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Tf! Ifis Royal Highness the Dulce of Connaught and Strathearn, K.G. , &c., &c., &c., 

Governor General of Canada. 

MAY IT PLEASE YOUR RoYAL HIGHNESS,-

The undersigned has the honour to lay before Your Royal Highness-i.ni com­
pliance with 6-7 Edward VII, chapter 29, section 18--the Summary Report of the 
operations of the Geological Survey during the calendar year 1911. 

(Signed) ROBERT ROGERS, 

Minister of Minea. 
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To the Hon. RoBERT ROGERS, M.P., 
Minister of Mines, 

Ottawa. 

Sm,-I have the honour to transmit, herewith, my summary report of the opera­
tions of the Geological Survey for the calendar year 1911: which i.ndudes the reports 
of the various officials on the work accomplished by them. 

I have the honour . to be, Sir, 
Your obedient servant, 

J'. 

(Signed) R. W. BROCK, 

Director Geological Survey. 
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SUMMARY REPORT 

OF THE 

GEOLOGICAL SURVEY BRANCH 

OF THE 

DEPARTMENT O_F MINES 

FOR THE CALENDAR YEAR 1911. 

To the Hon. RoBERT ROGERS, M.P., 
Mi,nister of Mines. 

Srn,-I have the honour to submit herewith, a summary report on the operations 
of the Geological Survey for the calendar year 1911. 

The present organization of the Survey is 3.$ under:-

Director. 

Administrative and General :-
Oorrespondence--Secretary, 3 stenographers. 
Distribution.--Chief, publication clerk, correspondence clerk. 
Stationery-1 clerk. 
Instrumen ts-1 custodian. 
Cabinetmaker-1. 
Messengers, etc.-1 mail clerk, 4 messengers. 

Geofogical Division:-
Pala:ontology-1 vertebrate palreontologist, 1 invertebrate palreontologist. 
Geology-11 geologists, 9 assistant geologists, 1 compiler. 
Mineralogy-1 mineralogist and curator, 1 assistant curator, 1 collector and 
distributer, 1 stenographer. 

Topographical Division:-
Chief topographer, 3 assistant topographers, 1 model-maker, 1 triangulator 

and computer. 

Draughting Division:-
Geographer and chief draughtsman, 13 draughtsmen, 1 clerk. 

26-1 



GEOLOGICAL SURVEY 

2 GEORGE V., A. 1912 

Photographic Division:-
Photographer in chaTge, 1 assista1nt. 

1'l atural History Division:-
1 botanist and naturalist, 1 assistant botanist and naturalist, 1 assistant 

naturalist and custodian, 1 preparator and taxidermist, 1 taxidermist, 1 

stenographer. 

Anthropological Division :-
1 ethnologiat, 1 assistant ethnologist, 1 archmologist, 1 stenographer, 

Libra1-:Y:-
l librarian, 2 assistants. 

In t'he geological and anthropological division, officers were commissioned in 

addition to those of the regular staff, to take charge of field parties. Such officers are 
usually obtained from the staffs of technical universities. Field and student assistants 
were temporarily €ngaged for field work in the diviiSions of geology, topography, and 
natural history. 

During the year the Survey lost through death the services of Dr. R. W. Ells 
and Mr. R. L. Broadbent. Dr. H. M. Ami was granted superannuation on account of 
ill-health, and Messrs. J. A. Dresser, F. H. MacLaren, and Hugh Matheson resigned. 

Appointments to the staff were made as under:-

Dr. Charles D. Walcott, Secreta_:y of the Smithsonian Institution, and formerly 
Director of the United States Geological Survey, accepted the honorary poaition of 
Collaborator in Geology with special reference to the Cambrian. 

Dr. H. I. Smith was appointed archmologist; C. M. Barbeau, assistant ethnolo­
gist; Robert Harvie, S. J. Schofield, and L. Reinecke, assistant geologists; W. E. 
Lawson, A. 0 . T. Sheppard, and K. G. Chipman, as8istant topographers; 8. C. 
McLean, triangulator and computer; S. N. Graham, assistant curator mineralogy 
and g,eology; P . A. T averner, assistamt naturalist and curator; G. D . Barrowman, 
custodian of instruments; Geo. P. Clarke, photographer; Alice B. Wilson, assistant 
in palreontology; A. F . Clarke, and Adam McGregor, draughtsmen; and Eilleen 
Bleakney, stenographer. 

The death of Dr. R. W. Ells deprived the Survey of one of its oldest and most 
highly respected members. He entered the Survey in 1872 and was in active service 
up to the time of his death. The greater part of his work was in the Maritime Prov­
inces, Quebec, and eastern Ontario, but he also carried on investigations in the 
northwest and in British Columbia. The re:mlts of his extended labours in these 
fields are to be found in the voluminous reports and maps that have appeared under 
his name. 

