selkirk volcanics consist of black,
basaltic lavas and tuffs which in Pleistocene and Recent time were poured
out into the valleys in the vicinity uf Selkirk and west of McCabe Creek.
The areas of Newer Volcanic rocks are regarded as unfavourable for the
occurrence of lode deposits, but the remainder of the country presents
possibilities as over it the strata are invaded and underlain by great bodies
of intrusive rocks. A belt of country that extends from the heads of Victoria
and Merritt Creeks nurthwestward to the head of the east fork of Selwyn
River is thought to offer more promise than the rest. Within this belt
areas of the rocks of the Yukon and Older Volcanic groups are intruded
by bodies of syenite, rhyolite, and granite porphyry, and the whole is
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bordered on both sides by large area~ of granocliorite and granite. In the
southeast part of the belt occur the prospects in the vicinity of :'I'Iount Free
gold and the placers of Nansen ('reek district, and in the northwest placer"
have been found on Selwyn Rivrr and its tributaries. The areas of rocks of
the Yukon group lying outside the belt are also promising, for none of these
areas is remote from intrusives.

Since it is within this belt of country that geological conditions seem
to be most favourahle for the occurrence of lode deposits, it follows that this
particular area may hold the original sources of the gold of placers and,
therefore, is worthy of being prospected for placer deposits. It is of interest
to note that those tributaries of Nansen and Victoria Creeks on which
placer gold has been found drain at their heads areas of rhyolites and
granite porphyries, hut it should bp remembered that the important placer
discoveries in Yukon occur in areas of rocks of the Yukon group.

Parts of the district have been subjected to more than one period of
glaciation and this important factor should be considered in searching for
placers. The features of the last glaciation are still fresh and unmodified
and show that in the area covered by the last ice-sheet placers probably
have not formed since the retreat of the ice. The area occupied by the last
ice-sheet is unfavourable ground for prospecting for placers, not only be
cause of a lack of recent placers there but because any earlier formed
placers probably will either have been largely or completely destroyed by
the disruptive actions of the ice-sheet or have been buried by the later
glacial deposits.

The western limit of the last ice-sheet has not been fully determined.
Glacial deposits in the vicinity of Selkirk that lie west of the border of the
last ice-sheet present evidence of being older. They have been much modified
and partly destroyed.

The ;\fansen and Victoria Creek placers lie outside the area occupied
uy the last ice-sheet. Cairnes* in his report on N ansen district men tions
the finding of boulder clay in some of the placer workings. 1t was found
this year (1933) tha t this boulder clay holds com pletely rotted pebbles
and is burieJ under more recent deposits formed by normal erosive agents.
Where the boulder clay was seen, the paystreak rests on it and it is reported
that no paystreak occurs on bedrock beneath the boulder clay. The boulder
clay in r\ansen Creek district is thought to he older than the glacial deposits
of Sel kirk district because inNansell Creek area all evidence of glaciation,
except that presented by the boulder clay, has been destroyed. The placers
of :\Tansen district formed in a long period of normal erosion following the
disappearance of the early ice-sheet. The extent of this early ice-sheet
is unknown; but is indicated by the high elevation of the occurrences of
boulder clay and by drainage features.

·Cairnes, D. D.: Gcol. Surv., Canada, Sum. Rept. 1914.






