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To R. W. Brock, Esq.,
Director, Geological Survey,
Department of Mines.

SIR,—I beg to submit the following memoir on Wheaton district,
Yukon territory. A geological and topographical map accompanies

the report.

I wish to express my indebtedness to Dr. J. D. Irving, Pro-
fessor of Economic Geology; Professor L. V. Pirsson, Pr(')lfessor
of Physical Geology; Dr. J. Barrell, Professor of Structural
Geology; and Dr. I. Bowman, Assistant Professor of Geography;
all of Yale University, for their advice and suggestions, in connex-

ion with the preparation of all portions of this report.

I have the honour to be, Sir,

Your obedient servant,

(Signed) D. D, Cairnes.
Orrawa, May 30, 1010.
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WHEATON DISTRICT
YUKON TERRITORY

BY

D. D. Cairnes.

INTRODUCTORY.
GENERAL.

During the last few years, Wheaton district has been attracting
considerable attention, chiely on account of finding there—in
numerous loealitios—quartz veins earrying gold, silver, and anti-
mony minerals, During the summer of 1906 the writer examined,
and made a reconnaissance map of, a portion of the Conrad and
Whitehorse mining distriets': which includes the eastern part of
this Tract: but =ince then, new discoveries of valuable deposits of
minerals have been reported from there, as well as from other parts
of the area. In view of these facts. the writer received instructions
from the Directar of the Geological Survey, to make a careful
study, und to prepare a topographieal and peologien] map, of the
whole district. The objective of the present report is, to give the
results obtained from the performance of this work; which tend to
chow that this undeveloped fleld promizes to become one of the more
important mining distriets of zputhern Yukon.

A base line® about 2 miles long, was measured along a
tangent on the White Pass and Yukon railway, commencing about
half a mile north of Robinson; and from this base a triangulation
was extended over the distriet. The TQI)(';:‘I'EI])II_'\' was filled in chiefly

ICairnes, D. D.—"Report on a portion of the Conrad and Whitehorse mining
districts’: Geol. Surv. Branch, Dept. of Mines, Can., 1908.

*\ 300 ft. steel tape was used in measuring this baze. The pull on the tape, when
used in measuring, was always 16 lhs.: the temperature of the tape was taken for
curh tupe-length : the hubs were all earefully levelled: and all the other necessary
precautions were tuken to have the results of this work of the requisite degree of
accuraey,

22286 --1



2 . GLOTLOGICAT. SURVEY, CANADA

by the phototopographic method, supplemented by plane-table travers-
ing. The plane-table method was alse employed in surveying all
roads, trails, ete.

The survey was conducted during the favourable months of the
summer of 1909; and during the season the writer was assisted by
Messrs. E, W. Banting, B.A.Sc., of Toronto University, and W. A,
Bell, of Queens University, who performed in an eficient manner the
greater part of the topographical portion of the work. Mr. Bell also
assisted, at times, in geological work. -

LOCATION AND AREA.

Wheaton distriet, as shown by the accompanying sketch map
(Diag. 1), les in Yukon Territory, just north of the British Columbia
boundary, and Wheaton river, in the lower part of its course, flows in
a general direction almost due south and empties into Lake Bennett.
Twelve miles above its mouth, the river turns abruptly to the west,
forming what is known as the ‘ Big Bend of the Wheaton,” and from
near its head-waters to this point lhas an easterly, to northeasterly
trend. The tract described in this report as Wheaton district
embraces that portion of southern Yukon extending 5 to 7 miles on
each side of Wheaton river, commencing at Big Bend and continuing
about 20 miles upstream. This area includes all the known dis-
coveries of ore, of cconomic importance, which have been made within
several miles of this river, on either side. The area is apprommately
20 miles long in an cast and west direetion, and 15 miles wide from
north to south. It flanks the mountains of the Coast range on their
eastern side, and extends eastward to longitude 135° 53’, or to within 6
miles of the White Pass and Yukon railway. Tts southern edge is
from 12 to 15 miles north of the 60th parallel of latitude (the British
Columbia-Yukon boundary).

MEANS OF COMMUNICATION.

Wagon roads have been constructed, by the Yukon Government,
from Robinson, on the White Pass and Yukon railway, to many parts
of the district. One road extends along YWheaton river to Carbon
hill which is situated in the most westerly portion ‘'of the area, and is
between 30 and 35 miles distant from Robinson. A branch from this
main road has been built to Stevens’ camp, near the summit of Mt.
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WHEATON DISTRICT, YUKON TERRITORY D

Stevens. Another road. 20 miles long, has been constructed from
Robinson to Gold hill which liez 3 to 4 miles north of Wheaton river
and midway between the latter and Watson river. It will, therefore,
be seen that all parts of the distriet are easily accessible, and that
only short, easily constructed, branch roads are necessary to connect
all the claims, not already so connceted, with the railway.

Robinson is 78 miles, by rail, from Skagway, Alaska, whence
several lines of well equipped steamships =ail regularly to Vancouver
and Seattle, distances of S67 and 1,000 miles, respectively.

HISTORY.

During the years 1503-S when the influx of gold-seekers to the
Klondike was at its height, great numbers of men passed down Lake
Bennett, Nares lake, and Lake Tagish, the head-waters of Yukon
river, on their way to Dawson. This main line of travel was thus
within 6 miles of the southeast corner of Wheaton district. In
succeeding years a great number of people followed the same routo
until 1903, when the White Pasz and Yukon railway was completed,
and it i3 probable that occasional prospectors, hunters, and trappers
strayed to the west along Wheaton river. The earliest prospecting
or exploring in this vicinity af which there is definite record, how-
ever, was performed by Irank Corwin and Thomas Rickinan.

These two prospectors spent .part of the summer of 1593 in the
distriet, and located a mumber of elaims on Carbon hill, Chieftain
hill, Tdaho hill, and perhiaps elsewhere, They did considerable pros-
pecting on some of their claims=, particularly on thoese situated on
Carbon hill, where a number of old cuts, trenches, ete., made at that
time can still be seen. Returning afterwards to Juneau, with good
samples of antimony ore obtained on Carbon and Chieltain hills, and
also with some very rich gold-quartz which aszayed over $1,200 per
ton, they reported their finds, which they apparently believed to be
of considerable value, to the manager of the Treadwell mines; but
before any steps had been taken to investigate their discoveries, both
prospectors died suddenly without having diselosed the exact location
of their claims.

Numbers of men zeavchied for these discoveries of Corwin and
Rickiman, but it was some vears bhefore any of them were found. In
1898, Afr, W, I*. Schualtel and others discovered one of the old camps,
on Schnabel creek, but were unable to find the rich ore. Some quartz

22286-—12%
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4 GEOLOGICAL SURVEY, CANADA

veins woere, owever, loeatd on Bdaho hill, to the Il“l.'!ll of and wdjuin-
ing Schnabel creck, These elaims were nore or less continuously
held until 1903, when four others were staked, two of which are still
held by Mr. Schuabel and partners, and comprise the Union mines.
Original location notices of Corwin and Rickman have been found
on these claims; but ore similar to the samples of gold-ore taken to
Juneau by these carly prospectors has, s6 far, heen discovered only at
Gold hill which is ¢ iles to the west of Idaho hill.

With the exception of the 1'nion mines, Wheaton district
was but little known until the summer of 1906. During the early
- part of that season the discovery of quartz carrying free gold and
gold-silver tellurides on Gold hill. by D. Ilndnett and J. Stagar,
created considerable excitement which resulted in the staking of
over 500 claims in 90 days in Wheaton distriet. The first claim
loeated was the * Gold Reef " on Gold hill, staked June 21. A number
of the claims staked at thix time are still held, and most of these are
located on Gold Lill, Mt. Tlodnett, Mineral hill. Big Bend mountain,
and Mt. Stevens,

In Auvgust of this swme =eazon, while prospecting farthier up
Wheaton river, to the west of the belt o which these discoveries had
Leen made, Mre. II. . Porter found the old locations and workings
of Corwin and Rickman on Carbon and Chieftain hillg, and imme-

diately staked elghteen claims m the vieinity. A stampede to this’

loculity ensued, and a great number of locations were made] o large
proportion of which are still in foree,

The only deserviptions of Wheaton distriet. that have been
published, refer chiefly to the eastern part of the arca, and are em-
bodied in a report of work performed by the writer during the season

of 1906.

1Cairnes, D .D.—Summary Rep. Geol. Surv., Can., 19606.—'*Report on a portion
of the Conrad and Whitehorse mining districts, Yuken Territory™ 1908, Geol. Surv.
Branch, Dept. of Mines, Can.

J
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SUMMARY AND CONCLUSIONS.

CTOPOGRAPIY,

Wheaton district is a portion of what iz believed to be an up-
litted and deeply-dizsected peneplain, the vallevs of which have been
ereatly modificd by glacial action, and as the extent of undissected
upland is generally in excess of the erwled portions, considerable
areas of gently rolling plateau remain.

Im apparently late Tertiary time. after being maturely eroded
during a long period of erustal stability, the region was uplifted
over 3,600 feet. The uplift, which was of the nature of an upwarp,
since the movement was greater in the western than in the eastern
portions of Wheaton distriet, gave renewed life and energy to
the streams which soen made deep incisions in the uplifted surface.
Glacial ice then invaded the district. and oceupied sll the main
depresstons which were both widened and decpened, and given typical
U-shaped eross sections; and such well known forms as cirques,
hanging-valleys, roches moutonndes, terraces, pot-holed valley-floors,
ete., were prodaced, - Morainal and other materials were deposited in
the valloy bottoms, and blocked the stream-courses in different places
fo such an extent that, as yet. the drdnage ~yvstem has not become
completely graded, and numerous lakes, often surrounded by muskey
or tundra, oceupy a number of the depressions,

Since the retreat of the ice, V-shaped incizions have been etched
in the valley-walls and at the marginz of the upland-surface, result-
ing in the production between them of pronounced facetted forms.
The main streams have also somewhat depressed their channels in
the unevenly distributed valley-floor deposits, so that occasional sand,
aravel, silt, or c¢lay banks and terraces ovceur. Otherwise the topo-
graphy is virtually as the ice left it, aud the forms which resulted
from the action of valley-glaciation still exist in an unusual state of
perfection, =o that this distriet is a most favonrable one in which to

study glacial phenomena.
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GENERAL GEOLOGY.

The district iz situated along the castern edge of the Jurassic,
Coast Range granitic batholith, and the rocks composing this igneous
mass are exposed over the greater part of the area. In the western
part of the district, more recent voleanics of Tertiary, and perhaps
late Cretacevus aze have invaded, and covered, the granitic rocks to
a considerable extent, while in the northeastern corner, Jura-Creta-
ceous sediments overlie them. In numerous localities dykes and other
amall intrusives, as well as some extrusive volcanies occur, that are
more recent than the granitic batholith,  Otherwise, the rocks of
Wheaton district consist of the Jurassic granitic materials and
small areas of the rocks into which these have been intruded; and a
study of the structural features of the batholith, its methods of inva-
sion, and its relation to these older rocks coustitutes the main, and
perhaps the most interesting problem in the study of ‘the general
geology of the district.

The present surface of the eastern portion of Wheaton district
very nearly coineides with the original top of the batholith, so that
there a few remnants of the roof still exist. Portions of walls of
older materials that separate subjacent portions of the granitic masz
extend in a northwesterly direction. parallel to the edge of the intru-
sive mass, and are incised by the stream-valleys to depths of between
3,000 and 4,000 feet. Secattered over the castern portion of the
district are munverous small, isolatedd masses of the old invaded
materials which are distinetly seen to Le inclusions, as they occur at
all elevations. Toward the west, and thus toward the centre of the
batholith, all traces of these older rocks disappear, since the granitic
mass rose considerably higher along its axial line than along its
margins, and, therefore, the roof and included older materials have
there all been removed by erosion.

The principal method of mechanical Lbatholithic invasion appears
to have been that of the breaking free of roof-fragments, and thetr
sinking in the molten material which possibly rose to fill the spaces
the detached blocks originally occupied.  The magma may have
exerted a pressure on its containing walls greater than their resisting
strength, and so, to some extent, pressed them apart to make room
for itself. Ilowever, the intruded rocks are all plutonics without any
known connected contemporanesus tuws, and remnants still exist of

a cover which appavently originally completely roofed the batholith.-
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Further, granitization has not taken place in the portions of the roof
that still remain, and there is no evidence that material was added
to the original cover, so as to allow of its lateral extension during
the invasion-process. It is thus not considered that the pressing
apart of the walls has been a dominating factor in the batholithic
invasion, since it is difficult to conceive that a roof could have
romained over thiz igneous mass which is 30 to 40 miles wide, if its
walls were foreed apart this diztance-—particularly as no masghing or
foliation has been caused by the magmatie invasion.

LCONOMIC GEOLOGY.

From the standpoint of gconon:ic acology, Wheaton district is
chiefly of interest for its ore-deposits, but, in addition, some coal-
seams have been discovered. The ore-deposits may be considered as
belonging to four classes, viz.:— '

(1) Gold-silver quartz veins.

(2) Antimony-silver veins.

(3) Silver-lead veins.

(4) Contact-metamorphic deposits.

The gold-silver veins are the most extensive, and are of parti-
cular interest in that they contain not only native gold, but various
tellurides. The gold content of these ores is acencrally of c¢onsider-
ably greater value than the silver. The antimony-silver veins belong
to a rare type of deposit, in that they are antimony deposits the ores
of which eontain both antimony and silver in cconomiecally important
amounts. Sueh deposits are known in only a few localities in the
world, and have been named in Germany the ¢ Mobendorf type” The
silver-lead veins contain silver and lead in important amounts, and
are mainly metansomatic replacement deposits.  They thus differ con-
siderably from the two types of seins just mentioned, which are
prevailingly cavity-fillings. The contact-metamorphic deposits have
been discovered on only one claim, but are noteworthy since, although
the mineral-combination, the form of occurrence, ete., are those
usually encountered in such deposifs, the formation in which the ore-
materials occur iz a caleareous hornblende-gneiss. Limestone is the
usual rock in which such secondary ore-materials are produced, and
oceurrences in quartzite and c<hales are known, but the occurrence of
contact-metarcorphic deposits in a gneiss of purely igneous origin
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is believed to be something new in the history of ore-deposits. Eco-
nomieally the ores are of interest. mainly on aceount of the copper
they contuin.

Seams of scmi-anthracite coal, from a few inches to several feet
in thickness, were discovered by the writer on the eastern face of Mt.
Bush; these have not heen at all developed so far, but shiould prove
of local value. ‘

Few of the mineral deposzits have been at all closely prospected,
so that little is reallv known concerning the niining properties of
this district; and the area, as a whole, has been only very superficially

looked over by a few mien, so that it is improbable that all the better -

deposits of ore have vet heen dizcovered.

)
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Diag. 2. The physiographic provinces of Ynkon,

NOTE.—The <inall srpuare indicates position of Wheaton distriet,
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WIlFATON DIESTRICT, YUKON 'T'RRERITORY )

GENERAL CHARACTER OF THE DISTRICT.
TOPOGRAYIIY.
General Account,
REGIONALL

Yukon territory is. for the greater part, divisible into three
physiographic provinces which are continuous with similar divisions
in northern Briti<h Colimbia, to the sontheast, and Alaska, to the
west, Taken i order from southwest to northeast these are: the
Coastal system, the Interior system, and the Rocky Mountain
system. These terranes constitute the Cordillera of the
northwestern portion of North America. and follow in a general way
the configuration of the const Hne.  They, thus, all have a north-
westerly trend in British Calumbia, a westerly trend through Alaska
proper, and in Yukon, in between. follow a course intermediate
between the two, Lying to the north, northeast, and east, of the
Rocky Mountain sy<tem are various pliinz or Towland tracts—the
Aretie Slope region. the Mackenzie lowlands, and areas of broken,
wooded, plains pos<illyv belonging to the Great Plains (see Diag. 2).

From about the 30th to near the Goth parallel, the Coastal
gsvstem ombraces only the Coast range, if the island range to the
west is considered to boe part of the Coast range. but the simplicity
of this western provinee is interrupted near the head of Iynn eanal,
whenee northward aned northwestward, the Constal avstenm consists of
two or three main ranges in some instances separated by wide valleys,
as well as other subordinate mountain maszez.  The (‘oast range,
after following the const line from Mexico to near the liead of Lyun
canal, a distance of over 2,000 miles, passez behind 8t. Rlias rango,
and, for the remainder of its course northward, constitutes the most
easterly  portion «of thd (Coastal svstem;  mnorth  of TLynn
canal, the range gradually bocomes less prominent. until it merges
into the Yukon plateau, near Lake Kiane, at latitude 61°
and longitude 138° 30°.

The Coast range conzists, in a general way, of an irregular com-
plex of peaks and ridees. that possess hut little ssvmmetry other than

Dawson has separated the Vaneogver range from the Coast range: Trans. Rova
Soc. Canada, 1890, Vol, 8, <er. 4, p. 4. .
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a rough alignment parallel to a northwesterly-trending axis. The
range has everywhere a precipitous and jagged aspect, and consists
largely of knife-lile crests, rugged or even needle-like summits, and
sharply incised valleys., The summits in southern British Columbia
rise to uniform altitudes of from 8,000 to 9,000 feet above sea-level,

but toward the north gradeally decrease in elevation, until in Yukon .

they stand at only 3000 to 6,000 feet; though the change in altitudo
is apparently great, it iz so gradual as not to break the general uni-
formity of suwmmit-level whicl, however, bears no relation to strue-
tural features, This terrane has thus been considered by a number
of geologists' who have studied it topographically, to represent a
peneplanated or at least a mature to old surface of erosion, subse-
quently elevated. Other geologists, however, maintain that this
terrane shows no evidence of having ever been peneplanated.

“The great interior upland which has been designated the Yukon
plateau, is a northern member of the Interior system of plateaus
and mountains, which extends through DBritish Columbia, Yukon,
and Alaska to Dering sea. The Yukon plateau, which in Yukon
Territory is 230 to 500 wmiles wide, follows Yukon river from its
headwaters to the =ea, and stretehes from the inland members of
the Coastal system to the ranges of the Rocky AMountain system.
In northern PBritish Columbia, some well-detined ranges lie within
this Provinee,? and in Yukon and Alaska nmerous individual peaks
and minor ranges® rise above the plateau-level.

Into this upland-surface, in Yukon territory, the drainage courses
have incised channels, varyging from L1500 to 4,000 feet in depth,
giving a very irregular topegraphy. The summits of the unreduced
Lills and ridges, lving between the waterways, mark a gently rolling
plain which slopes toward the north and northwest,. The plateau is
best seen from a summit that stands at about the level of the upland,
when the observer will be impressed with the even sky-line, sweeping
off to the horizon. and broken only here and there by isolated, resi-
duary masses that rize above the general level. So even and flat-

tDawson, G, M.—" Report on the area of the Kamloops map sheet, B.C."": Ann.
Rep. Geol. Surv., Can., Vol. VII, 1804, p. 10 B.

Hayes, C. W.—""An expedition through the Yukon district'': Nat. Geog. Mag.,
Vol. 4, p. 128. .

2Dawsan, (. M.—" Report on an exploration in the Yukoen disirict, N.W. T., and
adincent portions of British Columbin': Ann. Rep. Geol. and Nat, Hist. Surv, of
Can., Vol. III, pt. I, p. 13 B.

3Fortymile atlas sheet, U.8. Geol. Survey. 7

Spurr, J. E.—''Reconnaissance in sruthwestern Alaska’™: 20th Ann. Rep. U. 8
Cieol, Sury., pt. VIL, 186309, pp. 235-242,

o
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topped are the interstream areas, that they might in places be mis-
taken for constructional surfaces. This plane, however, bears no
relation to rock-structures, erosion having Dbevelled the.upturned
edges of the hard as well as the soft strata; in faet its surface is
entirely discordant to the highly contorted, metamorphic rocks that
nmake up muech of the platean, and, as is more fully discussed later,
is evidently an uplifted and dissccted peneplain, produced by long
continued subaerial erosion during a period of erustal stability, This
plateau-province near the head-waters of the river stands at about
6,000 fect above sen-level, (

Along the northern portion of the Coast range the general
summit-level merges into that of the Yukon plateau, in a manner
suggesting the synechronous planation? of these two provinces, a view
that is held by Brooks, Spencer, and others; but during the various
vertical movements that have affected these terranes, the uplift has
been greatest along the axis of the Coast range, and least along that
of the Yukon plateau, which terrane is thus given the contour of a
huge flaring trough whnse axiz iz in a general way marked by the
present position of Yukon river from mnear its head-waters in
northern British Columbia to Bering sea.

Wheaton district, as here considered, occupies a position along
the western edge of the Yukon plateau, thus flanking the Coast range
on the east; and the northern boundary of this area is only 12 to 15
miles north of the 6nth parallel, There exists here no distinet line
of demarcation between platean and mountain provinee; but the-
~more rugged, western, granitic portion is, for geological and topo-
graphical reasons, assigned to the Coast range, and the territory to
the east is considered az belonging to the plateau.

LOCAL.

The description just given of the Yukon plateau, in general,
aptly applies to that portion of it represented by Wheaton
distriet, where the striking features of the topography are the ele-
vated and but szlightly undulating, plain-like character of the land-
surface and the numerous, irregularly distributed, wide, deep, steep-
walled valleys that dissect it. This upland-surface here, a3 elsewhere
in the Yuken platean, bears na pelation to rock-strueture, and

13pencer, A. C.—DBull. Geol. Soc. Amer., Vol. 14, p. 132,
Brooks., A. H.—Prof. Paper, No, 43, pp. 286-200, U, 8. Geol. Survey.
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Oceasional hills rize above the general level, such as Mt. Bell
and Mt. Reid, which vepresent the ouly considerable unreduced
masses that erosive sgoncies left standing above the old surface. The
uplift of the region interrupted the baze-levelling process at this
point, so that now these generally rounded, mountain remnants occur
as monadnocks, rising ahove the surrounding npland,

The upward warping ot the distriet rejuvenated the strenms, so
that they at once comwmenced actively cutting and sinking their
channels in their clevated valleys, and deep incisions were rapidly
produced.  Tu Wheaton distriet two main valleys and numerous
tributaries dis<eet the pliteau.  FThe larger and wore hwportant of
these master-depressionz, Corwin valley, is from 1 to 2 miles
wide, and trends in a divection a few degrees east of south. This
valley follows the eastern edge of the distriet, and extends beyond
both it northern amd southern boundaries. The lower reaches of
Wheaton river follow thiz depression, hut at Big Bend the river turns
at about right angles to itz previous course and, from near its head-
waters to thisz point, Hows in a much narrower valley, only one-fourth
to ene-half mile wide, which maintains- & general northeasterly
cotrze,  In addition to these two principal depressions, there are a
few tributary vallevs, such as those oecupied by Fenwick and.Becker
creeks, which are of considerable length and deeply cut into the up-
Tandd.

Glaciation aceentuated the topegraphy produced by peneplana-
tion and subsequent uplift and dizseetion. Glacial jee occupied the
main valleys and was effective in deepening and widening these main
depressions, steepening their wallso and giving them decided U-shaped
cross-seetions ; while subordinate masse< of jce existed in the larger
tributaries amd ifected them to g t'nrrewl:uhding_ degree. At the
heads of some of the streams well-defined cirques were formed, in o
pumber of which <mall, round lakes ocenr. A hanging relation,' due
to glaciation. was also produced at the mouths of tributary streams,
the channels of which were once oceupied by ice; the smaller the
tributary the less the amount of ice it contained, and the greater the
amount by which its valley was left hanging above that of the master
stream.  The result iz that the smaller streams. as Stevens creek on
At Stevens, while flowing over the upland-surface, have the wide,

"This witl he tuore fully diseussed in the portion of this chapter on topography
under ‘Detailed Aceount’.
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flaring valleys and gentle grades characteristic of a mature topo-
graphy; but on coming to the edge of the plateau-platform, they
plunge suddenly over the edges, by a succession of falls, through
exceedingly steep-sided gorges, to join the masler streams below,

The ice also acted in a construetional capacity and contributed
a vast amount of morainal and other material, eonsisting of gravels,
sands, silts, elays, ete, which have to a great extent filled these
depressions. Since the retreat of the ice, the streams have been at
work removing this material, but Wheaton river has not, as yet,
succeeded in trenching its channel to bed-rock. The bed of the
stream is from 2,000 to 2,500 feet bhelow the general level of the
plateau-surface.

A striking feature of the main depressions is the terraces that
oceur in many places, and at various elevations up to 700 or 800 feet
above the valley bottom. These can be traced in some instances
almost eontinuausly for several miles,

Detailed Topography.
RELIEF,

The Upland-surface—The upland-surface of Wheaton J‘istriut,
to be observed to the best advantage, must Le viewed from inter-
stream points back from the edges of the master-valleys, and from
such pésitions the even, gently rolling character of the plateau is
strikingly apparent, This surface bears no relation to rock structure,
and the pre-Devonian, contorted schists and gneisses, the massive
Jurassic grano-diorites, the Jura-Cretaceous sandstones, shales, con-
glomerates, etc., and various ‘voleanies, are all equally truncated,
regardless of their structure, hardness, composition, ete.

The upland thus represents a region that during a long period
of crustal stability was almost completely base-levelled and was
reduced to a state of old aze, and at the time of planation must have
formed a portion of a plain whose edge was at, or nearly at sea-level.

A few generally rounded summits, zuch as Alt. Bell, Mt. Pugh,
and Mt. Reid, rise as monadnocks above the general level, and are
the only conspicuous elevations that erosive agencies left to break
the monotony of the former landzcape, The hase-levelling process
which tended to reduce the entive Jdistrict to sca-level was interrupted
before the reduction of these remaining hills, by an uplift which
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affected a great portion, at least, of Yukon territory and Alaska.
Tho exnct dato of this movement is undeterminnblo in Wheaton
distriet, as is discussed under ¢ Ilistorical Geology.’

The amount of the uplift is also somewhat indefinite. Wheaton

river at its mouth is about 2,100 feet above sea-level, and Lewes and
Yukon rivers, which carry this water to the sea, have grades much in
excess of rivers traversing a distriet in its old age. Further, it seems
very improbable that the region, prior to the vplift, was drained by
a longer water-system than the present circuitous ome; in fact,
recent investigations tend to show that the area was drained into the
Pacific by a muclrshm-tor system.  The general surface of Wheaton
district was thus probably less than 2,100 feet above sea-level
when the uplift commenced, while now the upland has an elevation
of about 3,700 feet. The vertical extent of the movement was, there-
fore, greater than the ditference between 5,700 and 2,100 feet or
3,600 feet, and was less than 3,700 feet; it probably was 4,700 to
5,200 feet in amount.

When the Yukon plateauw and adjoining terranes swere uplifted,
at the beginning of the present erosion eycle, the land-surface was
given the form of a Lroad, shallow trough sloping downwards from
the cast and west to o northwesterly trending axial line, approxi-
mately coinciding with the present position of Yukon river and its
tributary, Lewes river. The results of this differential upwarp are
well secen in Wheaton distriet, which les to the west of this
axial line, and whose surface consequently inclines upwards toward
the west, until the mountains of the Coast range are reached (see
Plate I). The level of the upland along Corwin \'31195‘, dt the ecastern
edge of the district, is about 5,500 feet above sea-level; Lut at MMt
Reid, to the west, itz clevation is 6,000 feet, a rise of 500 fect in 16
niiles,

Some time after the uplift of the district, and the development
of the present valley svstems, a climatic change caused glaciers to
form in the higher mountains to the west and south, and great
tongues of ice moved from these gathering grounds down the main
valleys of Wheaton district. The upland was, howerver, only
little aflected by these elacial streams, but the presence of ocea-
sional erratics and stnll patehes of forcign materials show that, at
least occasionally, bLodies of ice did rass over portinns of the plateau
surface.

.
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However, «during Pleistocene and  Receut times, the plateau
surface, although but stightly modified by moving ice, has been con-
siderably affected by aecamunlations of snow. Mt no time, apparently,
did snow gather on the surface in suflicient quautities to forin any
considerable masse< of ice, but for the wost part it seems to have
heen blown by the winds into the valleys and depressions.

The effeet of névé <now is to convert shallow Veshaped valleys
into flut U-shaped ones, to efface their drainage lines  without
material change of grade, and to in this manner produce general
smoothness of surface. Since the snowdriftz have no sliding motion,
there is consequentls no tran<portation of materinl by them; how-
ever, because of excessive frost-aetion, and continued alternations of
freezing and thawing. the rocks at the peripheries of the quiescent
snow are finely comminuted and removed by innumerable rills to fill
neighbouring depressions.  These effects of the oceupation by quies-
cent néve, called nivation,' have resulted in zrading, to a consider-
able extent, the alreads gently-rolling surface of the plateau in
Wheaton district (zee Plate 11), and acconnt for the great amount
of fine material that fill< all the winor depressions in the upland
surface. The pre<ence of the snow also tended to preserve the smooth
outlines of the topoaraphy, by protecting the =urfaces from stream
actiou. ’

The Valleus~\fter having considered the gently undulatory

character of the upland, the ob-erver will be himpressed by the pro-
nounced topographic uneontormities that prezent themselves at the
contaets of this surface with the high. steeplv-inelined walls of the
various valleys that interseet it (Plates 111 and VII).

The last great uplift, probably in Plivcene time, which affected
this district. gave the streams of the district renewed life and energy,
and they immediately began vigorously trenching their channels in
the uplifted surface. Throughout the area deep incisions were
rapidly made, which, in Pleistocene time, were invaded by glaciers
from the mountains to the west and south.  Although the ice pro-
duced but little effeet upon the upland-surface, it had a profound

influence upon the valleys.

iNivation in it= different phases, relations, results, ete., is discussed in the two
following articles:—

Matthes, . E.—"Glacial seulpture of the Bighorn Mts,, Wyo.": UL 8. Geol.
Surv., 21st Ann, Rep,, pt. 11,1809, pp, 173-190.

Hobhs, W. M.—Cyvele of mountain glacintion™: Geog, Jour,, Feb, 1410, pp.
147-163.

)
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WIIEATON DISTRICT, YUKON TERRITORY 17

When a broad ice-sheet covers a district this has the effect of
modernting the topographic features and redueing the relief, by
eroding material from the higher elevitions and depositing it in the
depressions, ITowever, where the ice ocenpies only the valleys, much
ercater and ditferent results are zeen.  Iere the interstream areas
maintain theiv even chnrneter, nuatfoeted by the ice, while the valleys
are widened and deepened: and the maximum offeets of glaciation are
produced in areaz zuch as Wheaton distriet, where the topography
indieates that it has Leen previously prepared to receive the ice, by
having deep valloys alveady made, in which the ice can most advan-
tageously operate.  The Veshaped valleys are then transformed into
wide, deep, steep-walled, 17-shaped depressions, and hanging-valleys,
cirques, roches moutonnées. and other well known glacial forms are
produced. '

Corwin valley is the widest aned most prominent depression in
Wheaton district, the eastern portion of which it traverses in
a northerly direction,  This valley extends o number of miles beyond
Loth the novthern and <outhern boundaries of the distriet, and has
within it a nearly ot Hoor, aleae 13 miles in average width, from
which the vallex-walls rise abruptly over S.tm feet to the upland
surface.  Wheaton rviver, helow the ¢ Big Bend,” flows in this valley
to Lake Bennett.

The ice moverd northward throwgh this depression, and for some
reason, probably on aceount of numerous contluent streams from the
wost. the greater mns<s of the material seems to have pressed against
the Gray ridee on the eastern stde of the valley, where scouring and
plucking have Leen greater than along the western wall For 18
miles, aloug the enrire leugth of thix ridee, all points, spurs, and
projections have been planed from the valley-wall, a3 by some huge
instrument (see Plate IV). The western side of the valley is not
nearly so regular. probably owing to the streams entering from this
side, as just neentioned.  The eastern wall of Corwin valley distinetly
crrves outwards toward the east opposite the point where Wheaton
river joius it from the west; this was apparently caused by the
excessive ernzion at this point. due to the added weight of the con-
Huent ice-streamn,

Wheaton river above the ¢ Big Dend. or the point wlere it joins
Corwin valles. follmws a zoutherly course, and oceuplies a somewhat
irregular valley that has, however. a general northeasterly trend.

ARLE -
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This depression is designated in this report ¢
as the river after which it 15 named traverses its entire length, This
valley in Wheaton district has a floor that i generally from
2,000 to 4,000 feot wide, from whiel the walls rize abruptly for 3,000
feet to the plateau-surface which for 15 miles west of Corwin valley
inereases in clevationat aboyt the same rate as the valley-fioor. . The
valloy has been greatly ‘moditied by ice which moved down it from
the head-waters of the present river, truncated the spurs and other
points projecting from itg walls; and gave the valley a smooth, we]l-
rounded, U-shaped fopm, (sce Plates 1I[ and V)
Hodnett ILakes valley is probably the most prominent of the
higher, short valleys. It is about ¢ miles long, trends westerly, has
an average width of gver 2,000 feet, and is divided at its western end
by a long narrow aranitic ridge. Thig deprossion is flat-floored, and
its walls rise rapidly for about 2,000 feet to the upland surface, It
joins at its eastern end with the narrower valley of Thompson creek,
and connects, to the west, with Summit Creek pass which trends
north and south, and constitutes a low divide between Wheaton and
Watson rivers, The summit of this divide is at about the point
where the pass is Joined by Hodnett Lakes valley, and from there the
grade falls rapidly to Watson and Wheaton rivers, to the north and

south, respectively. The pass has an average width of about half a
mile, '

Fenwick creek, whicl is neariy as large as Whe

aton river gbove
their point of confluence, joins the main stream in

the southweg tern

and is considerably the largest
tributary which this river receives, Tle valley of Fenwick creek is

wide of floor, deep, and similar to that of Wheatop river, and during
Pleistocene time g large ice-stream moved down this depression in a
northerly direction to join Wheaton River Valley glacier,
The valleys of Becker creek and Partridge ereek,
Wheaton river from the south, are also somewh
district, and contained, during glaci

joining
at prominent in this
al time, proportionately smaller
masses of ice, which accordingly performed less work. The other

valleys of the area are smaller than these, and in size grade down to

mere ravines, or nicks in the walls of the master-valleys, Thege

smaller depressions wil] be later discussed wlien considering their

. hanging relationships,

All the ice in southern Yulkon passed eventually northward op

Wheaton River valley,’
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Looking down Wheaton iy er vallex fromnslort distanee olwae = Bie Brnd ™, anl
showiee Gy ridee eroas Corwin vallev, CIhe brcontifully carved, an [
shaped character of Wheaton Biver valley 3 here waell sbiiwen, ns wel] ge the
facetted spurs in the valles walls,
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of the valley, and the unorganized character of the drainnee, are well showi.

Looking in a westerty divection up Hodnett Lakes vallev. The U shaped character
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Prate VII
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Looking across Wheaton River valley and up Tally-Ho gulel. The hansing nature
of the tributary ix well ihstrated s also a0 wel-defined alluvial fanis being
formed B the creek at its junction “with the gaster stream below the post.
glacinl nick on the marpgin of the main valley,
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northwestward, through the master-depressions, but in the tributary
valleys it moved in various directions, just as the water of the streams
does tb-dny, although it all finally flows down Yukon river.

In addition to being mainly destructive, the glaciers also acted
in a eonstructive eapacity, and contributed vast amounts of morainal
and other materials which deeply covered the floors of the master-
depressions. Since the retreat of the ice but little erosion has
occurred, and considerable portions of these valleys are still almost
as the ice left them, and the larger the valleys the more material
they have received. Tn Carwin valley, partieularly to the east and
west of Annie lake, the valley hottom is extremely and minutely
rough, and is characterized by pot-holes and irregularly distributed
morainal ridges which are often over 100 feet high. In the smaller
valleys these forms oceur more rarely and are less extensive.

Ianging Relalionships of Tributary Valleys.—The small streams
that traverse the upland flow over this surface in wide, flaring
depressions, with gentle gradients, but on coming to the edge of this "
elevated platform they plunge suddenly, by successive falls, through
gorge-shaped incisions, to join the muaster-streams below. In other
words, the tributary streams have hanging-vallers'; and the smaller
the tributary, the less the eroding power of the stream, either of ice
or water, which it contained, and the more its valley was left hanging
above that of the master-stream. -

Small streams like Stevens creck and Tally-Io (see Plate VII)
creelk, have only well nicked the edoes of the master-valleys at their
point of junction and fall precipitously for 2000 feet in joining
Wheaton river. The valleys of larger tributaries, such as Becker
cereek, have been occupied by much larger streams of ice and water,
and the hanging relationship is much less pronouncéed. Tenwiek
creek is nearly as large as Wheaton river above the confluence of
these streams, and no hanging relationship is noticeable at the mouth
of the tributary. All gradations between these different.conditions
are to be found.

Cirques.—Perfectly developed and well preserved cirques occur
plentifully, and exist prevailingly along the edges of the master-

Davis, W, M.—"The sculpture of mountains by glaciers': Scottish Geographical
Magazine, Feb. 1906.

Hobbs, W. H.—""The eyele of mountain glaciation”: Geog. Jour., Feb. 1910,
Vol. XXXV, No. 2. .
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depressions., A notable feature in connexion with these forms ip
this distriet is that they are invariably found along the sides of the
larger valleys, or at what might be considered the heads of the almost
msignificant sub-tributaries, The cirques that vriginally existed at
the heads of the lirger tributaries have, in all eases noted, lLieen

~uccessful in gnaw ing headward to meet athers meoving in an opposite

direetion, aud cols op passes have resulted.  Such are well seen in the.

Summit Creek pass, Parteidge pass, at the head of Schnabel crecl.,
at the head of the north fork of Perkins creek,. at the head of Anti-
mony ereek, and elsewhere,

Along the sides of these creeks pronounced ecirques exist, Soue
of the best occur on the north sides of Mzt Perkins, Mt. Pugh, and
dohnson Bill, and at the northwest corner of Tally-Ilo mountaiy.
small lakes oceur at the foot of many of the ecirque walls owing to
the reversed slopes in these places,  These lakes, however, are all
being rapidly filled in and veelaimed by materials sliding down the
cirque walls (Plate VI,

Glaciation has generally extended practically to the top of the
\ 1

cirque-walls, but above and back of this ouly nivation hasg been opera- .

tive. The snowhanks are always the forerunners of glaciers, and
when they aceumnlate on favourable  hill<ides the  comminuted
material produced i« removed, not as in the ease of drifts on the
upland surface to fill minor depressions nearhy, and so to moderate
the topographic relief, but instead innumerable rills earry the finely
broken material to larger waterways swhicly distribute it widely, As
this continues, the drifts enlarge their containing nouks, and notrish-
Ing catechment baszinz for glacial ice are soon produced, and in this
way many cirques ave formed. The boundary between the quiescent
névé snow and the elacier is marked in cirques by the well known
bergschrund, or semicireular, irregular erack that oceurs approxi-
mately conforming to the contour of the cirque, but standing soie
distance from its walls, Matthes has ealenlatod that the névé must
be 123 feet thick and on a 12 per cent grade before motion com-
nmences,

In Wheaton district these cirque forms are so numerous along
portions of some of the vallep-walls, that thes give a distinetly frayed
or fretted appearance o the upland edges (Plates IX and XI) which

stand out in sharp comtrazr 1o the plateau back of them.
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A typieal cirque on the northern side of M. Perkins. . The view shows the small
glacial lake at the foot of the cirque walls, which ix being rapidly filled and
reclaimed,
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Terraces~In a number of places. particularly along the Wheaton
River valley, and the valleys of Partridge and Becker creeks, terraces
were noted, which are often quite persistent and exist up to 700 or
800 feet above the valley-bottoms=. These are peeuliar in that,
although from a distince, preferably from the opposite side of the
valley to that in which they oceur, they may be quite evident and
even somewhat striking on account of their persistency, still when a
person is actually on the spot where they occur, it is often difficult
to tell exactly where they lic, since only slight amounts of terrace-
tops or platforms remain.

Generally, several of these terraces can be seen clinging to the
valley-walls, and in a few places four or five may exist, one above
the other. Of these, the majority extend but a short distance. How-
ever, aloug the =outhern face of Mt. Follé, on the northern side of
Wheaton river, one terrace is distinetly traceable, with very few
breaks, for mnearly 4 miles. Similarly, on the eastern side of
Becker creek, although other short terrace-remnants exist, the valley
slope is particularly  characterized by oone, and in places by two
terraces which occur about inidway between upland and lowland,
and extend from near Wheaton River valley southward for over 4
miles (Plate X). These are the most noticeable terraces seen in the
distriet, bub many others aceny along most of the master-valleys.