T o Mr. R. L. Broadbent were due more, perhaps, tharu to any one else, the fine 
mineraI.ogical exhibits for the Museum. His untimely death, at the moment the col­
lections were to be installed in the new Museum, has been a blow which will long 
affect the work of the Museum. 
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The resignation of Mr. Dresser emphasizes the urgency pointed out in recent 
summary reports, for securin,gi more rapid promotion and higher salaries for the 
scientific staff, especially the field officials. The loss of an experienced officer is irre­
parable; for be bas in his work, secured a mass of detailed information concerning 
the districts in which be bas been engaged that can never be embodied in a report, but 
that is of constant value to the Department and the public in .answering inquiries 
concerning particular areas or special problems. When such an official leaves the 
service this fund of information is lost to the Department and to the public . 

.As a partial offset to such losses the Survey now bas a corps of well-trained young 
geologists and topographers to draw upon. Four years ago when the Survey was able 
to announce that it had been removed entirely fi1om politics and outside influences, 
and that appointment.s and promotion:; would hereafter be based strictly on merit, 
the most promising students in the collegies began to train for positions on the staff. 
By restricting the appointments as student assistant.s on field parties to students of 
at least two years standing in approved universities or technical colleges, who were 
studying for the professions of geology, mining, or topography, the Survey bas been 
enabled to try out each year about sixty prospective technical men especially selected 
by their respective professors. The more promising of these are encouraged to pro­
ceed with their training, the geologists to take doctorate dE;lgrees in geology in po_:it 
graduate universities, the topQ$rapbers to train in the Survey. During the past year 
a number of such men had finished these courses and received appointments to the 
staff. Next year a further number of such specially qualified men will be available. 

Such additions to the field forces render it possible to make much needed staff 
appointments, for general supervision of and consultation regarding the work. Until 
now, no experienced official could be taken from regular field work, since the field 
force was not strong enough numerically to cope with even the most pressing demands 
for field work, ·and the routine and other duties of the Director left him without the 
requisite time to devote to this branch of the work. Consequently, the individual 
officer did not receive the assistance in the field or in the office, in the way of friendly 
criticisms and suggestions, that is necessary to bring about the best results. It is 
now proposed to place experienced geologist.s in charge of office work and field work. 

COMMITTEES. 

The Geological, ·Jyfap, and Library Committees have continued to render valuable 
service. The work devolving upom. these bodies is arduous and makes heavy inroads 
upon the time of the members of the respective committees. Since the results of their 
labours do not appear in a form which admits of individual credit being given, I take 
this opportunity of emphasizing the valuable r esults of their work . 

.As it becomes possible t o allot staff duties to special officers, the demands upon 
these committees will be lessened, as only general questions need then be referred to 
them. 

26-H 



4 OEOLOGIGAL S URVEY 

2 GEORGE V., A. 1912 

PUBLICATIONS. 

"!'he results of the investigations of the various divisions of the Survey are 
recorded in maps and reports. Since, however, the information acquired by the Sur­
vey is of value for very different purposes by various classes and individuals, it is 
impossible in a g;iven report t-0 record every fact that may have a value to somebody 
or to treat the matter in a manner that is suitable for all purposes. I nformation that 
is not of general value has, as a rule, to be omitted from a report. But much of such 
information is furnished interested individuals in the field, and this is perhaps the 
most valuable service that the Survey renders. A great deal is supplied by cor­
respondence. Information that is of immediate value t-0 the public is supplied by 
means of Press Bulletins, which are furnished to any newspaper desiring such informa­
tion, and to all individuals who have asked to be placed on the ' Notice list' of the 
Survey. 

Any one who applies will have his name placed on this list, a•nd will receive the 
Press Bulletins and a notice of. reports as issued. No general distribution list is 
maintained. 

The number of letters received during the year asking for publications was 5,616. 

The number of publications •sent out in response was 20,5'06, distributed as follows : 
.17,945 to Canada, 2,029 to the United States, 202 to Great Britain and Ireland, and 
33'0 to foreign countries. The s·ale of publications amounted to $286.24. 

A list of maps and reports published duringi the year will be found near the end 
of this volume. 

Attention may be called to the fact that maps now published by the Survey may 
be obtained printed on linen for field use. An extra charge of ten cents is made for 
maps on linen. 

FIELD WORK. 

The geological aind topographical work undertaken during the past season has, as 
usual, been almost exclu sively economic and confined 'to districts in which such work 
gave promise of being of greatest or mo.st immediate value. 

Arrangements are made with the mining departments of the Provinces of Ontario 
and Quebec to avoid duplication of geologjcal work. Consequently the districts in 
which ,these provinces have field parties are not examined and reported on by the 
Geological Survey. Such districts are usually those which, in any year, are receiv­
ing marked attention from prospectors and mining men. 

The distribution of field parties was as follows:-

GEOLOGICAL. 

Jl.ilr. D. D. Cairnes was engaged on the Yukon-Alaska boundary line between the 
Yukon and Porcupine rivers. 

For the geological work in both the Yukon and Alaska, a geological sect ion to 
the Arctic ocean is needed, and the geolog'ical surveys of the United States and 
Canada are co-operating in this work, Canada becoming responsible for the section 
along the boundary line from the Yukon to the P orcupine river, and the United States 
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for the section from Porcupine river to the Arctic ocean. The total length of the 
combi:p.ed section will be about 340 miles. 

Returning from the field, Mr. Cairnes examined a number of quartz propertie;; in , 
the neighbourhood of Dawson. 

Mr. R. G. McConnell spent the field season in the Portland Canal distTict examining 
the mineral deposits of Goose bay and Alice arm on Observatory inlet, as well as 
continuing his investigations on Bear and Salmon rivers. He also made a recon­
naissa11<~e trip across to the Nass river. The most important event in mining, in thiis 
regiion during the season has been the advent of the Granby Company, whose 
vigorous development of their newly acquired Hidden Creek mine at Goose bay 
has proven the existence of large bodies of copper ore. 

Mr. G. S. Malloch examined a portion of the Groundhog coal basin at the head of 
the Skeena river, north of Hazelton, a district which has attracted a good deal of 
attention during the past season. The basin is a large one, containing ;;everal 
seams of coal, anthracitic in character. Most of the seams are high in ash, but 
samples taken from one workable seam by competent men have had a low ash 
content. 

Mr. C. H . Clapp spent the summer in a detailed investigation of the N anaimo coal 
field, Vancouver island. 

Mr. Charles Camsell spent a short time testing the Tulameen River gravels for dia­
monds, on the chance of findingi stones of commercial size. Only minute diamonds 
were found . Minute rubies were also obtained. He made a geological survey of 
the Steamboat Mountain district which ,had received considerable notice during 
the preceding winter. His investigations tended to show that with the exception 
of one or two localities the district is economically unimportant. Some time was 
also spent on the Fraser river about Yale and northward up the Fraser canyon, 
where no work has been done by the Survey since the reconnaissance in 1872. 

Mr. L . Reinecke concluded his investigiations in the Beaverdell. Mining district, West 
Fork of the Kettle river, through which a branch of the Canadian Pacific rail­
way is being built. 

Mr. C. W. Drysdale made a detailed geological examination of Franklin Camp, North 
Fork of the Kettle.river. 

Mr. 0. E. LeRoy devoted a considerable portion of his time to visiting various mining 
centres in southern British Co_lumbia and in superintending the work of several 
of the field parties. Among other districts, he visited the Slocan where very 
encouraging and important results have attende·d the development work that has 
been carried on. He made a det ailed survey of an area of about 100 square miles 
covering the mining district about Nelson, where general mining conditions are 
improving. 
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Mr. S. J. Schofield COIIltinued his geological mapping in the East Kootenay district, 
paying special attention to the mineral deposits of the area, of which silver-lead 
is the most important. 

Mr. R. A. Daly commenced work oh the geological section across the mountains along 
th~ line of t'he Cana.dian Pacific railway. Work was begun near Kamloops and 
carried eastward to beyond Albert Cany•on. For the detailed investigatiO'll of the 
mining districts, it is necessary to know the structure and general geologiy of the 
Cordilleran belt. To supply this information a number of geological sections 
across this belt are required. Mr. Daly has completed such a section along the 
49th parallel (the International Boundary). This year he has begun a similar 
section along the Canadian Pacific railway. As soon as practicable a third sec­
tion along the Grand Trunk P a-cific will be undertaken. 

Mr. J. A. Allen continued 11is examination of the area adjacent to the Canadian 
Pacific railway in the Rockies west of Field. 

Mr. C. D. Walcott devoted the summer to a study of the Cambrian of the Rockies in 
the vicinity of Field from which he has obtained remarkable fo ssils . 

Mr. W. W. Leach began a detailed examination of the Blairmore-Frank coal-field. 
Not only is this a heavy producer (over 1,600,000 tons in 1910), but it 'is being 
further developed. 

Messrs. W. G. Miller, R. A. Daly, and Georgie S. Rice examined and reported on the 
condition of Turtle mountain. 

Mr. D. B. Dowling continued his investigation of the coal basins in the vicinity of 
The Grand Trunk Pacific railway near Yellowhead pass . One colliery is already 
in operation and the opening of three others is in contemplation. The Canadian 
Northern r ailway will also pass close to these collieries. A month was spent in 
examining coal occurrences in other parts of Alberta and in Saskatchewan, 
several of which, it is now reported, are being developed into mines. 

Mr. A. C. Lawson was engaged in the Lake of the Woods and Rainy Lake district, 
where in his reconttJ.aissance work in the 'SO's 'he had obtained most important geo­
logical results. His more detailed work the past season has supplemented these 
with an equally valuable contribution to the knowledge of Pre-Cambrian geology. 
Amongst other things, he has found fossils in a Pre-Cambrian horizon believed 
to be far below any hitherto known to be fossiliferous. 

Mr. W. H. Collins continued his geological mapping of the country north of the Sud­
bury district. Since 1908, occurrences of silver-cobalt minerals simil ar to those 
at Cobalt have been found at various points within this district, and last August 
gold-bearing quartz veins were di scovered near West Shiningtree lake. 