Owing to the fragmentary character of these terraces, no abso-
lutely deeisive information was obtained as to their origin, but
similar terraces are of contmen eccurrence in most of the main valleys
throughout the Yukon Plateau region, and have been deseribed by a
numbter of writers) Foecryohers the orivin of thezr trrraces 13 anme-
what in doubt. Jlewern end By cons Gy e pn s g ueent G T
uplift of the Yukon plateau, and after the valleys had become deeply
trenched, a submergence occurred in late PPliocene or Pleistocene
time. The valleys are thus thought to have becomne partly filled with
gravels, sands, silts, cte. After a brief period, elevation commenced,
and as the streams cut down through the debris terraces were left
clinging to the valley-walls—the amounts of the subsidence and up-
lift being indicated by the terraves,

Mawson, G, M_- T'rans, Roy, Soe, Can, Vol VI Seel 4, 1800, pp. 36-41, 48, 490,
MeClonnell, B, G Ann. Wep, Geol. Sarv., Cang, Vol TV, IKSH-KG,
Russell, 1. C'. - Bull. Cleal, Soe, of Aners, Vol b opl L
Spurr, J. E,—"Geoloey of the Yukon Gold distriet™: Eighteenth Ann. Rep. UL 8,
Geol, Surv., pt. 111, I886-07, pp, MS, 260,
Nordenskjold, Otto—The Amer. Geol,, Vol. XXI1T1, pp. 200-298.
Benoks, A, H.—DProf. Paper, Noo 45, 1006, T 82, Genoll Surv,, p, 206,
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The postulation of a submergence an subsequent uplift appears
to the writer to be quite uncalled for, tn explain the origin of these
terraces. 1t iv trye that a certain amount of uplift hag occurred in
recent times and may be sti]] i progress, as indicated by recent rock
terraces along Yukon river above Dawson and elsewhere, but these
appear to have had an origin quite distinet from the gravel, sand,
and silt terraces which eharacterize many of the valleys of northern
British Columbia and Yukon. Ip whatever manner the terraces wera
formed, they must have originated since the glacial period, other-
wise the valley glaciers would have entirely obliterated them, 1t ig
further evident that no great amounts of material have been deposited
In many of the vallers since glacial time, as in depressions such as
along the White Pass and Yukon railway between Careross and
Whitehorse, and around Anuie lake, the valley floor jg pot-holed angd
minutely rough, g possesses still the characteristie appearance of
a surface that has been overlain hy ice.

Brooks and others have Supposed the terraces to be due to changes
in the erosive bowers of the stream. ani i places this appears to be
true, but in the portion of Yukoy territory where the terraces reach
high up on the valley walls, this theors calls for the former existence
of ‘vast amounts of matertal over (he present valley floors, which, as
shown above, cannot be true, in some localities, including Wheaton
district.

It has also been fupposed that the terraces are remnants of
Iateral moraines tormed along the edges of the valley glaciers, and
consist thug partly of ground up debris aceumulated by the ice itself,
and partly of materials that rolled down the sidehills from above, and
gathered along the upper surface of the ice, As the ice retreated,
and stood at successively lower elevations, other accumulations would
tend to form, ang those left above would remain in the form of
terraces elinging to the valley walls. The most persistent and promi-
nent of the terraces would thus mark elevations at which the ice
maintained constant elevations fop exceptionally long periods,

In certain valleys where the terraces have been but poorly pre-
served it is difficult to disprove this theory. However, at points along
Becker creek (Plate X) and elsewhere, quite ektensive flat-topped
terrace acewmulations remain in the mouths of the tributaries, and
extend out flush with the edge of the walls of the master-valley, If
the terraces originated due to ice action, the ice would also have

T asmean
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WHEATON DISTRICT, YUKON TERRITORY 29
invaded the mouths of the tributaries, and the entire lower portions
of such would not now contain flat-topped accumulations.

It thus seems evident, as suggested by Nordenskjold and others,
that these terraces are dominantly, at least, lake terraces, and repre-
gent successive elevations at which the water stood- in post-glacial
time. This calls for a damming of the drainage system somewhere
along the lower Yuken river. As the terraces indicate that the period
of submergence was only brief, the damming was probably due to
accumulations of ice or other glacial materials.

Facetted Forms—The great masses of ice which occupied the
master-depressions, as mentioned above, planated the valley sides,
reducing all projecting spurs, ridges, ete.,, and bringing them into
alignment to form often quite regular walls, Since the close of the
glacial epoch, the numerous small tributary streams from the upland
have been cutting channels in these walls and enlarging the pre-
glacial incisions in them. The result is that, cut in these steeply-
inelined valley slopes are numerous V-shaped, trench-like forms,
and between these are facetted forms earved in the valley-walls,

These features arve quite pronounced along the castern side of
Corwin valley (Plate IV), at most points along Wheaton River valley
{(Plate V), and alonz all the other glaciated valleys of the district,
and represent forms produced by a combination of glaeial and post-

glacial activities.
DRAINAGE.

Wheaton river drains practically all the district; however, the
surface waters of a small portion of the extreme northwestern corner
of the area are carried into Watson river to the morth. Wheaton
river is a typical mountain stream, and is subject to rapid floods, so
that wide gravel and sand flats and bars are characteristic of its
channel. It is a fairly rapid stream with an average current of
perhaps 4 miles an hour.

The channel of the stream is entirely in glacial materials, and at
only few points along its course are rock-ledges encountered; so that
very small obstacles, such as beaver-dams, fallen trees, ete., cause the
course of the stream to be deflected. The result is, that the channel
is extremely sinuous. and deep, quiet stretches alternate with much

- more rapid ones.
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Relatively 1ittle disseetion
which floor the valley-bottom, has
Wheaton river has trenched its

of the olaeial sands, gravels, ete,,
been effected sinee thejy deposition,.

meander belt a few feet, but the
width of this depressed portion is often considerably less than that of

the valley-bottom, and so benches are left on either side. At ‘Big
Bend,” where the river comes into Corwin valley, a terrace ahont 15
foet in height marks very definitely the amonnt of this downecutting
by the river, as in Corwin valley above this point practically no dis-
section of the glacial materials has oceurred.

This terrace extends from

the western side of Corwin valley to
near its castern cdge

» and follows, in a broad curve, the general trend
of the river, keeping in most rlaces from one-fourth to one-half a
mile to the north of the stream. On approaching the eastern part of
the valley, the torrace continves parallel to the river's course, turning
to the south an continning along the enstorn side of the valley. In
places the terrace is stepped, indicating differont meander periods,
but in many cases the last of these meanders has been the greatest,
and in such instanees the terraeo appears as a single esearpnient.

In different places along Whenton River valley the stream, in

addition to sinking it2 meander belt, has had previous irregularitios

in the glacial floor to overcome, and when these have beenr disseeted,
as between (arbon and Chieftain hills, sand and gravel banks as
much as 50 feet high are ST, :

Thompson, Perking, Sehnabel

and other smaller erecks empty
into Corwin valley above * Big B

eud " of Wheaton river, but on reach-
ing the valley-bottom they flow dircetly into Annie Iake, or becorne,

to some extent, lost in the Jow swampy tundra Iving to the north and
south of it. One ereck with a decided current flows through this flat
and enters Annie lake fromn, the north, and a considerable amount of
other water reaches the lake by innumerable, small, partly under-
ground water-passages. No current 1s noticeable in the lake, but a
considerable amount of water 13 conveved from it to Wheaton river
to the south, mainly by slowly-moving Swamnp-processes. The great
amount of glacial materials has so blocked the drainage that it lias
a3 yet not become differentiated.  Wheaton river js believed to have
formerly Howed northward threugh Corwin valley, including the
portion now occupied hy Annie lake, instead of in
tion as now, and to have jnir_)eei the former
road than at present.

a southerly diree-
Yukon river by a shorter

The aceumulation of glacial material has

.
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.
caused the drainage to becowme reversed, has altered the course of
various other rivers in southern Yukon. and has produced the reversed
slopes which now contain the clnm of lakes of nlnch Lake Bennctt
and Lake Tagish are members. '

Hodnett lakes also owe their existence to the production of small
reversed slopes, caused chiefly by the deposition of placial materials.
Tundra exists over a considerable purtion of this valley-bottom, due
to the ungraded condition of the drainage.

The largest tributary of Wheaton river is Fenwick creek which
enters the pavent stream just above Carbon hill and is almost as
large as the Wheaton above the confluence. Becker creek is a much
smaller stream but is of importance on account of its length, which
is known to be over 20 miles. The ather erecks of the district, as
such, are of no particnlar individual interest, and their main charae-
teristics have been discussed in conzidering their hanging relation-
ships to the master-streams.

CLIMATE,

The climate of Yokow has heen, in the past, and by many people
still is, greatly misunderstood. In faet, until recently this territory
has been popularly believed to be a region extremely diffieult of
access, and covered by almost perpetual snow mwd iee. Winter photo-

_graphs, sensational newspaper deseriptions of the Chilcoot pass and

the building of the White Pass and Yuken railway, and stories,
generally exaggerateld, of the privations sufféered by those who joined
in the early rush to the Klondike, are mainly responsible for these
opinions. It is certainly true, that from 1904 to 1808, when the
influg to Dawson was at its height, great hardships were endured
and many lives were lnst. but when it is remembered that the majority
of the gold-seekers were accustomed neither to a mountainous region
nor to encounter diffculties in northern latitudes: that prospectors
frequently set out on their quest with ouly the vaguest notion of the
route to be traversed; that the route chosen was often the worst
possible under 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 com-
paratively little. -

Now, since the White Pass and Yuken railway has been con-
structed over the White PPasz summit. and lines of steamers have
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.

been placed on the lakes and Yukon river, the district has come to
" . be better known and information concerning it is moroe wide-spread,

The climate of southern Yukon is, during the summer, particu-
larly delightful. On account of the northern latitude, there is almost
continuous daylight during June and July; and for five months
typical warm summer weather is experienced. The amount of rain
varies widely in different loealitios, aceording to their elevations and
proximity to mountain ranges,

Since Wheaton district is rather high and borders the (Coast
range, the rainfall here iz considerable. During the past four years
there has been, on an average, more or less rain on 10 days in
each month, from May 1 to October 1. During the same periods
rains were of rare occurrcnce and the climate semi-arid along Yukon
valley, to the north.

Plant growth along the lowlands of southern Yukon is luxuriant
and extremely rapid. The growing season seems short in number
of days, but when the length of time the sun remains above the
horizon, and the consequent increase in the number of hours of
insolation is considered, thiz will not appear so remarkable.

- The rivers generally open carly in May, but the ice remains until
the first week in June on some of the lukes. Slack water stretches
freeze over any time after the middle of October, but in some yoars
the rivers remain open until well on in Noveniber,

The climate of Wheaton district is similar to that of many parts
of Dritish Columbia and otlier northerly, Lut prosperous, mining
camps; and few more difliculties have to be met there in actual
mining operations than in localities farther south. At least six
months in each year are suitable for surface working and for the
necessary outsido operations contingent on mining and similar indus-
tries. Further, during part of the summer months, work can be
continued by night almost as well as by day without the aid of arti-
ficial light. The ground is continually frozen to varying depths, but
this does not interfere with mining operations, except while being
conducted at or near the surfaca.

The following table of temperatures is compiled from the Mete-
orological register kept by Mr. Perey Reid, Mining Recorder, who was
stationed at Conrad from January 1, 1907, to March 1, 1908, and has
sinco been at (‘arcrosz, Both Conrad and Carecross are situated in
southern Yukon near the southeastern corner of Wheaton district :—

i
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E FLORN AND FAUNA.
Wheaton  district, as a whole, is but sparsely  forested.
Trees are chiefly found in the valley bottoms, but in many places &
they extend up the hillsides to an elevation of 4,000 feet® above sea-
level, where they begin to deerease, and in 200 to 300 feet more have
ceased completely. By fur the greater amount of timber occurs in
the valleys traversed by Wheaton river, including the wide depres- :
. sion in which Annie lake occurs. and which is the northerly exten-

!The valley of Wheaton river, nt Big Bend, is about 2,600 feet, and between Car-
bon and Chieftain hills it is 3,400 feet. above sea-level,
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sion of the vallex that cantains the lower reaches of the river, The
valleys of the Jarger crecks such as Fenwick, Thompson, Summit,
Becker, and Partridge creeks, alzo econtain considerable timber, and

a small amount exjsts on game of the sniall streams such as Schnabel,

Prawson-Charlie, anil Van Summers erecks, - All the upper slopes ani!

the entire platearn surface, with the oceasional peaks rising above it,
are bare.

There exists in the districet, however, a plentiful supply of timber

for all mining Purposes for many vears to veme; and for those
¢laims located on the higher elevations it can generally be obtained
in the nearest valler, bhut iz everywhere
wiaferways, -

Tho forest of the districet consists chiefly of cleven species, ecight
of which attain the dineensionz of trees: the others are possibly
hotter considered as shrubs. These are the white spruce (Piceq alba),
black spruce (Piceq Nimra), balsame fip (Aliee subalpina), black pine

(Linus Iurvnnnay, balsam fip (Lopilus Lalswiniferay, W. balsam

poplar (Pomilus trichocarpa), aspen poplar (Populus tremuloides),
white bireh (Jtefulq Alaskana)

cdwarf hireh (Zefulg glandulosa), and
two species of willyws (Nalir),

present along the main

Of these, the white spruce 1s the most widely distributed
most useful tree, an grows at all elevationx up o timbe
Lest groves are generally found on the river tlats
along the lower slopes of the ridges,
well grown,  Individuals

and
r line. The
and in depressions
where it oceurs straight and
are not generally hareor than 12 inches in

diameter, 3 feet from the ground, but specimens with 24 ineh stumps

were noticed.  This tree furnishes strong. casily worked timber, and

is well suited to the uzual mining needs, and purposes of constructinn
generally.

Balsam fir is next in importance to

the white fpriuce and alse
supplies a fair grade of timher,

Specimens wepe noted having 12 ¢,
I4 ineh stumps, hut the average of the larger individuals does not
generally exeeed 10 inches iy, diameter, 3 foer above the ground, Trees
of this varioty are often quite plentiful on the mountain slopes, an
appear to thrive best at 200 or 500 feet below timher line, decreasing
in size above and helpw this elevation. )

The black spruce occurs in some places azzociated with the white
spruce, but rarelv attainsz 5 workable size, Tlaclk pine is ocecasionally
found either interspersad with the spricee or forngy e separate groves,
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and generally grows on sauey benehes along the main streams, Trees
of this variety rarels lave in this district more than a 10 inch
stump, and they supply o timber that js uot 2o strong or durable as
that of the white spruee,

The white birch oceurs very rarely, and is nover of large size. The
poplars ave relatively plentiful, and grow chietly along the alluvial
flats of the main vallers and are seen [n all stages of growth from
sl shrubs to g considerable forest free < to 10 inches in diameter,
The aspeu are found over a cunsidernble portion of the valleys and
on the majority of “the hillsides up to timber line. The poplar and
aspen make good fuel, It arve too soft and irregular in form to be of
use for evustructional purpozes,

Willows and dwart hireh represent the principal shrubs of the
district. The former oo quite plentiful i the vallers, but do not
estend far above the lovel of the lavger stream<. The dwarf birch
oceurs chiefly in the hisley vitllers along the upper slopes, above
timber line proper; and iy fume places extends to the main plateau
level. This sheub forn- i undergrowth 2 1o 4 feet high in many
lvealities, so dense that to walk througl it beeomes extremely tire-
sone,

Several varieties of wild fruits were noted in this district. Of
these, crow or heather borrjes (Empetrum niurum), high-bush erai-
berries (I"tburnum panciflorum), and low-busl, cranberries (Vaecin-
tum Ozyecoceus) were quite plentiful in places; and Llack currants
(Ribes udsonionim), ved currants (Libes robrum), roosceberries
(Ribes lacustrio), blueberries (Paccinium), strawberrios (Fragaria
cuneifolia), raspberries (J2nbus sirigosus), and Saskatoon berries
{dmelanchier florida) were noted.

Until within the Past two or three years Wheaton distrief
abounded in several varietios of big game, inchiding Innose, caribou,
sheep, and bLear, and fow places in North Ameriea would have been
more attractive to sport-loving hunters. Since 1906, however, the
prospectors and ather< frequenting the diztrict have killed great
numbers of the larger anintls, and those remaining have been to a
considerable extent driven back to the western and northwestern
vortion of the area and the adjoining territory, where, however, they
are still to be found in areat numbers.  Fresh, well-worn runways are

everywhere to he <een theaughont the distriet,
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Moose, and sheep (Ovis dalli), as well as blaek, brown, and grizzly
bear are still fairly plentiful, but caribou (Osborn’s cariboun, Rangifer
osborni) are less often scen, having mostly migrated to the adjoining
country to the northwest. Wolves, wolverine, beaver, otter, martin,
and Iynx are common, and red, eross, silver, and even black foxes are
occasionally to be found. Ptarmigan are exceedingly plentiful and
three varieties were noted: the rock ptarmigan (Lagopus rupestris),
and white-tailed ptarmigan (Lagopirs Teururus) arve found above
timber line, and during the summer utonths live mainly on the
highest, often snow-capped, summits; the willow ptarmigan (Lagopus
lagopus) live du.ring the suimmer months at about timber line, Blue
grouse or Richardson erouse (Dendragopus Richardsonii), fool hens
or Franklin grouse (¢'anarhitos franklinil), willow grouse or Oregon
ruffed grouse (Bonasa umbellus sabin t) are fairly plentiful, and ocea-
sional prairie chicken or northern sharp-tailed grousze (Pedigecetes
phasianellus) wers also secu: these live mainly in the timber and
preferably in the valley flats.  Rabhite, abundant a few years ago,
were during 1909 extremely searce.

The streams are generally fairly well sopplied with fish, cf}ieﬂy
greyling (Thymallus signifer); and in the lakes in this and the
adjoining distriets lnke trout (Solvelijis Namayewshy and whitefish
(Coregonus Nelsoni) abound,
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GENERAL GEOLOGY.
GENERATL STATEMENT.
REGION AL,

As stated in the portion of this report dealing with topography, -
the physiographie provinees of Yukon territory are continuous with
those in northern Briti<h Colurabia to the southeast, and with those
of Alaska to the west, and follow in a general way the trend of the
Pacifie cnast line (Diag. 2). As topographic features are, to a
certain degree, often expres<sions of the bed-rock structure and com-
position, it wight be expected that in all probability the same general
geological horizons which vompose the cordillera in Dritish Columbia
might extend through Yukon and Alaska, and, to a lnited extent,
thix has been found to be tre

Dr. G M. Dawson* has shown that there is a certain coutinuity

and lithologic uniformity along the. strike of some of the geologie
terranes in the Cordilleran belt in British Columbija. In addition, g
geological map of western Canada,” which has been published by the
Geologieal Survey, Canada, largely from the results of the work of
Dr. Dawson and Mr. R. G. MeConnell, also shows that the distribu-
tion of the more important geological features exhibits, in a broad
way, a marked parallelism, and agrees roughly with the main physio-
graphic features. Mr. .\, IT. Brooks?3 has further shown that this,
to some degree, holds true in Alaska, although not to the same extent
as farther to the southeast. and that certain of the larger geologic
features extend through British Columbia, Yukon, and Alaska. In
Yukon, this persistency of ceologic terranes, and their parallelism
to the strike of the physiographie provinees, are only apparent when
a broad tract is considered, and are most evident when the entire
territory is viewed, including the Cnastal. and Rocky Moun-
tain systems.

*'Geological record of the Raeks Mountain region, Can."": Bull. Clenl. Soc.,
Ameriea, Vol, 12, p, 60,

*Cieol, Map of the Dominion of ¢ nada, Western sheet, No. 783, Geol. Rurv,,Can.

**The Geography and Geology of Alaska’: Prof, Paper, No. 43, U 8, Geol, Sury.,
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FFor the purpose of the present discussion, viz, the elucidution
of the relationships of the geologie formations gnd structures of
Wheaten district to these of the broader geologic features of which
they form u part. a consideration only of those terranes in the south-
western part of Yukou_ is necessary. The extreme southwestern part
of Yukon territory includes a portion of St. Elias range (Diag. 2),
which scems< to he huilt up of complexly folded sedimentaries,
probably chictly Palivozoie, together with many intrusives.! This
terrane is situated far to the =outhwost of Wheaton district, however,
and possesses a history and structure so dissinmilar to the latter, that
it will not be further considered in this report. The geology of only
the northern part of the Coast range, and the southwestern part of
the Yukon platean (Ding. 2) will Yo deseribed,

The Coast ranee eonsiste of an ignenus complex of granitice
rocks intruded mainly as a areat hathalitie mazz over 1,000 miles
long, that reachies From sonth of thee 1010 ta nearly 100 ariles north

of the 6oth parallel (the British Columhia and Yukon boundary).

This bathoelith exrends along the western partion of Wheaton district,

and is the one really prominent aeologie featnre in the southwestern
portion of Yukon that hys auy marked teend parallel to the coust
line and to the main physivgraphic provinees of the distriet. In fact
the main geologic belt of these granitic rocks is also practically the
Coast Range topographic provinee, although in

places marginal
portions  of the<e  rocks have  heen planated

and  extend out
into the  Yukorn plateav. A\ number of irregular detached]
areas of the granitic materinls nlzo oceur well within the platean
provinee, |

The formutions composing  the Yukon Plateau provinee of

northern British Columbia and southern Yukon, show in only a few

with the topographie terranes, but
instead are generally  very irregularly distributed throughout the
district.  Only 2 fow areas in the southwestern part of Y
been mapped or at all clozels studied, so that tlie geological informa-
tion concerning this district i very incomplete, Still, the general
of the geological
columun iz fairly well Knewn, and the geologie formations have been
disecovered to ranae in age from lower Palieazoie op older, to Receunt.
The most aucient raeks consist of A series of pre-Devonian schists,

ukon have

distribution of some of the Targer subdivisions

Op. cit., p. 250
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gnelsses, and limestones, which have suffered intense dynamic-
metamorphism, and represent rocks of both sedimentary and igneous
origin. These are chiefly, or entirely, of lower Paleozoic age, but
some members may possibly be Pre-Cambrian; they form small,
isolated outcrops, which generally occur along the eastern margin of
the Coast Range batholith.

The sedimentary rocks of the southwestern part of the Yukon
plateay, with the exception of those included in the old metamorphiec
groups, can be divided into three classes: those of Palweozoie, those
of Mesozoic, and those of Quaternhry age. The igneous rocks com-
prise both intrusive and extrusive members, and have an age-range
from approximately upper Palwozoie to Recent.

The Palwozoic sediments consist of a series several thousand
feet thick, of Devono-Carboniferous * limestones, cherts, slates,
quartzites, ete. The lower members, probably of Devonian age,
appear to be chietly quartzites, slates, and cherts, with some limestone
bands, whereas the Carboniferous beds are principally heavy-bedded
limestones. The Devonian (%) rocks are nowhere very prominent, and
have been recognized in only a few localities; but the Carboniferouns
limestones form lmportant ranges, in some instances, having a
decided northwesterly trend parallel to that of the Coast range to the
west.  One such range borders the Lewes river chiefly along the
eastern side from its headwaters, northwestward for a distance of
over 100 miles. '

The Mesozoic sediments consist of conformable series of con-
glomerates, sandstones, arkoses, shales, tuffs, and breceias, of Jura-
Cretaceous age. These are, in places, as much as 6,000 feet thick, and
cover extensive tracts in the southern portion of Yukon, and toward
the north gradually increase in extent and relative importance ag the
voleanies decrease,

The Quaternary deposits consist of Pleistocene and Recent
members which are lithologically nearly identical, and in somse .
instances grade into each other, Geological studies have, in most

!Dr. G, M. Dawson collected Fusilinae from the limestones which extend along
the east side of Windy arm, showing them to be Carboniferous. . The quartzites,
slates, and cherts lie beneath the Fusilinae horizon, Dawson, on lithologieal and
paleontological grounds, also correlated these limestones, quartzites, etc., with the
Devono-Carboniferous Cache Creek series of British Columbia. Seo:—

Dawson, G. M.—Rep. of Prog., Geol Surv,, Can., 1876-77, pp. 55-58.

1%1_1;;}0:1, G. M.—Ann, Rept., Geol. Surv., Can., Vol. 111, Pt. B, 1887-88,
pp. 17 .

Dawson, G. M.—Ann. Rept., Geol Surv., Can., Vol. VI1I, Pi. B, 1894, pp. 37-49,

22286—3
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rlaces, not proceedod o an extent to allow of their differentiation,
'The Pleistocene aceumulations consist of unronsolidated gravels,
sandsd, silts, and till, considerable thicknesses of 'which occur in gll
the larger valleys of southern Yukon. The Recent materials consist
of fluvial and littora] sands, gravels, and silts of the present water-
ways, ground-ice, peat, muck, voleanic ash, and soil, which compose
a thin mantle that covers the greater part of the entire distriet,

The ‘most extensive series of intrusives are the Coast Range
granitie rocks whicl, comprise an igneous complex chiefly of granites,
grano-diorites, and diorites which in addition to composing the Coast
Range batholith also oceur as outlying stocks in the plateau-region
to the east and north, They are believed to have been intruded in
late Jurassic time, and constitute possibly the most prominent
geologic feature of southwestern Yukon. A few small areas of
prroxenite and amphibolite also oceur in southern Yukon, which are
believed to have been injected in pre-Jurassic time. In addition,
during the Tertiary & number of dykes and stocks of granite, and
syenite-porphyry, which constitute the Klusha series, have invaded
the older formations. These porphyries, pyroxenites, amphikolites,
and Coast Range intrusives, are the only intrusive rocks known to
exist in southern Yukon that are not accompanied by flows and tufa.
ceous accumulations, All the voleanies occur to a limited extent as
dykes, but they occur prevailingly as extrusives,

The extrusives are of wvarious trpes and ages. The oldest
members consist of a series of andesites, and andesitic tuffs, con-
cerning the age of which it is only known that -they are older than
the Jurassic Coast Range intrusives, and newer than the lower
Palzozoic ntetamorphic rocks. They are loeally of considerable
extent, particularly in the extreme southern portion of Yukon terri-
tory. More recent than these, is an extensive series of andesites,
andesitic tuffs, and related voleanic breceias, which are contempo-

"faneous with and newer than the Jura-Cretaceous sediments, and

older than the more recent voleanies. In addition to these, some late
Tertiary or Pleistocens basalts have oceurred as extensive flows in
certain portions of the territory. One such oceurrence forms the

walls of the well known Miles canyon near Whitehorse. The most

recent estrusives consist of a series of rhyolites which have pierced
the older rocks, and poured over the country in places, generally in
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. mashed basic voleanjos gneizsoid quartzites,

~only small, isolated outernps th
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sheets 50 feet or less in thickness, and are accompanied by great
quantities of tuffs and hreceias, :

LOCAL.:

Representatives of al] the different groups, series, or other divi-
sions of rocks, which have just been described as occurring in the
southwestern portion of Yukon territory,? are to be found in Wheaton
district, except the limestones, quartzites, cherts, slates, ete.,, of
Devono-Carboniferous age. The geology of the district is compli-
cated and Intricate, by reason of the diversity in age and character
of the various formations oceurring within its boundaries. The
rocks include pre-Devonian schists, gneisses, ani limestones; probably
Devonian andesites, and andesitic tuffs; Jurassic granitic intrusives;r
Jura-Cretaceous conglomerates, sandstones, shales, arkoses, and tuffs;
andesites and tuffs of late Mesozoie, or early Tertiary age; Tertiary
basalts and breccias; anid Quaternary sands, gravels, stlts, till, peat,
ground-ice, volcanije ash. muck, ete.

The oldest known rocks occurring in the district ay

¢ included in
the Mt. Stevens group, and are chiefly sericite and ch

lorite schists,
hornblende-gneisses, and
alities, but generally formn

at represent parts of the walls divid-
ing subjacent portions of the Jurassic granitic batholith,

remnants of the roof of, and inclusions in, this igneous mass,

The sericitic and chloritic rocks are generally soft and friable,
range in colour from pale greyish-yellow to dark g‘reen,-‘
textured, and generally highly fssile. The mashed eruptives present
the appearance of laminated basic andesites, are dark green in colour,
generally fine-grained, and, although decidedly schistose, are rarely
fissile, but in most eases break into irregular fragments. The quartz-
ites are generally white iy colour, have a typical gneissoid structure,
and may be finely and evenly textured and, when so characterized,
are generally greyish in colour; in other places, however, as on

=y

limestones. They oceur in a number of loe

or are

are fine-

WWhat follows under this heading containg in eondensed form  the main faetsiof
the general geology of Whenran district, nnd is written: particularly for thoge
readers who do not wish to follow the detaiis of the geology, but rather wish to obtain
in a few pages the main points concerning this subjeet, and so be in g position to turn
at once to the chapter on economic geology,

"Where in this report, the southwestern portion of Yukon territory ig mentioned,
it is intended, unless otherwise stated, to exclude the small portion of St. Elias
range which occurs in the exireme southwestern portion of the territory, since it
possesses no immediate interest in the discussion of Wheaton distriet, :

22286—3}%
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Tally-1Io mountain, they are very course. Lhere the colour varies
greatly, depending upon the amount of lLornblende present, Whlch
mineral occurs prevailingly in small distributed masses often over

|

TR Ty

an inch long and resembling crushed phenoerysts. In places, the :
[ hornblende coustitutes the greater part of the rock, in others the ;
1 lighter coloured constituents, chiefly the feldspars and quartz, pre- .
il dominate. The limestones occur intimately associated with the 3
‘ schistose members, and have an aggregate thickness on Mt. Stevens, —
SF where they are most extensive, of approximately 700 feet. They -

occur in heéavy, massive beds, and vary from white to bluish, and
o1 from erystalline to suberystalline.
All the members of the Mt. Stevens group suffered prolonged
- B dynamic metamorphism, were much disturbed and plicated, and
' afterwards were subjected to a long period of erosion, concerning
which very little is known. During this erosive interval andesites,
andesitic tuffs, and pyroxenites of the Perkins group, invaded the
1 Alt, Stevens members and buried them in places under considerable
thickness of lava and tufaceous materials. -
o In the castern part of Wheaton district the rocks of the Perkins
? group are of considerable prominence and extent, and are generally
found associated with the Mt. Stevens rocks, and adjoining the
Jurassic granitic members. The andesites are invariably dark green
to almost black in colour, are fine-textured, and generally extremely
hard and brittle. The pyroxenites are dark green to dark brown
holocrystalline rocks, are often coarsely crystalline, and consist
, , chiefly of augite. ' | '
i The Coast Range granitic batholith intruded itself into these o
; { older formations in, it is thought, late Jurassic time. This batholith,
which is over 1,000 miles long, reaching from south of the 49th -
4 parallel to a point over 30 miles north of the northern edge of
Whenton district, extends completely across the western portion
of this area. Thus by far the greater portion of the rock outcrops
I of the western part of the district are of, these.granitic materials,
' ’ ‘ and where these do not actually outcrop they, in most places, are
believed to underlie the rocks which are exposed at the surface.” It
will thus be seen that the formation composing this batholith is the _
most prominent and extensive one in the district. The rocks com-
posing it consist of an igneous complex of granites, grano-diorites,
and diorites, which are generally fresh and unaltered in appearance,
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WHEATON DISTRICT, YUKON TERRITORY Tl
and predominantly greyish in colour. In places thay are quite por-
phyritie, and contain feldspar phenoerysts 13 to 2 inches long. The
greater number of the mineral-bearing quartz-veins of the district
oceur in this formation,

At the close of the Jurassic dynamic revolution, during which
this Coast Range batholith was intruded, the entire Wheaton
district was above the sea, and a short period of erosion ensued. This
was followed by a far-reaching period of depression in Jura-Creta-
ceous times, which continued until the entire distriot was submerged.

The sedimentary accumulations of this Jura-Cretaceous period
in Wheaton district consist chiefly of tuffs, arkoses, conglomerates,
sandstones, and shales. These members embrace the Tantalus con-
glomerates, and Laberge series, which together are as much as 5,000
feet to 6,000 feet thick at certain points along Wheaton river. The
Laberge series consists prevailingly of medium-textured, greenish-
grey, heavily-bedded tuffs and arkoses, which frequentiy alternate
with fine-grained shales and slates, and some sandstone beds. This
series also contains some conglomerates, the component pebbles of
which are chiefly of voleanie materials, are sometimes as much as
6 inches in diameter, and are generally firmmly cemented together to
form. a firm, durable rock. ' The Tantalus conglomerates overlie the
Laberge beds, have an aggregate maximum thickness in the district
of about 1,800 feet, and consist chiefly .of heavy, massive beds of
conglomerate, the pebbles of which consist entirely of quartz, chert,
and slate. Associated with these conglomerates are some sandstone
and shale beds which contain a number of coal-seams. -

During the time these Tantalus and Laberge beds were being
laid down, vuleanism again became active, and great quantities of
ashes and brecciated materials of an andestitic character, were
deposited with the normal sediments. Andesitic flows were also

formed, apparently during the period of deposition. A dynamic
revolution terminated the Jura-Cretaceous period of sedimentation,
and at the close of this disturbance the entire district was above the
sea. Degradation again became active, and a long period of erosion
commenced and econtinued until a nearly base-levelled surface
resulted. This was followed by uplift and dissection as described
under ‘ Historical Geology.’ o

Vulcanism persisted during, and continued for a considerable
time after, the Jura-Cretaceous upheaval; dykes pierced the gedi-
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ments, and great masses of :lllt]t*.\'it(‘.‘slﬂlltl tufnceous materials huried
them deeply in numerous placess The andesitic materials of this
period, which in Wheaton distriet are named the Chieftain
Hill voleanies, consist chiefly of mica-, hornblende-, and augite-ande-
sites, and andesitie tuffs and breceias, and vary from mica-andesites
with 2 generally arer. to reddish groundmass in which are well-
defined plagioclase ang biotite phenoerysts, to finely textured, aphani-
tie, dark grecn augite-andesites with correspending tufaceous types.
Subsequent to the Jura-Cretaceous disturbance the distriet was
subjected to at least three voleanie invasions. As a result of the
first period of voleanie activify, 2 series of basalt dykes, belonging to
the Carmack basalts, pierced the older rocks in a few places, In
other parts of Yukon territory, these basalts formed extensive flows,
as well as great accumulations of basalt tuffs. About the same
time, also, the IKlusha Intrusives, consisting of numerous dykes of
granite-p01-1)113-1'5*, cut the older formrations in numerous places.
These, 'typi'ally, are light grey, coarsely ecrystalline rocks, - More
recent than the Carmack basalt dykes are the Wheaton River vol-
eanics, consisting of rhyolites, tuffs, and breccias, which oceur as
dykes cutting the basalts, and also as extensive flows and acecumu-
lations of breceiq, The Wheaton River rocks appear to be related
to the Ilusha granite-porphyries, and may have been synchronons
with them, but deﬁni_te data on this point were not obtained,
During Pleistocene time the mountains to the west and south of
Wheaton distriet became gathering grounds for glaciers, and
huge tongues of ice came down from them and occupied the valleys
of Wheaton river and its main tributaries,
deepened and widened by iee-action, and considerable thicknesses of
morainal and other glacial accumulations were deposited on the floors
and along the lower portions of the walls of these valleys, The
channels of the present streams are sti]l entirely in these glacial
gravels, sands, silts, ete., suflicient time Lhaving not yet elapsed for
the waters to remove them. Ir fact, sucl enormous quantities of
these materials were deposited in some of " the pre-glacial master
waterways, that the streams have been entirel
siderable stretehies of these depress

These depressions were

¥ diverted from con-

ions, with the result that in such
places no transporting action has as yot commenced,

Overlring these Pleistocene deposits

are the Recent accumula-
tions, composed of fluvial and littoral

sands, gravels, and silts of the
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aY )
' present waterways, pround-jee, mueck, voleanie ash, and soil.  The

O voleanic ash, which has boeg deseribed in practieally all reports on
-~ 7"' any portion of southern Yukon. is a notable feature, and consists of
g 7 a single, extreme!s evenly distributed and wide-spread Iayer, which is
O 3 to 6 iuches thick along Wheaton river, and is evidently'due to

one continuous, but short, outburst of voleanie activity. Tt is more
' recent than the silts—the most of the recent glacial deposits; in
L. fact it is almost at the very surface, and the grass-roots extend down
, "] i into it.
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DETAILED DESCRIPTIONS OF FORMATIONS.

Mount Stevens Group.
DISTRIBUTION,

The rocks of the JMt. Stevens group occur chiefly in a single,
northwesterly-trending belt which is from one-half to slightly over a
mile in width, is about 10 miles long, and extends from the southern
edge of Tally-Ilo miountain to the northern side of ALt Hodnett.
On Mineral hill, just to the north of this belt, is a small area, and to
the south of the belt are two important occurrences on Mt. Stevens
and Dickson hill. The Mt, Stevens area is about 8,000 feet long by
3,000 feet wide, while that on Dickson hill is oblong in form, and of
about one-third this extent, In addition, ten other smal] occurrences
of these rocks have been indicated on the map; they range in size
from 300 or 400 feet in diameter to nearly a mile long. The largest
and most important of these forms a part of the top and northern
face of a small ridge which faces Wheaton river from the south, and
lies just west of Becker creck; it iz about a mile long, and in places
may be nearly as wile. Also four small areas oecur on Mt. Ander-
son, and in addition one occurs on Big Bend mountain, one on John-
son hill, one on the adjoining mountain to the west, and one on the
extreme northeast corner of Chieftain hill Other smaller areas were
noted in several places, but are too small to be shown on the map.

As discussed in more detail below, this series consists of a
number of members which differ widely, not only in general appear-
ance and mineralogical and chemical composition, but also in age.
They are all, howerer, old and extremely altered, unlike any other
rocks in the distriet, and have been metamorphosed and subsequently
eroded to such an extent that their mode of origin has been almost
completely obscured.

The rocks on Mt. Stevens sre of considerable importance on
account of the mineral-bearing quartz-veins they contain, and
consist mainly of chlorite-, sericite-, and greenstone-schists. The
members on Dickson hill are all. hornblende-gneisses, while
those on Tally-Ho mountain are hornblende-gneisse’s, gréenstone-
schists, and limestones. The gneisses occupy the northwestern
portion of the area, while the limestones ocour mainly in a single belt
up to 700 feet wide, which extends from about the centre of the
northern portion, and thence crosses Wheaton river, and appears
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again on the opposite side. The other nmembers of this series on
Tally-Ho mountain are greenstone-schists which comprise the rock
formation of most of the eastern and southern portion of the area.
The long, narrow belt running from Wheaton river to Mt. Hodnett
is composed almost entirely of greenstone schists with occasional
thin, intercalated limestone bands, generally less than 10 feet in
thickness. On Gold hill, however, some sericitic qua:ftz'ites were
found associated with other members, The area on the ridge to the
west of Becker creek consists entirely of hornblende-gneisses, while
the occurrences in Mt.:hulerson consist chiefly of greenstone-schists,
but include also some gneissoid quartzites, The members of the Mt.
Stevens series on Johnson hill are mainly gneissoid quartzites, and
those on the adjoining hill to the west, on Chieftain hill, Big Bend
mountain, and on Mineral hill are mainly greenstone-schists.

LITHHOLOGICAI, CHARACTERS.

The members of the Mt. Stevens group consist mainly of seri-

- eite-schists, chlorite-schists, greenstone-schists, sericitic quartzites,

gneissoid quartzites, hornblende-gneiss, and limestone.

Sericite-schists.~—The sericite-schists are light grey, soft, friable,
.generally fissile rocks which have prevailingly a bright and glistening
appedarance, due to the great amount of mica they contain. They
cleave readily along their foliation-planes, and large plates one-eighth
to one-fourth of an inch in thickness are readily. obtainable. In
places these schists contain considerable iron-ore which oxidizes and
gives them a decidedly reddish colour. ‘

Under the microscope, these rocks are seen to consist mainly of
quartz and sericite, but contain also some orthoclase, plagioclase, and
secondary calcite. The original feldspars have been for the greater
part alkali feldspars and have been largely replaced mainly by seri-
cite and to some extent also by caleite. A few distinet breccia-frag-
ments were noted both megascopically and microscopically, but these
are generally small. The rocks appear to have been rhyolite-breceias
that have been mashed and transformed into sericite-schists.