Mr. W. A. J ohnston continued his topogiraphical and geological mapping in the Lake 
Simcoe district, important from the information it affords regarding the Ordo­

vician rocks, and the SQperficial geology of Ontario. 
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Mr. F. B. T aylor continued his work on the superfici al geology of Ontario. In New 
York, Ohio, and Michigan this has been carefully worked out; Mr . T aylor is 
connecting and correlating this work through southwestern Ontario. 

Mr. 0 . St auffer continued hi s s tudy of the Devonian rocks of southwestern Ontario. 
Every Devonian formatio]1 is here of some economic value ; the most impor tant, 
however, is as a reservoir of oil. 

Mr. A. F . Foer.3t made a study of the lower P alreozoic r ocks of Manitoulin island. 

Mr. M. E. Wilson continued his explor ations in nor thwestern Quebec from L ake 
Abi tibi eastward. The mineral bearing formations of northern Ontario extend 
into this portion of Quebec, and with approaching railway facilities it affords an 
attractive field fo r prospectors. There are also l arge areas of agricultural land. 

Mr. J . Stansfield made deta iled plans of typical apatite, mica, and grnphite mine.3 
north of Ottawa river. 

Mr. R. Harvie was assigned to the work previously carried on by Mr. Dresser, on the 
economically important Serpentine belt of the Eastern Townships, Quebec. No 
important asbestos depos its were noted in the area examined this season, but 
copper has been a product and may be again. 

Mr ." J. J. O'Neill made an examination of Belmil and Rougemont mountains, to com­
plete the s tudy of the JYionteregian hill s, a group of interesting old volcanoes that 
extend from Montreal eastward. 

Mr. J. W. Goldthwaite continued his invest igations of the r aised bea.ches of eastern 
Quebec, extending the work into the Maritime Provinces. The determination of 
the amount :and character of the post-gfa cial changes of level of the coast may 
lead to irnp_ortant deductions . This work is being correlated with simil ar investi­
gations in progress along the Atlantic coast of the United States. 

Mr. P. E. R aymomd carried on field work in eastern Ontario and western Quebec, 
and also in the neighbourhood of Quebec city. N ew and important facts of 
palreonto1ogical value were obtained. 

Mr. G. A. Young made a geolog ical examination of the oil, gas, and gypsum district 
near JYioncton , N.B. The gas field promises to become an important fac tor in the 
commercial developmen t of this region. 

Mr. H . E. Kramm paid special attention to the extensive gypsum deposits of the dis­
t rict as well as to several related deposit s of the same mineral in other parts· of 
New Brunswick and Nova Scot ia. 

Mr. W. A. Bell made a preliminary examination of the very importa:nt J oggins car­
bon iferous section of N ova Scotia. 
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Mr. E. R. Faribault continued his mapping of the gold-bearing series in Queens and 
Lunenburg counties, N .S. In the area examined are several gold-bearing dis­
tricts, at one of which, Fifteen.mile Brook, a discovery of the tungsten ore, 
scheelite, wa.;; made. 

Mr. W. J. Wright began a study of special problems relating to the gold-bearing 
rocks in Lunenburg county, N.S. 

Mr. H. Ries continued the examination of the clay resources of the western prov­
inces. The valuable results obtained from these investigations in past seasonil 
have aroused keen interest in this important branch of the mineral industry. 

Mr. J. Keele also contributed to the examinatio.n1 of the clay resourcea of the western 
provinces, and began the study of the clays of Quebec. He also visited the placer 
gold field of Beauce county, Quebec, where placer mining is being resumed. 

TOPOGRAPHICAL. 

Mr. K. Chipman mapped the northern half of the Cowicban-Alberni map area, Van­
couver island. 

Mr. R. H. Chapman surveyed the southern half of the same area. 

Mr. A. T. Sheppard completed the Slocan map area and assisted Mr. Boyd at Blair­
more. 

Mr . .S. C. McLean was engaged m triangulation m the Windermere district, East 
Kootenay, B.C. 

Mr. W. H . Boyd supervised the mapping of the Blairmore area, and made a detailed 
map of Turtle mountain, .Alta. 

Mr. W. Lawson had charge of the topographical work in the Moncton map area. 
Field work in natural history and anthropology will be mentioned later under the 
beadings of these divisions. 

PRiOGRES8 OF DIVISIONS. 

TOPOGRAPHICAL DIVJ SIO::-<. 

The topographical division under Mr. W. H. Boyd bas been strengthened during 
the year by the appointment of three topographers, and a triangulator. A number of 
other men now in training will soon be ready to undertake independent work. It is 
the intention to strengthen this division until it is able to furnish the base maps 
required by the geologiical division, so that the geologist entering the field will be 
provided with run accurate topographic base map on which to lay down in the field the 
results of his geological observations. This will result in a saving of time and in 
marked increase in the accuracy and usefulness of the geological work. 
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Our atandard topographical maps now being produced by this division are accur­
ate to scale and are in themselves of great value to mining and other engineers, and 
for all purposes for which such scale maps are suitable. The scales vary from 400 
feet to 1 inch, as in the engineering maps, to 4 miles to an inch in areal maps; the 
contour interval varies from 10 to 500 feet accol'ding to the scale of the map and 
the nature of the district represented. 

On account of the various classes of maps produced by the Survey, ranging from 
absolutely ·accurate contoured topographical maps to rough illustrative diagrams, it 
has been decided to classify them so that they may show on their face, for the 
information of the user, the 'degree of accuracy that may be expected to be found m 
them. The following is the classification adopted :-

I A 
B 

I 
u D E 

Grades. Topographical Geographical 
Maps. Maps. 

I 
Route Maps. Plans. Diagrams. 

I 

1. Standard .. . . . . \Unless mentioned as of lower grade assume standard quality. 

Grade 2 ....... . Grade 2 . . . . 
2. Graded ........ 3..... 3 .... .. 

4 . .... .. 4 .... .. . . . 

3. Inferior •....... jlnferior . . . ..... \Inferior . .. . .... \Track Survey . .. Jlnferior .. . .. .. . Jinferior. 

The topographical maps are contoured, and show the relief, water, and cultural 
features. 

The geographical maps show the water, and locations of places, etc., but are not 
contoured. 

The route maps show the lines of exploration but do not represent the geographi­
cal features of the district as a whole. 

The Standard maps are accurate to scale. Maps are to be regarded as Standard 
maps unless otherwise stated under the title. The Graded maps are graded according 
to the degree of accuracy obtaining throughout. The grade will be given under the 
title. Inferior maps are rough sketchy maps with insufficient i·rnstrument control, 
that should not be relied on as accurate, since they are intended solely to furnish a 
general idea of the geography or geology of the country, or to illustrate certain 
features. 

Any of these maps or diagrams may be used as bases for geology. 

DRAUGHTING DIVISION. 

This division has been strengthened during the year bJ· the addition of several 
draught smen, rendered . necessary by t'he increased. mapping being carried on by the 
Survey. 
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PHOTOGRAPHIC DIVISION. 

This division ha~ also been strengthened during the past year, and its work 
extended to i:i;i.clude wet-plate photography. 

The work consists of the developing a'!ld printing of photographs taken by officers 
in the field, enlarging of photographs taken in photographic mapping, photographing 
specimens for reproduction and making prints to illustrate reports, enlarging and 
reducing for map-making, blue printing, and making lantern slides. During the year 
the work tumed out in this division comprised 396 dry-plate negatives, 1,533 dry­
plate exposur.es developed, 8,537 contact prints, 647 topographic enlargements, 272 
lantern slides, and 25 wet-plate negatives. 

The work has been considerably hampered on account of the new laboratories not 
yet being fitted up, n ecessitating shift arrangements. Considerable progress has been 
made in cataloguing the extensive. ·and valuable collection of negatives. 

NATURAL HISTORY Dn'ISION. 

Only a limited amount of field work was undertaken by this division during the 
past season, confined principally to the Ottawa district, New Brunswick, and Van­
couver island. The major portion of the time was devoted to the collections intended 
for public exhibition and for scientific reference. Mr. P . A. Taverner was appointed 
to this division as assistant naturalist and curator. Now that facilities are being pro­
vided for its work, the natural history staff, requires to be augmented to properly 
cover the wide field allotted to it. 

ANTHROPOLOGICAL DIVISION. 

The anthropological division during the year has been organized and its work is 
now well under way. In addition to overhauling and preparing the collections for 
museum purposes, systematic field work has been undertaken. In the ethnological 
subdivision the field work carried on was as follow":-

Mr. E. Sapir made .a reconn aissance of the Iroquois and Algonkin of OntaTio and 
Quebec. 

Mr. C. M. Barbeau conducted an ethnogr aphical research among the Hurons of 
Lorette, Amherstburg-, and Wyandotte. 

l\fr. A. A. Goldenweiser was e'Ilgaged in a study of the social organization of the 
Iroquois of the Grand River r ernrve. 

Mr. W. H. Mechling spent the summer m research among the Micmac and ::\falecite 
Indians of New Brunswick. 

l\1.r. 0 . MacMillan spent the sea,son among the Micmac of Nova Scotia and Prince 
Edward Island. 
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Mr. V. Stefansson is still working among the Eskimo of the Arctic east of the Mac­
kenzie river, near Coronation gulf. 

In the arch::eological subdivision, Mr. H. I. Smith, assisted by Mr. W. J. Wintern­
burg, studied a number of typical village sites in southern Ontario. 

LIBRARY. 

On moving into the new quarters, the library was rearranged and the work of 
cutaloguing undertaken. In this work the assistance of Miss Houston of the McGill 
library was secured. 

MUSEUM. 

The Victoria Memorial Museum is a Natural History Museum, including 
biology, geology, and mineralogy, ethnology and arch::eology. As the National Museum 
oF Canada it is hoped that it will become the repository of all objects of scientific 
value found within the Dominion. To fulfil its mission, it is necessary to secure the 
interest and co-operation of the Canadian scientists and of the public generally. An 
effort will be made to have the leading scientists of the country aocept honorary 
positions on the staff of the Museum and to actively co-operate in the various branches 
of Museum activity. For the present, at least, the Museum is confined to Canadian 
material, the object being to ·Specialize in this until it becomes in all branches 
thoroughly representative of the whole Dominion, a place where the entire natural 
history of Canada may be studied. Each division of the Survey is in charge of its 
section of the Museum. The task of moving into the new buildin'g was completed 
during the year. With the increased space considerable progress could be made in 
selecting and preparing material for public display :and for the scientific collections. 
Little progress, however, could be made toward installing collections owing to lack 
of furnishings. 