Chlorite-schists.—The chlorite-schists are pale to dark greenish,
soft, friable, fissile rocks often having a decidedly smooth, soapy feel,
and a bright, somewhat silky appearance. They generally break
readily along their.foliation-planes, and produce a talus composed of
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thin plates. They occasionally have a reddish cast due to the presence
I of a certain amount of limonite. .
Mieroscopically, these rocks seem to be composed chiefly of cal-
! cite and chlorite, aud it is the ehlorite that gives the green colour to
the schists. A cousiderable amount of iron ore is present in places.
The rocks are of unknown origin, but the great amount of caleite
and the entire lack of quartz indicate that they are derived from
somewhat basic materials that have been metamorphosed to produce
aEs ' - the calciferous chlorite-sehists at present existing.

A Greenstone-schists.—The term, greenstone-schists, has been
; adopted as a convenient field-name to include all schistose materials
"~ . ® that have the appearance of mashed, dinbases, andesites, and ralated
. rocks. These in no way resemble the sericite-, and chlorite-schists,
quartzites, gneisses, ete,, and form a distinet class of rocks, Miecro-
scopically, they are seen to have had various origins, and to hava
considernbly difforent eompoxitions, nevertheless they resemble each
other mueh more than they do any of the other members of the M¢t,
Stevens group, and the various members of the greenstone-schists
are so intimately associated that in the field it was often found
impossible to separate them.

Megascopically, they are fine to medium textured, greenish rocks
that have an andesitic or diabase-like appearance, and are prevailingly
firm and compact. They have always a laminated structure, but are
never fissile, and may or may not cleave along their foliation-planes,
but generally break into sharp, angular fragments.

Under the microscope several types are distinguishable, The
greenstone-schists of Mt, Stevens appear to be mashed andesites, and
consist chiefly of plagioclase, a small amount of quartz, considerable
fibrous chlorite, some caleite, and accessory iron ores. Distinet
remains of g holoerystalline, porphyritic texture are preserved, in
which large plagioclase phenoerysts have been prominent. Fine
particles of magnetite are also liberally peppered through the ground-
mass of the original rock. g

The greenstone-sehists of Hodnett mountain have also a holo-
f ' crystalline porpliyritic texture, but are prevailingly somewhat coarser
textured than the members of the class seen elsewhere. Large par-
J ticles of augite and plagioclase oceur, as well as considerable amounts
S;i . of zoisite, chlorite, and accessory iron ores. The rocks are decidedly
s . mashed basic volianies, and appear to have originally heen andesites,
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On Tally-ITo mountain two tvpes of these greenstone-schists wors
noted, both of which are finely textured and thinly laminated. The
first class are sheared, epidotized, sericitic rocks which are extremely
altered. DBetwoen metamorphosed bands of the original materials,
lnyors and veinlets of secondary quartz have heen introduced to such
an extent that they comprize a considerable portion of the rock. The
rock-bands consist chiefly of plagioclase, augite, and secondary seri-
cite, chlorite, and caleite, and indicate that the primary material was
of the nature of a basalt or augite-andesite.

The second type of these Tally-Io Mountain greenstone-schists
may be closely related to the first, but contains much less sericite and
more calcite, and, lacks the secondary quartz veinlets, ete. The speci-
mens examined are entirely composed of secondary materials which
are mainly epidote and chlorite, with some calejte and limonite.
Remnants of a porphyritic structure are distinetly préserved, and
the rocks are of basic voleanic origin, so, possibly, have been derived
from augite-andesites or a basalt, but in their present condition may
only be described as sheared, epidotized, caleiferous rocks.

Sericitic Quartzites—On Gold hill are some generally dark
greenish, fine grained, closely foliated rocks which only occasionally
cleave along their planes of schistosity, and prevailingly break into
angular fragments, .

An examination of thin sections of these, shows them to be schis-
tose, sericitic quartzites grading into silicified slates or rocks origin-
ally containing much argillaceous material, but which have, by
mashing or shearing, received their schistose strueture, The speci-
mens exainined are all decidedly of sedimentary origin, and the

banding, in some cases, appears to be due to bedding, rather than to
shearing or mashing,

Gueissoid Quartzites.—Near the summit of MM, Anderson bands
of quartzites o\ccur, which in places are coloured reddish by limonite,
but are otherwise light grerish to almost white in colour. These
rocks have a fine, gneissoid structure, and, megaseopically, appear to
consist cutirely of quartz. Mieroscopically, they are scen to consist
chielly of irregularly shaped quartz-grains, iflfcrgrox\’n with which
are some of feldspar that are much altered to sericite, and, there-
fore, were originally alkalj feldspar. A few grains of plagioclase
also occur but are mainly transformed to caleito, Nunterous shreds
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of brown bliotite al<n were found, nz well as accessory zircon and
magnetite, , :

Hornblende—gnm's.w-.e.——ﬂornh]enrle-_r_*neisses occur in two locali-
ties as mentioned ahove, namely, on the northwestern portion of
Tally-Ho mountain, and on g ridge lving to the west of Becker creek
and facing Wheaton river, The rocks differ considerably in appear-
ance and composition in these two places,

The Tally-1Io Mauntain members are conreely-toxtured rocks, and
vary in appearance from varieties consisting chiefly of quartz and
feldspar, in which masses of hornblende up to an inch in length
oceur, to others that consist mainly of hornblende in which feldspar
erystals up to an inch in length are cmbedded. The rocks may thus
have a very dark or a moderately light mottled appearance, and have
everywhere a decided gneissoid struecture.

Miecroscopically, these rocks are seen to be composed mainly of
relatively varying, but not always important, amounts of plagioclase,
quartz, and hornblemnde, Augite alzo is generally present, and some
of the hornblende, at least, has been derived from this mineral. In
addition, large idiomorphic erystals of apatite are generally present,
and magnetite in idiemorphie forms oceurs plentifully, Where any
considerable amount of feldspar and quartz is present, these minerals
have always a typical conzertal arrangement, and are always in allo-
triomorphic grains. The hornblende has rarely idiomorphic outlines.
The rocks have been subjected to great pressure and are much erushed
and broken, and originated from some basic igneous rock, probably
of the gabbro type. i ' .

The hornblende-gneisses that oceur on the ridge to the west of
Becker creek, and in which the contact-metamorphic ore-deposits on
the Fleming claim occur, are finely textured, light greyish rocks that
have a gneissoid structure and the general appearance of crushed,
fine-grained grano-diorites,

Under the microscope, they are seen to consist of plagioclase,
quartz, and common green hornblende, in about equal amounts.
These rocks are, in places, much altered to calcite due to the altera-
tion of the plagioelase, Secondary chlorite also oceurs, These

gneisses have been derived from some deep-seated, igneous rock,

apparently from a lime-rich granite or a quartz-monzonite,

Limestone.—The limestones vary from white to light bluish, and
from suberystalline to crystalline, and can generally be distinguished

R
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for long distances on account of their light colour. In places they
are somewhat argillaceous, but mere frequently are siliceous in com-
position, due to metamorphism, They generally oceur in heavy
massive beds, but in some places, where considerable admixtures of
argillaceous matter occur, ther hecome somewhat flaggy.

STRUCTURAL RELATIONS.

All of these schists, gueissez, and guartzites of the Mt Stevens
group are much folded, br'okon, and distorted, and have everywhere
a laminated structure. - Sowe of the rocks are more altered than
others, but everywhere they show the results of intense metamor-

phism. Tven the limestones are folded, erumpled, and so involved
with other rocks that their relative ages are uncertain.

The main outerop of these rocks oceurs in the form of a long
narrow belt, and is, apparently, the surface of a wall dividing sub-
jacent portions of the Jurassic granitic batholith. Some of the
smaller areas of the Mt. Stevens members in this district are believed
to constitute remnants of the roof of, and others occur as inclusives
in this plutonic mass which has, for the greater part, been stripped
by crosive ageneies of its former cover, The rocks constituting
these relatively small exposures have been so metamorphosed and so
highly disturbed that it is now practically impossible to decide any-
thing definite regarding their relative ages or modes of occurrence.
Certain types are clearly of sedimentary, others of voleanie origin,
while still others are of deep-seated origin. Beyond this, nothing is
definitely known of them. Hovwever, extensive areas of similar rocks
are known to the north and west of Wheaton district, in the
vicinity of Dawson and in Alaska, and there they have been studied
in considerable detail.

AGE AND CORRELATION.

In Wheaton district no fossils have been found in the members
of the JMt. Stevens group, and it is only known that these comprise
the oldest rocks exposed in the area; howerver, from the descriptions of
McConnell,' in Dawson district, and of Brooks * and others, in Alaska,
it is evident that the JMt. Stevens rocks correspond with the lower

_1MeCounell, R. G.—"The Klondike goid fielde": g, 884, Geol. Surv., Canada,
p. 17.
*Brooks, A H.—"The geography and geology of Alaska': U. 8. Geol. Surv.,
Prof. Paper, No. 45, pp. 208-218.
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Palmozoie terranes of these disrricts, Different members of MeCon-
nell's ¢ Older Schistose Rocks® are, lithologically, apparently quite
similar to those of the Mt. Stevens group. The hornblende-gneisses
of Tally-Ho mountain appear to belong to the Pelly gneisses,’ at first
considered to be Arehrean, hut now believed to be much more recent
and probably Palwozoic. Certain limestone bands carrying Silurian
fossils occur interealated in the schistose rocks in Alaska, and these
limestones, both in thejr association amd accurrence, resemble those
of Wheaton distriet. Az the limestones in the Wheaton district
are believed to be among the most recent members of the Aft.
Stevens group, these rocks are all considered to be pre-Devonian and,
probably all, lower Palwozoic.

In' the writer’s report on a portion of Conrad and Whitehorse

" Mining districts, rocks corresponding to the AMt. Stevens group are

described under the name *Older Schistose Rocks,” and are there
considerad to Do pro-Ordovieian, There seems, however, to be a
possibility that the limestones way e Sturian, and, therefore, as
in the Wheaton distriet, the group might preferably be placed under
pre-Devonian.

Also in the writer's report on the Lewes and Nordenskigld Rivers
coal area, rocks in all probability corresponding in part to the Mt.
Stevens group are described under the name Razor Mountain group,
but since only a single small outcrop oceurs in this district, its cor-
relation with the Mt. Stevens members is somewhat uncertain,

Perkins Group.
DISTRIBUTION.

The rocks of the Perkins group occur mainly in the eastern part
of Wheaton district, and the largest area which they cover
forms a northwesterly-trending belt about 11 miles long., At ijts
southeastern end, on the edge of Corwin valley, this belt is only
three-fourths of a mile wide, but it gradually widens to the north-
west, until on Red ridge, facing Watson River valley, it has a
width of 2} miles. One other irregularly shaped area of the same
rocks occupies a large part of M. Stevens, Dickson hill, and Tally-Ho
mountain, and has an average width of about 23 miles and extends
past the southern boundary of Wheaton district. There are

!MeConnell, R. G.—The American Geologist, Vol. XXX, July, 19062,
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numerous small ocenrrvences on Big Bend mountain, Mt. Pugh, Mt,
Hodnett, and Mt. Anderson, and in addition a great number of areas,

too small to map, were noted on the hills to the east of the mouth of
Dail creek, on AMt. Anderson, on the hills on both sides of the mouth
of Dawson-Charlie ercek, and elsewhere,

The oblong area on Tally-Ho mountain, mapped as surrounder
by Mt. Stevens rocks, consists of intrusive pyroxenite, and is shown
as 4,000 feet long by 2.000 feet wide. However, as hed-rock is deeply
covered here in many places by superficial deposits, contacts were
seen-only in a few places on the south and west, so the real extent of
this area is only.approximately known. The greater portion of the
round hill between Dickson hill and At. Stevens is composed of
amphibolites, With thesze two exceptions, all the arcas shown on the

map of Wheaton district as underlain Ly the Perkins group are
occupied by andesitic members,

LITHUOLOGICAL CIHIARACTERS,
Andesitic types—
Macroscopic.—The andesitic members of the Perking group: are

prevailingly homogm:eous-nppearing, dark greenish, finely tex-
tured, hard, compact rocks which are generally Inegascopically

~aphanitie. Oceasionally, feldspar phenoerysts, discernible with the

naked eye, have developed, and in places these becomé as mueh
as one-eighth of an inech in length. Instead of being greenish,
these rocks in some instances have a peculiar reddish-brown colour,
and the green and brown trpes frequently alternate, Drykes, repre-
senting an acid differentiation product of the andesitic magmas,
occur plentifully, and appear very similar to the fine grained, greenish
and brownish andesites, but, in addition, have fine, lath-shaped, feld-
spar phenocrysts abundantly distributed throughout the fine ground-
mass. In a few places, as on the eastern tos of i, Pugh, and on
Mt. Bush, these rocks constitute the greater part of the formation,
and occur as numerous narrow dykes from 2 or 3 inches to 12 or 15
feet wide. The feldspars in some cases are vy of an ineh in length
and in size range from this down to microscopie, slender crystals.
These dykes always occur too intimately associated with the contain-
ing ‘rocks, or are too narrow, to be shown separately on the accom-
panying map, and so are imeluded .under the geological colour
representing the Perkins group. QOcecasionally, ‘as on the northeast
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corner of Mt, Steveus, decided tufaceous phases of these materials
are found; the fraguents range from microseopic to 6 or 8 inches in
diameter, and consist, for the greater part, of materials such as have
Just been deseribed, the porphyritic types being plentifully present.

Microscopic—When examined under the microscope, the ande-
sites are seen to be porphyritic rocks containing phenocrysts of
plagioclase, hornblende, diopside, and biotite, lying in a hypoerystal-
lino or holocrystalline groundizass, The feldspar of the first genera-
tion is prevailingly labradorite, but ranges from andesine to by-
townite, and exhibits twinning according to the albite, peridline, and
Carlsbad laws. Zonal structures are also of frequent occurrence, and
represent variations in the amount, of limne present. The phenoerystz
are gencrally abundant and well formed, and range in size from
those entirely invisible macroscopically to those one-eighth of an
inch in length. Conrunon green hornblende is the most abundant of
tho coloured constituents, and is generally present. Biotite occasion-
ally océurs_associatcd with the hornblende, or may be the only ferro-
magnesian mineral in the rock, while diopside is found but rarely.
Accessory apatite aund maguetite are conumonn,

The groundmass is frequently pilotaxitic in structure, and
consists of a felt-like web of plagineluze needles, horublende or diop-
side erystals, and iron ore grains. Often a certain amount of a
brownish glass is mixed in with these other materials, giving the
groundmass a hyalopilitic structure. .

The rock constituents :are, . most instances, eonsiderably
altered, so that the rocks consist to a great extent of chlorite, epidote,
caleite, biotite, and iron ore. Fine shreds and specks of secondary
biotite due to metamorphic processes oceur scattered all through the
rock, and iron ores are frequently peppered throughout the ground-
mass. This fine distribution of biotite and. magnetite characterizes
the majority of these rocks.

The tuffs corresponding to these andesites are of wide-spread
oceurrence, and consist chiefly of andesite fragments cemented either
in a glassy or a fine grained andesitie groundmass, as though the -
broken materials, the result of voleanic explosions, prevailingly fell
back either in the molten or cooled andesites, but rarely into the sea,
a conclusion that is strengthened by the general absence of sedi-
mentary material. '
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The associated dyke rocks are holocrystalline-porphyritic in
structure, and consist chietly of plagioclase and hornblende, oceurring
in two generations. Brown biotite in minor amounts also exists, as
well as accessory magnetite and apatite.  The feldspars of the
groundmass are typieally u!onénted, and suggest somewhat the
appearance of a fine oplitie structure, except that upon close exam-
ination they are seen to have irregular boundaries and the other
constituents instead of enclozsing them are irregularly distributed
about them. These rocks. on account of their origin and composi-
tion, are considered to be malachites, _

The andesitic rocks in certain instances are quite fresh appear-
ing, but in most places have been much altered to aggregates of
epidote and ehlorite, while quartz, caleite, serpentine, cte., have been
deposited in various minor fractures which interseet them. These
features in some places serve to distinguish them from the Tertiary
andesites.

Pyroxenites.~—The pyroxenites are very homogencous, generally
coarsely textured, dark green to nearly black, plutonic rocks, in which-.
nothing is megascopically visible but pyroxenite and its alteration
products. Under the microscope, these materials are seen to be equi-
granular, eoarse grained types, and to consist almost wholly of large
allotriomorphic grains of diopside. Zoisite, epidote, and magnetite
are generally present, as well as serpentine which, commeneing to
form at the surface and along eracks, continues until, in some in-
stances, the rock is entirely changed to this secondary substance.

Amphibolites.—The amphibolites are also dark greenish rocks,
and in appearance are very similar to the Pyroxenites, but are pre-
vailingly finer textured. Under the microscope, they are found to be
equigranular rocks composed -chiefly of hornblendes of which two
varieties occur: one variety consists of large allotriomorphie grains
of a brown hornblende, which occur distributed throughout the rock,
and have every appearance of being primary; the other variety
composes most of the rock masses, is a green, fibrous aetinolite,
occurs to some extent, in the form of small veinlets cutting the hrown
amphibole, and also may bo primary. Considerable magnetite is also
present as well as secondary caleite, chlorite, and serpentine,

The field relations of the amphibolites and pyroxeniteg indicate
that possibly the amphibolites way have been derived from tha

pyroxenites, but no pronf of this could be established.
2M86—4
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STRUCTURAIL, RELATIOXNS,

Only one fault having any considerable displacement lLas been
recognized in these rocks, and this is the most important dislocation
that has been identified in Wheaton district. The fault is of
the normal type, strikes in a northerly direction, and dips at 40° to
60° to the east; it extends from the southern edge of At. Follg
to Red ridge, a distance of over 6 miles, and apparently continues
farther in both dircetions, and wherever this break has been seen
the Perkins andesites outerop along its western edge. On the eastern
side of Mt. Bush these rocks are brought up to a level with the
Tantalus conglomerates, showing a displacement of 3,000 to 6,000
feet, and on Mt. Follg, Mt. Perkins, and Red ridge similar displace-
ments occur,

The andesitic rocks were nowhere seen in contact with the deep-
seated pyroxenites and amphibolites, and no evidence was obtained
as to their relative ages. They both, however, cut the different
members of the Mt. Stevens group, and are themselves 1nvaded by
the Jurassic Coast Range intrusives. .

The rocks of the DPerkins group occur as walls separating sub-
jacent portions of the Jurassic granitic bathelitl, and also exist as
remnants of the roof of, and as inclusions in, the granitic mass.
These broader structural features, however, will be more fullv dis-
cussed under structural geology.

ORIGIN,

The andesites originally occurred chiefly as flows, which still
cover considerable tracts in Wheaton distriet and adjoining portions
of Yukon territory. These rocks have been so extensively eroded
that it is now impossible to say how thick they were originally, but
in places masses of them, 2,000 to 3,000 feet deep, can still be seen,
and occasionsally flow-structures are quite evident, and different lava-
streams can be readily distinguished. The evidence is also imperfect

as to whother these voleanics came to the surface chiefly through .

elongated fissures, or mainly from cireular eraters, as the formations
that are older than these rocks are, in Wheaton distriet, of
very limited extent. The formr of these accumulations in the adjoin-
ing Windy Arm district, however, quite clearly indicates that there,
at least, the lavas came chiefly from craters.

-~
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AGE AXND CORRELATION,

Concerning the age of the members of the Perkins group, it is
only known definitely, as stated above, that they are all younger than
the Mt. Stevens group, considered to be Silurian or older, and older
than the Jura-Cretaceous sediments and the Coast Range intrusives.
Hdwever, they may be of somewhat widely different ages, but the
andesitic members, as shown below, are almost certainly upper
Palmozoic.

In the writer’s report on Conrad Mining district, which includes
Windy Arm district, the Perkins members there are included in the
Devonian, lower Ciche Creclk series, which also contains cherts,
slates, and otherssediments. Since such sediments and chierts do not
occur in Wheaton district. the new name, Perkins group, has been
given to the igneous members of the lower Cache Creek series of
Conrad district.

In Whitehorse district, a few miles to the northeast of Wheaton
district, McConnell * has descriled rocks under the name of * Porphy-
rites,” which are more 1ecent than the Carboniferous limestones and
appear to correspond with the andesitic members of the Perkins
group.-

Coast Range Intrusives,
DIRTRIBUTION.

The Coast Range intrusives are the most widely distributed
rocks of Wheaton district, and their distribution may be  best
described by defining that of all the other formations, and saying
that the Coast Range intrusives occur everywhere else. In the main
valleys Quaternary materials cover the bed-rock, and in the western
portion of the distriet voleanics of Tertiary, and perhaps late Creta-
ceous age, have invaded and covered the granitic rocks over consider-
able areas. TIn the castern vortion of the district walls of older
rocks separate subjacent portions of the granitic batholith, and in a
few places overlie it, constituting remnants of the roof of, or
occurring as inclusives in this plutonie masa. Jura-Cretaceous
sediments also cover these granitie rocks in the northeastern part of
the district.

MceConrell, BR. G.—*"'Thae Whitehorse Copper Belt, Yukon Territory’; Geol.
Surv. Branch, Dept. of Mines, Canada, 1909, pp. 9-10.
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LIFITOLOGICAL CHARACTY RS,

The Coast Range intrusives are generally Tresh and unaltered in
Aappearance, are predominantly greyish in colour, and have the general
appearance of typical, medium to coarse grained granites. In a few
places the orthoclase becomes sufficiently important to give these
rocks a pinkish colour, but thiz iz exceptional. Frequently they
become porphyritic in structure, and contain nunierous large feldspar
phenoerysts which in places were noted to be as much as 13 to 2
inches long. Hornblende particles are generally present, and biotite
15 of common occurrence; both of these minerals are readily seen
megascopically.

When examined under the microscope, these rocks are seen to
generally consist chicfly of an acid plagioclase, quartsz, hornblende, bio-
tite, and orthoclase. In most cases plagioclase is the chief feldspar,
and orthoclase, although generally prezent, is prevailingly in minor
amounts. Quartz is in most cases fairly plentiful. Green horn-
blende is nearly always prezent, and may or may not be accompanied
by biotite which sometimes is the only ferro-magnesian mineral
present.  Zircon, apatite, and magnetite, are frequent accessories.
The rocks have either a typical granitic sirncture, or may contain
largo feldspar-phenocrysts in a granitic groundmass, and so have a
holeerystalline porphyritic struecture.

The rocks have thus predominantly a mineralegical composition
midway between granites and quartz-diorites, and have been ecalled
grano-diorites. Occasionally, with increasing orthoclase and decreas-
ing plagioclase, typical granites are found: also, in a few places, the
plagioclase increases and the orthoclase disappears and so diorites
occur, In places it is diffcult to say whether the rocks are more
appropriately termed porphyritic grano-diorites, or grano-diorite
porphyries; but since the rocks everswhere are coarsely textured and
always have a typical granitic habit, the term porplyritic grano-
diorites has been adopted in all cases. Similarly, porphyritic granites
and porphyritic diorites oceur.

The term monzonite has been adopted by the United States
Geological Survey, and is used Ly many American geologists for
rocks midway in cmnposition hetween granites and diorites, and
according to this nomenclature, these recks are prevailingly quartz-
monzonites, and porphyritic quartz-menzonites or quartz-monzonite-
porphyries.

THARC TSR S ey - .
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The name Adamellite has Leen used by Brigzer ! as a convenient
term to signify an acid-nquartz-menzonite.

CRIGIN,

The granitic intrusives in Wheaton district constitute a portion
of the eastern edge of the great Coast Range batholith which is
known to extend from sonthern British Columbia to the vicinity of

Kluano Inke, 50 miles north of the northern edge of Wheaton
distriet, a total distance of over 1,000 miles.

This igneous mass penetrated the rocks of the Mt, Stevens group
and the Perkins grofip, but is apparently older than all the other
rocks in the distriet, and on its croded surface the Jura-Cretaceous
sediments have been laid down. The structural relations of this
granttic batholith to the other rocks of the district will be discusseq
under structural geology.

AGE AND CUORRELATION.

This granitic batholith has been studied in detail in British
Columbia and  Alaska, and there is now a general concensus of.
opinion that it wns intruded in Jurassie, and probably in Iate
Jurassic time. Whenton district furnishes no definite data on this
point further than establishing the fact that it antedates the Jura-
Cretaceous period of sedimentation.

Laberge Series.
DISTRIBUTION.

The rocks of the Laberge ceries are, with one small exception,
restricted to the northeastern corner of the district, and occur in two
belts on opposite sides of and facing Corwin valley. The more
easterly belt appears to cccupy nearly the entire northern half of
Gray ridge, of which only the eastern half lies within Wheaton
district. On the accompanying geological map this area is shown as
being 6 to 7 miles long and about 1 mile wide. The belt to the
west of Corwin valley extends from Wheaton River valley to Red
ridge, and apparently contines beyond the northern boundary of the
district. The belt is, within the limits of the distriet, about 7 miles
long and 6,000 to 8,000 feet wide.

1Brogger, W. C.—“Die Eruptionsiolge der triadischen Eruptiongesteine bei
Predazzo in Sudtyrol’; p. 61,
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On the northern summit of Carbon bill, these beds underlie a
small outerop of Tantalus conglomerates, outcropping around, and
for some distance past, the edges of the overlying rocks. The Laberge
beds are here limited to a eircular area about 1,500 feet diameter,

LITHOLOGICAL CHARACTERS.

Macroscopic~~The Lakerge series consists chiefly of arkoses,
tufts, breccias, conglomerates, sandstones, and shales, which have a
maximum aggregate thickuess in  Wheaton  district of at
least 5,000 feet. These beds can be roughly divided into lower,
middle, and upper portions, as follows:—

Upper beds.—Thickness, 1,500 feet, chiefly sandstones.

Middle beds.— “ 1,700 feet, chiefly shales, with some
sandstones and arkoses.

Lower beds.— " 1,300 feet, chiefly arkoses and tuffs,
with intercalated shales, and con-
glomerates.

These divisions are only approximate, and the thickness of each
varies; but in a general way they are found to hold true. The ‘lower
beds’ counsist chiefly of arkoses, tuffs, shales, and conglomerates. The
arkoses are predominantly light to dark grey, or pale greenish in
colour, but occasionally reddish-grey and dark greenish-grey beds are
found. They may have a dense and wegascopically aphanitic texture,
0r may resemble in appearance a medium textured sandstone ; and
all gradations between these extremes oceur. ‘They are firm, com-
paet rocks, and occur in heavy, massive beds in which the stratifica-
tion planes are frequently only distinguishable from a distance.

Associated and interbedded with these arkoses are some tuffs
which so much resemble them that it is generally difficult or impos-
sible to megascopically tell the two apart. These rocks also grade
into one another, so that in places breceias occur, which have almost
equal claim to be called arkoses and tuffs.

The lower 1,000 feet of the ‘lower beds' of the Laberge series
consist chiefly of these arkoses, breecias, and tuffs; Lut the upper 800
feet contain a considerable development of conglomerate and shale.
The conglomerate occurs in thick, massive beds, and consists of
materials varying widely in size. The pebbles and boulders range in
size from that of sand-grainz to larger than a man’s head, and are
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chiefly of andesitic fragments derived, for the greater part, from the
Perkins voleanics. DIcbbles of the Coast Range grano-diorites are
also frequently found. These materials have been cemented together
by binding materials that qpre generally siliceous in composition, and
have formed hard, dense rocks.

The shales range from light grey through dark green to almost
black in colour, and or,-c;isimmlly oceur thinly bedded. They are
predominantly hard, dense vocks which at times resemble flint, and
often possess a decided slaty cleavage. It is common to find 20 to

50 or even 100 feet of shales overlain by arkoses or conglomerates of

equal or greater thickr'fess_. and these again followed by more shales,
ete. The different members never occur intimately associated, i.e.,
when shales or arkoses, for instance, occur they have a thickness of
at least 20 or 30 feet, anud generally more, before giving place to a
dissimilar member.

The 1,700 feet of ‘m:iddle beds’ consist chiefly of shales like
those described above, but characteristically iron-stained and gener-
ally presenting a red appearance. When broken, however, they

generally are seen to be dark grey to almost black, dense, hard, and -

brittle, and break into sharp anzular fragments. They occur pre-
vailingly in layers 1 to 1 inch in thiekness and are associated, to
some-extent, with arkoses and sandstones, but the shales predominate.

The ‘upper beds’ of the Laberge series consist almost entirely of
medium textured, somewhat friable sandstones which are prevail-
ingly greyish, yellowish to light brownish, or even pale greenish in
colour, and occur in heavy, massive beds. These differ greatly from
the hard, dense, compact rocks that are noted in the ‘lower’ and
‘middle’ beds.

Microscopic—A number of sections of the arkoses, tuffs, and
related rocks were examined microscopically. The arkoses were seen
to consist chiefly of rounded amd angular particles of plagioclase,
as well as some of quartz, and a few rock fragments, all cemented
by a matrix that consists chiefly of kaolin, and some ecaleite, In
some cases tho matrix contains a great amount of secondary biotite,
produced by metamorphic processes. The tufaceous rocks contain a
much’ greater percentage of rock fragments, as well ags particles of
devitrified glass with the conchoidal fracture typical of tuffs,
Between these decided arkoses and tuffs are materials of which it
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can ouly be said that they are highly feldspathie, and microscopieally
appear as breecins. In some instances these appear to be true water-
laid sediments, in others they seem to represent mainly either
showers of ashes that fell directly into the seq, or similar materials
brought by streams and deposited in the salt water.

STRUCTURAL RELATIONS.

The Laberge rocks of Wheaton district ocecur in  two,
parallel, northerly-trendingsbelts, each about 7 miles long, and occur-
ring on opposite sides of Corwin valley. Throughout the more
‘westerly area the beds dip to the west at angles varying from 50° to
75°, and on the eastern end of Red ridge are seen overlying the
eroded surface of the Jurassie granitic intrusives. Nowhere else in
the distriet were the lowest members of the series seen, and here the
lower beds of the Laberge series are much thinner than on Mt. Follé
and Idaho hill, as they have not the great accessions of ash materials,
which elsewhere gives them their great thickness, The structure of
the beds on the western part of Gray ridge is very obsoure,
but the rocks appear, in a general way, to be gently inclined to the
west.

The Laberge beds are cut off all along their western edge by a
nqrtherly-_trending, normal fault which dips at 40° to 60° to the
east, and brings these rocks with the overlying Tantalus conglomer-
ates in juxtaposition with the Perkins voleanics. The faulting has
been the means of preserving this area of Laberge rocks; had it not
occurred, these beds would have been eroded away during the base-
levelling period, as has this series in other portions of the district.

The members of the Laberge series overlie the Coast Range
intrusives, and are older than the greater portion, and perhaps all
of the Chieftain Hill voleanics. However, the tufaceous materials
included in the Laberge beds closely resemble those of the Chieftain
Hill voleanics, and indicate that possibly the voleanje activity pro-
ducing these rocks may have commenced Lefore the withdrawal of
the Cretaceous sea from this district.

AGE AND CORRELATION,

Numerous specimens of Prioncyclus woolgari have been found
in the shales on MMt. Follé and Idaho hill, and of these WWhiteaves
said: ‘ Prioncyclus woolgari (Mantell)—Several crushed specimens
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of an a’ﬁnﬁonite, that are possibly very Young individuals of this
épecies. 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 Tantalus coal area and Braeburn-Kynocks coal aresg,'
approximately 100 miles to the north of Wheaton district, the
Laberge beds also oceur, and much resemble those here being
deseribed. A’ number of somewhat poorly prescrved fossils were
collected from these northern distriets, and were examined by My,
Whiteaves, who classed them all as Jura-Cretaceous.

The Tutshi series of Conrad Mixﬁng district corresponds, to
some extent, to the Laberge series, but does not include some of the
bedded tuffs and other tufaceous materials that are intimately asso-
ciated with the sediments, and includes the Tantalus conglomerates.

Tantalus Conglomerates.
DISTRIBUTION.

The Tantalus conglomerates are of very limited extent in this
distriect, but are particularly interesting because generally they
contain coal measures. The most important area of these rocks lies
on the eastern side of M. Bush, and is lozenge-shaped, 6,000 feet
long by about 2,000 feet wide at the centre. Across Schnabel creek
is another similarly shaped, but slightly smaller aren, separated from
the former by less than 1,000 feet. Both these areas have a northern’
trend, and are the largest in the district.

The entire circular summit of Alt. Bell is composed of these
rocks in the form of a large, flat-lying cake that covers an area about
2,000 feet in diameter.

A somewhat pear-shaped area forms the top of one of the small
summits of Carbon hill, and is about 2,500 fect in its largest dimen-
séion. A much smaller body of these rocks forms the top of the
northern summit of Carbon hill, and is not over 1,000 feet in dia-
meater.

LITHHOLOGICAL C!I.-\R.ACTEBS.

The series known as the Tantalus conglomerates consists chiefly
of massive beds of conglomerate, but also eontaing sandstones, shales,

1Cairnes,D. D.—""The Lerwes and Nordenskiold Rivers conl distriet, Yukon"
Geol. Surv. Branch, Dept. of Mincs, Canada, 1910,
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and coal seams, aud has an aggregate thickness in Wheaton district
of 1,700 to 1,800 fcet. These conglomerates differ from all others
so far found in Yukon territory, in that the pebbles composing them
consist entirely of chert, quartz, and slate. The pebbles are gener-
ally cemented by a siliceous binder forming a hard resistant rock
which breaks along planes passing indifferently through the pebbles
and matrix. These conglomerates have also a noticeably constant
appearance for such course-grained rocks, due to their uniform tex-
ture and the slight variety in the materials composing them. The
component pebbles are remarkably similar in size, being seldom
larger than 24 inches in diameter, and predominantly between 1 and
2 inches. The associated sandstones consist of the same materials
as the conglomerates, but in a finer state of division. The shales
occur chiefly in the vicinity of the coal seams, and are generally
finely textured slaty rocks. Just west of the coals, however, some
light coloured, thinly bedded shales with excellent slaty cleavage
occur, which break readily into large plates one-eighth of an inch or
less in thickness. They were noted in the one place only, and are
less than 50 feet in thickness. '

STRUCTURAL RELATIONS.

The Tantalus conglomerates on At. Bush and Mt. Follé overlie,
apparently conformably, the Laberge series on the east, and dip to
‘the west at 60° to 80°. Along their western edge, they are cut off
by the easterly dipping, normal fault above referred to, and are
brought into juxtaposition with- the Perkins group, showing that a
displacement of as much as 5,000 or 6,000 feet has occurred. To the
west of the fault these beds have been entirely removed by erosion in
most places, but a few seattered outerops indicate that in all proba-

- bility they at ome time covered the entire district.
“ Part, if not all, of the Chieftain Hill volcanics are more recent
than the conglomerates, but as explained in discussing the Laberge
series, there is evidence that the Chieftain ITill period of vuleanism
commenced before the close of Jura-Cretaceous sedimentation.

ACFE AXND CORRELATION.

No fossils have been found in the Tantalus conglomerates in
Wheaton distriet, but 2 number of plant remains were collected
by the writer from the walls of the coal seams at the Tantalus mine
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on tBe Yukon river, midway between Whitchorse and Dawson, These
coals: correspond to the Mt. Bush seams, and occur in the Tantalus
conglomerates which, on saccount of their marked features, are
readily correlated over large areas. The fossils were examined by
Dr. D. P. Penhallow, who reports: ‘ All the material appears to be
the same as the specimen of Thyrsopteris elliptica (Fontaine), as
figured by Ward in the “ Status of the Mesozoic Floras of the United
States,” vol. XLVIII, pl. LXXI, figs. 12 and 13; and to this the
present specimens are provisionally referred. It is to be observed,
hoivever, that there seems to be some question as to the correctness
of Ward’s reference, since the specimen cited is quite distinet from
the original type of T hyrsopteris elliptica as described by Fontaine
(in “Potomae Flora, vol. XV, p. 133, pl. 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 ohtained by Mr. J. B. Tyrrell from
the NordenskiGld river. All the specireens shown, however, were
specimens of Cladophebis, and they indicate Cretaceous age.’ ‘The
specimens from the Tantalus mine present a flora with the same
facies as those from the Nordenskisld river, and the whole conform
to the flora of Iootanie age.’ )

As the Kootanie is by some geologists included in the upper
Jurassic, and by others in the lower Cretaceous, and as the Tantalus
conglomerates overlie the Laberge beds which are only known to
belong to either the Jurassic or Cretaceous, the Tantalus conglomer-
ates are also included in the J ura-Cretaceous.

These conglomerates occur in Lewes and Nordenskisld Rivers
coal area, and have been described by the writer in the report on
that district. The name ‘Tantalus conglomerates’ was there first
employed, and was adopted because the coals of the Tantalus mine
oceur in these beds. These rocks are also described in the writer’s
report on a portion of Conrad and Whitehorse Minin‘g districts,
where they were included in the Tutshi series,

Chieftain Hill Voleanies,
DISTRIBUTION.

-THe Chieftain Hill volcanics occur chiefly in the western po'rtion
of the district, though a few emall areas occur in the eastern part. -
The largest single occurrence covers the greater part of Cirque moun-



60 GEOLOGICAL SURVEY, CANADA

tain and some of the adjoining hills to the south, and was not traced
1o its limits toward the west or north. The area hias a very irregular
form, and, ag far as explored, has an average diameter of about 2%
miles, .

The rocks belonging to the Chieftain Hill volcanies also out-
crop over a considerable portion of the eastern face of Chieftain hill,
and 2 narrow strip extends along its southern edge. A long, narrow,
enasterly-trending belt extends along the top of Carbon hill, and
continues part way over the western face of the hill toward Wheaton
river. This belt is about 3 miles long, and ranges in width from 100
to 4,000 feet. The occurrences on Chieftain and Carbon hills are
interesting, because in them a number of the antimony-silver veins
occur. All of these areas include intrusive and extrusive andesitic
rocks as well as tufaceous accumulations. : _

The round top of Idaho hill consists of andesitic tuffs and
breccins, and adjoining these to the east and north is an occurrence
of intrusive andesites. The combined area is about 4,000 feet long
and 2,000 to. 3,000 feet wide. _

Beds of andesitic tuffs also form the top of one of the small
southern summits of Mt. Stevens. This area is about 1,500 feet long
by 500 feet wide.

Other small areas of tuffs occur, as on the northeastern spur of
Mt. Anderson, and on a low ridge forming the southeastern point of
Johnsen hill. Also on the western face of AMt. Bell a small area of
red, iron-stained intrusive andesites oceurs. Dykes of these rocks
occur very plentifully throughout the district, but are generally only
5 to 25 feet in width—too small to be shown on the geological map
accompanying this report.

LITHOLOGICAL CHARACTERS.

‘Hacroscopic—The Chieftain Hill voleanies are mainly mica-,
hornblende:, and augite-andesites, and andesitic tuffg and breccias.
They vary comsiderably in appearance and composition, showing
many shades of red, blue, green, and brown, but generally have a .
typical andesitic habit, A distinet porphyritic structure is prevail-
ingly noticeable, and phenocrysts of feldspar are generally visible,
while those of hornblende and biotite frequently occur. Some augite-
andesites oceurring in Chieftain gulch and elsewhere, however, are
dark greenish, dense, finely textured rocks, in which none of the
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B constituenta nre discernible, and in which phenoerysts do
not défé&lﬁ These closely resemble basalts bLoth in appearanco and
composition. Rocks with a dense, aphanitic, reddish, greyish, or
greenish groundmass, in which well formed plagioclases are abundant,
are the commonest types.

In some places, as on the eastern slope of Cirgque mountain,
flow-structures are well preserved in, generally, reddish to reddish-
brown, finely textured andesites. The andesites also occasionally
contain a great amount of pyrite and other iron ores which oxidize,
causing the formation of limonite and giving the rocks a distinet
reddish to reddish*brown appearance, On the west face of Carbon
hill, and on the southwest side of \t. Bell, in particular, bright red
areas otceur, which are distinguishable for long distances. In these
places the andesites have contained a considerable' quantity of
pyrite which has oxidized and has been influential in causing the
alteration of the other rock compounents, so that at the surface the
rocks are so weathered that it is diffcult to find a specimen suffi-
ciently fresh for identification.

Tuffs and breccias are of wide-spread occurrence, and vary in
texture from mieroscopic tuffs, to coarser rocks in which individual
masses several feet in diameter are found. These clastics consist

mainly of andesitic materials, but in many places contain a con-

siderable admixture of foreign matter. Where the tufaceous frag-
ments fell on surfaces covered with erosion products, the resulting
clastics contain boulders and pieces of whatever materials were
exposed on the old surface. For instance, ashes, lapilli, ete., were
showered over the eroded granitic rocks now seen on the eastern
face of Cirque mountain, and there, consequently, are mixed with
a great number of grano-diorite boulders and particles, as well as
with other rock debris.