The scientific reference collections are to be housed iin the halls on the top story, 
while the lower halls and rotunda will be used as exhib ition halls. 

The work of installation has been seriously hindered by the death of Mr. Ralph 
Broadbent, whose intimate knowledge of the collections, long experience in exhibiting, 
and artistic taste would have been of the greatest service. 

The needs of the Museum in the matter of staff, facilities, cases, and specimens, 
are pressing. While the collections at prresentl are very valuable, and thoroughly 
r epresentative of portions of the country, from other parts only scattering material 
has been as yet secured. 

Vermin-proof storage cases are required, especially for tl1e biological and ethno­

logical collections. 
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H elp is required in all branches, but particularly necessary are preparators skilled 
m modern museum methods. 

It is hoped that the:>e pressing needs may be met in the near future so that the 
Mu eum may speedily become worthy 0£ its Dational character. 

INTERNATIONAL GEOLOGICAL CONGRESS. 

Preparations are being made for the Twelfth International Geological Congress 
which, on the invitation of the Canadian Governmenit, the Geological Survey, and. the 
Canadian Mining Institute will meet in Canada during the summer of 1913. It is 
e..irpected that over one thousand of the leading geologists and mining engineers of the 
world will attend. Dr. Framk D. Adams has been elected president, and R. W. 
Brock, secretary-treasurer. An Executive Committee--consisting of F. D. Adams, 
R. W. Brock, W. G. Miller, T. Denis, 0 . E. LeRoy, W. Mcinnes, A. P. Coleman, W. 
P arks, J . B. Tyrrell, G. G. 8. Lindsay, and A. E. Barlow-has been formed to super­
intend the arrangements for the Congress. Excursions will be made to points of 
geological and mining interest in the Maritime Provinces, Quebec, and eastern 
Onta rio before the meeting. During the meeting, which will be held in Toronto, 
short excur sion:> will be made to points of local interest, and after the meeting, excur­
sions will be made through the west as far as Vancouver island and the Klondike. 

The main topic for discu.ssion will be the coal resources of the world. As a 
basis for this discus:>ion, a monograph on the subject is to be issued before the meet­
ing. The proper authorities in each country have been asked to supply the informa­
tion concerning coal in their respective countries. From these reports the monograph 
is being compiled and edited in the Geological Survey. Guide books and maps cover­
ing the excursions will be prepared. It is the intention to make the excur:>ions the 
chief feature of the Congress, affording the visitors, from all parts of the world, an 
opp-0rtunity to become acquainted with the geology and natural resources of the whole 
o-f the accessible portions of the Dominion: 

TURTLE MOUNTAIN COM·MISSION. 

In the Summary Report of last year attention was drawn to the instability of 
Turtle mountain, Alberta. On its publication a deputation, representing the coal 
company operating on the :>earn at the base of the mountain and the citizens of 
Frank, waited on the goveTnment UTging the appointment of a commission t o examine 
the mountain and to delimit the area likely to be affected in case of further rockslip. 
It was thereupon decided to appoint a commission for this purpose, and the follow­
i<IJg gentlemen, approved of by the Geological Survey, and by the representatives o_f 
the Alberta Government, the citizens of FraDk, and the coal company, were named 
to act on this commission: W. G. Miller, Provincial Geologist of Ontario; R. A. 
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Daly, Research Professor of Geol•ogy, Massachusetts Institute of Technology; George 
S. Rice, Coal Mining Engineer, of the U1I1ited States Bureau of Mines. 

Mr. Rice at the time was absent in Europe studying the effect of mining upon 
tlie stability of the ground, but on his return, the commission proceeded with their 
examination of conditions at Frank. 

Mr. W. H. Boyd, and staff, of the Geological Survey, had meanwhile prepared a 
detailed topographiical map of Turtle mountain and Frank for the use of the com­
mission. The report of the commission already published,1 confirms the opinioru> 
expressed by the Geologioal Survey from time to t ime since the great rockslip of 1903. 

MINING LAW. 

The ' Canadian Mining Institute for some years has been urging a Federal 
miniln.g law to govern the acquisition of mining rights on lands under the control 
of the Dominion Government, on the grounds that the industry has now attained an 
importance deserving this recognition, and that a law would greatly stimulate the 
development of the minera1 resources on Crown lands. It is also believed that the 
provinces having control of mining lands will make their mining laws conform closely 
to the Federal law, and thu5 secure, throughout the Dominion, uniformity in the mode 
of dealing with mining rights. At the suggestion of tl-e Government, the Institute 
formulated the principle5 upon which it desired the law to be based. Mr. J. M. 
Clarke was engaged to draft an Act based on these principles. Subsequently, Mr. 
:E'. T. Congdon and the Director of the Survey were requested by the Committee on 
Mining Law of the Institute to revise · this draft. After spending several months on 
the work they S'Ubmitted a new draft which, with a few minor changes, has been 
accepted and recommended to the Government by the Canadian Mining Institute. 

WORK OF THE DIRECTOR. 

In addition to attending to the routine work of the Survey, various scientific 
meetings were attended, including meetings of the Council of the Canadian Mining 
Institute and of the Executive of the Twelfth International Geological Congress. 

Tin and To·paz in New :Brunswick. 

In July, a visit was paid to the molybdenite-wolframite locality near Burnthill 
brook, southwest branch of the Miramichi river, to ascertain the mode of occurrence 

1 Report of the Commission appointed t o investigate the conditions of Turtle Moun­
tain, Alta., Geological Survey, Memoir No . 27. 
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of topaz (recognized by Mr. R. A. A. J olmston in specimens of ore received from 
there 'duri111g the winter), and in the hope that tinstone might be found to occur with 
sueh an association of minerals. Dykes of greisen, a rock which often. carries tin, 
wer." found at a number of points, and a li ttle cassiterite (tinstone) was· discovered 
in some of it. In order to inform · the public without delay, a description of the 
occurrence was published in the Canadian li!ining Journal, No. 17, September 1, 
1911. 

"The rocks are argillites, considered by Bailey and Ells to btl of Cambro-Silurian 
age, t}iat have been invaded by a granite batholite. Along the contact of the granite 
the argillites· are metamorphosed to spotted schists and hornfels. 

·' Granite porphyry and aplitic dykes from the granite cut the country r ock. A 
few basic lamprophy:res were also seen, but, at least, some of the latter are older 
tlt8n thP gr anite, as the quartz veins run uninterruptedly through the basic dykes. 

"Within the highly metamorphosed zone of the sedimentaries, which forms a 
border, roughly half a mile or so wide, along the granite contact, the mineral-bearing 
quartz veins are developed. 

" About Burnthill brook tl1e veins appear to be best developed and most highly 
mineralized on the side-hill facing and opposite the mouth of the brook. Near the 
granite contact, which crosses the brook about a fourth of a mile from its mouth, 
veins do not seem so numerous nor so well mineralized. 

" The strike of the country rock varies somewhat, but is about N. 67° E.,1 dip 55° 
N. Both the sedimentaries and the granite are heavily jointed, the joint planes 
having a direction of from N. 20° to N. 40° W. 

" Quartz is developed parallel to the strike of the schistosity of the sedimentaries 
and parallel to the joint planes. Parallel to the strike, the quartz is irregular, form­
ing lenses and sending irregular stringers into the country rock. Between such 
stringers the country rock is often ;;ilicified. Parallel to the joint planes the quartz 
occurs in well defined, regular veins which can be traced in some cases for several 
hundred feet but some can be seen to pinch out. Some inclusions of country rock 
occur in the veins and the wall rock is occasionally silicified, thu;; there has been 
replacement as well as vein filling. The majority of the veins are under a foot in 
width, but at the point where the specimens were obtained last winter (they were 
mostly float), I found the vein for about 50 feet to average at least 2 feet. 

"On the east .side of Burnthill brook, at its mouth, a mineral-bearing quartz 
vein is bordered by greisen, a :rock consisting of silvery mica and quartz. The mica 
of the greisen, which is muscovite, is often set,,01.·egated iru bands. A little farther north 
is another vein in which greisen predominates. North of this, near the granite con­
tac t, is a 4 foot dyke of greisen, parallel to the joint planes and the quartz veins. In 
it were a few qua:rtz stringers and druses of quartz. It was in this greisen tlmt I 
found tinstone. There is, therefore, evidently a gradation from the greisen to the 
normal quartz vein.s, ·and the veins are clearly contact phenomena of the intruded 
granite. The following minerals were observed in these veins: quartz, muscovite, 
brown mica, feldspar, topaz, fluorite, wolframite, molybdenite, pyrrhotite, chalcopy­
rite, and cassiterite. 

" The quartz, which is milky and vitreous, is the chief gangue mineral. It occurs 
massive and cr3·stallized in vugs and druses. Muscovite is most plentiful in the 
greisen, but is also found in the typical quar tz veins. The brown mica was seen in 
one of the quartz veins. 

" Feldspar was found in one of the banded quartz-greisen vein;;. 

1 Directions , a r e magnetic. 
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" The topaz occurs in a great many if not most of the quartz veins, and in con­
sideTrable quantity. I t is most freq uently found as crrtals lining vugs and druses, 
but it also occurs massive. The crystals are microscopic to thumb-large in size. 
Little unweathered material could be obtained, and the topaz seen was mostly 
cloudy, or $tailnecJr with iron oxide. Some crystals were alm,0.st mill{ white, but some 
small clear yellow crysta's of gem quality were found. In one small vein a druse with 
a surface area of about 8 square feet was completely coated with topaz crystals. The 
dark purple fluorite also occurs in druses, but sparingly. 