In other places the fragmental materials fell upon an andesitic
surface, and in such cases the resulting rocks contain no foreign
matter. In still other places, as on Idaho hill and Mt Stevens,
the ashes, lapilli, ete., must have fallen into the water, as they
contain a considerable admixture of sedimentary materials. These
tufaceous rocks are occasionally roughly bedded, but generally show
no planes of deposition.

Microscopic—When examined under the microscope the ande-
sites are seen to have a considerable range in structure and mineral-
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ogical composition, hut consjst chiefly of plagioclase, occasional
orthoclase, hornblende, biotite, and diopside. ‘The plagioclase is the
chief componaent of the rocks and occurs always in both generationa,
The phenocerysts are predominantly labradorite, but range from
andesine to bytownite, and are generally in large well formed crystals
that are twinned according to the albite and, frequently, the Carls-
bad and pericline laws ag well.  Zonal structures are also plentiful.
In the mica-, and hornblcnde-andesites, the plagioclases are generally
‘megascopically quite large, but in sonie places augite-andesites oceur
in which they are only microscopically discernible. An acid plagio-
clase is always present in the groundmass of the rocks, and is pre-
vailingly andesine, but oligoclase and labradorite occur, Orthoclase
also ocecasionally occurs in large, well defined phenocrysts, and is
frequently present in the groundmass, Alicroperthite ‘was noted in
a few specimens, but is not at all characteristic of these rocks,

Both common green hornblende and brown basaltic hornblende
frequently occur, but of the two the green variefy is the more often
encountered. They occur in both generations, and may or may not

. bo associated with biotite, but were nowhere seen in the same speei-
men with diopside. Brown biotite, which is probably quite as gener-
ally distributed in these rocks as the hornblende, is occasionally the
only ferro-magnesian mineral present, and exists in both the first
and second generation. The pyroxene present in these rocks is
always a colourless, or nearly éolour]ess, diopside, and, although it
forms quite distinet phenocrysts, these are seldom of sufficient size
to be seen with the naked eye. When Present, this is generally the
only ferro-magnesian mineral in the rock, but brown ‘biotite occa-
sionally occurs associated with it. Olivine also was noted in a few
specimens of augite andesites. As accessories, magnetite is always
bresent, and frequently occurs peppered all through the groundmass.
Pyrite is also at times abundant, but is not as universally present as
the magnetite.  Zircon and apatite are also common aceessory
minerals, '

Many of the minerals are frequently much altered, and the
plagioclase, hornblende, and diopside are always to some degree
affected. The plagioclase is changed mainly to caleite and epidote,
and, in some cases, iz ahmost entirely replaced by these. The horn-
blende alters mainly cither to chlorite and epidote, or'chlc_)rite, cal-
cite, and quartz. The diopside iz transformed chiefly to chlorite
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which generally commiences at the periphery of the erystals, and
frequently continues until the whole mineral js replaced,  These
processes result in altering considerable portions of these rocks, in
places, to masses chiefly of chlorite, epidote, and calcite,

In structure, the rocks are always porphyritic, and the pheno-
crysts, which haye been deséribéd, are generally fairly abundant, se
that the fabric might be described as predominantly dopatic to sem-

patic.! The groundmass varies considerably and ranges from

hypohyaline, or partly glassy, to holoerystalline, but is rarely coarser
than miecroerystalline. Pilgtaxitic structures are very characteristic
of the groundmass, afd in such cases the feldspars have somewhat
the appearance of a number of small shoe-pegs irregularly distributed,
and filled in between with, chiefly, augite prismoids, and iron ore
grains. At times a certain amount of brownish glass is also present,

and in such instances, the structures are referred to as hyalopilitic. o

In a few places, andesites also occur having a microgranitic ground-
mass which consists chiefly of plagioclase, orthoclase, quartz, and
biotite. In the hypophyaline groundmasses, spherulites are fre-
quently present, and, at times, accur in bands or layers exhibiting
flow-structures.

The tuffs and breccias, as mentioned previously, at times contain
a considerable amount of foreign material, and, in places, embrace
more or less sedimentary matter, However, they generally chiefly
consist of andesitie particles embedded in a fine-grained, often dense
and partly glassy, groundmass.

ORIGIN,

The andesites have apparently come to the surface- through
fissures, and have overflowad from these openings and covered exten-
sive tracts. Numerous dykes of these materials are found, and in 2
few places, as in Chieftain gulch on Chieftain hill, fissures filled
with them can be seon penetrating the older granodiorites, and
extending upward to great masses of similar andesites that haye
flowed from these fissures. It is probable, however, that these lavas
flowed chiefly from certain portions of these fissures, and did not
pour out uniformly along them. This is indicated by the distribu-
tion of these rocks, which is somewhat localized,

.. 1Cross, Whitman, Iddings, J. P., Pirsson, L. V", Washington, H. S.—“The tex
ture of igneous rocks'': Jouyr. of Geol., Vol. XIV, No. 8, Nov.-Dee., 1906.
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Explosive forees sent great showers of ashes, lapilli, etc., into
the air, and these fell back under various conditions, and gave rise
to the various tuffs and breceias described above,

AGE AND CORRELATION,

The majority of these volcanics, at least, aTe more recent than
all the Jura-Cretaceous sediments, but these sedimentary beds are
more or less tufaceous in places, as on Idaho hill, and much resemble
the Chieftain IIill clastics. In fact some of the' Chieftain Hill
breccias on Carbon and Chieftain hills, so much resemble some of
the tuffs and arkoses of the Laberge series, that these rocks are difi-
cult to distinguish. It thus seems quite possible that the Chieftain
Hill period of vuleanism may have commenced during the existence
of the Jura-Cretaceous sea in Wheaton district.

The Chieftain Hill volecanics are cut by the Carmack basalts
and Wheaton River voleanies, and so are older than these; their
age is, therefore, Cretaceous or early Tertiary. .

These rocks correspond, apparently, to the Hutshi group and
Schwatka andesites of Braeburn-Kynocks, and Tantalus coal areas.

There the Schwatka andesites include mica-, and hornblende-ande-
sites, and the ¥utshi group includes chiefly augite-andesites. How-

ever, the lithological peculiarities which served to distinguish these
two types of rocks to the north, do not exist in Wheaton
district, where the new name ° Chieftain Hill voleanies? is used to
include all these andesitic materials. '

The. andesitic rocks in a general way also correspond to the
Windy Arm series, as described in the writer’s report on Conrad
Mining district, but the Windy Arm series includes a number of
tuffs which in Wheaton district are considered as more properly
classed with the sedimentary rocks, and are placed in the Laberge
series,

Carmack Basalts,
DISTRIBUTION,

The Carmack basalts, although extensive in other portions of
Yukon territory, are represented in Wheaton district by only a few
scattered dykes that are generally too narrow to be shown on the
geological map. The most important dykes occur on the eastern
face of Chieftain hill and on the western face of Carbon hill.
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LITHOLOGICAL CHARACTRRS,

These basalts, in Wheaton distriet, are usually compact, dark
greyish to reddish-brown rocks which are generally megasecopically
aphanitie, though occasionally augite can be distinguished in them
with the unaided eye.

Microscopically, they are secen to be porphiyritic rocks in which
the groundmass generally consists of a mixture of variable quanti-
ties of augite, plaginelase, and iron ore, and in most cases, is typically
pilotaxitic in texture. .Oceasionally, a certain amount of brownish
glass is present, Tausing the fabric of the groundmass to become
hyalopilitie. The phenoerysts are chiefly bytownite and augite, with
olivine in subordinate amounts. The chiof alteration products are
celeite and chlorite.

ORIGIN,

In a number of distriets in Yukon territory these basalts form
extensive flows. The famous Miles canyon, in Whitehorse district,
has been cut by Lewes river in one suel ocenrrence; also theseo
basalts and aszociated tuffs are among the most prominent rocks in
Tantalus coal area.

However. in Wheaton distriet the Carmack basalts are only
represented by a few narrow dyrkes, generally less than 15 feet
wide. In one place on Vesuvius hill, however, a small area, perhaps
6 feet square, was scen which appeared to be a portion of a large
body of these rocks underlying the Wheaton River tuffs,

AGE AXD CORRELATION.

These rocks have heen studied in several parts of Yukon terri-
tory, and everywhere the evidence indicates that they are of late
Tertiary or Pleistocene age. Tn Wheaton district they cut the Chief-
tain 1Ll voleanics, aud are in turn intersected by the Wheaton
River rocks, couditions consistent with a late Tertiary origin.

These rocks have heen deseribed in the writer's report on the
Braeburn-Kynocks, and Tantalus. coal areas, where the name Car-
mack hasalts was first used, and also in the report on a portion of the

Conrad and Whitehorse Mining distriets, under ¢ Scoria and Basalt

MeConnell has also dezeribed these rocks in the Whitehorse district,
under the nawe ‘ Da=alt.” '

22906 5
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Klusha Intrusives.
ISTRIBUTION,

The Klusha intrusives are found only in the eastern half of
Wheaton distriet. anid, with one exception, ocenr as dykes. What
appears to be a small stock outcrops on the eastern spur of
Alt. Perkins, and has an exposed diameter of 1.300 feet, but may be
much larger, as the hed-roek is thero extetirively covered by super-
ficial deposits.

The dykes are generally from 10 to 50 feet in-width, and so are
often too narrow to be shown on the accompanying map. One dyke
about 700 feet wide occurs on the eastern face of the hill situated
between Mt. Perkins and JMt. Pugh; and numbers of smaller ones
outerop on the same hill as well as on Mt Puhg, Mt. Perkins,
Wheaton mountain, and elsewhere.

LITHOLOGICAL CHARACTERS,

The Klusha intrusives are granite-porphyries that are prevail-
ingly greyish in colour and of a coarsely granular habit, so that all
the principal mineral-components are distinctly discernible with the
unaided eye. Under the microscope the rocks are seen to possess a
holoerystalline, porphyritie structure, and to consist of a mieroe
granitic or micropegmatitie, quartz-feldspar groundinass, in which
alkali feldspar and lime-alkali feldspar phenoerysts are plentiful,
and in which biotite and hornblende commonly occur.

The feldspars are mainly orthoclase and microcline, which oecur
in about equal amounts, and are in most cases ouly slightly altered:
but a certain amount of transformation to muscovite, and occasion-
ally to kaolin, has generally occurred. The orthoclase shows frequent
Carlsbad twinning. In addition to these alkali feldspars, minor
amounts of an acid plaginclase are always present, prevailingly
andesine, although albite and oligoclase may be found. These oceur
mainly in the first generation, and exist as large well formed pheno-
crysts which are twinned according to the albite, and frequently
according to Carlsbad Iaw as well, and are changed chiefly to epi-
dotc, eulbitc, and quartz. and also in & small degree to muscovite.
Brown biotite also frequently oceurs in both generations, and is
generally muech altered to chlorite. Common green lornblende is
the only other ferro-magnesium mineral that has been found in
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these rocks, and it i~ le<s common than the biotite. and alters mainly
to chlorite, ealeite, and quartz. Aecessory apatite and zircon are
often present. These rocks are thus either hornblende granite-
porphyries, or mica eranite-porphyries.

The groundmass iz generally microgranitie, but a sample from
a narrow dyke, near the summit of At. Follé. showed micropeg-
matitie, quartz-feldzpar intergrowths.

OCCURREXNCE.

These rocks Jiave been identified at numerons points in Yukon
territory, and always oceur as small stocks or drkes. In the eastern
part of Wheaton district a number of dykes occur, generally from
30 to 50 feet in width, and at the eastern spur of Mt. Perkins a body
outcropping with a iameter of 1,500 feet was found piercing the
Laberge beds, and appears to be the top of a stock from which the .
averlying sedimments are heing gradually removed,

ACE AND CORRELATION.

The IKlusha intrusives are very recent and may, with the excep-

" tion of the unconsolidated Quaternary materials, Le the newest racks

in Wheaton district.  Whether they are older or newer than the
Carmack basalts is not known but, since they are so nearly related
to the Wheaton River rhyolites, and differ from these chiefly only
In texture, as explained later, it is thought that both may really
belong to the same period of igneous activity. If so, the Klusha
rocks are more recent than the basalts; but in any case are of late
Tertiary, and possibly of Pleistocenc age,

The name Klusha intrusives was first employed in the Braeburn-
Kynocks coal area, to represent a series of syenite-porphyries,
that much resemble the granite-porphyries of Wheaton distriet.
Similar rocks have also been deseribed in the writer’s report on a
portion of Conrad anil Whitehorse Mining districts, under the namo
* Granite Porphrry. and in that district were found to grade from
granite into syenite-porphyries without- any marked difference in

“their general appearance; merely a decrease in the amount of quartz

occurred.

2308651
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Wheaton River Voleanics.
DISTRIBLTION.

These rocks outerup extensively in the western part of Wheaton
district, and one important area oceurs in the eastern portion. They
cover practically the entire top of Chieftain hill, and extend over
a'l the adjoining mountain to the west, thus including an area over
G miles long and from 1 to 23 miles wide, They also extend to the
west considerably beyond the western boundary of the district
mapped. '

Another large arca which is ‘probably connected, under the
Quaternary deposits, with the one just mentioned, includes all Vesu-
vius hill and a portion of the adjoining hill to the east. This area
has an average dianicter of about 2% miles.

Small areas less than one-half wile in diameter oceur on MeNeil
hill and Cirque wmouniain,

An irregular area about 2 miles long and from 6,000 to 3,000
feet wide also occurs on the eastern portion of Carbon hilF and on
the adjoining hills to the west, .

A large outerop of these rocks also veeurs adjoining, and to the
west of Dail ereck, and between it and 3t Ioll¢. This area is very
irregular in outline, and occupies about 2 square miles.

Numerous small outerops of these rocks occur particularly in
the western part of the distriet, and dykes are very plentiful in many
places. On the ridee just to the east of the mouth of Dail ereclk
dykes of these Wheaton River voleanies are s0 abundant as, in
places, to constitute about half of the formations. '

LITHOLOGICAL CUARAMCTER=S,

Macroscopic—The Wheaton River voleanies include rhyolites,
and rhyolitic tuffs and breeeias, which are lieht coloured, felsophyrie
rocks, ie., they have g megascopically aphanitic groundimass, In
places these rocks comtain considerable pyrite which oxidizes to
limonite and gives them a bright red to brownish or ryellowish red
appearance.  Where the rhyolites are not iron-stained, they are pre-
vailingly nearly white to light grey in colour. The tuffs are, at
times, distinctly bedided  op banded, and as the different layers
coutain varying amnunts of iron, hills, like Vesuvius hill, on which
theze rocks occur. have in places a brieht varieoloured appearance,




O

WIIEATON DISTRICT, YUKON TERRITORY 69

Tho rhyolites have alwavs felsophyrie oroundmass in which
phenverysts of quartz, orthocluse, and plagioclise oceur. The quartz
exists frequently in distinect dihexahedrons which are'as much as one-
thirty-second of an inech in diameter. Well formed megaphenocrysts
of orthoclase aud plagioclase also oceur, but those of the alkali
feldspar are much the more plentiful.  The rocks when considered
a3 to their relative amounts of phenoerysts and groundmass might

be described as varying from perpatie, or those extremely rich in
groundmass, to dopatic, in which the groundmass is dominant,

The tuffs and breceias consist chietly of fragments of rhyolitic
materials, which vary in size -from'microscopic to several inches in
diameter, These rhyolitic clastics contain considerable amounts of
foreign materials, particularly where they are found overlying older
rocks. On the hill to the east of and adjoining Vesuvius hill, near
the contact of the tuifs with the Jurassie granodiorites, the clastics
contain large boulders and fragments of granite, andesite, schist,
etc., some of them scveral feet in diameter, showing that the tuffs
were showered over a land surface covered with these erosion pro-
duets. | .

In places the rhyulites, as well as the tuffs. show distinet fow-
structures, which are strongly  emphasized by weathering, The
weathering agencies are enabled to aceentuate the original somewhat
banded flow-structures, largely owing to two factors: first, the
different layers contain varying amounts of iron; second, the amor-
phous, glassy bands have more retained potential energy than those
that have given up energy in -erystallizing, and ave, therefore,
chemically the more active, and weather more readily. These two
factors give rise to fine rod bands that correspond to the original
flow-structures in the rocks.

In many places, us on Vesuvius hill, the tuffs ip particular
weather with extreme rapidity to, chiefly, kaolin and limonite, so
“that it is almost linpossible to obtain a specinien the identity of
which is recognizable. In such places, the hillsides are go deeply

covered with talus, which is predominantly of tabularp form, that to
climb the slopes becornes very difficult.

.-T[icroscopic.—-—'_\[ir_‘roscol‘rically, the fhj‘olites are seen to always
have a porphyritic structure, the phenoerysts being generally mega-
scopic. Orthoclase iz considerably the most abundant mineral of the
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first generation, aml vecurs in large idiomorpliic forms which often
exhibit Carlsbad twinning. and are frequently considerably altered
to muscovite. Quartz existz mainly in six-sided and four-sided
erystals, which ofton show considerable eorrosion. Large =acid
plagioclase individuals oceasionally are seen, and are generally much

altered to kaolin and quartz, Aceesaory iron ores ave also commonly
bresent, and apatite und zireon occur,

The groundinn«s is generally holoerystalline, although in some
instances it is hypohsaline, and might then e described gs ranging
from pererystalline (extremely crystalline with some glass) to
doerystalline (dominantly erystalline). A wicropegmatitic fabrie is
the nrost characteristic of these groundmasses, and beautiful inter-
growths of quartz and feldspar are scen, representing the erystal-
lization of eutectic mixtures of these minerals. Microgranitic
fabries also occur, but are less common than the micropegmatitie.
I'n such cases, the groundmass is holocrystalline granular, and con-
sists chiefly of quartz and alkali feldspar. In the hypohyaline
varieties, more or le<s devitrified spherulites commonly oceur, and
are often in bands or layers parallel to the original flow-structures.
In other cases, the oluss is more or less evenly distributed through-
out the groundmass. )

The clastic rocks are scen to consist chiefly of rhyolite fragments
wliich frequently exhibit typical conchoidal fractures, and, at_times,
are definitely the broken or exploded portions of vesicular masses
of rhyolitic lavas. In places these rocks coutain fragments of ande-
site, granitic rocks. cte.,, which oceur associated with the other
materials. A considerable amount of partly devitrified glass also
occurs in them, both ns matrix and as fragments,

ORIGIN,

The Wheaton River voleanies neeur mainly a< dvkes, voleanie
necks, surface flows, aud tufaceous aceumulatinys, The flows are
often less than 10 feet thick, but are at times considerably more;
and appear to have come chiefly from the fissures whiely occur plenti-
fully on Chicftain and Carbon hills, and from which thin streams
of liquid rhyolites poured forth.

A small voleanic neck is cut by the ereck which runs along the
north side of Mt. Bell. This Intrusive area appears to be about

4,000 feet in dinmetor. and lavas and azzocigted tufaceous materials
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have spread over the surrounding surface for some distance. A
somewhat similar, but irregularly shaped plue ocenrs between Dail
creek and AMt. Follé. and connected with it are a great number of
drkes, only a very small portion of which can be shown on the
accom:panying geological map. : |

Al the obzervations made in this district go to show, that
although the great bulk of the lavas of the Wheaton River series
have come from fi<sure<, the outponrings have hoen from loealized
points, and have not heen evenly distributed along any eonsiderable
portions of the fissures.

A roughly cireular crater oceurs on the summit of Vesuvius
hill, but the materinls derived frem it are mainly the tuffs and
breceias, which compose the greater part of the hill, and are gener-
ally roughly bedded.

The ocewrrence ou MeNeil hill differs from all the others
em-mmterml.. What appears to be really a stock, that measured at
the level of Wheaton river is 2,500 feet wide, cuts through the
Jurassic granitic vocks, If this bods of rhyolite originally reached
the surface it would have probably overflowed, but no indications
that it did so were discovered. Toward the summit of the mountain,
about one-thivd of the rhyolite is still capperd by a thin cover of
granitic materials, aud in all probability the whole mass was origin-
ally so covered.

The tuffs ure much thicker than the true Hows, and on Chief-
tain bill, Cirque monntain, and Vesuvius hill are from 100 to at
least 1,000 feet in thickness. These, to o great extent, appear to
have come from Vesuvius hill, but are also to sume extent apparently
derived from the hills on which they occur.

ACE.

" The Wheaton River voleanies are the most recent eonsolidated
rocks in the district, except possibly the Klusha granite-porphyries,
There is no decided evidence in the district to shosw which of the
two is the older, but since they are of almost identical eomposition,
and differ chiefly in texture, it iz most nrobable that they are nearly,
if not quite, synchronous. ,

The Wheaton River voleanies eame to the surface before the
glacial period, but after the distriet had reached almost its present
state of topographical development, and the lava-streams of this



P )

it S T

e e 2T g - -
bl E i A S
L T HERSE S Pt

=

ol

3

PR
a4 o AT

O TRt

———

&z

72 GEOLOGICAL SURVEY, CANADA

tie, except in the valleys, have sinee been It slightly eroded; so
that in places, as on the eastern portion of Carben hill, the original
form of the flows is still well preserved. These voleanies are thus of
late Tertiary, or Pleistocene age. '

Quaternary.
DISTRIBUTION.

Corwin valley wnd Wheaton River valley, ‘within the limits of
Wheaton distriet, are floored with Pleistocene deposits, the
thicknesses of which can only be surmised, as they have nowhere
been penetrated to the underlying bed-rock. Terrace exposures
in adjoining districts indieate, however, that these materials may
be several hundred feet thick. Great thicknesses of these
deposits also occur in the valleyrs of Fenwick creek; of Summit
creck between Cirque mountain and Vesuvius hill; and of the lower
portions of others of the larger streams tributary to Wheaton river,
such as Becker, Berney, Thompson, and Partridge creeks. Pleisto-
cene materials oceur, in addition, along the lower portions of the
walls of Corwin valley, Wheaton River valley, and the lower. parts
of some of the lurger tributary valleys. Terraces composed partly of
lateral moraine accumulations occur along Corwin valley, Wheaton
River valley, and the valleys of DPartridge, Decker, and Fenwick
creeks, up to heights of 700 or S00 feet above the elevation of the
Wheaton river at the nearest point. Occazional boulders and minor
amounts of Pleistocene deposits occur even on the plateau-surface.

A thin mantle of Recent material covers the surface of the
distriet nearly everywhere, except on steep slopes and escarpments.

On the geological map accompanying this report the colour
representing Quaternary is used only where the nature of the under-
lying bed-rock is uncertain, so that the arcas coloured Quaternary
are really those where the main Pleistocene deposits oceur, as the
Recent materials are rarely sufficiently thick or extensive to conceal
to any extent the pre-Quaternary formations.

LITHOLOGICATL CHARACTERS.

The Pleistocene and IRecent terranes of the distriet are litho-
logically in many places nearly identieal, and sometimes grade into
each other so that, in most eases, they are not differontiated but are
regarded as a stratigraphic unit,

R o o | o .
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The Pleistocenc deposits in Wheaton district consist chiefly of
gravels, sands, and boulder-clays, and as these have been only very
slightly dissected, in most places cross-seetions of them are almost
lacking; generally only the surfaces of these materials are to be
seen and they are, in n:any cases, nearly as the ice left them. The
present master-valleys are floored with materials whose visible
surfaces consist chiefly of sands and fine gravels which are cross-
Ledded and show every indication of having heen deposited In swift
water. The moraines, which are abundant in Corwin valiey espe-
cizilly, consist of unsorted sands and gravels. Boulder-clay probably
occurs associated” with and underlving the other materials in most
places in the main vallers, but was nowhere secen in this distriet.

The Recent deposits are composed of the fluvial, and littoral
sands, gravels, and silts of the present waterways, ground-ice, peat,
muck, voleanic ash, and soil. The sands, gravels, and silts are
exposed along the present streams and lakes, and the ground-ice is
practically everywhere present a few inches or a few feet beneath
the surface. Peat and muck occur mainly around the lakes, as these
occupy imperfeetly drained portions of the valleys, and are favour-
able loecalities for such accumulations.  The partly frozen ﬁeat,
muck, ete., overlying frozen materials, such as oceur around Annie

- lake, and on which shrubbery may or may not be present, constitute

the tundra of the district. This covers a considerable area in the
upper portions of Corwin, Summit Creek, and ITodnett Takes valley.
A thin layer of soil forms the uppermost geological deposit in the
valleys and on some of the Jevel portions of the upland.

A peculiar feature of southern Yukon is a layer of voleanic ash
or pumiceous sand. This material has been noticed as far south as
Lake Bennett, where it is about one inch thick, but it increases in
thickness to the north and west, until at a distance of 200 miles it
is 2 feet thick. It is ealculated that this ash covers about 25,000
square miles and has a volume of at least one cubic mile. It is
remarkably homogencous and of more recent age than ‘the silts
which are the latest of the glacial deposits. In fact, this ash has
fallen since the present waterways cut their courses to approximately
their present depths, and the trees and vegetation are roofed in it.
From its very even distribution, it would appear to have fallen very
tranquilly, somewhat like snow, and to lLave all come at one time,
as in it, a3 originalle depozited, no intercalated lavers of foreign
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materials exist. Tr i« aceasionally, liowever, found somewhat mixed
with other surface di-posits, where it has been washed from the hill-
sides into the vallers below. 1Mt Wrangel is the nearest known
voleano at present active. and the ashes appear to increase in that
direction; it seemns probable, therefore, that it came either from that
mountain or from =mne yet undiscovered, or now extinet, voleano in
the viecinity. In Wheaton distriet this material is from 1% to 8

inches thick, and i< thickest in the northern and western parts of
the area,

o STRUCTURAL CLOLOGY.
General,

A study of the structural geology of Wheaton distriet resolves
itself, for the greater part, into a consideration of the relations of
the Jurassic granitic rocks to the other geological terranes, Sedi-
mentary rocks are preserved over only a relatively small portion of
the district, and theip structures, as shown by the geological map
and sections dceompanying  this report, are quite simple. The
igneous materials of more recent date than the Jurassie plutonies
are the ordinary types of andesitice, rhyolitic, and basaltie voleaniecs
to be seen in many districts, and their structural relations have been
discussed undre * General Geology * in connexion with their detailed
deseriptions. This zection on structural geology, in which only the
general structural relations of the district arve intended to be con-
sidered, will, therefore, treat mainly of faulting and of the invasion
of the granitic batholith which underlies the entire district, and
outcrops over the greater part of it. '

The Granitie Batholith,

_ Wheaton district is situated along the eastern edge of the great
Coast Range batholith, and thus furnishes a favourable position in
which to observe the relations of the granitic intrusives to the in-
vaded lllllltel'illlz-i. as in spite of erosion considerable portions of these
still remain. In the eastern half of the area, remnants of the roof
of the batholitl are still to be found, amd two huge walls separating
subjacent portions of this great igneons niass, as well ag numerous

‘inclusions, still exist.

Farther west the older rocks do not aecur, as the intrusives have
risen consideralily higher along the contral portions of the batholith
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than at its margin, and in sucl places erosive ngeneies have worn
sutliciently deep iuto the granitie hody to have removed all portions
of the older materials which originally existed as roof, projections,
and inclusives.

A stuwly of the Coast [ange batholith at various points in
British Columbia, Alaska, and Yukon. as well as investigations of
other granitie batholiths in the Cordillera of western North Ameries,
have tended to show that in no case, g0 far as known, did these
intrusive bodies rise to the surface, but in all instances cooled under
a cover of older rocks. Jnplaces the existence of the roofs has been
definitely proven, and their thicknesszes have been estimated to with-
in a few hundred feet! In Wheaton distriet in no instance have
any remains ot syuchronous extrusives been discovered. and some
quite distinet roof-fragments still exist (see section C-C, in back of
this repart), which apparently are portions of a cover that originally
completely roofed the intrusives, - There thnos appears to be ittle
doubt that these granitic materials cooled beneath older rocks.

The manner in which the invading materials attacked the over-
Iying formations is alse well exhibited in this district (sec sections
A-A, B-B, and €-C, in back of this report).  ‘T'wo long, relatively
narrow walls of pre-Jurassic rocks oceur in the batholith, and trend
“parallel to its eastern margin. These have been incized by Wheaton
River valley to a depth of aver 3,000 feet, and at the valley floor are
practically the same wilth as at their highest points. The granitie
rocks have been injected upwards between these walls in the form of
a huge drke having an average width, for over 12 miles. of about
8,000 feet. At a number of points in the district small, irregularly
shaped patches of older rocks were noted, which since they outerop
at all elevations cannot represent portions of the roof, but are inelu-
sions that have become invelved in the granitic magma. It would
appear thus that the invading magma intruded the overlying rocks
in the form of great tongnes. dykes, ete.. from which were given off
smaller branching portions which penetrated the older materials to
a considerable degree in some places. This i3 well seen in the case
of the inclusions, in which a number of dykes can generally be
found. . .

18mith, G. O. and Mendenhall, W, (".—'"'Tertiary granite in the northern Cas-
cades”’: Bull. Geol. Soe. Awmerien, Vol. T1. 1900, pp. 223-230.

Barrell, Joseph—"Geology of the Marysville mining district, Mont."": Prof.
Paper, No. 37, U, & Geol. Surv,, pp. 167-173.
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Mowever, the minute interfingering of magma and older rock,
that is to be seen in connexion with the Pre-Cambrian batholiths of
the Laurentian area in Canada and elsewhere, and in the Palzozoic
Latholiths of the Now England states and other districts, is no#
liere found. Further, the invaded rocks have apparently received no
additions from the magma except in the form of distinet dykes, sills,
and other forms of considerable size, No granitization is apparent,
Le., the addition of chiefly feldspar and quartz, minutely introduced

. along an infinite number of irregular spaces, has not been a feature
of the batholjthic invasion here, as in the cases just mentioned. The
only apparent effect that the granitic magma has had on its walls is
to cause a reerystallization of materials to some extent, and thus
give them a denser texture. Even thig metamorphism extends only a
few feet from the intrusive border. That g certain amount of marginal
assimilation occurred seems evident by the fact that the granites for
a sliort distanco from the contaets with the darker rocks, particularly
the andesites, have ap increasingly darker appearance as the wall i3
approached, until at the contact all are often a dark green colour,
It is not thought, however, that this process has been operative to
any great extent, as 20 or 30 feet away from the contact the com-
position of the bhatholith appears to have been unaffected by its
walls, Howerver, to definitely decide the extent to which assimila-
‘tion has been effective, a large number of rock analyses would require
to be made, which has not been done for this distriet,

The method of mechanical batholithic invasion that has been
mainly effective here appears-to have been that of the breaking away
of blocks from the roof, and their sinking in the intrusive magma
which probably rose ag they sank to fill the places they had occupied.
That this process is not only a possible one, but one that has in all
probability been chiefly operative in the case of the majority, at
least, of the batholiths of western North Ameriea, has been shown by
Daly, Barrell' and others. Daly ' has shown that blocks of an
average rock sink in a magma of average composition, owing to its
temperature and consequent less density, Accordingly in this dis-
trict, as the intrusive has about an average composition and as the

walls are, in most cases at least, decidedly more basie, these would
readily sink,

0p. cit. .

*Daly, R. A.—"The mechanies of igneous intrysion’: Amer. Jour, Soc., Vol. XV,
Apr., 1903, pp. 269-299, ’
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Tho walls of the Lathalith may have boen o gome extont foreed
apart by the pressure oxerted by the invading materials upon them,
but it is not considered that this has been an extensive factor in
the invasion process, Leeausze the batholith is 30 to 40 miles wide
and, as stated above, a cover is believerd to have remained over the
magma until it had cooled, which could hardly be conceived ag
possible if its walls were foreed apart such great distances. The
absence of all foliation and mashing in the portions of the roof that
still . remain also tends strongly to show that no such lateral force
has been operative. It is thus apparent, at least, that the granitic
magma must be now occupying the space that originally contained
other rocks, and since these have apparently not heen foreed apart,
they wust have been remaved cither upward or downward. There
is no evidence that they were belehed out on the surface, in fact,
none could have been if the bathelith cover was preserved.  There-
fore, they appear to have sunk in the magma, and to have been
broken from the roof Ly the process of overhead-stoping, which
answers all the requirements of the feld ot observations in this
distriet, ’

Faulting,

Numbers of faults of cousiderable displaceinent may occur in

‘this district, but where these intersect only the massive igneous

rocks at the surface their presence is difficult to detect, and the
amount of their movement cannot be measured, Thus only one
prominent break has heen identified, and thiz i3 recognizable since
it intersects sedimentary rocks. This fault has been traced from
Wheaton River valley on the east side of Mt Stevens,.in a north-
westerly direction to Iled ridge, a distance of nearly 10 miles, and it
may extend considerably farther bevend the northern edge of the
distriet ‘mapped.

The amount of the displacetent along the eastern sides of Whoa-
ton and Stevens mountains cannot be measured, as there, grano-
diorites are in contact with andesites, and both are massive materials,
However, to the north of Wheaton river the displacement is at least
as much as 5,000 to 6,000 feet on Mt. Bush and Mt. I'oll4, as the
upper members of the Tantalus eonglomerates are brought into con-
tact with the Perkins group, showing a movement at least equal in
amount to the combined t_l]iclmess of the Laberge, and Tantalus
beds. ‘
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The fault is of the normal type, io. the hanging-wall moved
downward in relation to the foot-wall, and it is inclined to the north-
east at angles varying from 43° to nearly 00°,

An interesting feature in connexion with this great break is
that its location appears to have been decidedly influenced by the
rosition of the contact between the andesitic rocks and the granitic
intrusives. The andesites, as above explained, project as a great wall
down into the granitic batholith, and it is the eastern face of this
wall that appears to have controlled to some extent the location of
the fﬁult-plﬂnc_.

Explanation of Geologic Sections. .

Observations in the field necessarily reveal conditions only at
the actual surface, but a compilation of all the data that can be
obtained, combined with general geological experience; allows of
inferences being made concerning the general relations of the forma-
tions underground. which approach alinost to the degree of certainty
obtained by obscrvation. Thus, in spite of their inferential char-
acter, geologic cross-sections of a region are of great value as show-
ing the relations of the various formations to each other, and their
probable structure. The sections shown in the geological map
accompanying this report are construeted from the ideas of geologic
relationship and structure developed in the preceding discussion, but
a few points may here be worthy of mention in way of review and
explanation.

Cross-sections B-B and C-C show several mclusions in the
granitic mass underground. These are, of course, not known to

exist in the actual position shown, but since similar small bodies are

found scattered over the surface at all elevations, it is only reason-
able to assume that others occur under similar eonditions beneath
the exposed portions of the batholith.

Cross-section I3-B shows an irregular apophyse of the granitic
rock invading the andesites. The structure of this intrusive body is,
of course, conjectural, but surface observations show that the granitie
rocks have in many places invaded the older andesitic materials in
this fashion, and they thus very probably have here a form resembl-
ing that shown, which is, however, intended to represent a general
rather than a specifie attitude of the rocks toward one another.
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Cross-section A-\ shows the granitic rocks underlying the in-
vaded andesites, and the roof is ziven a stepped form as if an angular
block had just been removed. As overhead stoping is believed to be
the chief mothod of mecehanical batholithie invasion, such forms
would most naturally yvesult.

Other similar explanations might be given, but these will prob-
ably be suticient to make clear the object the writer has had in com-
viling these sections, viz. to present as elearly as possible hig ideas
of the general structural relationship of the various formationg, The
uxiderground details as presented are only to convey an idea of the
general structurd, rather than specific details. '

HISTORTCAT, GEOLOGY,

The succession of geologic events in Wheatoy district will now _
be brietly reviewed, and in doing so, all the more important facts
eoncerning the structure and stratigraphy will be presented. The
matter s, of necessity, sonewhat fragmentary, and the records of
long periods have been almost entirely destroyed; still a systematic
treatment of the available data may help to make more apparent the
many vieissitudes which the district has undergone.

The oldest records are contained in the Mt Stevens group,
which are more poorly preserved in Wheaton distriet than in other
parts of Yukon and Alaska, to the north and west, so that appeal to
them there will be necessary to supplement the information that is
available here. The Mt. Stevens rocks only show that at an early
stage in the history of the district the bed-rock formation consisted
of quartzites, slates, argillites, and limestones, whicl ‘were invaded
by granites, gabbros, rhyolites, andesites, diabases, ete, The relative
ages of these various men:hers are but imperfeetly revealed, as all
are .greatly metamorphosed, plicated, distorted, ang eroded.

Similar terranes have heon carefully  studied in Yukon and
Maska to the north and northwest of this distric

t, ¥ a4 number of
Canadian and United States geologists,' who have shown that in .

MeConnell, R, (1 - Report on the Klondike Gold Fields': Cieol, Surv,, Can.,
pp. 18-20.

Spurr, JoFL—T e Geology of the Yukon rold distriet’: 18t} Ann. Rep. U. 8.
Geol. Surv., pt. 3, 1900.

. Prindie, L.M.—"'Cold Placers of the Fortymile, Birch Creck, and Fairbanks
regions: Bull. U. . Genl, Surv., No. 251,

rooks, A. H.—*"Reconnaissance in Tanana and White River basins’: 20th Ann.
Rep. 1. 8. Goeol. Sury., pt. 2 1900,
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these districts thousauds of feet of arenaceons and argillaceous
matter, followed al<o by great thicknesses of calearcous material,
were accumulated in lower Palwozoic times, and that vuleanism was
active during sodimentation. Silurian fossils' have been found in
the limestones which appear to be at the top of the series. There is
a possibility that the guneisses of the terrane may be Pre-Cambrian,
but this is not considered at all probable.

Throughout a ereat part, at least, of Yukon territory, sedimen-
tation is known to have been termzinated in late Silurian or early
Devonian times by a wide-spread, dynamic revolution which caused
extensive deformation and metamorphism, and was accompanied by
considerable voleanic activity, The rocks of the Mt. Stevens group
may have received thieir sehistoze and erystalline charaeter, and some
of the intrusives mayx have been injected at this time, However, the
records of this time are here 2adly diimmed and time-worn, and it is
ouly actually known that the<e old rocks are lithologically very
sincilar to the lower Palwozoie rocks deseribed elsewhere in Yukon
and Alaska, as mentioned above, and that they were highly meta-
morphosed and deforied, and to a great extent removed by erosion,
before they became invadod by the Jurassie granitic intrusives,

Where the revords are still legible, they show that at the close
of the Silurian disturbance a considerable area was above the sea,
and a long erosion interval ensued. Some time. before the middle
Devonian, however, a great part of Yukon sank heneath the sea, and
at about that time vuleanismn beeame active at u nwmber of points.
The older members of the Perkins group n:ay have then been in-
truded, A
. This sea-invasion, which commenced in Devonian time, con-
tinued at least well into the Carboniferous, and only 3 or 4 miles to
the east of the eastern edge of Wheaton district considerable thick-
nesses of Carboniferous? limestones exist, and 13 or 16 miles to the
cast, several thonsand feet of Devono-Carboniferous _quartzites,
cherts, slates, and limestones occur, However, il any of these sedi-
ments were deposited during this period in Wheaton distriet, they
were removed before the deposition of the Jura-Cretaccous beds, and
have left no traces of their former presence.

'Brooks, A. II.—"The Geography and Genlogy of Alaska'": P’rof Paper, No. 45,
U. B. Geol. Surv., 1906, p. 254,

*The broad term Carboniferous, in thie report, includas hath the Mississippian
and Pennsyivanian fornations and s uzed where the available information is ton
indefinite to allow of & mare exact name being cmployed.
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Since the time interval between late Silurian and the beginning
of Jura-Cretaceous deposition is not represented by any sediments,
Wheaton district may thus have been a land area, subjected to ero-

- glon and intermittent voleanie invasions throughout this entire time,

The andesitic members and possibly also the pyroxenites and amphi-
bolites of the Perkins group, all of which are thought to be of upper
Paleozoic age, invaded the older rocks and buried them under flows
and tufaceous accumvlations of considerable thickness.

A wide-spread dizturbance in Turassic and apparently in late
Jurassic time, inteerupted ail sedimentation over vast areas, includ-
ing the southwestern part of Yukon, and was accompanied by the
injection of vast amounts of igneous materials, including the great
batholith of the Const range, the greatest in the history of Yukon
territory. A counsiderable area was abiove the sea at the close of this
disturbance, and, what was probably a short period of erosion, ensued.
This was Tollowed by 2 gradual sinking of the land in Jura-Creta-
ceous time, which continued until an extenzive land-mass, including
Wheaton district, was snhmerged. )

The materials that accumulated in this Jura-Cretaceous? sea in
Wheaton distriet were chiefly such as have produced, upon consoli-
dation, arkoses, tuffs, conglomerates, sandstones and shales. These
bave a maximum thickness at present of possibly 6,000 feet, but a
great amount has been removed by erosion. In tle extrenie southern
portion of Yukon, the voleanics play a very important réle, but these
gradually disappear toward the north, until at 100 miles north of
the 60th parallel the sediments include but little tufaceous matter.
In Tantalus coal area,” which is situated a few degrees to the west
of north, and 120 miles distant from the Big Dend of the Wheaton,
the Jura-Cretaceous conglomerates, sandstones, shales, ete,, are at
least 5,000 feet thick at present, and have been extensively eroded.

This Jura-Cretaceans period was also characterizod by voleanie
activity, as evidenced by the ash-beds and voleanje breceias found
interealated with the normal sediments, These voleanics all appear

The term Jura-Crotaceons is of necessity om pln_y‘cd,iq this memaoir, Numbers
of fossils linve been colleeted from different loealitics and persistent efforts have been
made to find othoers: nevertheless, the plant and animal remaing so far collected,
kave afforded but indefinite and unsatisfactory results, and the preat accumulations
referred to are only known tn be of upper Jurassie or Cretaceous age.

*Cairnes, D. D.—*"Preliminary memoir on the Lewes and Nordenskisld Rivers
coalstc)liggrict”: Geol. ‘Survey Branch, Dept. of Mines, Canada, Memoir No, 5, 1910,
pp. 3U-g8.

22286 "
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to be andesitic in character, and are, in places, accompanied by
andesitic flows. This vuleanism persisted until after sedimentation
was brought to a close, as dykes are found cutting all the Jura-Cre-
taceous beds. Great maszes of andesites are also found in Tantalus
and Braeburn-Kynocks coal areas,’ 100 to 120 miles to the north-
east of Wheaton distriet, overlying eroded surfaces and edges of the
uppermost Jura-Cretaceons sediments.

This Jura-Cretaceous period of sedimentation was terminated
by a wide-spread deformation, at the close of which a considerable
area, including” Wheaton district and the greater part at least of
southern Yuken, was above the sea. Degradation beeame active, and
from that time to the present mo evidence has been obtained to show
that any portion of southwestern Yukon has been subjected to
marine conditions. The historic records in Wheaton district from
the time of the Jura-Cretaceous disturbance until the Pleistocene
are but few and indefinite, and_show mainly that the Jura-Creta-
ceous beds were considerably deformed and metamorphosed, that
erosion continued until a nearly base-levelled surface was produced,
and that this surface has been subsequenily uplifted and dissected.
Since, however, no sediments oceur that are more recent than the
Jura-Cretaceous beds, and are older than Pleistocene, there is no
eviderice within the district to indicate either during what period
the planated surface was elevated or whether or not there has been
more than one erosion eyele and subsequent uplift. |

Following the Jura-Cretaceous disturbance, and mainly, it is
thought, during Tertiary time, Wheaton district was subjected to at
least three voleanic invasions, but the order in which these occurred
is not definitely known. What appears to be the first, resulted in
dykes of basalt being injected into the older formations in many
places. In other parts of Yukon, these basalts poured over the land
in the form of extensive flows, and, in places, hundreds of feet of

tufaceous material accumulated. About this time, also, numerous

dykes of granite-porphyry pierced the older formations. In addition,
some rhyolites eut the older rocks and flowed over the land surface,
generally as thin sheet«, and were accompanied, in places, by preat
amounts of related tuffs and breceias.

'Cairnes, ID. D.—*'Preliminary memoir on the Lewes and Nordenskisld RiverS
cole3 district’’: Memoir No. 5, Geol. Surv, Branch, Dept. of Mines, Canada, 191 0
pp. 38-43.
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In upper Cretaceons titie n transgression of the sea took
place along the present Yukon basin to the north of Wheaton
district, and also probably extended to othep portions of Alaska and
northern Yukon. Deposition continued well into the Eocene,
although *in the Upper Yukon basin, the Eocene is represented only

- by fresh-water beds which seemi to have been laid down in isolated
basins.”* In EKocene or Miocene time, a gradual uplift occurred
which, though of an orographic character, was accompanied by vol-
canie activity and by a considerable local disturbance of the Eocene
beds.* The exact "date of this orogenic movement is somewhat in
doubt.  Dawson® rofers the uplift to the Locene, but Brooks® has
produced considerable vvidence to show that the dynamie revolution
oceurred during late Focene or early Aliocene time. A long period
of erustal stability ensued, tduring which what js now the Yukon
platean, as well, possibly, as the Coast range and other adjoining
tracts* were reduced to nearly featurcless plain which was subse-
yuently elevated. Dawson * maintains that the planation was aceom-
plished during the Eocene epoch, that the Mincene was a period of
vuleantsm, deposition. and accumulation, and he agrees with Brooks ¢
i considering that the subsequent uplift oceurred jn Pliocene or
-early Pleistocene time, Spurr, however, shows that the erosion of
the Yukon plateau was contemporaneous with the deposition of the
Miocene strata in the lower valley of Yukon river, and, therefore,
urges that the Yukon plateau was planated in Miocene time and was
subsequently uplifted in late Mioccene or early Pliocene time.® It is
not known, however, to what extent Wheaton district was affected by
these various movements and disturbances, but it ja probable that
the Jura-Cretaceous sediments were largely deformed by the Eocene
or Miocene (post-Laramie) dynamic movements, that the district
was peneplanated during Eocene or pre-Pliocene post-Eocene time,
and that this planated tract was uplifted to practically its present
position during late Miocene, Pliocene, or carly Pleistocene time,

Brooks, A, H.—Prof. Paper, No. 45, U. 8. Geal. Surv., 1906, p. 246,

Dawson, (3. M.—"“Geologieni record in the Rocky Mountain region of Canada’':
Bull, Geol. Sac, of Awmer., Vol. 12, p. 70, o

*Brooks, A, H—0Op. ¢it., pp. 292.203,

Bpencer, A, C—Purifie Mountain System in Rritish Columbia and Alaska’:
Buli. Geol. Soc. of Amer., Vol, 14, Apr., 1903, pp. 117-132,

sDawson, G. M.—T'rans. Roy. Boc. of Can., 1890, Vol. VIII, sec. 4, 1890, pp. 11-17,

tBrooks, A. H.—0p. ¢it.. pp. 290, 292, 293, .

*Spurr, J. E.—"Genlogy af the Yukon gald district, Alaska': Eighteenth Ann,
Rop., U. 8. Geol., Survey, pt. I1], 1898, pp. 260, 262, 263.. '
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During the long perind of erustal stability preovious to this lnst
important uplift, the topography was reduced (o the form of a Lroad
and gently undulating plain, and only ocesasional urieduced hills and
ridges remained projecting above the genera] level. This lowland
surface then became transformed into an upland tract, and the
streams of the district were thus given renewed life and erosive
powers, and, consequently, immediately commenced sinking their
channels in the uplifted peneplain.  Soon, numerous deep incisions
were carved, which intersected the region in various directions. The
interstream areag becanic more and more individualized, and assumed
gradually the aspect of separate mountains and ridges.

The uplift of the Yukon plateau, including Wheaton district
and the adjoining Coast range on the west (Diag. 2). was of a differ-
ential character and was thus really an upwarp, and was so condi-
tioned that the resultant topography had the contour of a broad
shallow trough, the approximate axis of whiel is occupied by Yukon
river and its tributary the Lewes, while the Coast range lies along
its western rim. It thus happens that the westerly portion of
Wheaton district was more uplifted than parts farther cast.

The higher tracts to the west and south of Wheaton distriet,
during the Pleistocene, became the gathering grounds for glaciers,
and huge tongues of ice moved down Corwin and W heaton River
valleys and their main tributaries. These valley-glaciers accentu-
ated the topography produced by uplift and subsequent erosion, and
deepened and broadened the depressions they occupied, steepened the
valley-walls, and sculptured the land-forms in a.manner character-
istic of ice-action. Vast amounts of morainal and other glacial
materials were also deposited over the floors and along the sides of
the main depressions of the district.

- After the retreat of the ice, the topography was practically that
of to-day. The master-streams have been since employed in remov-
ing the burden of glacinl sand, gravels, silts, ete., from their valleys,
but Wheaton river and its main tributaries have, as yet, not
succeeded in trenching their channels to bed-rock.

A thin vencer of Tlecent materinls forms the surface nearly

ever.ywhere. This consists chiefly of sands, gravels, and silts of the

present waterways, groumd-ice, muck, voleanie ash, and soil. This
voleanie ash is an mteresting occurrence, and forms a layer 2 inches
to 4 inches thick, very near the surface,
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ECONOMIC GEOLOGY:

Wheaton distriet is of interest, from the standpoint of economic
geology, for its ore-deposits and its coal-measures, The former will
be here first considered.

- ORE-DEPOSITS.
Introduction.

For convenience of description, the" ore’deposits of this district
may be classified as follows:—

(a)} Gold-silver quartz veins.

(b) Antimony-silver veins, ) .
(¢) Silver-lead veins.

(d) Contact-metamorphic ore-deposits,

GENERAL,

The great majority of the ores of the district belong to the first
three classes, and consist chiefly of veins, the economic importance
of which depends on their gold, silver, or antimony contents. Quartz
is, in these veins, nearly everywhere, the most impoitant and gener- -
ally the only gangue mineral. In a few places barite and ealeite
also play this role. The only representatives of the last class, the
metamorphie ore-deposits, are found on a property near the june-
tion of Becker creek with Wheaton river, and occur replacing bands
of mica-gneiss, generally near their contact with the Jurassie
granites. These ores consist chiefly of magnetite, hematite, and
clmlcqpyf-ite, associated with garnet, epidote, calecite, and other
secondary metamorphie minerals.

Over 500 claims® have been located in this district since the
early par.t of the summer of 1906, and a large portion of these are
still being held. Some promising discoveries have been made, and,
in.several places, good or even high-grade ore has been found. Stil

T
that 543 claims had been recorded, to date, in Wheaton distriet. Of this number

he records of the Mining Recorder at Carcross, Y. T., showed on Feb. 3, 1910, P
only § were recorded previous to 1906, and 167 of the 543 were still in good standing. \
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no shipnents have na vet been mnde, exeept n fow teat sninples of
10 tons or less ench, and no plant has been erected in the distriet for
treating these ores. '

HTARDED DEVELOPM EXT.

All the mining done has been of a prospecting nature, and con-
sidering the number and character of the discoveries made, the
- .amount of development that hus been performed ja exceedingly sinall,

This is due to several vitses, auong which the following are probably
the most prominent :—

The freight rates charged by the White Pass and Yukon rail-
way have been suecl that it has been practically impossible to ship
out of the territory uny but the highoest grade ores: and to bring in
cquipment and supplies for extensive working meant excessive ex-
penditure. Not only have the rates been high, but mining men have
been uunable to obtain guarantees from the railway company that
éven the rates, at any time fixed, woull not Do raised in the near
future. _ )

When the discoveries were first made in Wheaton district‘ there

" were no roads, and few trails, extending into thic section of counti'y.

A considerable portion of the rolling upland-surface of the
distriet is covered with superficial deposits which obscure the various
vein outerops and render prospecting diffieult. This is mueh empha-
sized by the fact that this surface mantle of soil, partly decomposed
bed-rock, etc., is frozen the greater part, if not all the year, making
stripping, trenching, ete.. much more expensive than in more south-
erly distriets. The frost does not interfere with undérgrox_md mining,
but is a considerable detriment to prospecting. '

Still another element might be mentioned, and thig is that a
considerable number of the men in the district attempting develop-
ment work are either entirely untrained in mining methods or, what
is more generally the case, are placer miners, and to some extent are
trying to apply plucer methods to quartz mining,

FRESENT CONDITIONS. ‘ '

The above-mentioned matters will, however, all right themselves,
but some time is required, as the district is still new and compara-
tively unknown; and it is hoped that the properties containing work-
able ore will be producing in the near future. During the sumrmer
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of 1910 the railway commission deecided that the freight rates on ore
from Whitehorse anil Caribou to Skagway shall not excced $2 and
$1.75, rvespectively, per ton.. The Yukon Govermment has also con-
structed wagon roads to different parts of the Wheaton distriet, so
that now all the clating are on, or may be easily connected with, one
of these roads, and are distant not more than 12 to 553 miles by road
from Robinson on the Whiteheorse-Pass and Yukon railway. Finally,
the men wining in the distriet are becoming more experienced, and
more quartz miners are coming into the country, so that a lack of
practical workers will also soon become a thing of the past.

-

Gold-Silver Veins.
SUMMAR \'..

Under this heading it is intended to give a brief summary of
the more important facts, free from inference, concerning these
gold-silver veins.

These veins are of wide-spread distribution in southern Yukon,
and constitute the major portion of the ore-deposits, not only of
Wheaton district but also of Windy Arm distriet to the southeast.
They occur in Wheaton district throughout a northwesterly trending
belt 16 miles long and 8 to 9 miles wide. The majority of the
deposits occur in a strip, 2 miles wide, which extends up the centre
of this belt and includes Mt. Stevens, Wheaton mountain, Tally-Ho
mountain, Gold hill, and Mineral hill. Other veins have been found
on Mt. Anderson and Red ridge to the west and cast, respectively,
of this 2 mile belt. '

The majority of the veins strike, in a general way, parallel to
the belt in which they oceur, which in turn parallels the trend of
the Coast range of mountains to the west, The veins are generally
steeply inclined and dip, prevailingly, to the cast. .

" These deposits are found chiefly in the Coast Range intrusives,
but also exist in the schistose members of the AMt. Stevens group—
principally in the chloritic and sericitic schists and the greenstone-
schists. The veins in the granitic rocks occur as fissure fillings and
are prevailingly regulae and persistent in their various characteris-
tics, such as strike, thickness, mineral composition, ete.,, for con-
siderable distances. One vein has been traced over 3,000 feet and
may extend much farther. and contains from 4 to 3 feet of vein-
material throughout this distance. Ilow far the nmajority of the
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other veins may extend is not known, but some have been traced
upwards of 1,500 feet. They vary in thickness from a fow inches to
7 or 8 feet, but the average vein in the granite is from 3 to 4 feet
thick. When veins oceur, however, in the schists the minerals have
been deposited either in lens-shaped masses between the foliation-
planes of the enclosing rock, or in irregular fissures which may
occur conneeting these lenses or may be independent of them. So
that the deposits in these schistose rocks are extremely irregular in
form, but have a general trend parallel to the strike of the minersl
belt in which they occur. The bulk of the ore oceurs in lenses which
appear to have an-average width of 6 to 8 feet and are from 20 to 40
feet long. One exceptional lens on the Acme claim is about 100
feet long and 30 feet wide, Veins in this formation have been traced .
over 1,000 feet, consisting of a succession of lenses and connecting
fissures. -

The vein-fillings consist, in nearly all enzes, mainly of quartz
which with subordinate amounts of caleite, constitute the gangue
minerals. The quartz may present a massive appearance and be so
finely crystalline that no distinet erystals can be scen with the naked
eye; or it may consist chiefly of large, well-formed prisms which are
either interlaced or pointed in a parallel manner toward the centre
of the vein, thus forming distinet comb-structures. All gradations
between these types of structure may be found.

Galena is the most characteristic metalliferous mineral, and is
the only one oceurring in any considerable amount. It may be very
finely crystalline, when it is known as ‘steel-galena,’ or may ocecur
as cubes up to half an inch to the edge. Pyrite 'and'chalcopyrite
occasionally exist in scattered parlicles. Native gold and sylvanite,
as- well as hessite, petzite, and telluric ochre also becur, but have
been identified in only two localities, Gold hill and Mt. Stevens.
The gold is generally very fine and ocecurs apparently both as g
primary mineral.and as an oxidation product of the tellurides,

The native gold and tellurides have so far only been found in
small pockets on the Gold Reef claim on Gold hill, and in some float-
quartz, which comprised chiefly a large mass of several tons, found
near the summit of Mt. Stevens. Some of the samples of pockets of
these ‘orés have assayed several thousand dollars per ton in gold and
silver. The source of the rich quartz on Mt. Stevens has not as yet
been discovered; but it zecms probable considering the large size of
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the main mass found and its angular character, that the vein from
which it is derived is present on the hill on which it was found. It
is not known, within close limits, what average amounts of gold and
silver the different veins in the distriet carry; but selected ore from
the more promising claims on Mt. Stevens, Wheaton mountain,
Mineral hill, and elsewhere, contains from $20 to $30 per ton.

The zone of vein oxidation is very shallow, and does not appear
to have had any appreciable cconomic effects upon these deposits.
Unoxidized minerals often occur at the surface -and have always been
encountered abovg the 30 foot level; also no zone of surface enrich-
ment due to weathering has been detected.

Mining in Wheaton district, as mentioned above, is everywhere
in the prospect stage as yet; and, although the gold-silver veins have
been exploited more than the other classes of deposits in the distriet,
on only five claims has 100 feet or more of work been performed.
On the Gold Reef eluim on Gold hill there nre a number of drifts,
cross-cuts, raises, shafts, ete., aggregating several hundred feet, On
four other claims, 75 to 330 feet of work has been executed, chiefly
in the form of drifts. '[hree of these drifts have been driven on the
veins, aund the fourth is intended to cross-cut the ore. In all other
-cases where any work at all has been done it is chiefly as assess-
ments and in the form of small shafts, less than 20 feet deep, open-
cuts, trenches, ete. For this reason, although a number of promising
claims have been located, and some good ore has been found, it is
not definitely known that any of the properties possess ore in suffi-
cient quantities and containing the requisite values to allow of their
being profitably mined to any considerable extent under present con-
ditions.

DETAILED DESCRIPTIONS.

Lhe Vein-fissures—The gold-silver quartz veins are of two
~ types, each restricted in its oceurreiice to one type of rock., These
are (1) simple gold-quartz veins in the Jurassie granitic intrusives,
(2) lenticular veins in the Mt. Stevens schists. These two types
contam similar m: mer.xla, belong to the same vein- system, and are
contémporaneous in formation. Their differences are due, as will be
explained later, to the effect of the containing rock on the formation
of the fissures, '
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Di.stributiunf—'l'hv majority of these fissures are limited in
Wheaton district to a belt 16 miles long by 2 miles wide, ‘I'his belt
extends in a southeasterly direction from Watson river, on the north,
to the southern portion of JMt. Stevens, which are points at the
north and south edges, respectively, of Wheaton district, Ten miles
farther to the southenst, and in lne with the general direction of
this mineral belt, are a number of similar veins, in Windy Arm
distriet. Also, ores which probably belong to this class are reported
to have been found to the north of Watson river and in a line with
those known to the south. No that when this portion of southern
Yukon has become more explored it will probably be found that these
veins exist throughout an area greatly in excess of that existing in
Wheaton district,

The narrow belt above deseribed includes portions of At. Stevens,
Tally-Ho mountain., Wheaton mountain, Gold hill, Ilodnett moun-
tain, and Mineral hill.  In addition, a few veins have been found
some distance on either side of this area. The 1most distant of
importance, so far discovered, is that seen on the IRip, and Wolf claims
on Mt. Anderson, about 4 miles to the west of the ipain belt. Veins
were also noted on the eastern end of Red ridge and elsewhere, 2 to
3 miles to the east of this belt. So that altogether these fissures
occur throughout an area of 8 or 9 miles wide, extending to the
west to Include Mt. Anderson, and to the east to the eastern edge of
Red ridge (Diag. 3). _

Formations in Which the Fissures Oceur.—These ore fissures
occur in the Coast Range intrusives which are chiefly granites and
granodiorites, and also in the chloritic and sericitic schists and
greenstone-schists of the Mt. Stevens group.

Strikes 2nd Dips.—All of these fissures so far as is known strike
in a general direction parallel to the trend of the belt in which they
occur. They dip in all cases, except as mentioned below, to the north-
east, and are generally steeply inclined, the angles of inclination to
the horizontal varying from 60° to nearly 90°. Veins in the schists,
however, are liable to dip to the southwest, but the only one known
that does so is that on the Gold Reef elaim. This irregularity is
mentioned later.

Influence of Containing Rocks—The containing rocks have a very
marked influence in determinine the form of the deposits. The fissures

]
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found in the granijtic formations nro'fairly straight and often quite
persistent for considerable distances, The veins in the schists, on
the other hand, are very irregular, and the greater part of the ores
they contain occur = lons-shaped  deposits between, and conform-
able to, the foliation-planes of . the enclosing rock. The lenses are
often more or less connected hy irregular fissures. so that the entire’

N .

S

Fig. 2. Diagram showing strikes of gold-silver vein fissures,

veins, when such can he traced any considerable distance, have g
general trend parallel to those in the granitic rocks, but consist
partly of lenses, conformable to the schist laming, and partly of
fissures cutting the latter and connecting the lenses, Sometimes
these connecting fissures are well mineralized and constitute part of
the vein proper. and again they are nearly or entirely barren. ILenges
also occur which are apparently entirely unconnected with each other.,
Tt thus happens that when the foliation planos of the schists are
paralle], or approximately so, to the general trend of the deposits or
mineralhbelr, as on Gold hill, that the greater part of a vein, along
its outerop and for a variable depth, may be conformable to the
lnmination of the wall reek.  This gives the most regnlar type of
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vein in the schistose formations (Fig. 4). DBut when the schists
strike at considerable angles from the general trend of the veins,
these become very irregular and may appear a3 disconnected lenses,
or lenses joined more or less completely by veins cutting the folia-
tion planes of the schist, and having a strike considerably at variance
with that of the lenses (Fig. 3). The shape of the deposits in the
Mt. Stevens group thus depends upon the character of the members
of this formation, which is generally much metamorphosed, distorted,
and plicated. The crratic charaeter of these veins, bLoth at the
surface and when followed down along their dips, is, therefore, to be
expected. Even the simple fissures in these rocks, as in most schis-
tose formations, are very irregular in outline, and the veins, which
in a place or so on Mt. Stevens, continue in them for considerable
distances, partake also of this character.

Granitic Rocks
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Fig. 3. Type of irrezular vein in the Fig. . Type of more regular vein in
schists, the rchista.

Persistency of the Fissures.—One vein in the granitic formation
on Mt. Anderson was traced over 3,000 feet and may extend much
farther, as neither end was found. Throughout this distance it con-
tained 4 to 5 feet of quartz and its associated metalliferous minerals.
No other vein seen in the district has been followed as great a
distance. The Gold Reef vein on Gold hill, in the Mt. Stevens group,
outerops at least 1,000 feet; and another vein in similar rocks on
the enst side of Mt. Stevens is traceable for upwards of 1,500 feet.
Most of the other veins have only been followed 200 or 800 feet or
less. But no systematic attempts have been made in this direction;
so others may extend as great or a greater distanee than the 3,000
fect given above sis a present observed maximum,

Width of the Fissures in the Granitic Rocks.—The veins in the
granitic rocks vary in thickness from a few inches to 7 feet or more,
but 3 to 4 feet seems to be the average. The MePonald Fraction
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vern, })ne of the best appearing in the district, is. where opened up,
only 2 feet thick; the vein on the Legal Tender, on Mineral hill, is
3 to 3} feet; the Siiver Queen vein on Wheaton mountain is about
3 feet; " and that on the Sunrise on Stevens mountain, althoug_h 7
feet in one place, will not average over 3 feet in thickness. These
are examples of some of the best veins in the Coast Range intru-
sives.

Dimensions of the Tonses in the Schistose Rocks,—Sinee most
of the quartz-lenses in the schistose rocks have been cross-cut or
exposed in only few places if at all, very little is known concerning
their dimensions. The largest lens discovered, that on the Aeme
claim on Mt. Stevens, appears to be about 100 feet long and 30 feet
thick at the surfuce. The other lrger lenses appear to have average
maximum thicknesses of from G to 8 feet, and to have lengths gener-
ally of 20 to 40 feet. ' A '

Intersections.—No intersections of nmembers of the gold-silver
veins have been noted.

Faulting.—That the fissures in the granitic rocks in which the
gold-silver ores occur are fault-fissures, is shown by the fact that the
fissure-walls are generally distinetly slickensided, and in places are
covered with gouge; in addition, the material between the walls of
the Tally-Ho vein consists to a great extent of brecciated material.
The granitic walls of the fissures, however, afford no clue as to the
extent of their displacenient; but since schists overlie this forma-
tion in places (being remnants of the roof of the granitic batholith)
if any extensive movements had taken place such would probably be

- evidenced in the overlying rocks. HHowever, no marked, or even

definite movements of any extent have been detected, except along
the mineralized fissures in the schists, where moveirents, apparently
of ouly a few inches but at most 2 to 3 feet, were noted in a few
places. It would, therefore, appear that the displacements along the
fisaures, in both schists and intrusives, are, probably, only slight,
Structural Features of the Fissures in the Granitic Intrusives.—
The only properties that have afforded any information concerning
the shape, regularity, ote., of the fissures in_the granitic rocks below
the surface are the Tally-ITo, Legal Tender, and the Rip, on which
drifts of 100 to 250 feet have been driven on the veins. These work-
ings show that the fizzuraz, ns far as they have been followed, are
remarkably persistont s concerns strike, dip, distance apart of



.

94 GEOLOGICAL SURVEY, CANADA

walls, ete. No foot, or hanging-wall stringers or branching fissures
were encountered, and no close, parallel fissures have been discovered
such as occur in connexion with lodes, and are produced by com-
pression. It would thus appear that these gold-quartz fissures, in
the majority of instauces at least, are simple in form.

Origin of the Fissures.—~These ore-containing fissures all occur
along the eastern portion of the granitic batholith: the majority
strike in a direction purallel to the genera) trend of the castern edge
of this intrusive mass; and all the fissures in the granitie rocks dip
to the northeast, away from the centre of the intrusive area. Chiefly
from these faets, an n_ttémpt is made to determine the origin of the
fissures coutaining the gold-silver veins, and those in the Coast
Range intrusives will Lo first considered.

The forces operative in {he earth’s crust that are known -to
produce fissuring are those of torsion, tension, and compression—a]l
more or less aided’ by gravity. Daubrée ! has demonstrated experi-
mentally, that whenever torsional forces are effective, two systems of
fracturing tend to be produced, nearly at right angles to each other.

- Becker® and Van ITixe® have also shown that compressive forces

operative in an upproximately homogeneous substance, such ag
granite, also result nermally in two sets of ﬁssureg being formed.
These occur at about 45° to the direction of the applied foi'ce, and,
therefore, at about 90° to each other. However, all the gold-quartz
veins of the distriet appear to exist in a smgle system of fissures
that occur parallel to the genera] structure of the region, and no
evidence of cross-fissuring wasg detected, “ :

Such an extensive, single system of parallel fissures would seem
to be most probably the result of tension, more or less assisted by
gravity. Only two possible explanations suggest themselve_§ as being
efficient to cause such a force or forces to become exerted ip this
district. The first s that these fissures are the result of contrac-
tion due to the cooling of the granitie: body. As showy by W. H,
Weed * and Joseph Barrell 3 such huge masses of raclk cool slowly as

Daubrée, A.——”Eturlo_s Synthétiques de Géologie Expérimentale’: pp. 507-527,

2Becker, Geo. F—"“Yinite homogeneous straing, flow, angd rupture of rocks:
Geol: Soe. Am. Bull., Vol. IV, pp. 13-90, 1803,

¥Wan Hise, C. A.—"Principles of Pre-Cambrian N, Amer, geology'': Sixteenth
Ann. Rep., pt, I, U. 8. Geol. Sury,; Pp. 633652,

Weed, W, IL.—Trans. Am. Inst. Min. Fng., Vol. 33, 1903, p. 745,

sBarrell, Joseph—-"(}on!ngy of the Marysville Minjng District, Montana'': Prof.
Paper, No. 57, 1907, U. S. Geol. SBurv,, pp. 105-108. .
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a whole, and have na tendeneyr to form wide contraction cracks; but
still as the marginal portion and the ‘contact-ietamorphic zone
cooled, there would be a tendency for these portions to shrink away
from the surrounding rocks. and a system of fissures, parallel to the
contact, would be formed. dipping away from the centre of the cool-
ing body. In some cases a system of fissures is found, which strikes
at right angles to the edge of the intrusive, due to cooling and con-
sequent shortening of the marginal portion of the mass, Ilowaever,
this- i3 not a necessary accompanying phenomenon, and all the
contraction may well he taken up, particularly in the case of such

versistently linear maases na the Conat Range batholith, by a gingle
systeir of flssures purullel to the contact line. Gravity would also

in all probability be effective in ecausing foot-wall portions to sink,
in places, and fault-fisstires would be produced resembling, in all the
observed particnlars, these in Wheaton distriet which are being con-
sidered,

The second theory far the formation of these Hszures attributes

‘their origin primarily to causes differing considecably from those

Just enuwmerated ;- but still all may have acted more or less simul-
tancously, «o that it is coneeivable that they may lave been very
intimately associated aud that a combination of them may have
been the true cause of the production of these fissures.

It has been shown in the chapter on ¢ General (Geology,” that the
northwestern part of Yukon territory suffered an extensive dynamic
revolution in about late Jurassic time, and as a consequence, the
whole tract was uplifted.  This disturbanece was .accompanied by
voleanie aetivity on a profound seale, and during this period the
Coast Range batholith was intruded. It is also known that the
portion of the district that is now occupied by the Coast range
(which is composed of the granitie batholith) was considerably more
uplifted than the adjoining area to the east, - Such 'diﬂ'erential up-
lifts are known to frequently determiine. lines of weakness between
the upper and lower divisions of the upraised tracts, which is liable
to result in the gradual relative resettling of the less uplifted ares,
producing normal faulting. As the fissures in Wheaton distriet
that are being discussed lie 10 or 12 niiles to the east of the moun-
tain front of the Coast range, the forces, due to this cause, acting to
cause them, would at this distance have become dissipated, and would
cauge in all probability anly slight displacements, such as charac-
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Also a3 normal faults would be
produced with dips consequently away from the mountains, the faults
would in every way correspond to those that here exist.

terize these faults in this locality,

What might be considered 1 third explanation, but which
amounts in reality to nearly that just given, is developed by Cham-
berlain and Salisbury.' They suggest that great land masses are at
times ‘relatively elevated above the plane of isostatic equilibrium,
and, as tho masa of the interior, though solid, is not absolutely rigid,
there is ground for the presumption that the excess of gravity in the
protuberant portiogs was gradually relieved by their slow sinking.’
‘A direct movement .downward, which would be the primary phase
of an isostatic movement, would, however, tend to develop thrust, but
because of the protuberance, a lateral ereep is postulated.” Such a
lateral creep, acting along the edge of.the Const Range batholith in
Wheaton district, would ecause normal faulting of small displace-
tent, in all probability, such as is here nbserverd.

Therefore, whether theze fissures

tion of the granitic mass on cooling, or to an isostatic readjustment
subsequent to erustal dizturbances, must for the present remsain an
open question; but it is quite conceivable that both causes have been
operative. In any case, the effective forees appear to have been those

of tension, or stretching, combined with ditferential vertical forces,
or gravity,

are primarily due to contrac-

The ore-filled cavities in the schists are believed to have had in
a general way a similar origin to the fissures in the intrusives. But
as the schists are always foliated and often fissile.  the cavities in
them, containing the orc-materials, differ widely in character from
those in the more homogeneous intrusives, and
lar. As mentioned above, the veins in the seh
quartz:lenses, conformable to the ]
more or less conuected by ir
directions; but, in places, fi

are extremely irregu-
1sts consist chiefly of
aminations of the wontaining rock,
regular fissures cutting the foliation
ssures were found independent of lenses,
Still in all cases, as far as is known, these veins, as a whole,
general trend parallel tn those in the granitie intrusives, Also the
veins in the two formations, as discussed more fully abovae, are,
almost beyond a doubt, of the same age. Slight displacements not
exceeding 1 or 2 feet, and possibly only a few inches in amount,

have a

1Geology, Vol, II, Earth History, p. 131.
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‘once a small opening is produced,
-solutions to enter and deposit even a

"Wash. Aead, Scei., Proe., Vol. 7, pp. 283-988, 1905,
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were further noted in n fow places in the sehists, Thus, although
the cavities containine tho individual lenses are believed. to have had
-a special and somewliat independent origin, the general trend of the
veins and the actual fissures are thought to be due to the same
-agencies that caused the fssures in the granitic rocks; and the veins .
probably represent the upward extensions op continuations, in some
cases at least, of the veinz in the intrusives, and resemble the latter
as nearly as rocks of thijs schistose habit are able to reproduce such,

The various lens-shiaped spaces in the schists, which have become
filled with quartz and azsociated 1rinerals in such g way that the
rock curves outward on either side to enelose the ore-materials,
probably owe their orizin to more than one source, As the schist
lIamine are very irregular in form, the movement of one over the

-other might cause intervening fpaces to be formed., The same thing
oceurs when ilrroguinrl,\':zhnpod fissure-walls move relative to one
another, so that a oppved surface comes opposite one curved in the
opposite direction, producing a cavity between them, Still pheno-
mena of this kind do not appear here to harve been important factors.

‘The quartz is typically massive in structure, as if formed under such

-conditions that no open space existed at the thme of crystallization.
Further, the walls of these cavities are rarely noticeably striated,
showing that, at least, the majority of these sp

aces were not pro-
-duced by movements of their containing walls over cach other.

Pressure applied to the ends of schist lamine will cause them tg
bulge apart in places, producing lens-shaped gpaces between them, -
Also it has been shown * that the force exerted by a crystal while
forming is equal to that required to erush jt when c'onsolidated, and
that many fissures have bheen considerably altered by the growing
force of minerals being deposited in them. It will thus be scen that
sufiicient for quhrtz-containing

small amount of their burden,
the force of erystallization would bo suflicient to gradually foree its

walls apart to ninke room for itself and n:ore incoming solutions,
So, in this way, lens-shaped, mineral-filled cavitios may be produced.
Pressure commences the process, causing the mineralization to be
localized, and is succeeded by the foree of crystallization of the
minerdal mattor introdiend by the solutions, Quartz deposited in

1Becker, Geo. F. and Day, Arthur L.—*“The linear foree of Browing crystals”:

22286—7
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this manner will erystallize with a massive structure and %ts walls
will not necessarily be striated. The quartz and nssociated minerals
found in the lenses in the Mt. Stevens schists were introduced by
solutions, as discussed bLelow, so that in the manner here outlined
the lenses could have and are believed to have originated.

Irregular Dips.—The apparently irregular dips of veins in the
schistose rocks, referred to previously, can now be readily explained.
These veins, when conformable to the lamine of the enclosing roek,
may incline either to the northenst or sotithwest, I'his is accounted
for by the fact that mineralizing solutions on emerging from a
fissure in the granitic rocks will tend to continue upward following
the readiest plane of circulation. If such happens to be a foliation
plane, this is just as liable to Jdip one wav as the other. The Gold
Reef vein is the only one of any extent, however, that is known' to
dip to the southwest.

Fissure-fillings and Minveralogy—-The vein materials of these
gold-silver veins consist predominantly of quartz with some ealeite,
galena, pyrite, chalcopyrite, zine-blende, and, in some few cases, gold
and sylvanite. Galena is the only metallic mineral which ever com-
prises any considerable percentage of the vein-filling, the others
oceurring as sparsely disseminated particles. Gouge occurs on the
walls of some of the veins, and breceiated wall- rocl\ iz also found
constituting a part of one.

Gangue-minerals.—Quartz is always the chief and, in most
cases, the only ganguc-mineral, but caleite is occasionally assoeciated
with it in minor amounts. In the lenses in the schists, the quartz
has always a massive appearance, but in the fissures in the granitie
rocks it is often coarsely crystalline, and long, well-formed crystals’
frequently occur pointing from the walls towards the interior of the
veins, forming typical comb-structures, An interlacing of Iong
quartz prismas is also often to be noted, and is particularly well seen
in the Legal Tender and Tally-Ho veins. Structures of the latter
variety have considerable inter-erystal space, in which other mincrals
are at times deposited. Such erystal development shows that open
space existed between the fissure walls at the tinie of the quarts
depositian.

Aletallic Minerals.—The metallic minerals are generally present

in relatively small amonunts, and rarely constitute any considerable

S
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percentage of the vein-filling. Where these minerals are fairly
abundant in the ores in the granitic formation they exhibit often a
rough alignment, parallel to the walls; this does not oceur in the
quartz lenses in the schists, where the metallie minerals are irregu.
larly distributed through the gangue.

Galena is the only metallic mineral that oceurs at all extensively
and, in places, as on the MeDonald fraction, the Tally-Ho, and else-
. where, it constitutes, for limited distances, the greater part of the
vein-matter. Such occurrences appear to be in the form of pockets
which vary in size from a few feet in length to those of considerable
size, and may even attain the proportion of shoots; but nowhére has °
suficient development ns yet been performed to afford definite
information on this point. The galena may be very fine, or may
oceur in cubes as much as half an inech in thickness. A considerable
portion, at least, of this mineral is silver-bearing and also appears
to be associated with the gold content of the ore, a3 quartz contain-
ing no galena rarely, if ever, earries appreciable amounts of gold;’
but where even seattered particles of galena are found, bhowever, the
ore is liable to assay well in gold, Pyrite and chalcopyrite ocbur
but sparsely distributed through the quartz, and in most places are
rarely encountered. .

On the Gold Reef claim on Gold hill, and on the Buffalo Hump
group on Mt. Stevens, telluride minerals have beep discovered, On
the Gold Reef these occur in pockets from the size of a man’s head
to one of 800 or 900 pounds weight. Very few pockets have been
found, not nearly sufticient to pay for working the property, as the
vein is elsewhere very low grade. The principa] tellurium Iineral
found is sylvanite, but hessite and petzite have been identified in
the laboratory. Tellurie ochre also occurs as g result of the weather-
ing of the other tellurium minerals.

Sylvanite is monoclinie in erystalline form, and often oceurs in
branching arborescent forms resewbling written characters, It jg
also bladed and imperfectly columnar to granular; hag excellent
cleavage; is brittle and very soft, having a hardness of 1.5-2, ie.,
generally somewhat less than that of gypsum; has a specific gravity
of 7-9-8-3, and has a brilliant metallic lustre angd colour, with streak
purc steel-grey to silver-white, inelining to yellow. In composition
this minera] is the telluride of gold and silver (Au, Ag) Te, with
62.1 per cent tellurium, 24.5 per cent gold, and 18.4 per cent silver.

2228674
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Hessite is the silver telluride, Ag,Te. Tt is izamotric when
crystalline, but is usually mussive. com:pact or fine-grained. It has
distinet cleavage; can be readily cut with a knife; has a hardness
of 2.5-3, and 2 specific gravity of &.31-83.43: and las a colour
between lead-grey and steel-grey. Ay

Petzite 13 a rare eold-silver telluride (Ag, An), Te with the
silver: gold = 3:1. It is massive, and granular to compact; slightly
sectile to brittle; and huas a hardness of 2.5-3; and a specific grav1ty
of 8.7-9.02. Its colour is stecl-grey to iron black.

The telluriec ochre occurs as a whitish to yellowish coating on
the rock surface. W hen pure it consists of tellurite, TeOQ,, which
forms slender, orthorhon: bic, prismatic erystals, and small spherieal
masses; is soft, and white or yellowish-white in colour; and has an
adamantine lustre and exeellent cleavage. Ilowever, it is generally

associated with numbers of impurities, as lead ecarhonate, iron oxide,

etc., and then has a more vellow to reddish appearance.
Free gold occurs with these minerals in the form of small par-
ticles, generally entirely invisible to the naked eye, or in a few eases,

in larger grains or spougy masses. The latter and some of the more

minute particles occur surrounded by the tellurides and have been
set free from these by oxidation. Solifl particles of bright gold with
normal characteristics were also noted in the Gold Reef and else-
where, which are apparently of primary origin, These pockets of
telluride ores are extremely rich, assaying often thousands of dollars
per ton, but the amount of ore in each pocket is small, averaging
perhaps not more than 30 pounds each. '

On the Buffalo IIump group on AMt. Stevens a number of tons

of float-quartz was found, near the summit of the hill, which con-

tained, in addition to some galena, disseminated particles of
sylvanite and free gold. It is not known what this ore uveraged, but
assays from $100 to several times this amount rer ton are reported.
The gold here vecurs generally as very nunute particles, as on the
Gold Reef, and is partly primary.

Assqy Values.—What the average ores in the various gold-silver
veins will assay is not know 1, but selected ores from the MeDonald
I'rf\ctmn .the Tally-Tlo, the Sunrise, the Rip, the Legal Tender, and
other‘ of the more proising nroverties contain nonor.l“y {rom $20
to $Q0 per ton in gold and silver, the gold being generally consider-

ably in excess of the silver.

—
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Gouge and Dreccia.—From one-fourth to one inch of a clayey
gouge has been deposited on the walls of some of the veins. This
consists of comminuted wall-rock, ground by movement of the walls
on one another. The broken particles have heen afterwards decom-
posed By cireulating waters, which have been inﬂuentigl in altering
the feldspars to clay, sericite, etc., forming the nasty selvage so
characteristic of many veins. The vein most noticeable for its sel-
vage is on the Tally-Ilo .&roup; this is also the only one of thesa
gold-silver veins that is characterized by any considerable amount of
brecciated material. Ou this property a fault-zone, from 4 to 19
feet in thickness, oceurs, which consists largely of fragments of wall-
rock, the size of which varies from microscopic to 8 or 10 inches in
diameter; through this broken material and along the walls of the
fault-zone several seams of gouge, up to one inch in thickness, occur.
The quartz which constitutes the main vein on the Tally-Ho follows
thio foot-wall, and ulso has been deposited, to somg extent. between
the breceia-fragments. )

Age of the Veina—As to the age of these veins, it is known that
they were formed after the outer portion, at least, of the granitic -
mass had cooled, as they cut this rock. Also they are older than the
Carmack basalts, the members of the Wheaton River series, the
Klusha intrusives, and the Chieftain Hill volcanies, as an andesitic
dyke belonging to the oldest of these, the Chieftain Hill vo:IcaniCS,
is known to cut the vein traversing the Rip and Wolf claims on Mt.
Anderson. This fixes the age of the veins as late Jurassie or later,
but earlier than late Cretaceous or early Tertiary. ‘

As explained later, these veins are also believed to De genetically
connected with some series of igneous rocks. The Chieftain Hill
andesites which cut them are the oldest known igneous rocks in the
district, that are more recent than the Jurassic granitic intrusives
in which the ores ornur, It follows, by elimination, that the veins
are probably associated with the granitic rocks which are cut by
them. Moreover, as explained more fully later,.these veins in the
field appear to he everywhere intimately associated with these
granitic intrusives, which is taken as further evidence of their
genetic connexion. These points indicate that the veing were formed
after the outer portion of the granitic bLatholith had cooled, but
while the interior was still hot; if this is 30, the veins are of late
Jurassic age.
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Synchronous Age of the Veins in the Schists and Granitie
Rocks.—The veins in the schists and granitic rocks, ns-shown above,
have in a general way parallel strikes and oceur closely associated
in the same long, narrow, mineralized belt. Also the mineral con-
tents of the veins are practically identical in both formations. Even
the rare telluride minerals, particularly sylvanite, have been found
both on Mt. Stevens, in a vein in granite, and on (lold hill in the
Gold Reef vein in schist. Tt would thus appear that the veins in
these two formations have had a common origin and are synchronous
in age. No vein, Wowever, has so far heen traced from one rock to
the other, but this is not conzidere:d stemiticant, as such a large pro-
portion of the surface is covered with superficial Jdeposits, and

- further, the areas of the schistose rocks are only small and scattered.

Alteration of Wall-rocks.—Compared with many other distriets,
but little metasomatic alteration appears to have taken place in the
walls of these fissures us a result of vein-formation. The granitie
recks are prevailingly grevish in colour, but, in places, due to con-
siderable amount of contained pink orthoclase, are distinetly reddish.
These rocks, in some cnses, have been somewhat altered for a fow
inches or even 2 or 3 feet, from the vein on either side, the amount
of alteration decreasing with thé distance from the orc-material. As
a result of this alteration the walls are rendered slightls softer and
are bleached to a light grey or almost white appearance. -In no case
observed, however, did alteration extend to the point of n:asking the
character of the rock. The exact nature of the chemical and
mineralogical changes which have taken place has not been deter-
amined. The schists have been even less affected than the intrusives,
and at no place was auy «decided or marked alteration apparent in
‘these rocks adjacent to the vein materials.

Oxidation.—The zone of vein-oxidation is prevailingly shallow.
In the majority of mining districts the limit of completo oxidation,
as a rule, coincides with the water-level, and in many cases the
process may partly, if not completely, alter the veins for considerable
distances below the water-surface. Ilere, in these gold-silver veins,
-oxidation has only appreciably affected the ores very near the surface.
In places, unaltered sulphides are reached in 4 or 5 feet, and, in all
the cases reported, they have been encountered in less than 30 feet.
Several causes may be sugzested to aceount for this,
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In the first place, on acecount of the northiern latitude of this
district, the ground is, in most places, continuously frozen to con-
siderable depths. Under these conditions, chemical action proceeds
slowly amd to a slight degree. '

The drainage may also have an important bearing upon oxida-
tion in this district. As shown in the descriptions -of the topography,
the mountains are prevailingly steep-sided, so that the run-off from
the hill-tops is, in most places, rapid and complete. This naturally
tends to diminish the effects of oxidation, as the waters are so rapidly
conveyed from the uplands to the main valley-depressions that they
have relatively little nppartunity to act upon the mineral-deposits.

Still another point should be mentioned in this connexion., As
stated previously, the chicf metallic mineral oceurring in these veins
is galena; pryrite is but rarely encountered, and marcasite was not
identified. TRecently IT. A. Buchler and V. A. Gottschalk® have
demonstrated experimentally, that galena alone is oxidizable with
dificulty under ordinary surface conditions; but that, like many
other corinon sulphides such as zine-blende and chalcopyrite, it is
readily oxidized in the presence of pyrite or marcasite. The fact
that galena in these eold-quartz veins is generally unassociated with
these minerals may, in part, account for the slight amount of oxida-
tion that has occurred. .

At the surface, the slight amount of pyrite that is present 1s
altered to limonite, and the chalcopyrite is changed to some extent
to azurite and malackite. )

Leaching and Enrichment.—In gold-silver veins-of the calcite
type, it is common to find a decided enrichment in the oxzidized part
of ‘the c_l’cposit, due to the reduction in volume of the ore by solution,
and the removal of certain constituents—chiefly the soluble car-
bonate and sulphides. In the gold-silver veins of Wheaton distriet
there is no indication of an enrichment of the oxidized zone. This
“may be explained by the fact that these deposits contain very little _
caleite and only small amounts of sulphides, and, further, the cold
waters existing at this northern latitude do not diszolve sulphides at
all readily, particularly when little or no pyrite is Dresent, as just
‘mentioned when considering the oxidation of these veinas,

Also, since the metallic minerals of these deposits have been but
slightly leached near the surface, there is little chance of finding any

‘Oxidation of Sulphides”: Econ. Geol., Vol. ¥, No. 1, Jan., 1910,



104 GEOLOGICAL SURVEY, CANADA

considerable zone of sccondary enrichment with depth at or near the
water-level, due to the deposition of these minerals dissolved from
above.

Persistency and DProbable Vertical Extent.—Considering the
shallow zone of oxidation, the apparently slight amount of leaching

that has been effected, and the improbability of any important zone
of secondary enrichment being encountered with depth, it appears

that these veins should maintain, for a considerable portion of their
vertical extent, the characteristies and mineralization which dis-
tinguish them near the surface. Further, it has been observed that
in few places in the world do veins extend downward for a distance
greater than their length at the surface. So in all probability this
will be found to hold true in Yukon; and the veins which are the
most persistent at the surface will also extend the farthest down-
ward.

Genesis.—In rceent vears a number of geologists have studied

the various vein-forming minerals with a view to determining their.
"mode of occurrence, and believe that certain mineral combinations

are characteristic of each of the vein zones in which ores are found.
Also, certain individual minerals are diagnostic of particular zones,
but as such minerals arc prevailingly of rare occurrence, the mineral
combinations are the more useful in considering the genesis of an
ore-deposit. .

In these gold-silver veins, none of the minerals are found that
are characteristic of the deeper vein zone, such as -albite, amphibole,
biotite, diopside, garnet, hornblende, scapolite, spinel, topaz, graphite,
ilmenite, pyrrhotite, specularite, etc. Further, there is a decided
lack of the minerals characteristic of pneumatolytic veins, i.e., those
that are now recognized to be directly connected with plutonic intru-
sive rocks, and have been derived from them through the agency of
magmatic gases dissolved in them at the time of the intrusion, and
existing, therefore, at high pressure and above the critical tempera-
ture of water. Some of the minerals that are most useful in dis-
tinguishing such deposits are tourmaline, fluerite, apatite, spodu-
mene, muscovite, alkali feldspars, cassiterite, wolframite, molyb-
denite, inagnetite, bornite, and arsenopyrite.

It follows. by a process of elimination that these gold-silver
veins belong to the upper vein zone. The minerals composing the
deposits are quartz caleite, galenna, pyrite, chalcopyrite, free-gold,

E
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and-certain tellurides. Of these, the quartz, pyrite, chalcopyrite, and
native-gold are known to be frequent deposits of all the zones and
s0, by themselves, afford little information. The galena and ealeite
are also somewhat persistent in their occurrence, but tellurides are
only known to occur in the deeper vein and upper vein zones.
Further, the association of the minerals is such as is only encoun-
tered in the upper tein zone; to which, for the above reasons, it is
considered that these deposits in all probability Dbelong.

A study of former topographies, and of the geological occurrence

of these ores, also aseists to some extent in the study of their genesis,
although not to the same extent as in other types of ore-deposits
found in Wheaton distriet,

That ore-bearing quartz veins are deposited from circulating

waters containing dissolved gases and metalliferous - compounds, is-

a now well recognized fact. It is further generally supposed that
these waters are connected with the intrusion of igneous rock. In
the case of these gold-silver veins, it has been shown in a previous
portion of this chapter, that all the igneous rocks of the distriet

that are newer than the granitic intrusives in which the veins oceur

are more recent than the veins themselves. It is, therefore, apparent
that if these deposits are associated with any of the known igneous
materials of the distriet, these must be the J urassic granitic rocks.
In the field the veins appear everywhere to be intimately associated
with these intrusives, so that the genctic relationship between them
appears certain.  If this be true, the solutions depositing the ores
traversed the fractures in the outer, cooler portions of these granitic
rocks, and also in all probability extended up into the overlying
schists as well, and distributed their load of dissolved mineral-
matter, while the interior of the granitic mass was still in a highly
heated condition. In the formation of the veins, the rock-formations
were but little, if at all, replaced, and the material was practiecally
all deposited between the fissure-walls,

Further, the portions of the veins that are exposed to view all
oceur .near the top of the batholith, either m the intrusive rock
itself or in the schists, and are believed to have formed shortly after
the intrusives of the granitic mass. There is no direct evidence in
this district to show at what depth ‘below the surface this granitic
material consolidated, but investigations that have been ﬁaade in
recent years tend to show in many places, at least, in the Western

U vemcrTiac Yoo aieie, oraten. . -
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Cordillera of North Anoviea, that the upper portions of these great
batholithic bodies are intruded to very near the surface, and do not
cool, as formerly thought, in the abyssal dopths.

Barrell * has shown that the great Boulder batholith of Montana
in places approached to within 2,000 feet of the surface. Smith and
Mendenhall 2 have also noted the instance of a batholith in the Cas-
eades that was covered, at the time of its intrusion, by only a series

_of extrusive andesites. Other similar observations have been made

in other places® So it is quite possible that these veins which oceur
ir the upper portidns of the Const Range granitic batholith may

‘have penetrated to® within 2,000 or 3,000 feet. or even less of the
surface.

DESCRIPTIONS OF MINING I'ROPERTIES,

The mining properties hereunder considered are mentioned in
order, commencing at the southeast and procecding to the west and
north. No attempt is made to include all the clain:s in the distriet
that belong to the gold-silver class. A number only of the mére
promising are deseribed,

Mt Stevens.—The Ilawlk Fxe group of three claims, owned by
the ¢ Tally-Ho Boys,” is situated on the Wheaton River slope of Mt.
Stevens. Two veins have been discovered on the property, in chlor-
itic and sericitic schists, whieh have average thicknesses where
exposed of 20 inches, and 3 to 4 feet, respectively. The vein-material
consists of quartz impregnated, to some extent, with galena and

“chalcopyrite. It is not known what the ore will assay.

The Acme claim, owned by O. Dickson, is situated on the top of
Mt. Stevens, and contains the largest quartz-lens noted in Wheaton
district. This lenticular mass oceurs in chloritic and sericitie
schists; is 80 feet wide in one place, and appears to be about 100 feet
long. On account of drift, neither end of the lens was seen, and it
i3 not known whether quartz continues farther than the 100 feet in
either direetion or not. In places some galena and pyrite ocecur,

but the bulk of the quartz contains practically no metalliferous
minerals.

1Barrell, Joseph—'‘Geology of the Marysville mining district, Montana'’: Prof.
Paper, No. 57, U. S..Genl. Surv., p. 1686.

28mith, G. O, and Mendenhall, W, C.—"Tertiary granite in the northern Casge
cades’: Bull. Geol. Soc. Amer., Vol. 1, 1900, pp. 223-230.

3Hague, Arnold—**Early Tertiary volcanoes of the Absaroka Range™: Pres,
Address, Geol. Soc. Wash., 1399, pp. 23, 29, ‘
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The Buffalo TTump aroup, owned by AMr. Geo. Stevens, consists
of three claims, the Sunrise, Golden Slipper, and Wheaton. These
all adjoin, and are located in line, forming a group, three claims in
length, in an east and west direction, along the north end of MMt.
Stevens. This is the most widely known property on Mt. Stevens.

On the Golden Slipper claim several tons of quartz were dis-
“covered, which was thought at first to form part of a vein in situ, ag
it had distinet granitic walls and was but little broken. Subsequent
development showed this quartz and its associated rock-material to
be all transported material. This overlies similar rocks which belong
to the Coast Range intrusives, oceurs near the summit of the hill,
‘and does not appear to have travelled any considerable distance. A
drift was commenced in the direetion of the supposed origin of the
‘quartz, and in August last (1909) had been driven 85 feet, and from
it 20 fect of cross-cuts had been run, but no vein was encountered.

Tlhis quartz, in addition to a small amount of disseminated
galena in fine grains, also contains some free-zold and sylvanite.

. The gold occurs either as small, spongy masses, usually surrounded

by sylvanite, or in the form of n:inute, bright particles, often too

-small to be detected with the naked eve. The spongy gold has been

‘derived by oxidation from the sylvanite, but sonie of the zold oceurs,
apparently, as a primary ore. The telluride exists in small bunches,
‘scattered throughout the quartz.

At several places on this and adjoining elaims, smaller masses
and pieces of high-grade quartz have been found, all of which are
angular in form, do not appear to have been transported. far, and are
found chiefly near the summit of the mountains. For these reasons,
it is thought that the rich quartz was probably originally derived
from some portion of Mt. Stevens.

On' the Surprise claim: is a quartz vein. in a fissure in granite,
which ecarries some galena and native gold. Both of these latter

~minerals occur sparsely distributed throughont the gangue, and are
‘lere, so far as has been discovered, not associated with any of the

telluride minerals found on other veins showing native gold.
The vein is. 7 feet thick in one place, where a small open-cut has

‘been miade, but will not average more than 2 or 3 feet in thickness

for the 50 feet that the ore has been traced. The amount of gold
and silver this quartz wil] average per ton is not even approximately
known. ' '
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Wheaton Mounluin—7The MeDonald Fraction, situated near the
western edge of Whonton'mountain, 15 probably the most promising
prospect on this hill. Outeropping here, in a fissure in granite, is a
vein of quartz which strikes N. 47° W., and dips to the northeast at
angles approaching vertieally. ‘The vein is well mineralized, chiefly
with argentiferous galena which, in places, constitutes the greater
part of the vein-filling. The minerals occasionally exhibit a dis-
tinetly banded structure. The quartz varies from fine to coarsely
crystalline, and where most dense js very massive in appearance, and
individual erystals cannot be distinguished. In other places, dis-
tinet comb-structures and well-formed interlacing prisms are char-
acteristic. It is claimed that this ore contains gold and silver in
very encouraging amounts, '

A shaft, possibly 20 fect deep, constitutes practically all the
development so far performed on this property. .

The Silver Queen and Gopher claims are situated on the western
part of Wheaton mountain, near the MeDonald Fraction, and are
the principal claims in o group of seven owned by the ¢ Tally-Ho
Boys” On the Silver Queen is a quartz vein, in granite, which,
where it is exposed, is 3 feet thick, and contains galena and pyrite.
On the Gopher, is an irregular, lenticular mass of quartz in green-
stone-schist, which, at the widest point discovered, is % feet from
wall to wall. The quartz is very massive and carries seattered
particles of galena. Neither of these veins has been developed to
any extent, and it is not known, on account of -superficial, frozen
material, how persistent or extensive they are. 'Theiquartz from
both eclaims is reported to carry encouraging amounts of gold and
silver. _ ‘

Tally-Ho Gulch and Vicinity.—Tally-Ho Group.—On the west
side ‘of the Tally-I1o gulch, which extends along the western end of
Wheaton mountain, a group of cight claims, the Tally-IIo group,
has been loeated by Adam Birnie, C. J. Irvine, C. I. Burnside,
‘W. M. Hair, and F. T. McGlashan, who have formed a partnership
for prospecting and mining purposes, and are known throughout the
district as the ¢ Tally-1lo Boys.’

‘All the assessment and othor work for the entire group has been
performed in the development of a'single vein, that was considered
the most important on the property. The ore occurs in g brecciated
fault-zone, 4 to 12 fect thick, in the Coast Range granitic formation.
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The zone strikes in a northwesterly dirveetion, and dips to the north-
east at 60° to 70°, and along it a drift 200 feet in length has been
driven, leadicg from which are a 40 foot raise and a 15 foot cross-cut.

Both walls of the faulted zone are coated with a clayey gouge
one-fourth to one inch thick, and several similar seams oceur dis.
tributed through the broken material. The granitic fragments vary
in size from that of sand-grains, or smaller, to 8 or 10 inches in
diameter, and the larger picees have been cemented together by the
wore finely-ground muaterial, A varying, but always small amount
of quartz has been introduced between the various granitic frag-
ments, but the grester amount occurs as a vein of varying thickness
deposited along the foat-wall.  In the first 100 feet of the drift, the
vein is from 12 to 20 inches in thickness, then for 6 feet it is from

30 to 36 inches, whence it rapidly deercases to 12 inches, and for the

last 150 feet does not average more than 6 inches in thickness,

The thickness of the quartz has been apbarcntly conditioned by
the amount of original available space in which to crystallize. As

fissure-walls have invariably irregular surfaces, when faulting occurs

cavities or spaces are produced between them that tend to become
filled with the fragments that are produced by the grinding of the
walls on cachi other; the thlly-IIo_ fault-zone, on. account of the
great amount of breceia forined, would in this way become much
more compact in some places than in others, and the mineral-bearing
solutions travelling along the foot-wall would on this account be able
to deposit their dissolved quartz and associated minerals most readily.
in certain places. The force of crystallization of the quartz, referred
to under the ‘ Detailed Descriptions’ of these gold-silver veins, has
apparently been sufficient to press back the larger pieces and more
consolidated portions of the breceiated matter where not under too
great pressure, thus rearranging these rock-materials to some extent,.
and making room for the quartz to continue forming along the foot-
wall in a layer of varying thickness. It would appear probable from
these cousiderations that jf this fissure is followed, other places will
be found where the rock-materials give place to quartz, and the vein
is again of workable thickness. ’

The quartz earries considerable argentiferous galena which
occurs','g'enorally, fairly evenly disseminated, and in a fine state of
crystallization,  No other metallic mineral oceurs

in appreciable
quantitiez. Near the surface, for 8 or 10 fect, the gnlenq has been
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partly altered to lead carbonate. The quartz generally assays from
$9 to $80 per ton in gold and silver, and it is thought that consider-
able of it, if not all, will average approximately §$20 per ton.

Other veins have been found on these claims, but they have not
been developed, and nothing definite is known concerning them,
except-that some large pieces, 6 to 8§ inches in diameter, of almost
solid galena, were scen which came from them.

ALt Anderson.~Oun ‘lhe east side of Decker ereck, and on the
west face of Mt. Anderson, is a strong, well-defined quartz vein con-
tained in a fissurg in zranite. The vein strikes approximately
N. 68° W, and dips at about 80° to the northeast. It can be traced

Fig. 5. Section of vein at entrance Fig. 6. Nection of vein on Wolf
to drift on Rip claim. claim,

for about 3,000 feet, or practically the entire length of the-Rip and
Wolf elaims which are loecated along it, and neither end has yet been
found.

A dyke of finc-grained basalt, 2 feet thick. cuts this vein
longitudinally, and persists along it for the entire length so far
found. It in places occurs near the banging, and in other places
near the foot-wall, and also cccupies various intermediate positions;

and is not always in the form of a single, simple dyke, but gives off

branches, all of which occur in the quartz. . Wherever the entire vein

has been cross-cut, it contaius from 4 to 3 feet of quartz which is, in
most ‘places observed, well mineralized with argentiferous galena.

The dyke appears to have had no effeet on the ore other than of sub-
dividing it.

)

N
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It is not known what average value the vein has, but the better
mineralized portions of it generally assay from $20 to $40 per ton in
gold and silver.

On the Rip claim, owned by W, McGrew, a drift 90 feet long
has been driven on the vein, keeping to the foot-wall side of the dyke
which in this distance crosses from one side of the vein to the other.

On the Wolf claini, owned by Messrs. Clark, Dickson, and John- -
son, the basalt dyke splits the vein into two about equal parts, one
of which is ngnin divided by a small offshoot from the main dyke.
Approximately 40 feet of open-cutting and drifting have been dome
on this property. _ : ‘

Gold Hill and Vicinity—Considerable excitement was created
during the season of 190g by the finding of quartz carrying free-gold
and gold-silver tellurides, on what is now the Gold Reef claim, on
Gold hill, midway hetween Watson and Wheaton rivers, and 20
miles from Robinson. This was the immediate cause of consider-
able prospecting in this loeality, and resulted in the staking of
_practically all the claims iy, Wheaton district, except those compris-
ing the Union mines, ' .

The Gold Reef.—The vein on the Gold Ilcef strikes about
N. 55° W., and dips to the southwest at 50° to 60°. It oceurs in
greenstone-schists along the northeast side of Gold hill for upwards
of 1,000 feet, and throughout this distance has an average width of
possibly 4 to 5 feet. This is perhaps the most regular of the veins
so far found in the schistose formation, and for distances of 100 to
200 feet it maintains a fairly uniform thickness. The strike of the
vein, in a general way, coincides with that of the formation in which
it occurs, so that the greater part of the quartz has been deposited
along the foliation planes of the rock, and lieg conformable to the
enclosing laminm., The vein, in places, cuts scross the strike of the
schist for a few feet, and thence continues between other laminsm -
than those previously followed.

The quartz presents a particularly - dense, massive appearance
and, with the exception of oceasional particles of pyrite, in most
places, contains practically no metalliferous minerals, A few
pockets of rieh ore have been found, from the size of a man’s heag
to one of about 600 pounds weight. These contain native gold,
sylvanite, hessite, petzite, and telluric ochre. The gold in the pockets
occurs either as small, fPongy masses, when it is apparently derived
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by oxidation from the tellurides, or in minute, bright, solid particles
" whielt are alinost cortuinly of primary origin,  The telluric ochre,
as well a3 some of the gold, is a product of the decomposition of the
tellurides,

The Gold Reef vein, except for the puckets, earries only smail
amounts of gold and silver, and the rich ore hias not been found in
nearly sufficient amount to pay for the development of the property.
Up to the present, several hundred feet of development, in the form
of drifts, cross-cuts, shafts, cte., have been performed, and less than
a ton of pay-ore has been discovered.

The Legal Tender is the only other claim of the large number
Tocated in this loeality in 1906 and since, on which any development
work other than assesstnents has been performed.

This property was one of the first claims staked during the

-excitement of 1006, and was loeated by JMr. J. Perkins, It is situated -

on the northern face of Mineral hill. and overlooks Watson river
from the south. The walls of the river-valley rise abruptly from its
floor, over 1,700 fect to the plateau-level, and it is on this steep,
rugged, southern slope of the valley, and about 1,000 feet above the
level of the river, that ore was first dizcoverod on this claim, and
near the original discovery practically all the development work has
since been performed.

The vein on the property is in a fssure in granite, strikes in a
northiwesterly direction, and is inclined to the northenst at angles
approaching the vertical. The fissure-filling consists chiefly of quartz
and argentiferous galena which occurs, in places, quite plentifully
disseminated through the gangue, and is prevailingly finely crystal-
line. The quartz often occurs in large well-defined crystals which,
in some instances, form a network of long, interlacing prisms, and
in places have developed t§.'pieal comb-structures. DBesides these

minerals, scattered particles of chaleopyrite also occur. The arrange- .

ment of the minerals is such, occasionally, az to give a roughly
banded appearance to the ore. :

A drift 100 feet Iong has been driven on the voin which, for
this distanee, remains fairly persistent in dip, strike, thickness,
mineralogical composition, ete. The ore is claimed to average $30
to $40 per ton in zold and silver. '

The Lucky Boyx is =ituated on the upland-surface, on the eastern
side of Mineral hill. Tn the schists of the Mt. Stevens group a mass

—_
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of qu.;f;tz,hi‘ls been exposed, which earrios chaleopyrite, copper glance,
and malachite. The vein appears to strike in g northwesterly direc-
tion, but as an area of only about 6 or 7 feet square of the quartz hag
been uncovered, little i= known eoncerning the find. The surround-
ing bed-rock is covored somewhat deeply with frozen, superficial
materials,

Antimony-Silver Veins.
GENERAL,

.Classification of -Lntimony Ores.—These antimony-silver veins
* belong to an’'unusyal type of ore-deposit, known in but few localities
in' the world, and occupy a somewhat unique place in the classifica-
tion of antimony orez, To bring out the connexion between thege
and other related ores, the following elassification is offered, under
whicl it is believed all antimony ore-deposits so far discovered can
be conveniently placed. Tt is not intended, however, to inelude
deposits containing oniy insignificant percentages of antimony-
minerals, which belower properly (o gold, copper, or other types of
ores. ‘ .

Classification of antimony ore-deposits -—

L Fissure-veins and other ore-containing cavities.
(@) Those that are  valuable chiefly, or entirely, for their
antimong-content,
(0) Those that are notably gold-bearing, the stibnite being
auriferons. :
(¢) Those containing both antinmony and silver in economi-
cally important amounts, -
I1. Metasomatic replacements.

Most deposits of antimony ores belong to division I. Those
coming under division IT oceur chiefly in limestone formations, and
have been found in very few localities. With few exceptions, the ores
of division I belong either to subdivisions (a) or (0), which have
themselves been separated almost wholly for practical reasons. In
the one case (%), the oros are mined chiefly for gold, and when treated
seldom yield any veturns for their contained antimony., Tn the other
case (@), the ores ure worked mainly or entircly for their antimony
coﬁterit._' The veins of these two types are clozely related, and grade
into each other. Thesze ores of subdivizsion (a) represent merely the
extreme, or gold-poor, facies of the deposits of division L

22286-—8
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In rare instances the ores of antimeny, instead of being asso-
ciated with gold, occur as extreme developments of the rich silver
veins. The ores of Carbon and Chieftain hills are of this type which
is represented by subdivision (¢). An occeurrence of this kind was
worked until the sixties at MMobendorf, in Saxony, 7 miles north-
west of Freiberg, which I'riesleben has designated the Alobendorf
type. Almost the only other veins of this character that are known
‘to be mentioned in genlogical literature occur east of Broken hill,
in the Barrier range of New South Wales? Tu both of these locali-
ties, the ores occur in crystalline metamorphic rocks, while those on
Carbon and Chieftain hills are found in granites, andesites, and
andesitic breccias, and thus possess essential characteristics not pre-
viously deseribed. '

Summary Description—These antimony-silver ores occur dis-
tributed throughout a westerly-trending belt about 5 miles long by
13 miles wide, which includes all the southern portion of Carbon hill
and extends to the woest across Wheaton river and embraces the
central portion of the castern face of Chicftain hill (Diag. 3.) The

- greater number of the veins, however, have been discovered on the
western face of Carbon hill, on an area about one mile in diameter.
'These ores occur in the Jurassic Coast Range granitic rocks, and in
the Chieftain Hill andesites and voleanic breccias. The veins have,
with one exception, a general westerly trend and are either perpen-
dicular in attitude or dip to the northeast.

Two of the veins are traceable for over 2,000 feet on the surface,
but other outcrops are generally .covered with superficial materials,
so that 200 feet is the farthest that any of them have been followed,
but a number. probably extend much greater distances.

The veins vary in thickness from 2 or 3 inches to 6 feet, but
1 to 3 feet is generally. about the average of the more valuable. The
fissures, in all the cases so far discovered, appear to be simple in
form and without any foot or hanging-wall stringers or branching
fissures. ’

The ores consist chiefly of quartz, caleite, barite, stibnite,
sphalerite, Jamesonite, galena, and grey copper. Stibnite constitutes
the greater part of the vein-fillings in parts of some of the veins, and
in such cases is generally associated with minor amounts of

WMoller, H—"Erzlagerstiitten bei Freiberg'': Cotta’s Gangstudien, I, 1850, p. 104-
*Smith, G.—Ain, Inst, Min, Eng., Vol. 26, 1896, p. 69.
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sphalerite and Jamesonite, Wherever any gangueis present, it is
generally chiefly quartz, barite and calvite occurring only in subor-
dinate amounts. The veins that are richest in silver consist of g
quartz gangue impregnated with more or less galena and grey
copper, and very few autimony minerals. In fact, the ores high in
silver are generally low in antimony, and vice versa, But there are
places where both antimony and silver oceur together in consider-
able amounts.

Assays running over 500 ounces of silver to the ton have been
obtained, but they are very exceptional.  Samples of the better class
of ores containing galena and gYeYy copper often carry from 100 to
200 ounces. The botter grades of the stibnijte ores contain 50 per
cent to G5 per cent of antimony. The ores rarely contain more than
a few cents per ton in gold. It is not known what the ores will
average over any considerable portion of their outcrops, nor what
they will assay more than 10 feet below {lie surface,

The zone of vein-oxidation is prevailingly shallow, and unaltered
sulphides generally ocour within a few inches or 4 or 5 feet of ‘the
surface. Only a slight amount of leaching appears to have taken
place in these ores,

DETAILED DESCRIPTIONS.

The Vein-ﬂssures.——Distribution.—The fissures containing these
antimony-silver veins, so far as has been discovered, are limited, in
Wheaton distriet, to a westerly trending belt, 5 miles long by 1)
miles wide. This area includes the central Dortion of the eastern
face of Chieftain hill and a zone extending through 'Oarbon hilt
from its extreme western to its eastern edge (see Diag. 3). The
greater number of these ore-containing fissures, however, have beem
.found on the western face of Carbon hill, and are included in an’
area not more than a mile in diameter. Further prospecting may
considerably extend the boundaries of this mineral belt, as byt little
search for ore has lLeen made in the surrounding district, through-
out much of which the geological conditions appear to be similar to
those on Carbon and Chieftain hills, o

Formations in Which the Fissures Occur—These fissures oceur
in the Jurassic Coast Range granitic rocks, and in the andesites and
andesitic tuffs and breceias of the Chieftain ITill voleanies which
are of late Cretaccous or early Tertiary age. The most persistent

22986—8}
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fissures, and those contxining the richer silver ores, have been found,

=0 far. chiefly in Coast Range granodiorites. Otherwise, the ores
occurring in the fissures of the different rocks just mentioned are -
practically indistinguizhable.

Strikes and Dips.—.\s the outerops of these fissures are in most .
places covered with superficial materials, and as most of the veins, -
that were examined. had been but slichtly prospected, in only a few i
eases could the strikes of the fissures be determined at all definitely.

. The fissure contuining the Morning and Evening vein, the prin-

- ' N

S

Fig. 7. Diagram showing strikes of antimony-silver vein fissures,

cipaf one on Chicftain hill, strikes due west. On Godlell's elaim, on
the northern side of C‘arbon hill, are two parallel veins not more
than 20 or 30 feet apart, that have a strike about 7T° south of west
(8. 83° W.). The three veins being developed on the Porter group,
on the southwest portion of Carbon hill, strike 13° north of west
(N..T7° W.). Near the lower end of Chieftain zuleh, on Chieftain
hill, a small, economically unimportant vein was noted, that had a
strike of about N. 32° . These were the only strikes that counld be
at all aceurately determined, but all the other ore-fissures found on
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Carbon hill appeared to strike in a westerly direction. So that, with
the exception of the one small vein in Chieftain guleh, all the fissures
apparently strike due west, or within a few degrees of this direction.
(Fig. 7.)

The fissures on the Porter group dip to the northwest at 50° to
55°, but all the other vein-fissures in the distriet are practically
perpendicular in attitude. _

Lersisteucy.—1he two parallel veing on Goddell’s claims, above
mentioned, can be traced for about 2,000 feet along the steep side of
a gulch on the -western face of Carbon hill, where the conditions are
favourable for outerops. The othor veins discovered in this vicinity
are not as favourably situated in this respeet. One of the veins on
the Porter group has been traced for over 200 fcet, and has every
appearance of continuing much farther in both directions, but super-
ficial materials eover the outerop. The ore-fissure on the Morning
and Evening claimis on Chieftain hill is exposed to the north of
Chicftain guleh for about 200 fect. None of the other veins have
been followed for over 50 feot, It is quite probable, however, that
further development will show numbers of these fissures to possess
considerable persistency.

Widths of the Fissures.—The fissures vary in width from 2 or
3 inches to 6 feet. The thickest vein on the Porter group is 14
inches to 3 feet wide, and the narrower fissures on this property
range from 6 to 1+ inches. The Morning and Evening vein is 5
feet wide at one'pr_aint, and Goddell’s veing vary from 2 to 6 feet.
The more promising vein-fissures in most places, however, range in
width from 1 to 8 feet.

Faulting.—The walls of the fissures were, in several places,
distinctly slickensided, showing that the fissures are, in most cases
at-least, fault-fissures. This feature was not noted in some of the
outerops on pecount of surface weathering, but where solid walls
were to be éeen, slickensiding was generally in evidence. A thin
layer of clayey sclvage one-eighth to one-fourth of an inch in thick-
ness, also- oceurs in places on the walls of the DPorter veins, This
also indicates faulting,

As the flssures all oceur in massive igneous rocks, it ig impossible
to say what the displacement of the walls, due to faulting, has been.
- However, no surface evidences of movement were noted, and none of
the veins, so far found, contain breeeiated wall-rock materials.
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Further, the veins on the top, and east side, of Carbon hill occur in
the Chieftain Ilill clasties which are, in this vicinity, not over 100
feet in thickness, so the dizplacements in these places must have
been somewhat less than this. amouunt, or the underlying granitie

rocks would somewhere be scen in contact with the clastics, in spite

of the mantle of superficial materials that, in most places, cover the
surface. No such evidenece of faulting was discovered. For these
reasons, it iy thought that the displacements of the walls of the ore-
fissures are slight and generally, at least. undor 50 feet, and probably
much less. - '

Intersections.—Although the fssures “do not, in most- cases,
diverge more than 20° fram being parallel, still, if persistent, they

must interseet. No interscetions liad, however, heen encountered at

the close of the field seasen of 1009,

Origin of the [issnres--—-Little data is available concerning the
origin of tliese vein-tizsnres. They have in moest eases a westerly
strike, and so bear no relation to the main structural features of the
district, which have a gruerally northwesterly trend. The fissures
have a tendeney to occur in greups composed of a mnber of closely
parallel members.  Further, althongh the prineipal veins have a
decided tendency to parallelism and fo have a westerly strike, one
vein was found strikine N, 52° W., and the Porter veins strike
N. 77° W.; so it is possible, when more strikes have been determined,
that two or more systems of fissures will be found to exist here,

It is also to be noted that the fssures in the ditferent formations
are intimately related, and whatever las caused one has, in all
probability, caused all, regardless of the rocks in which they oceur.
"This close association is strongly marked by the decided parallelism
-of the important fissures which oceur in andesites, andesitie breccias,
-and granodiorites. In fact all the field observations indicate the
-synchronous origin of these fissuves. . These are the only facts that
Aappear to bear on the question of origin. It is not even known
whether the faults are unrmal or reverse in character, i.c., whether
the hanging-walls have moved up or down, relative to the foot-walls.

Torsional forees, as shown by Danbrée! have a tendeney to
produce radiating sets of fissures which are characteristically
arranged in fan-like groups, and are often cut by others oceurring at

1Daubrée, A.—"Etudes Svathéticues de Gaologie Expérimentale”,
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Tight angles to them. No sueh arrangement has been detected
among these autimouny-silver fissures. Tension! tends to produce
breaks at right aneles to the direction of the force applied, there-
fore generally results in a single set of parallel fissures. In connex-
ion with the ore-fissures on Carbon and Chieftain hills, it is hard
to conceive of tensional forces acting at 40°~60° to the main strue-
tural features of the distriet. Turther. as just pointed out, there
-appear to be two scts of fissures which differ in their general trend
by 40°. So that tensional forces could not normally account for all
‘the fissures. =

The only other forces that are known to produce faulting in
the eartl’s crust, are those of compression and gravity. Gravity acts
in conjunction with torsional, tensional, and compressive forces, but
is not alone productive. When a body is in compression, breaks
tend to result at 43°? to the line of the applied force, and so two
sets of fissures form. theovetically at right angles to cach other ?; but
friction and gravity operate to make the angle less than 90°.
Further, the main fissures, so produced, are liable to be accompanied
by others arranged parallel and close to them. These characteristics
are clearly posscssed by the antimony-silver fissures. Therefore, con-
sidering the facts in hand, forces of conipression such as result from
-ordinary orogenic movements seem fo best aceount for the origin of
these fissures.

Fissure-fillings  and Mineralegy.—General.—7These antimony-
silver veins consist chieflv of quartz, barite, caleite, stibnite, James-
-onite, grey-copper, sphalerite, argentiferous galena, arsenopyrite, and
.antimony ochre- which occurs only pear the surface. In places, the
-entire vein-filling consists chiefly of stibnite, with which may Le
-associated subordinate amounts of sphalerite and Jamesonite. Some
veins consist chiefly of gangue minerals with only small amounts of
metallie minerals.  Quartz is, in all rlaces, the chief gangue mineral;
barite and caleite neenr only in minor amounts,

The ores are of value for their silver and antinzony contents,
but with the low prices paid now for  antimeny, thcy.derive their
present worth chietly from the silver they contain.

*¥an Hise, C, A.—"Principles of Pre-Cambrian N, Amer. Geology™: Sixteenth

Annual Rep,, Pt I, U 8. Geol., Survey, pp. (633-682,

*0n account of friction thizis actually always less than 452,
¥Van Hise, C. A., Op. eit.
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Gangue Ainerals.—\s just mentioned, portions of some of the
veins consist wholly of metallic minerals, but where any considerable
amount of gangue is present, quarlz is always the chief mineral
playing this réle; barite and caleite ocour only in minor quantities.

The quartz has frequently a massive appearance, and in such
cases no crystal outlines can be detected. Often, however, this
mineral consists of larze well developed prizms which may form a
network of interlucing crevstals, or ay oceur in parallel fashion,

" pointing toward the centre of the vein, and so formring typiecal comb-

structures. When tlie crystals are well developed, considerable inter-
erystal space often exists.. in whiel, the metallic minerald are at
times deposited.  Such eryvstal developent also <hows that at least

a certain amount of open space existed in the fissures at the time of

the ore deposition.

The barite and the cxleite have practicalls always a typieal
granular appearance. ‘The calcite is generally casily distinguished
by its well developed rhombohedral cleavage. .

Metallic Minerals.—Of the various metalljo mirerals, stibnite is
mueh the most common, and is the only one found making up any
considerable portion of the vein-fillings. In places, in a number of
véins, such as the ‘big vein’ on the Dlorter clain, the dMorning and
Tvening vein, some on the Empire, and one found on the estreme
easterly portion of Carbon hLill, stibnite constitutes nearly the entire
vein-filling. Sphalerite generally accempanies this mineral, and
Jamesonite also often occurs. .The ores of these veins which run
high in antimony, tend to be low in silver,

Other veins, as the two narrow ones Iring just below the ‘big
vein’ on the Porter claim, show little or no stibnite, and consist
chiefly of a quartz gangue through which are seattered particles of
argentiferous galena and grey copper.  Such ores have high silver
content, but are low in antimony. .

The veins on Goddell's elaim consist chiefly of a quartz gangue,
containing disseminated particles of Jamesonite and arsenopyrite.
One vein on the Empire claiin consists of a quartz and barite gangue
containing a liberal amount of granular particles of sphalerite as
well as some Jamesonite,

It is thus secen that the mineral content of these veing varies
considerably, and ranges from chiefly stibnite, to entirely quartz,

1
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galena, and grey copper. In most pMaces, if not everywhere, both the
galena and the stibujte are silver-hearing,

The stibnite occurs prevailingly in long, well developed prisms
which frequently exhibit beautifu] columrnar, and radial struetures.
All gradations are found, however, from this condition to, purely
granular. «The galena exists generally in the form of small cubes
seattered through (lie gangne. The grey copper alwdys occurs as
small, evenly distributed particles.  The Jamcsonite s found either
disseminated throug‘h'the ore, or constituting fine granular masses,
or feathery agowecates. Arsenopyrite was noted only on Geddell’s
claim, and here exists in small, erystalline particles, evenly, but
sparsely, distributed through the quartz, The zine blende is com-
monly coarse to fine granular, but is massive and cleavable in places,
and has everywhere g brownish colour and resinous lustre, The
antimony ochre appears to be composed mostly of stibiconite,
HLSb,0,, and is g pale-yellow to yellowish-white, earthy-appearing
substance. This material aceurs only at the very surface, and is
derived, by weathering processes, from the stibnite and Jamesonite.

Other Fissure-filling Materials.——\-'ein-ﬁ]Iing materials other
than those just mentioned, viz, the metalliec and gangue minerals,
are entirely lacking, except for thin layers of gouge one-eighth to
one-fourth of an inch thick, which occur on the walls of some of the
veins. This material consists of comminuted wall-rock, ground by
movement of the walls on each other, The thus disintegrated par-
ticles have since been more or less decomposed by circulating waters
which have been influential chiefly in altering the feldspars to clay,
sericite, ete., and thus forming the pasty selvage so characteristic of
many veins,

No masses of included rock lave been, so far, found in any of
the: veins.

Assay Values.—All the samples of these ores that have been
assayed, and concerning which the writer lLas definite information,
have been taken at, or within 10 feet of the surface. A eross-cut has
recently been driven on the Porter claim, and it is reported that
sone of the veins on this property have been tapped at depths rang-
ing from 150 to 200 feet, and that the ores at this level have values
similar to those obtained at the outcrops; howerer, the writer has
ns positive assurance coneerning these reports. ‘

The outerops even have not been srstematically sampled for any
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-considerable distances. lut a large nwnmber of ave e and other
samples taken from various places have been tested A few results,
running over 300 ouncesz of silver to the ton, have been. obtained, :
and several samples of the Letter class of ores containing galena and -
grey copper assayed from 100 to 200 ounces. Sclected ore from the
‘big vein’ on the Porter eclaim earries 50 per cent to 63 per cent
antimony, and oue sminple from this clajm containing both silver and
antimony in important amounts, gave when analysed, 50-40 ounces :
in silver, 31.40 per cent of lead, 18-75 per cent antimony, and $0.80 7 } }
in gold. There i3 generally a deeided tendency here, however, for
ore rununing high in antimony to be Jow in silver, and vice versa,
owing to the fact that groy eopper and calena rarely occur at all
closely associated with the stibnite. None of these ores have been ' -
found to carry more than a few cents to the ton in gold. ' ] -
. Rynchronous Age of the Veins in the Dilferent Formations.—
Veins containing the =ame minerals similarly arranged, oceur in
the granodiorites and voleanie breceias of Carbon hill, and in the
andesites of Chieftain hill: and so similar are these ores that it is
often impossible to tell, from samples, in which formations they
originated.  Among other mincralogical characteristies long, well
-developed prisms of stibnite, possessing beautiful columnar, and
radiated, structures, are typical of a number of the veins, regardless
-of their habitat, and in several places comprise the greater part of
. the vein-material. Nowhere else in Yukon territory have similar
antimony ores been discovered. For these reasons, it scems evident
that these veins must all have Leen formed at the same: time and

under like conditions.

a2

Lo AT LI SR R

Age of the Veins.~-Some of the veins oceur in the Chieftain
Ifill voleanies, and since they cut them, are more recent than these
rocks which are thought to be of late Cretaceous or early Tertiary
age. In a few places, as in Goddells claims, the veins are, in turn,
intersected by the Wheaton River voleaniés, considered to be prob-
ably of late Tertiary and possibly of Pliocene age. It has been shown
above, that the veins are apparently all of thée sane age; they, there-
fore, would seem to be all more reecent than late Cretaceous, and to
antedate late Tertiary times.

These assays wore made by My, Rohert Smart, Government assayer, White-
house, Y. T., and by the Department of Mines, Ottawa; the greater number were . _
made by Mr. Smart, '
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Influences on 1l Wall-rork<—Compared- with many other dis-
tricts in which ore-cuntaining fissures oceur, the walkrocks of the
‘antimony-silver vein: on Carben and Chieftain hills are but slightly
affected by the mineral veins they contain. The granitie rocks have
been inth]y bleached and rendered somewhat more friable, adjoin-
ing the veins; but vven this slight alteration disappears gradually,
and is not noticeable at distances of more than © or 3 feet at most,
The clastics and andesites are even less affected than the granitie
materials, and in places no decided or marked alteration appears to
have taken place alinining the veins, The exact nature of the
mineralogical and chemical changes that have oceurred, have not
been determined. In no case has the change progressed to the stage
of masking the charactep of the wall-rock. ) )

Oxidation.—The zone of oxidation is prevatlingly shallow, In -
the majority of nining districts the limit of oxidation, ag g rule,

-coineides with the water-level, but, in many cases, the process may

partly, if not completely, alter the character of the veins for. con-
siderable distances Lolow the water-surface, Here, in the antinmrony-
silver veins, oxidation appears to have appreciably affected the ores,
generally, only very near the surface, but they may be oxidized to
considerable depths along occasional more or less open fissures which
serve as trunk-channels for circulating waters, The depth to which
the stibnite is oxidized can gc'nerally be measured in inches, and
unaltered galena, sphalerite, Jamesonite. and grey copper are found
within a foot or 0 of the outerops. IHowever, galena is, to some
extent, oxidized for ar least § to 10 feet, and the grey copper and
Jamesonite may be, alzo: hut opportunities for deciding this point
are pructieall;y lacking.  Several causes have Leen suggested above,
in discussing the gold-silver veins, to account for the general shallow-
ness' of the oxidized zone there; these causes all apply equally well
here, and will be brietly restated.

In the first placre. on aceonnt of the northern Iatitude of this
district, the ground i<, in mest places, continually frozen to consider-
able depths. Under these conditions, c]:ox'nical action proceeds slowly
and to a slight degren. '

"The drainage max alzo have an important hearing upon oxida-
tion in this district. A< shown in the deseriptions of the topography,
the mountaing are prevailingly stcep-sided. so that the run-off from

This noticeably
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tends to diminish the cffects of oxidation, as the waters are rapidly
conveyed from the uplunds to the main valley-depressions, and so
have relatively little opportunity to act on the mineral deposits.
Still another point should be mentioned in this connexion. As
previously siated, the chief metalliec minerals occurring in these
‘veins are stibnite, galena, sphalerite, Jamesonite, and grey copper;
pyrite and marecasite are ravely, if ever, encountered. Recently, H. A.
Buehler and V. A. Gottschalk® have demonstrated experimentally,
that the ordinary natural sulphides, as galena and sphalerite, are
oxidizable with difficulty under'ordinary surface conditions; but
that, in the presence of pyrite or marcasite, they are readily oxidized.
The marked abscuce of pyrite and mareasite may, to a considerable
extent, account for the shallowness of the oxidized zone in these

" deposits. -

The following ave the more important changes that have taken
place in these deposits due to oxidation. e, galena, in places, is

-oxidized to Iead carbonate which often remains in the spaces origin-

ally occupied by the galena, but may be carried down and deposited
at a lower level. The stibnite, at the very surface, is altered to a
whitish-yellow to yellow, earthy substance, known as antimony ochre,
but which appears to consist chiefly of stibiconite (II.8b,0,). The
Jamesonite is also, to some extent, transformed into lead carbonate
and antimony ochre. Malachite was noted m small amounts, in a
few places, due to the oxidation of the grey copper. Definite altera-
tion products of the sphalerite were not noted.

Leaching and Enrichment.—~In many veins of the caleitic type,
it is common to find a decided eunrichment in the oxidized part of
the deposit, due to a reduction in volume of the ore by the solution
and removal of the soluble constituents. No sueh surface enrich-
ment occurs in connexion with these antimony-silver veins. In
fact, no surface sample i3 known to have assayed more than one
dollar in gold per ton; and silver and aﬁtin:ony do not become con-
centrated at the surface, ,

The argentiferous galena and grey copper are to some extent
oxidized at the surface, as mentioned above, and their silver content
is, in all probability, partly dissolved out and deposited lower down
in the vein. This leaching process, however, appears to have been

*Oxidation of “ulpludec" Econ. Geol., Yol. V, No. 1, Jam., 1910, pp. 28-36.
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very superficial and not at all extensive, so in all probability no con-
siderable secondary corichment will be enconutered at the top of the
zone of unaltered sulphides.

Persistency and Probable Vertical Extent.—Considering the
shallow zoue of oxidation, the apparently slight amount of leaching
that has taken place, and the improbability of any secondary zone of
enrichment being cneountered with depth, it appears probable that
these veins should waintain for a considerable portion of their ver-
tical extent, the characteristics and mineralization, which distinguish
them near the surface.

Generally vtins do noet extend downward for a greater depth
than their extent on the surface, and in all probability this will be
found to hold true in Wheaton district; so that the veins that are
the most persistent at the surface may he expected to extend the
tarthest downward.

‘Genesis,—A consideration of the mineral-combination in these
ores assists materially in the study of their genesis. None of the
minerals—such as albite, amphibole, biotite, diopside, garnet, etc.,
characteristic of the deep-vein zone deposits,’ occur, nor the minerals
characteristic of pneumatolytie deposits, such as tourmaline, fluorite,
spodumene, muscovite, ete, Such deposits are directly connected
with plutonic intrusive rocks, and have been derived from them
through the agency of magmatic gases dissolved in them at the time
of their intrusion, and existing, therefore, at high pressure and
abuve the critical temperature of water.

The minerals that are present all indicate that the ores belong
to the upper-vein zone. Stibnite is practically diagnostic of shallow-
vein deposits, and is kuown to be at present forming at Steamboat
Springs where it is deposited by lot ascending waters on gravel
pebbles within 30 feet of the surface.? .

A study of the past and present topographies of the district
affords but little definite information concerning the depth at which
these veins were formmed, as there is considerable doubt as to the

- 1For a discussion of the different mmeral-zones andPof the minerals existing in each
seei— i cae B gm0y
Emmons, W, H.—'A genetic classxﬁcatxon of minerals”: Econ. Geol., Vol. IIT,

"No:. 7,'pp. 611- 627, and

Lmdgren. W, nldvmqr-—‘ The relation of ore-deposition to physieal conditions'":
Econ. Geol., Vol. No. II, pp. 105-127, ]

2Lmdgren Waldemar—"“The occurrence of stibnite at Stecamhoat Springs,
Nevada™: T. A, 1. M. E., 1903, pp. 27-32.
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number of arogenic movements and erosion creles that have ocenrred 3
since the formation of the deposits, )
- . L
It is known, however. that the materials sueh as compose these -
veins are deposited by circulating waters containing dissolved gases i

and metalliferous compounds. Tt is also generally supposed that
these waters derive their mineral-contents from some molten or
highiy heated igneous intrusives, These antimony-silver veins are
cut- by, and are, therefore. oliler than all the known igneous rocks 1
of the distriet, that are wore recent than the Chieftain Hill -
materials. They would appear for this reason, to be associated with
these, if they are conneeted with any of the igneous rocks known to .
exist in this locality. The fact that these veins always occur either

in or near the Chieftain ILill voleanies also gives weight to this

idea, It is, therefore, quite probable that the materials composing

the veins were deposited in the granitic rocks and already cooled
andesites and breceias, while the underlying magma, from which the
andesites and breceias wore derived, was still in a highly heated or
molten condition, and that the material comprising the veins was
derived from this molten material. Since, however, the Wheaton -
River voleanies and the I{lushg intrusives probably represent later
produets of the reservoir from which the Coast Range intrusives
originated, and as the Klusha and Wheaton River rocks were formed

after, and the Coast Range rocks hefore the antimony-silver veins, _

it would appear that a vast granitic magma remained in s highly
heated and fertile condition during the period in which the veins

were produced, and may possibly Lave been the source of the material .
composing them. '

' DESCRIPTIONS OF MINING PROPERTIES,

A large number of claims have been located in the district, and
2 considetable portion of them are still being held. On only a few,
however, has any development work been performed, and these are,
in most vases, the ouly ones that afford any definite information
concerning the ore-deposits of the vicinity. A number of the more
promising are deseribed in the following pages.

Carbon Hill Claims.—The Porter Group.—This group includes
three claims, the ¢ Porter,” the * Empire,” and the ‘ Ixcelsior, which
are owned by AMr, IL E. Dorter and Mr. W J. Fleming, These
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properties present the most promising surface indications in the
vicinity, and on them: the bulk of the development work of the entire
camp has been performed. - '

On the Empire claim are the old workings of Corwin and Rick-
man,' and it is there that their first discoveries are supposed to have
been made. The different cuts, trenches, pits, etc.,, when visited by
the writer in September, 1909, were so caved, and the rocks so decom-
posed, that little definite information could be obtained concerning
the veins on the property. The ores oceur in an andesite that
contains considerable iron, and that for several feet from the surface
is so badly decon:posed that 1ts nature is almost completely masked.
This rock presents a bright-reddish to yellowish appearance, and is
much disintegrated in many places. Ilowever, at three or four
points masses 6 to 10 inches in diameter of almost solid stibnite
were found, associated with more or less sphalerite, quartz, and
barite. 'One vein appeared to consist chiefly of quartz, impregnated
with sphalerite and small particles and feathery aggregates"of
Jamesonite. Quterops of several veins, apparently from 6 inches to
2 feet in thickness, have been discovered on the claim, :

- On the Porter claim, six veins have been discovered, and others
will probably be found when the ground is more thoroughly pros-
pected. The veins occur in the Jurassice granitic rocks, and appear
to have parallel strikes, but the outerops of two of the veins were
small, so that their direction of strike was not definitely determined.
The other four veins are practieally parallel, strike N. 77° W., and
dip at 50° to 55° to the northeast. ‘

The most promising looking of these veins, the ‘big vein,” ranges
from 14 inches to 3 feet in thickness, and can be traced for at least
200 feet on the surface, and probably continues much farther; but
superficial materials cover the remaining portions. The vein consgists

chiefly of quartz and stibnite, with sphalerite and Jamesonite in

minor amounts; and portions of it 12 to 14 inches thick consist of
almost pure stibnite.

Five feet below the ‘big 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 below these, at distances of 95 to 130
feet, respectively, measured in a horizontal distance from the ¢big

'The discoveries of these early prospectors are describod in the introductory
portion of this report.
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vein” These are 2 inches and 6 inches thick, respectively, where
they outerop, and consist.chiefly of quartz contdining disseminated
particles of galena and LY COppeT.

Practically the only surface development that hias been performed
on this claim is in the form of an incline shaft about 10 feet deep,
on the ‘big vein.’ A cross-cut was being driven when the claim was
visited, that was intended to tap tho four parallel veins just men-
tioned. The ‘big vein' woull be enenuntered farthest from the
mouth of the eross-cut, and at a ealeulated depth vertically below the
surface of 180 feet. It is reported that some of the.veins have been
cross-cut this wintee (1!?119-10). and that ve'r,v cneouraging ores were
encountered.

It is not known what any considerable portion of these outerops
will assay, though a lareze nimber of samples taken from the surface

and from the 10 foot shaft have been tested, and afford some informa-

tion. A few assay® returns running as high as 500 ounces of silver
per.lon have been obtained, and several samples of the ores contain-
ing considerable galena and grey copper gave from 100 to 200
ounces; the majority of the samples that Lave been tested, howévér,
contained less than 50 ounces of silver per ton. The ores from the
‘big vein, in places, contain 50 per eent to 60 per cent antimony,
and one sample from this claim, containing both silver and antimony
in important amounts, upon analysis gave 50.40 ounces of silver,
31-40 per cent lead, 18.73 per cent antimony, and $0.90 gold. The
oves rarcly contain more than a fow cents per ton in gold. The
galena and stibuite are both silver-bearing in places, and may be
everywhere, ' '

Goddell’s Claims~—The claims referred to in this report as
“ Goddell’s claims,’” constitute a group situated on the Wheaton River
slope of Carbon hill, about one mi'e to the north of the Porter claim.?

Two parallel veins, not more than 20 or 30 feet apart, outerop
in a guleh on these claims, and are d'istinct]y exposed to view,
extending up the mouutain side for a distance of over 2,000 feet.
They occur in the Jurassic granitic formation, strike 8. §3° Ww.,
and have an almost perpendieular attitude.

These nssays were made by RohertSmart, Gov. Assayer, Whitehorse, Y. T.,
and by the Department of Mines, at Ottawa,

2Mr. Charles Goddell is believed to own a numberof other claimsin the neighboyr-
hood of Chieftain and Carbon hills,

et
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The veins consist chiefly of quartz, impregnated with Jamesonite
and arsenopyrite, and are 2 and 2 to ¢ feet thick, respectively.

Some open-cut work and a cross-cut, 20 to 30 feet long, comprise
the development work on this property. The veins are, however,
fortunately situated on the rugged mountain side, so that nature has
done considerable surface stripping, and so exposed them for a2 much
greater distance than any other veins in the lIocality.

Chieftain ITill Claims.~The Morning and Evening Claims.—
The only claims on Chieftain hill on which ore of any importance
has so far been discovered, are the Morning and Evening, which
. adjoin one another on the same vein. The vein oceurs in a fissure
in a fine-grained, greenish andesite, strikes due west, and has an
almost perpendicular attitude. VWhere it crosses Chieftain guleh
the vein is 5 fect thick, and consists chiefly of quartz and stibnite,
with subordinate amounts of zinc blende; 2 feet of this thickness
Is composed almost entirely of stibnite which exhibits beautiful
columnar and, radintrd structures, Fifty feet away in either direc-
tion the vein is not more than 6 inches to 1 foot in thickness.. The
only development work that has been performed on these claims
consists of a little surface stripping.

Silver-lead Veins.
GENERAL STATEMENT,

The silver-lead veins have been found chiefly in a northerly-
trending belt about 3,000 feet long and 1,000 feet wide, which is
situated on the eastern face of Idaho bhill, and is chiefly included by
two mineral claims that comprise the Union Mines group. A few
veins have also been found to the south, on the adjoining Nevada
group, and one similar deposit is reported to occur on the north face
of Mt. Follé, half a mile to the southwest of the Union mipes.

These veins all oceur in a generally finely textured, grey to pale-
green feldspathic rock which, in most places, is a typical arkose. The
deposits, in most cases, strike about N. 19° W., dip at approximately
T0° to the west, and in a general way coineide in these respects with
the containing formatinn.

At least twelvé veins have been discovered on the Union Mines
property. Of these. the majority, for the greater portion of their
extent, are from 4 to 12 inches in thickness, and can be traced from

22286—9
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10 to 200 feet along thie surface, and surface stripping may show i —‘
that some extend much farther. The veins generally are fairly 1
regularly tabular in form, but close examination shows in many . _
places a lack of definition between the walls and the ore. The vein- :
materials penetrate the enclosing rock in an irregular manner—in
some instances only microscopically discernible, and in others quite
extensive. In several places veins which for considerable distances E
are only a fow inches in thickness, suddeniy widen out into irregu-
larly-shaped ore-massos + to 6 feet wide and up to 20 {ect or more in -
lengfh. ' ;

Y

The vein-mateTials consist chiefly of quartz, caleite, galena,
arsenopyrite, zine-blende, pyrite, and chaleopyrite. Quartz is, in most
places, the chief gangue-mineral, and arsenopyrite and galena are
the principal metallic coustituents of the deposits. Included portions
of wall-rock are plentiful in places, particularly along the edges of
the veins. The ores generally contain only a few cents in zold to
the ton, and seldem, if ever, have more than $2; se that silver and
lead are their cconomiically valuable constituents. Assays of the.
better grades of galena ore yield approximately 50 ounces of silver :
and 40 per cent lead, but higher returns have been obtained from
selected samples. It is thought that considerable portions of the ;

* surface ores, and all of the exposed parts of some of the veins, will T
average between $15 and $20 per ton in silver and gold—the gold
being always relatively small in amount.

A

R

The ore-minerals are somewhat oxidized at the surface, but as
the development worlk has not exposed any of the veins to a depth of
more than 6 or 7 feet, it is not known how deep the oxidized products
may extend, but unaltered sulphides occur plentifully at the surface.

The deposits were formed, for the greater part at least, by meta-
somatic replacement; i.e., the solution of the walls and the deposi-
tion of the vein-materials took place simultancously. - The mineral-
bearing solutions appear to have travelled chiefly along the bedding-
planes of the clastic rock in which the veins oceur, but in a few _
cases followed cross-fractures in the rock.. I’ractically all that is 4
‘known concerning the are of the deposits is that they were formed : —
later than the Jura-Cretaceous rocks in which they oceur.

—

DETAILED DESCRIPTIONS. 4
Distribution.—The silver-lead veins occur chiefly on the eastern
face of Idaho hill—the castern portion of the easterly-trending ridge
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situated Detween Schnabel and Perkins erecks which lie on its
southern and unorthern sides, respectively,  Idalo hill overlooks
Alnnie lake to the east, and forms a part of the western wall of
Corwin valley, the widest and most important depression in Wheaton
distriet (Diag. 3, also map of Wheaton district).

Another vein, veported to resemble those on Idaho hill, has
recently been located about half a mile to the south, on the northern
slope of Alt. Follé, but it was not seen.

The majority of the silver-lead veins oceur on two claims com-
prising the Union Mines group, and are distributed over g north-
westerly-trendi::g area about 3,000 feet long by 1,000 feet wide.

Eight other claims, forming the Nevada Mines group, have been
located as extensions to the Union Mines, and are situated chiefly to
the south of this broperty. Ore-veins are believed to have been found
on the Nevada group only in a few places, but those that have been
discovered are quite similar in appearance to the deposits on the
Union Mines ground, with the exception that generally they contain
less galena. The writer saw only two veins on this group, both with-
in 1,000 feet of the southern edge of the Union Mines é’round, and
on the steep, southern slope of Idaho hill, facing Schnabel creek,

Formation in Which the Veins Oceur.—The veins a]l occur inm

light grey to pale green, generally fine-grained, homogenous ﬂ

appearing feldspathic beds which belong to the Jura-Cretaceous;’w---'

Laberge series, and under the microscope are generally seen to be
typical arkoses, but, in places, contain considerable tufaceous.'J
material, ' ' .'

Strikes and Dips.—The veins, in a general way, all appear to
follow the dip and strike of the clastic rocks in which they occur,
although, in places, this is not at first evident, because the rocks are
generally heavily bedded, and in many cases their bedding-planes
can only be distinguished from 'a distant view-point. The majority
of the veins thus strike about N. 12° W, and dip from 60° to 70° to?( ¥
the southwest, One vein, however, was noticed that departed con-~
siderably from this general strike, but it appeared to extend only a
short distance, {ollowing, apparcutly, a minor fssure in the rock-
*formation, ‘

Persiste11¢:y and Dimeusions_.-—’_[‘hese veins are in many places
very ir‘regular in form, and generally have indefinite walls which are
invaded and pierced by the ores. 'The centres of the veins are nearly

22128691
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all ore, but approaching the walls more and more rock-material
becomes intermixed until the vein-matter has disappeared. The
deposits here and there suddenly widen in this way, from 8 to 10
inches to 3 or 4 feet, or cven more in thickness. Figure 8 is a some-
what diagrammatic sketch of oue of these deposits, in which the ore-
mass cross-cuts and intersects the rock-structure.

Some of the veins are, however, fairly regular in outline and
maintain nearly uniformm thickness as fur as they are exposed. The
veins, generally, are from + to 12 inches thick, and can be traced

Fig. 8. Diagrammatic sketch of a silver-lead deposit.

from 10 to 200 or 300 feet. In some instances the occurrence of a
number of similar outcrops in line for 700 or S00 feet suggests that

they may be portions of the same vein. In most cases, it is more

probable that these different vein-portions represent several deposits
lying en echelon. Surface stripping would readily decide such
points, but, as yet, very little work has been done on the deposits.

As many as twelve veins in all have been found. One of these

is, where exposed, 2 feet 6 inches in thickness; the others through-

out the greater part of their lengths vary in thickness from 4 to 12
inches; but in a few places masses of ore containing rock-material
were noted ranging from 2 feet to 4 feet thick, and from 5 to 20 feet
long, or possibly longer. One irregular area, possibly 12 feet wide
and 20 feet in length, was noted, which appeared to be possibly half
ore-material. )

‘Intersections.—As the<e veins are nearly all practically parallel,
there is but little chance of finding points where they intersect.
One vein was noted, however, that had a definite strike in a direction
nearly at riaht angles to the gencral trend of the deposits. This vein

o Teet
' .

L

3 -

4 L[]

s

‘ .

1

s »

—

it

B T il

WES S




-

[

e

wall-rock fragments, but alsc in many cases
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did not appear to extend far and was not observed to intersect any
other deposit, but an intersection may ocecur underneath the super-
ficial materials. -
Spacing.—As previously mentioned, with two or three excep-
tions, all the veius that are known to have been discovered ocecur
within an area about 3,000 feet long and 1,000 feet wide. The
greatest number of deposits seem to occur toward the centre, and
fewer townrd the ends of the belt. Tu an avernge section across tho

. @rea near the ceutre, there are from four to cight veins, fairly evenly

spaced. To the north and south this number gradually decreases,
and near the ends of the 3,000 feet probably two or three only will be
found. Further developments may, however, reveal many more
deposits than are at present kuown, '

Faulting.—No evidences of movements of the vein-walls, rela-
tive to one another, have been detected. Faulting may have oceurred, _
but it must have been a minor factor in connexion with the forma-
tion of the spaces in which the ores have been deposited, as no
slickensiding, fault-breeeia, selvage, ete., were seen. .

Gangue Minerals.—Quartz is the chief gangue mineral -in most
of the deposits, but calcite also occurs plentifully in places, and in
some instances excceds the quartz in amount. In the majority of
the veins, the gangue materials are considerably greater in amount
than the metallic constituents. But portions of a number of the
deposits consist mainly of metallic ingredients. '

The guartz is characteristically massive in appearance, but well

defined ecrystals occur. Irregularly distributed geodes or vugs are
characteristic of the ores, and are always lined with well formed,
clear, glassy, quartz prisms, pointed toward the centres of the cavi-
ties. The calcite is practically always massive and cleavable.
_ Metallic Minerals.—Arsenopyrite, galena, zine-blende, pyrite, and
chalcopyrite, with their surface oxidation produects, comprise the
metallie minerals of the deposits. Arsenopyrite and galena are the
most plentiful. Zine-blende is generally present in minor amounts,
but pyrite only occasionally, and chaleopyrite is rarely found,

The arsenopyrite is always characterized by its peculiar tin- .

white colour, and is prevailingly massive to finely-granular in

appearance. It occurs intermingled with the other ore-minerals and

forms solid ore-masses
that comprise considerable portions of the vein-material. These
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masses are in places somewhat tabular in form, and occur roughly
parallel to the walls of the deposits, but they are prevailingly quite
irregular in outline, and hear no relation to the form of the ore-
bodies. .

Galena is abundantly present in a number of the veins, and
since it is silver-bearing iz, with the exception of gold which oceurs
in very small amounts, the one economically valuable mineral in the
deposits. In places it is very finely textured, presenting almost the
appearance of a fresh fracture in a piece of steel, and in this form is
known as ‘stecl-galenp.' 11 other places it is quite coarze and exists
as cubes as large as one-cighth of an inch in diameter. All grada-
tions between these extromes are encountered. The galena oceurs
either disseminated throueh the gangue minerals, or forming, alone
or with other materials, ahnost solid metallic ore-masses; it is found
generally intimately aszociated with the arsenopyrite, either inter-
mingled with it, or forming masses adjoining it. The galena-masses
are generally very irrecular in outline, but are occasionally tabular

in form, parallel to the ceneral strike of the veins and the original

bedding-planes of the wall-rocks. Doth the arsenopyrite and galena
in many places distinctly penetrate and apparently replace the walls
of the veins of which they form a part.

The sphalerite is always dark-brown to black in colour and is
either massive or foliated in strueture. It oceurs frequently as dis-
seminated particles assodinted_ with the galena and oceasionally with
the arsenopyrite and pyrite as well, and is also found scattered
throughout the quartz and caleite materials, either in fine grains or
in compact masses up to 2 inches in diameter. \ '

Pyrite generally occurs in minor amounts, chiefly as irregular,
finely crystalline to massive aggregates.  Particles of chaleopyrite
occasionally are associated with the prrite,

Included and Unreplaced Areas of Wall-rock.—Nunerous por-
tions of wall-rock ocenr inelnded in the vein-materials, particularly
along the edges of the deposits. These masses are very irregular in
form, but generally the sharp edges or corners lLave been removed
during the process of replacement, as later explained. The ores
penetrate the walls, and the rock fingers into the ore in a correspond-
ing manner. This interfingering of ore and rock is, in places, only
microscopically discernible. and in such eases the ores appear to have
quite definite walls, but in other places the ores pierce the containing
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rock for several feet. Thoeze features and their eauses and origin
will be further (ll-t nssed when considering the genesis of these
deposits.

Assay Values.—.\s none of these deposits have been developed
below the surface, only outerop samples have been tested; from these.
assays running as high as 130 ounces in silver to the ton have been
obtained, but 50 ounces iz more nearly the average of the better
grades of surfacec-ores.  Samples have been tested containing as much
as 70 per cent lead, but these are very exceptional and represent only
small masses of, almost solid galena; considerable portions of some
of the veins, however, carry upwards of 40 per cent-lead. Gold
exists in these veins in en'y small amounts; many of the samples
taken show only traces of this metal, but some go as high as $2 per
ton. The better mineralized portions of the veins are believed to
carry ﬁpproxinmtely £20 per ton in gold and silver.

Age of Thesée Veins—These deposits occur in rocks in which
numerous specimens of Prioncyelus woolgari are found; and for this
reason, as discussed more fully under ¢ General Geology,” this horizon
1s assigned to the lower, or lower-middle Cretaceous. The veins,
since they cut these beds, must have been formed after the rocks
themsclves, and are, therefore, more recent than this period. This
is all that is definitely known concerning the age of the deposits, as
none of the voleanic rocks of Cretaccous, or later age, have been
found cutting themn.

ITowever, as e\phmed in more detzul in considering the genesis
of these deposits, there are important reasons for believing that they
are genetically associated with either the Ilusha intrusives or tho
Chieftain ITill voleanies, and were formed aftor one or both of them
had consolidated. This would make the veins of late Cretaceous or
early Tertiary age.

Oxidation.—Compared with similar veins in the majority of
mining districts in the world, these. silver-lead deposits have been
but slightly affeetod by oxidation processes; in {net considerably the
greater part of the surface ores, the. gangue ‘excluded, consist of
unaltered sulphides. One of the chief reasons for this appears to
be the cold northern lemte which causzes the ground to remain
permianently {rozen to conziderable depths, and greatly retards
chemieal activity. Another cause is the steep-walled character of

‘the valleys, as a result of which the water is rapidly carried off, and
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so given little opportunity to attack the ore-deposits. These points
have been discussed more in detail, in considering the gold-silver
veins.

Small as are the effects of oxidation in these deposits, they
appear to be somewhat greater than in the antimony-silver and gold-
silver veins. Considerable portions of the silver-lead deposits have
been much altered at the surface, and oxidation estends down as far
as the ores have heen developed, which is, however, only 6 or 7 feet.
At this depth, oxides and oxygen salts are quite plentiful, which is
not the case with the other ‘types of deposits mentioned above. This
difference in amount of oxidation may possibly be accounted for by
the fact that there is more pyrite in these silver-lead veins, which, as
mentioned in discussing the gold-silver ores, Buchler and Gottschalk
have recently shown, causes other natural sulphides to become much
more readily oxidized. .

Here, as elsewhere, oxidation transforms the sulphides to oxygen
salts which may be further changed or carried away by surface
waters. The pyrite is most readily attacked, yielding sulphuric acid-

and ferrous sulphate which oxidizes freely to ferric sulphate and

finally to ferric hydrate and free acid. Arsenopyrite is attacked
with more difficulty, but has, to some extent, been changed to limo-
nite, arsenic trioxide, and a dark green, hydrous, ferric sulphate.
The arsenic trioxide occurs in small amounts, either as a white,
earthy powder, or as thin white erusts. The dark green sulphate is
very plentiful and characterizes the ores nearly everywhere., It
appears to result both from the pyrite and the arsenopyrite, and
occurs as a powder, or paste, filling the cracks and coating the
surfaces of the ores,

Galena and zine-blende are less readily attacked than the iron
minerals, and no place was noted where oxidation produects of the
sphalerite could be identified, although it is, in all probability,
changed, to some extent, to zine silicate. The galena is altered to
yellow, earthy, lead carbonate, which generally continues to occupy
the position in the ores originally held by the galena. The chalco-
pyrite is, to some extent, oxidized to malachite. The portions of
wall-rock included with the ores are much oxidized and altered

.. chiefly into kaolin and quartz. In places, large masses of almost
pure kaolin occur.

Leaching and Enrichnient.—The veins are, in places, somewhat
vorous, and show that certain of the more soluble portions of the
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ores have been taken into solution and removed. To what extent the
process has been earried is only approsimately known, as the veins
aré only exposed in a few places, and nowhere for more than 6 or 7
feet below the surface.

An estimate of the amount of material removed might be made
from calculations of the porosity of the outerops, but it is not known

-how much of the material removed was metallie, and how much

unmetallie. Further, the leached materials may have been, to a great
extent, removed by surface waters. It is, therefore, impossible to
estimate the amount of valuable constituents in the ores lower down
in the veins. The great proportion of entirely unaltered sulphides
at the surface, and the probability that the zone of oxidation is very
shallow, indicate that no considerable zone of secondary enrichment
is to be expected at the top of the zone of unaltered sulphides. It
is to be expected, therefore, that the veins will be found to maintain
for a considerable portion of their vertical extent, the mineralogical
characteristics that distinguish the unoxidized portions at the

surface.

Genesis.—For the sake of clearness, all the facts bearing on ‘the
origin of these deposits will now be stated, though the greater part
of them have been mentioned before. .

(1) The veins, in a general way, follow the bedding-planes of the
clastic rock in which they oceur,

(2) There is a lack of definition between the walls and the ore-
materials.

(8) The deposits are in many places Tery 1rregular in outline;
they penetrate the walls in various directions, and cross-cut the strue-
tures and the breccia-fragments composing the rock.

(4) The ores are distinctly sccondary to the country-rock, and
consist chiefly of quartz, calcite, galena, arsenopyrite, zine-blende,
pyrite, and chalcopyrite.

(5) All ores of this character are deposited by circulating solu-
tions containing dissolved gases and metalliferous compounds.

~ (8) Before such ores can be formed the solutions carrying them
must have a place in which to deposit their mineral burden.

-(7) There has been apparently no movement of the walls relative
to one another, so the cavities were not produced by faulting.

(8) The irregular shapes of the deposits preclude the possibility
of the spaces they occupy having been originally cavities produced
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by rock-fracturing, and show that they coulid only have been pro- o
. ' ‘e - ) i
duced by solution (sce [Fie, ]). |
. . . . ey
(9) An examinatirn of thin sections of these ores under the 8
microscope shows sharply defined erystals of arsenopyrite, galena, o

. and other ore-materinls penctrating the fragments of wall-rock, and
cross-cutting the clastic particles in such a manner that no space
exists between the secondars erystals and the original rock materials
(Plate XIV.) The spaces for these eryrstals could not have been {—
made by fracturing nor by the force of erystal-growth, as the original i
clastic grains are in no way distorted. Further, if it is supposed
that solutions first produced the cavities, and that the ores were
deposited in these spares later, this attributes an almost human
understanding to the solutionz. It is inconceivable that they would
know, while dissolving the rock, the kind of minerals that would be.
deposited in it, and so sculpture cavities exactly the size and shape
of the crystals that were to occupy them.  The only satisfactory P
explanation of the arvigin of these deposits seems to be that solution !
and deposition were, fur the greater part at least, coneurrent. The ;
solutions apparently travelled along the bedding-planes of the clastie o
rock, filled with mineral-depozits any small spaces that may have b
existed, and replaced the materials on either side. This aceounts |
for the crystals penetrating the breccia-fragments, the ores extending .
into the wall-rocks, ete.! . i

As to the source of the vein-forming materials; it is generally ; i
believed that these materials are derived from intrusive igneous s
rocks, and are carried in solution to the places where they become
deposited. On Idaho Lill and vicinity, the Chieftain Hiil voleanics ]
and the Klusha intrusives are the only known igneous rocks that t
are more recent than the Laberge rocks in whir:_h the silver-lead ores
oceur, Of the two, the Klusha granite-porphyrivs are the less
prominent in the neighbourhocd of the deposits, but a genetic rela-
tionship between themn and the ores is possible. An arca of andesites
belonging to the Chieftain ITill voleanies, cecurs in close proximity

+  to these deposits, also andesite dykes occur, on Mt. Follg, on the ridge
to the west of Idaho hill, and elsewhere in the vicinity; so that it is
possible these rocks may be related to the silver-lead deposits, The
data at hand, lowever. are msufficient to decide the matter i ™

e A Skt

1For n very excellent di<rizsinn on replacement, including all the known criteria oL
for recognizing this process in nre-deposits, seei— :

Irving J. D.—"Some fiatures of replacement ore-bodics and eriteria by means
of which they may be recoanized," Jour. Can. Min, Ins.t., Vol. XIV, 1911, pp. 395-472. AR
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definitely, but it iz thought that tho ore-bearing solutiong were
probably connected with late Cretaceous o Tertiary intrusive
rocks. _

Concerning the depth at whicl, these veins are formed, the
mineral combination indicates with some certainty that they were
deposited in the upper, cooler portion of the earth’s crust, and in the
upper-vein zone." A study of the past and present topographies, and
the geological formatinns of the distriet, affords but little definite
information concerning this matter, as there is considerable doubt
as to the number of orogenic movements and erosion cycles that may
have occurred since the formation of these depositas.

MINING PROPERTIES,

The Union Mines.—Since the majority of tlie silver-lead veins
already described ocenr on the Union Mines property, the foregoing
discussion of these depesits practically all refers to the Union Mines
deposits, hence no further consideration of them is here necessary.’

The property consists of two elaims owned by W. F. Schnabel
and Mr, Northrop. A\ cross-cut has been commenced, but in Septem-
ber, 1909, had only Leen driven 15 or 20 feet, and no veins had been
encountered. With this exception, all the development on these
claims consists of g certain amount of surface stripping and open-cut
work. Nowhere have the veins been exposed to a depth of more than
6 or 7 feet. |

The Nevada Mines.—This group is owned By Charles Bush and
W. F. Schnabel, and consists of eight claims which were located as
extensions to tho Union Mines group, and lie chiefly to the south of
this property. Only two veins were seen by the writer on the N evada
group, ‘and these were similar in appearance to those at the Union
mines, except that they contained much less galena, and so consisted
mostly of quartz, caleite, arsenopyrite, zine-blende, pyrite, and chal-
copyrite. Other veins are believed to have been discovered.

Some underground work has recently Dbeen rerformed on these
clajms, so that by the spring of 1910, 50 to 55 feet, or possibly more,
of drifting is expected tn have been performed.

1The mineral combinations of the different vein-zones are more fully discussed
under the gold-silver, and the antimony-silver-veins,
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Contact-Metamorphic Deposits,
GENERAL STATEMENT.

These contact-metamorphic deposits have, so far, been discovered
only at one place in Wheaton district, and all the known outerops
are limited to o northwestor]y-trending area, perhaps 500 feet long
and 100 feet wide, which i3 included on the Fleming mineral claim,
This claim is situated on the top and northerly slope of a small ridge
that faces Wheaton river on the south, aboyt one mile west of Beckep
creek. ‘

The ore-matertals occur in pre-Devonian, finely textured, light
green to grey hornblende-gneisses, near their contact with J urassie,
intrusive granodiorites. The deposits follow, in a general way, the
strikes and dips of the guetsses, and oceur in bands trending.
N. 42° W, or approximately at right angles to the granodiorite-
gneiss contact, and inelined from 60° to 90° in either direction.

The largest deposit is about 30 feet wide, but its length is unknown,
as superficial materinls vover the groatep part of the surface, The
ore-matter is actually exposed for 8 or 10 feet ouly, but the oceur-
rence of float indicates that it extends much fartlher, perhaps several
hundred feet. Near this deposit, two smaller bands 4 to 6 feet wide
were noted.

The secondary material constifuting the miner
chiefly of magnetite, specularite, chalcopyrite, PrI
epidote, actinolite, and g yellow garnet, app
central portion of the large deposit consists chiefly of iron .and copper
minerals, and contains, at a depth of 4 feet from.the surface, perhaps
one per cent copper, This metal, and gold which has not been found

In quantities exceeding 22 pep ton, comprize the economically valu-
able materials in these ores. *

al deposits consists
ite, quartz, caleite,
arently grossularite, The

The minerals have been to some extent oxidized,
azurite, and malachite have been produced.
have been entirely leached out at the actual surface, but at g depth
of 4 feet, the greatest as yet reached in the development of the
Flemi_ng claim, chalcopyrite is sontewhat abundant, so that the zone

of oxidation is thought to be shallow, and to be unimportant econome-
ieally in these deposits.

and limonite,
The eopper minerals

DETAILED DESCRIPTIONS,
Geological Oceurrence.—The northern face. and parts of the top
of the ridge on which tle Fleming elaim s lneated, are composed of

-\



WHEATON DISTRICT, YUKON TERRITORY 141

-

chiefly- finely texturcd. light greenish to greyish hornblende-gneiss,
which belongs to the JMt. Stevens pre-Devonian group.  'The southern
portion, and probably the bulk of the ridge, as well as the hills to the
south, are composed of the Jurassic granodiorite intrusives, The
contact-metamorphic ores oceur replacing bands of the gneisses in
the vicinity of the granitic rocks. These gneisses are particularly
rich in lime, owing to the hich percentage of lime-alkali feldspars
which they contain. : )

The gneiss-bands are somewhat distorted, but generally strike
about N, 42° W, or approximately at right angles to their contact
with the granodiorite, and are inclined from 60° to 90° in either,
direction. |

- ) Y " N .'-‘ ) DR

) '.\I\\'\}\/‘E:\\ §¥ \1” X:‘{ R‘ .
DRI

W

Qbserved Ore~material.
Inferred Ore-materialcovered
with superficial materials. .

Fig. 9. Diagrammatic sketch of the ore deposits on the
Flening mineral claim.

Dimensions.—When visited in September, 1909, a trénch about
40 feet long, 2 to 4 fecr wide, and 1 to 4 feet deep constituted prac-
tically all the development work that had been performed on this
property. As the surfnce is in most places covered with superfieial
materials, little is Lknown concerning the dimensions, or other char-
acteristics of the deposits. .

The trench, just mentioned, erosses one band of ore-material
about-30 feet wide. at a distance of possibly 100 feet from the granitic

contact, and striking ahout at right angles to it. Drift covers the

area between the granitie rocks and the deposit which was only
exposed for about 10 fest along its strike; but farther to the north,
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over the surface of the hill toward Wheaton river, several iron-stained
patehes noted may eap similar ore-material continuous with that at
the place trenched, or cn cchelon to this deposit.  Within a few feet
of the main expesure and to the east of it, two smaller outerops of
similar ore, 4. to 6 fect wide, were noted, but could not be traced
more than 10 or 15 feet, on account of surface materials,

Mineralogy.—The ore-materials expozed in the trench consist
chiefly of magnetite, specularite, chalcopyrrite, pyrite, malachite,
azurite, calcite, quartz, épidote, chlorite, actinolite, and yellow garnet.
Toward the centre, the iron and copper minerals constitute the
greater part of thé deposit, but toward the edges more quartz, caleite,
epidote, ete., are found, and these gradually give place to unaltered,
highly caleareous, hornblende gneiss,

The specularite generally. oceurs in radiating forms and rosettes.
The magnetite is prevailingly massive, but s also, in places, some-
what granular. The chalcopyrite generally appears as blotches dis-
tributed through the magnetite, epidote, chlorite, ete., but also occurs
finely disseminated through these ni:aterials. Pyrite is found in only
minor amounts mostly associated with the chalcopyrite, and is, wher-
ever noted, finely granular in structure. The malachite oecurs in the
seams, cracks, and dissolution-spaces in the ore-material,

Assay Values.—The samples of these ores that have been assayed
show them to contain from traces to $2 per ton in gold. With the
exception of this metal, the copper minerals are the only ones of
economic importance, and in the best places at the surface or in the
bottom of the trench the copper will not exceed one per cent.

Oxidation, Leaching, and Enrichment.—The iron minerals at
the actual surface have been to some estent oxidized to limonite,
which gives tlhie ores a reddish appearance; this alteration-product
docs not extend far below the surface, however, and at a depth of
4 feet the iron oxides are but slightly altered, and even the pyrite
has been only to a limited extent oxidized. The copper minerals have
been more affected than the iron oxides, and, at the surface, have
been oxidized and entirely leached out; but at a depth of 3 or 4 feet
some chalcopyrite exists, and the copper carbonates, malachite, and
azurite are quite plentiful. The copper in the sulphide and its oxi-
dized products in the bLottom of the central portion of the trench,
above mentioned, consiitutes about one per cent of the ore-material.

Since the deposits outerop on a steep sidehill, it is probable that
the greater portion of the copper that has heen leached out has been

e
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removed by surface waters, and so lost, as far ag these ores are con-
cerned. ITowever, tle renmainder of the copper must have been carried
down and been preeipitated in the deeper portions of the deposits.
It is thug apparent that an enrichment in the copper content of
these deposits may oceur just above the zone of unoxidized materials,
or at the depth of the permanent water-surface, Since the surface
ores do not show, by the evidence of porosity or otherwise, that any
great amount of copper has been removed, and as considerable of thig
amount is lost due to the surface-waters. while the chaleopyrite
is already coming in at g depth of 4 feet, indicating that the oxi-
dized zone is shallow, it is not probable that any considerable
secondary enrichment wil] be encountered.

‘The two chief causes that have apparently been influential in
breventing oxidation and leaching from being more effective, are the
cold, northern climate, and the character of the topugraphy. At thig
northern latitude the ground iz, in most places, permanently frozen

- to considerable depths, and so all chemical activity is much retarded.

Also these deposits are situated on a steep mountain-side, which
results in a rapid run-off of the surface waters that thus have: little
opportunity to attack the ore-deposits. These points have been dis-

cussed more fully above, in considering other types of ore-deposits
in Wheaton distriet. .
Genesis and Age.—In studyring the genesis of these deposits a
number of striking and definite points have been noted. In the first
place, as mentioned above, the minerals constituting the ore-material
are chiefly Inagnetite, specularite, chalcopyrite, Pyrite, epidote, actino-
lite, chlorite, and yellow garnet which is either grossularite op andra-
dite. This combination of specularite and magnetite with sulphides
1s very characteristic of contact--metamorphic deposits, and ig prac-
tically unknown in fissure-veins, F urther, when these minerals oceur
with actinolite, garnet, chlorite, and epidote, an association is pro-
duced which is generally diagnostic of contact-metamorphigm, These
samo individual minerals may occur in regiona1~meta1norphic ores,
Dut it is Lighly improbable that a deposit of this class should include

tion, eontain no other minerals.
Also, in regional-metamorphic deposits the materials ecannot

‘have travelled far, and a very gradual change from unreplaced

country-rock to ore is prevailingly found, On the Fleming claim,
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although there is a transition from ore to country-rock, nevertheless
alinost solid iron and enpper minerals ean be seen withiu 2 or 3 feet
of unaltered gneiss.

Further, these ore-materials oceur near intrusive granitie rocks,
and at other points in Yukon territory ' deposits almost identical in
composition have been found occurring in similar rocks, and are
‘always in the immediate vicinity of granitic intrusives. The gneis-

- soid formation in which these ores oceur is of wide-spread distribu-
tion, but only adjoining the deep-seated igneous materials have the
ore-deposits been produced. _

The ores ou thé Fleming elaim also occur replacing gneiss-bands
that are particularly rich in lime. This seems only to be aceounted
for by the fact that the deposits are of contact-metamorphie origin.

The gneisses in which the orc-materials occur consist almost
entirely of plagioclase, quartz, and hornblende, with accessory mag-
netite. The ores are mainly oxides of iron, pyrite, chalcopyrite, and
copper carbonates. It is, therefore, evident that a considerable
bortion of these depesitz was derived from sources outside the
gneisses which contain very little on and praetically no copper anld

sulphur. There thus appears to be little or no doubt, but that these

ore-deposits have Leen caused by the adjoining and underlying
granitie intrusives, and that the mineralizors have travelled along
the lamination-planes of the country-rock, which are the planes of
easiest circulation.

As to the cause of contact-metamorphism,” petrographers agree
that this is due to the heat of the molten magma, combined with the
action of the water which it contains. In many cases, no perceptible
accessions of substance from the magma hLave taken place, while in
verhaps as many others, important additions have been received. The
amount of material that is derived from the intrusive body appears

to be due mainly to two circumstances, the amount of water-gas in
the molten igneous body, and the susceptibility of the invaded rock.
In many intrusives there may be present only a very small amount
of water-gns, and thus the accession of material to the invaded
formation may be slight and the contact-phenomena mostly due to

WCairnes, D. D,—"“The Giltana Lake eclaims™: in “Report on the Lewes and
Nordenskiold Rivers coal-area’: Geol. Surv. Branch, Dept. of Mines, Canada, 1910.

*Lindgren, Waldemar—'*The character and genesis of certain contaet deposits’';
T.A. L. M. E., Vol. 31. .

Barrell, Joseph—"‘Phyvszical effacts of contact metamorphism”; Amer. Jour.
Sel., Vol. 13.
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the heat of the rock: if, however, the water-vapour is abundant, the
Eunount of material viven off may be very great. Magmatic waters
also vary widely; some contain large amounts of boron, fluorine,
chlorine, ete., while others have none of these, and possess chiefly
sulphur, copper, iron, and related minerals, Thus a wonderful
variety of contact-metamorphie deposits are formed. '

The ore-materials on the Fleming claim, therefore, appear to be
due to magmatic vapours, rich in iron, copper, and sulphur, which

 were derived from the granitie intrusive body.,

If this be true, the deposits were formed during the cooling
period of the granitic Latholith, which, as explained under ¢ General
Geology,” was in durassic, and probably late Jurassie, time,

MINING PROPERT] ER,

The Fleming Claim.—This elaim is owned by Messrs, w. T
Fleming and H, E. Porter, and was located in July, 1909, by Afr.
Porter. As mentioned above, the only regional-metamorphic deposits
known to exist in Wheaton distriet are found on this property; thus
the discussion of their eccurrence, which has just been given, i3 in

reality a description of the mineral deposits on the Fleming clai’m,
so that nothing further can here be addad.

COAL,

J)-iscovery.—During the summer of 1006, the writer noted Tanta-
Ius conglomerates outcropping on the ridge to the north of Idaho hill,
and between it and Alt. Bush, Search was at once made for eoal
which so frequently oceurs in these rocks, and what appeared to be
the outerops of tiwo or three seams were found on the top of the
‘ridge. This discovery wag made publie,® and several prospectors
attempted to find the coal, but being unaccustomed to Jook for

The writer again visited this loecality in July, 1909, and with the
help of two assistants uncovered three seams of coal, and foupd what
appeared to be the outcrops of others, Howerver, as the seams are
deeply covered with superficial materials which were
was slow and laborious, and only three seams were strj
not for their entire widths,
e

1Cairnes, D. D,—" A portionof Conrad and Wi
Geol. Surv, Branch, Dept. of Mines, 1908, p. 32,
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Degcriptions.—These coal seams have been actually exposed to*
view only in one place, which is situated about one mile west of the
Union mines and on the top of the ridze joining Idaho hill and Mt.
Bush. Since the coal was discovered just east of Mt. Bush, the belt
in which the coal-bearing formation occeurs has been named the
‘Mt. Bush coal area,” which is about 2 miles long and one-third of
a mile wide at the widest point.

The coal occurs in the Jura-Cretaceous Tantalus conglomerates,
in, or immediately below, which has been found all the valuable coals
so far disgovered in southern Yukon. This conglomerate formation
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1s composed chietly of massive conglomerate beds, the component :
pebbles of which consist entirely of chert, quartz, or slate,'but also :
includes some intercalated shales, sandstones, and the coal seams. £
At Discovery, in the Mt. Bush area, one 18 inch seam, and one }
at least 6 feet thick, were uncovered; but since the surface materials
overlying the coal were several feet thick, the hanging-wall of the :
larger seam was not definitely found, and so the coal may be thicker r
than the 6 feet, as measured. A portion, 3 feet thick, of another -
seam was also stripped and the hanging-wall appeared to be still 2
to 4 feet distant. Indications of other seamns were also noted.
The formation containing the coal is considerably distorted and
disturbed, but strikes in a general northerly direction, and is inclined :
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at 60° to 80° to the west. A fine-grained, dark greenish andesite
dyke, about 15 feet wide, cuts these megsures and adds to their
other irregularities.

The Tantalus conglomerates extend down to near the creek
bottoms on both sides of the ridge on which the coal was found, and
also appear to the south, across Schnabel creek, on Mt. Follé. An
easterly-dipping, normal fault, having a displacement of at least
5,000 feet, however, occurs to the west of the coal-outerops, so that
if the coal seams persist downward sufficiently far, they will en-
counter this Jbreak and be cut off, at a depth, measured along the
seams, of 1,500 to 2,000 feet from discovery. The strike of the coal-
measures is also approximately parallel to the trend of the fault.

No evidence of coal was found in the Tantalus cohglomerates
on Mt. Follé. )

An outerop sample taken from the 6 foot seam was analysed by
the Mines Branch of the Department of Mines at Ottawa. The
following is the result of the analysis:— '

Moisture. . .. .. .. .. .. ... L. 4.78 per cent.
Volatile matter.. .. .. .. .. .. .. 8§.62 o -
Fixed earbon.. .. .. .. .. .. .. 56-50 “
Ash 50.10 |, «
100.00 i

This shows that the coal is a semi-anthracite. The high ash is
probably partly due to the fact that the sample was derived from the
frozen outcrop of the seam, and contained a certain percentage of
sand and other materials,

2228610}
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Columbia, hy I, B Dowling. Map No. 1010, scale 85 m, = 1in.

1204, Memoir No. 24-1%; Preliminary Report on the Clay and Shale De-
posits of tho Western Provinces, by Heinrich Ries apd Joseph
Keele. Map No. 1201-51 A, scale 35 m. = 1 in.

MANITOBA. _

264. Duck and Ridipg mountains, by J.B. Tyrrell. 1887-8. Map No.
282, scale 8m. = 1in. :

" 296. Glacial Lake Agassiz, by W. Upham. 1889, Maps Nos. 314, 315, 316.

325. Northwestern portion, by J, B. Tyrrell. 1890-1. Maps Nos. 339 and
350, scale 8m. = 1in.

704. Lake sﬁg‘ginni})eg I(\Iwest G:hore%. by D. B. Dowling.

) 1898. Map No. ¢ y Scale 8 m, =1 in,

705. Lake Winnipeg (east 'shore), by J. B, Tyrrell,  Bvund together.
1898. Map No. 65{,scale 8m. = 1 in. .

1035. Coal-fields of Manitoha, Saskatchewan, Alberta, and Eastern British
Columbin, by D. B. Dowling. Map No. 1010, scale 35 m, = 1in.

1204. Memoir No. 24 E. Preliminary Report on the Clay and Shale De-
posits of the Western Provinces, by Heinrich Ries and Joseph
Keele. Map No. 1201-51 A, scale 33 m. = 1in.

NORTI WEST TERRITORIES.

217. Hudson bay and strait, by R. Bell. 1885. Map Ne. 229, ecale 4 m.
=1in.

238. Hudson bay, south of, by A.P. Low. 1886.

239. Attawapiskat and Albany rivers, by R. Bell. 1886,

244. Northern portion of the Dominion, by G.M. Dawson. 1886. Map
No. 255, scale 200 mi. = 1 in.

* 267. James bay and country east of Hudson bay, by A. P. Low.

578. Red lake and part of Berens river, by D. B. Dowling. 1894. Map
No, 576, ecale 8 m. = 1 in, -

*584. Labrg;lor peliil_lsula, by A. P. Low. 1895. Maps Nos. 585-588, scale

m, = 1in,

618. Dubawnt, Kazan, and Ferguson rivers, by J.B. T rrell. 1896, Ma
No. 603, scale 25 m. = 1 in, 7 ¥ P

657. Nevthern portion of the Labrador peninsula, by A. P. Low.

680, South Shore Hudson strait and Ungava bay, by
A. P. Low. Map No. 699, scale 25 m. = 1 in. Bound togeth

713. North Shore Hudson strait and Ungava bay, by 1C togetaer,
.R. Bell. Map No. 699, scale 25 m, = 1 in.

725. Great Bear lake to Great Slave lake, by J. Af. Bell. 1900,

778. East coast  Hudson bay, by A. P. Low. 1900, Maps - Nos. - 779, 780,
781, scale 8m. = 1in, :

786-787. Grass River region, by J. B. Tyrrell and D. B. Dowling. 1900,

815. Ekwan river and Sutton lakes, by D. B, Dowling, 1901, Map No.
751, ecale 50 m. = 1 in, )

819. Nastapoka islands, Hudson bay, by A. P. Low. 1500,

905. The Cruise of the Neptune, by A. P, Low. 1905.

1006. Report of a Traverse through the Southern Part
of the North West Territories, from Lac Seul
to Cat lake, 1902, by A. W. G. Wilson. _

1080. Report on a Part of the Nerth West Territories, & Bound together,
drained by the Winisk and Upper Atftawa- .
piskat rivers, by W. MecInpes. Map No.

1089, scale 8 m. = 1 in, :
1069. French translation: Report on_an exploration of the East coast of
. Hudson bay, from Cape Wolstenholme to the south end of
James bay, hy A. P. Low. Maps Nos. 779, 780, 781, scnle 8 m,
. . lin.; No. 785, scala §0 1, = 1in,
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1097. Reconnaissance ncross the Mackenzie mountainy wn 1ne l’_elly, Ross,
and Gravel vrivers, Yukon, and Neorth West Territories, by
Joseph KWeele,  Map No. 1099, scale 8 m. = 1 in.

ONTARTU.

215. Lake of the Woods region, by A. C. Lawson. 18%5. Map No. 207,
scale 2m. = 1in, . ,
*265. Rainy Lake region, by A. C. Lawson. 1837, Map No. 283, scale 4

m. = [in,

246. Lake Superior, mines and mining, by . 1), Ingall. 1838, Maps No.
285, scale 4 m. = lin.; No. 296, scale 20 ch. = 11in, .

326. Sudbury mining district, by R. Bell. 1830-1. Map No. 313, scale 4 m.
= 1in.

327. Hunter island, by W, H. C. Smith. 1800-1. Map No. 312, scale 4

m. =1 in.

332. Natural Gas and Detroleum, by II. P. II. Brumell. 18%0-1, Maps
Nos. 3t-419, S

357. Vietoria, V'eterborough, and Hastings counties, by F. D). Adams.

1892.3. .

627. On the French River sheet, by R. Bell. 1838. Map No. 570, seale
4m. =1in.

678. Seine river and ILnke Shebandqwan map-sheets, by W. Meclnnes.
1897.  Mauaps Nos. 580 ahd 560, scale 4 m. = 1in.

723. Iron deposits along the Xingston and Pembroko reilway, by E.. D!
Ingall. 1900. Map No. 98, scale 2 m. = lin.; and plans of
13 minmes.

739. Carleton, Rwecell, and Prescott counties, by R. W. Ells. 1899, (See
No. 779, Quebec.)

741, Ottawa and vicinity, by R, W, Ells.  1900.

790. Porth sheet, by B, W, Flls. 1900, Map No. 789, scale 4 m. = 1in.

98L..Cudbury Niclkel and Copper deposits, by A. 1. Barlow., {Reprint).
Maps Nox. 773, 820, svale L m. = Lin.; Nos. 824, 823, 864, scale
40 ft. = 1 in. '

%2. Nipissing and Timiskaming map-sheets, by A. 3. Barlow. (Re-
print).  Maps Nos. 509, 606, scale 4 u1, = | in.; No. 34, scale
Im.=1in.

%5. Sudbury Nickel and Copper deposits, by A. E. Barlow. (French).

970. Report on Niagara Falls, by J. W. Spencer. Maps Nos. 926, 967.

977. Report on Pembhroke sheet, by R. W. Ells. Map No. 660, scale 4 m.
= 1in.

980. Geological reconnaissance of a portion of Algoma
and Thunder Bay district, Ont., by W. J.

Wilson. Map No. %4, scale 8m. = 1 in, , )

1081. On the region lyving north of Lake Superior, be- ~Bound togetner.
tween the Pie and Nipigon rivers, Ont., by |
W. H. Ccllins.  Map No. 94, scale 8.
=11in.

992. Report on Northwestern Ontario, traversed by National Transcon-
tinental railway, between Lake Nipigon and Sturgeon lake, by
W. H. Collins. Map No. 993, scale 4 m. = 1 in.

998. Report on Pembroke sheet, by R. W. Ells. (French). Map No. 660,
scale 4¢m. = 1in.

999. French translation Gowganda Mining Division, by W. H. Collins,
Map No. 1076, scale Tm, = 1in.

1038. French translation report on the Transcontinental Railway location
between Lake Nipigon and Sturgeon lake, by W. H. Collins,
Map No. 993, scale 4 m, = 1in. _

1059, Geological reconnaissance of the region traversed by the National
Transcontinental railway between Lake Nipigon and Clay

) lake, Ont., by W. IL. Colline. Map No. 903, scale 4 m. = 1in.

1075, Gowglnndu l\}i_ning Division, by W. H. Collins. Map No. 1078, scale

m. = 1in.

® Publications marked thus are out of print.



1082.

1091.
1114,

1119,

216.
240.

Memoir No. 6: Geology of the Haliburton and Bancroft areas, Ont..
by Frank D. Adams and  Alfred E. Barlow. Maps No. 708,
" scale 4 m. = 1in.; No. 770, scale 2m. = 1in.
Memoir No. 1: On the Geology of the Nipigon basin, Ont., by A.
W. G. Wilson. Mnap No. 1090, seale 4 m. = 1 i,
I'rench translation: Geologieal reeonnaissanes of
a portion of Algoma and Thunder Bay dis-
trict, Ont., by W, J. Wilson. Map No. 964,
scale 8m. = 1 in. Bound logethker.
French translation: On the rexion Iying north of
Loke Superior, between the Pic and Nipigon
rivers, Ont., by W.IH. Collins. Map No.
86t, scale S m. = 1in.
QUEBEC.
Mistassini expediiion, by A. P. Low. 188£5. Map No. 278, scale
8m. =1in.
Compton, Stanstead, Beauce, Richmond, and Tolfe counties, by
R.W. Ells. 18%. Map No. 251 (Sherhrooke sheet), scale 4 m.=
1in,

- Megantic, Beauce, Dovchester, Lévis, Bellechasse, and Montmagny

gqunties, by R.W. Ells. 1857-8. Map No. 287, secale 40 ch. =
in. . .
Mineral resources,’ by R.W. Tlls. 188%,

. Portneuf, Quebee, and Montwagny counties, hy A. I'. Low. 1890-1.
. Eastern Townships, Montreal sheet, by R. W. Els and F. D. Adams,

18M4. Map No. 571, scale 4 m, = 1in.

- Laurentian area north of the Island of Montreal, by F. D. Adame.

1895.  Map No. 500, srala 4m. = 1 in.

. Auriferous deposits, routhenstern portion, ‘hy R, Chalmers., 1895,

Map No. €67, scale Sm, = 1in.

. Eastern Townships, Three Rivors sheet, ‘by PR. W. Flls. 1898,
. Argenteuil, Ottawa, and Dontiac counties, by R.W. Ells. i,

(See No. 739, Ontaria).

. Nottawny basin, by R. Bell. 1800, *Man No. 702, ecale 10 m.=1 in.
- Wells_on Island of Montreal, by F.D. Adams, 1001, Maps Nos.

874, 575, 87,

. Chibougamau region, by A. P. Law. 1905
. Timiskaming map-sheet, by A, E. Barlow, {Leprint). Maps Nos.

599, €06, scale 4m. = 1in.; No. 944, scale Im.=11in.

974. Report on Copper-bearing rocks of Eastern Townships, by J. A.
Dresser. Map No. 976, secale 8Sm.=1 in.

975. Report on Copper-hearing rocks of Eastern Townships, by J. A.
Diresser., (French). o

998. Report on the Pembroke sheet, by R. W. Flls. {French). .

1028. Report on a Recent Discovery of Gold near Lake Megantic, Que.,
by J. A. Dresser, Map No, 1029, scale 2 m.=1 in.

1032. Report on a Recent Dizcovery of Gold near Lake Megantic, Que,,
by J. A. Dresser. (French), Map Nn. 1020, seale 2 m.=1 in,

1052. French translation report on Artecian wells in the Island of Mont-
real, by Frank D. Adams and O. F. LoRor.  Maps No. 874,
scale 4 m.=1in.; No. 375, scale 3,000 ft.=11in.; No. 878,

1064, Geology of an Area adjoining the East Side of Lake Timiskamipe
Que., by Morley L. Wilson. Map No. 1066, scale 1n1.=11\?1??1n"’

1110. Memnir No. 4: Geologieal Reconnaiszance along the line of the
Nationnl Tran<enntinental railway in Western (yueliee, hy W,
J. Wilson,  Map No. 1112, ceale 4 m.=1in,

1144, Reprint of Summary Report on the Serpentine Belt of Southern
Quebee, by J. A. Dressor. .

NEW BRUNSWICK,

218. Western New Brunswirk and Eastern Nova Scotia, by R. W. Ellg.

1885. Map No. 230, scale 4 m.=11in.
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269.
a30.
€61,

o,
803,

9R3.
1034,

1113,

243.

.
358.

628.
685,

797.
871,

1113.

1042,

“805.

891,
894,
018,

990.
991.
1011.

1033.
1041.
1026,
1099,

1103.
1104,

~
]

. Carleton and Victoria counties, by L. W. Bailey. 1855, Map No.

231, «eale 4 m.=11in,

. Victorin, Restigouche, and Northumberland counties, N.B., by L.

W, Bailey and W. MeceInnes. 18%6. Map No. 254, scale 4 m. = .
Iin.

Nortkern portion and adjacent areas, by I. W, Bailey and W.
MeceInnes, 18978, Map XNo. 260, seale 4 m.= 1in. _
Temiscouata and Rimouski counties, by L. W. Bailey and W.

MeTnnes, T1800-1.  Map No. 350, seale fm.=1in,
Mineral recourees, by L. W. Bailex. 1807, Map No. 675, =eale 10 m.
= lin. New Brunzwick geolegy, by K. W.EI'}lls. 1887,
Carboniferons system, by L. W. Bailev. 1900,
Coal presprets in, by 1108, Tanle. 1900, { Bound tc’g_"th_ﬂ‘
Mineral resources, by R. W. Ells, Map No. 869, scale 16 m.=1 in.
Mineral resnurces, by R.W.Ells. (French). Map No. 969, scale
I6m.—-1in,
Memoir No. 16-T; The Clay and Shale Jdeposits of Nova Scotia and
Jportiens of New Brunswick, hy H. Ries and J. Keele. Map No.
11533, <enle 12 m.=1 in.

NOVA SCOTIA.

Gurshoreush, Antnigenish, Pictor, Cdehester, and Halifax counties,
by Houch Fleteher and P12, Faribault.  1886.

Pictow v 1 (" lhodor connties, by 110 Fleteher,  1890.1.

Southwe-t-rn Neva Reatin tpreliminary), hy L. W. Bailey. 1892.3.
Map Neo 202, =eale Sm.=1in.

Southwerasrn Npva Sentia, by L. W, Bailer. 1896. Map No. 641,
ceale S, o= 1in,

Sydney coulfield, by I, Floteher. Mg Nos., 652, 633, 654, =cale
Tm. = 1in, :

Cambrinsn reeks of Cape Brefon, by . . Matthew. 1900.

Picton ceal-field. by H. S, Peole. 1302, Map No. 833, seale 25 ch.=
1in.

Memoair No. 16-17: The Clay and Shala depnsits of Nova Scotia anid
portions of New Brunswick, by I, Ries and J. Keele, Map
No. 1153, scale 12m. = 1in.

MAPS.

Dominion of Canada. Minerals. Seale 100 m. =1 in.
YUKON.

Explorations on Macmillan, Upper Pelly, and Stewart rivers, scale
S§m. =1in.

Pertion of Duncan Creck Mining district, scale 6 m. = 1 in.

Sketch Map Kluane Mining district, scale 6 m. = 1 in.

Windy Arm Mining district, Sketeh Geological Map, scale 2m. =
lin,

Conrad and Whitehorse Mining distriets, scale 2 m.=1in.

Tantalus and Five Fingers coal mines, scale I m, = 1in,

Bonanza and Hunker creeks. Auriferoux gravels. Scale 40 chaing
-1in. : :

Lower Lake Laberge and vicinity, seale tm.=1in.

Whitehorze Copper belt, seale 1 m. = 1 in.

1441049,  Whitehorse Copper belt. Details.

Pellr, Ro#s, and Gravel rivers, Yukon and North West Territoriea,
Srale 8 m, = 1°nm,

Tantalue Coal area, Yukon. Secale 2m. =1in.

Bracburn-Kynecks Coal area, Yukon. Scale 2m. = I in.

® Publications marked thus are out of print.
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BRITISH COLUMBIA.

378. Cariboo Mining district, scale 2m, = 1 in.

604. Shuswap Geological sheet, scale 4 m. = 1in.
*771. Preliminary Edition, East Kootenay, scale 4m. = 11n.
767. Geological Map of Crowsnest conl-fields, scale 2m. = 1 in,
°791. West Kootenay Minerals and Strie, scale 4 m. = 1 in,
*792. West Kocotenay Geological sheet, seals 4 m. = 1in.

828. Boundary Creck Mining district, scale 1 m. = lin,

890, Nicola coal basin, scale 1 m.=1in,

941, l’reli;lginatiy_ Geolngical Map of Rossland and vicinity, scala 1,600

.= lin.

987. Princeton coal bhasin an
ch. = 11in.

989. Telkwa river and vicinity, scale 2m. = 1 in.

997, Nanaimo and New Westminster Mining division, scale 4 m. = lin.
1001. Special Map of Rossland. Topographical sheet. ~ Scale 400 ft. = 1in
1002, Special Ma of Reossland, Geological sheet. Seale 400 ft. = 11in,
1003. Rossland 2 ining camp, Topographical sheet. Scale 1,200 ft. = 1 in
104, Rossland Mining ¢amp. Geologieal sheet. Scale 1,200 ft. = 1in.

1068. Sheep Creek Mining com . Geologieal sheet, . i
1074. Sheep Cresk Mini : : sgraphical e

4 ;. Mng camp. Topographical eheet. Scale 1 m. =1 in.
1095, 1A—Hedley Mining district, Tonographical sheet, Scale 1,000 fr.

= lin.
109, 2;\-—1[0(![0.? Mining district,

d Copper Mountain Mining camp, scale 40

Geological sheet, Scale 1,000 ft. ~

_ in.
nn.'?. 4.—1—-—quden Zone Mining camp.  Scale 600 ft. = 1 in.
1108. 3A—Minera] Claims on Henry crrek.  Senle 80O ft. = 1 in,

1123, 17TA—Reconnaissance geological map of southern Vancouver island
Scale £m, =1 in.

H25. Hedley Mining ~i<trict: Structure Sections, Reale 1,000 ft. = 11p.

Neadwond Minine camep, Seale 400 ff, = [ in. {Advance sheet.y
1i35 15A—Pliocnix, Boundary district,

1 Topographical sheet. Seale 109,

.= in,

1136. IGA—Ph?_Enix, Boundary district, Geolngical . sheet. Scale 11
.= 11in,

1164. 234 —Portland Canal Mining district, seale 2 m. = 1in.

Beaverdell sheet, Yale district, scale 1m. = lin. {Advance
sheet.)
Tulameen sheet, scala 1 m, = 1 in. (Advance sheet.)
ALBERTA.

21596, Peace and Athibaska rivers, seale 10 m. = lin.

*8i8. Blairmore-I'rank csal-felds, scale 180 ch. = 1in,

892. Costigan coal basin, scale 40 ch. = 1in.

929-036. Cascade coal basin. Seale 1m. = 1 in, .

261766, Moose Mountain region. Coal Areas. Secale 2m. =11n,

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scals 35
= 1in,

1117, 5A—Edmonton. (Topography), Scale 1 m, = 1in,
1118. 6A—Edmonton, (Clover Bar Coal Seam). Scale § m. = 1 in.
Portion of Jasper Park, scale 1. = In. (Advance sheat.)
1132.. 7TA—Bighorn coal-field. Scale 2 m. = 1in.
1201. 51A—Geological map of portions of Alberta,
anitoba. Scale, 35 m. = 1 in.

SASKATCHEWAN.

1016. Alberta, Saskatchewan, and Manitoba. Cual Areas, Scale 35 m
=1in.

1201. 51A—Geoclogical map of portions of Alberta, Saskatchewan, and
Manitoba. Scale, 35m. = 1 in,

MANITOBA.

804, Part of Turtle mountain showing coal areas, Scale m, =1ipn.
1010. Alberta, Saskatchewan, and Manitoha. Coal Areas. Scala 5 m. =
. 1lin,

Suekatchewan, aow
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1201. 51A—Geological map of portions of Alberta, Baskatchewan, and
Manitoba. Scale, 35 m. = 1in. .

NORTH WEST TERRITORIES.
1089. Explored routes on Albany, Severn, and Winisk rivers. Scale 8 m.

= }in. . )
1099. Pelly, Ross, and Gravel rivers, Yukon and North West Territorien
Scale 8 m. = 1in.

ONTARIO,

227, Lake of the Woods sheet, scale 2m. = 1lin.

*283. Rainy Lake sheet, scale 4 m. = 1in.

*312. Hunter Island sheet, scale 4 m.=1in.

33, Sudbury sheet, scale 4 m. = { in.

*373. Rainy Iliver sheet, scale 2m. = 1in.

560. Seine River sheet, scale 4 m. = 1in.

570. French River sheet, scale 4 m. = 1in. .

*589. Lake Shebandowan seheet, scale 4 m. = 1in.

399, Timiskaming sheet, scale 4m. = 1in. (New Edition, 1907).

605. Manitoulin Island sheet, scale 4 m. = 1in. .

606. Nipissing sheet, scale 4 m. = 1in. (New Edition, 1907).

660. Peambroke sheet, scale 4 m, = Iin.

663. Ignoce sheet, scale 4 m. = 1in,

708. Haliburton sheet, scale 4 m. = 1in,

720. Manitou Lake sheet, scale 4m. = 1 in.

*750. Grenville sheet, scale 4 m. = 1 in.

770. Bancroft sheet, scale 2m. = 1in.

775. Sudbury district, Victoria mines, scale 1 m. = I 1n.

*789. Perth sheet, scale 4 m. = 1in.

820. Sudbury district, Sudbury, seale 1m. = 1in,

B24-825. Sudbury distriet, Copper Cliff minss, scale 400 ft. = 1in,

852, Nortlile_ast Arm of Vermilion Iron ranges, Timagami, scale 40 ch. =

in. :

864. Sudbury district, Elsie and Murray mines, scals 400 ft, = lin.
903. Ottawa and Cornwall sheet, scale 4 m. = 1 in.

944, Prelim_mnr{ Map of Timagami and Rabbit lakes, scale 1 m. = 1 in.
9G4, Geololggca! fap of parte of Algoma and Thunder bay, scale S m. =

in. ‘ ‘

1023. Corundum Bearing Rocks. Central Ontario. Scale 174 m. = 1 in.
1076. Gowganda Mining Division, scale 1 m. = 1in,
1090. Lake Nipigon, Thunder Bay district, scale 4 m. = 1 in.

QUEBEC.

*251. Sherbrooke sheet, Eastern Townships Map, scale 4 m. = | in,
287, Thetford and Coleraine Asbestos district, scale 40 oh. = lin
375. Quebec sheet, Eastern Townships Map, scale 4 m. = 1 in,
*571. Montreal sheet, Eastern Townships Map, scale 4 m. = 1 ip,
*665. Three Rivers sheet, Eastern Townships Map, scale 4 m. = 1 in.
667. Gold Areas in southeastern part, scale 8m. = 1ip.
*668. Graphite district in Labelle county, scale 40 ch, = 1in,
918. Chibougamau region, scale 4 m. = 1 in.
976. The 8Olds.-r (Ilqpper-hearing Rocks of the Eastern Townships, scate
m. = {1n.
1007. Lake Timiskaming region, scale 2m. = 1 in,
1029. Lake Megantic and vicinity, scale 2m. = 1 in,
1066. Lake Timiskaming region. Scale I m. = 1in.
1112. 12A—Vicinity of the National Transcontinental railway, Abitibi
district, scale 4 m. = 1in. - :
1154, 23A—Thetford-Black Laoke Mining ‘district, scale 1m. =1 in.
Larféer l;a.ke and Opasatika lake, scale 2m, = 1 in. (Advance
sneet,
Danville Mining district, scale I m. = 1 in, {Advance sheet.)
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NEW BRUNSWICK. S

*675. Map of Principal Minernl Occuriences.  Seale 10 m. = 1.
969. Map of P'rincipal Mineral Localities,  Senle 14 m. = lin,
- . 1155. 24A—Millstream [ron deposits, Seale 400 ft. = Iin,

> ] ' 1156. 25A—Nipisiguit Iron depos<its. Seale 400 ft. = 1 in

NOVA SCOTIA.

. *312, Preliminary Map of Springhill coal-field. vcale 50 ch. = 1 in.
833. Pictou coal-field, scale 25 ch. = 1in.
897. Preliminary Geological Man of Nictaux and Torbrook Iron distriet,

scale 25 ch. = 1in.

927. General Map of I'rovince showing gold districts, scale 12m. = 1 in.
937. Leipsigate Gold district, scale 500 ft. = 1 in. . .
915. Harrigan Gold district, scale 100 ft. = 1 in.
995. Malaga Gold- distriet, scale 230 ft. = 1 in.
1012. Brooktield Gold district, seale 230 ft. = 1 ju.
1019, Halifax Geologicnl sheet, No. €8. Seale 1m. = 1in.
10256, Waverley Geological sheet, No. 67. Scale Tm. = 1in.
1036, 8t. Margaiet HBay Geological sheet. No, 7. Seale 1m. = §in,
1037, Windsor Geological sheet. No. 73. Scale tm. = 1in.
143, Axpotogan Geological sheet. No. 70. Seale 1m. =1in,
i153. 22A—Nova Scotia, scale 12 m.=1in.
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PLEISTOCENE

QUATERNARY

TERTIARY

CRETACEOUS
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DEVONIAN(?)

PRE-CAMBRIAN({?) PAL£OZOIC

CARBONIFEROUS(?

5.006"
4.000°
3000
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Sununit Creele

Budte Creele

- Gy
epariment of Mines

HoN.E.L.PateNAUDE . MiNisTER: R.G.MSConNELL. DEPUTY MINISTER.

GEOLOGICAL SURVEY

MTHODNETT

| Thompson Creele

5,000
4,000
3,000’
2,000

[Rel-Tol

Sea-level

LEGEND

I

Superficial -deposits
Sand, gravel, sil¢, clay, soil, mick, voleanic ash,
ground.-ice, slide rock, and morainal materials.

%

Rhyolite, granite porphyry, and related.
voleanics, with their associated tuffs
and breccias.

A

avalt, andesite, and related voleanics, with
their associated tuffs and bredcias.

Coast Range intrusives .
Granitic rocks,ranging in composition. from
granite to diorite, with associated porphyritic.

phases.

Andesite, basalt, and diabase, with their
associated tuffs and breccias.

VL.

Tantalus conglomerate
Conglomerate, with. some sandstone,
shale, and seams of coal.

Labexrge ‘sexies
Argillite, shale, sandstone, arkose,
aclee, conglomerdte, and tuff.

greyw

VIIT

Limestone, more or less dolomitic.

Mount Stevens group
Schist, gneiss, quartyite, and Linestone.

I Pyroxenite and peridotite.
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