"The brownish-black wolframite occurs in considerable amount, usually more or 
less segregated into bunches" which are commonly near the centre or along the edges 
of a vein. Although bunchy, it is sufficiently plentiful to warrant some prospecting. 
The molybdenite is less abundant. I ts occurrenc.e is similar to that of the wolframite. 

"Pyrrhotite and chalcopyrite are only sparingly present. The iron sulphide is 
later than and veins the wolframite. The brown cassiterite or tinstone was found 
in the greisen in small amount only, but it may occur also in the quar tz veins. 

" The g rani te in the neighbourhood of Burnthill brook is for the most part drift­
covered, but some is expo~ed in the brook itself. Some small quartz veins and peg­
matite dykes were observed in it. The quartz veins were similar to those in the sedi­
mentaries, but only molybdenite was observed in them. There is no reason, however, 
why tin-bearing greisen, or wolframite-topaz veins should not be found in the granite, 
especially in fractures near its contact with. the sedimentaries, where pneumatolitic 
action would be as apt to occur as in the sedimentaries near the contact. 

" The district is one that is worth some prospecting. While one cannot yet state 
that it is present in commercial quantity, the wolframite is in sufficient amount to 
warrant prospecting, and there is a chance that p~·ospecting might reveal larger and 
richer veins. There is also a possibility of finding more tin. Greisen is notably a 
t in-bearing rock, and the association of minerals is also suggestive of tin. Some 
topaz of gem quality is likely to occur. The stone in the· rough is not worth much 
but it has some value. 

"While there are no roads, if a workable deposit were found, transportation 
would not be difficult. In winter supplies might be brought on the ice or a road would 
not be difficult of construction; in summer they might be floated in scows down the 
river from the National Transcontinental railway and the products flo ated on down 
to Boiestown. The chief d ifficulty in prospect ing is the paucity of rock exposures, 
the wooded na.ture of the country, and the depth. of wash and drift over much of it. 

" To prospect, the contact of the granite should be sought and followed, and 
prospecting carried on both in the g ranite and in the metamorphosed zone of the 
argillites. In the latter the strike of the rocks should be followed, as the promising 
mineral-bearing veins are parallel to the joint planes at right angles to the strike. 
Where float is found in quantity the source is usually close at hand." 

The locality is reached from Boiestown, on the Fredericton branch of the 
Internation al railway, by driving about; 9· miles to Campbell Settlement, a111'l a day's 
pc-ling up the southweSt Miramichi in a canoe. 

West em Canada. 

On August 11, I left Ottawa for Edmonton to di scuss with the Provincial gov­
ernment the arrangements for the Turtle Mountain Commis.sion. From Edmonton 
I went to Prince Rupert, and up the Skeena river to Hazelton, visiting some of the 
prospects in the vicinity. These have already been described by Mr. W. W. Leach.1 

1 Summary Reports : 1909, pp. G5-66; 191(), pp . 97-98. 
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Returning to Prince Rupert, a few days were spent with Mr. McConnell on Bear 
river, Portland canal, visiting prospects iin this district. 

My main work in the west was to have been a reconnaissance survey of the Iskut 
river, a tributary of the Stikine, and all arrangements had been made fo r carrying 
out this project which, however, had to be abandoned on account of an attack of 
typhoid fever. I returned to Ottawa, November 10. 
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DIAG. 1. Yukon and Alaska, showing the a rea along the Tnternational Bound,;ry that was geologically 
mapped by the Canadian Geological Survey during the season of 1911. 
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GEOLOGY OF A PORTION OF THE YUKON-ALASKA BOUNDARY 
BETWEEN PORCUPI:NE A.ND YUKON RIVERS. 

(D. D. Cairnes.) 

INTRODUCTION. 

GENERAL STATEMENT. 

With the exception of a few days in October, which were spent examining certair. 
quartz claims in the vicinity of Dawson,1 the field season of 1911 was devoted to 
studying and mapping the geology along a portion of the 141st meridian 
(the Yukon-Alaska boundary) between Yukon and Porcupine rivers (see Diag. 1). 
For a number of years the desirability of obtaining a geological section 
along the International Boundary between Alaska and Yukon has been recognized 
by both United States and Canadian workers in these territories; and 
accordingly the Geological Surveys of the United States and Canada decided 
to unite in performing this work. A commencement was made during the past 
summer, this time being considered particularly opportune as a number of Inter­
national Boundary Survey parties were to be engaged in work al-0ng the portion of 
the 141st meridian under consideration, and it was possible to make arrangements 
for those engaged in the geological work to become attached to these parties from 
time to time, thus obviating the necessity of procuring separate owtfits for the geo­
logical work-and effecting in this way a coUBiderable economy. 

The Geological Surveys undertook to perform the geological work along that 
portion of the boundary lying between Yukon river and the Arctic ocean, a distance 
of about 340 miles, the investigations to the south and north of Porcupine river to be 
conducted respectively by the Canadian and United States departments. Mr. A. G. 
Maddren commenced at the Porcupine and continued northward for the United States 
Geological Survey, and the writer, in accordance with instructions from the Director 
of the Canadian Geological Survey, undertook the geological work south of this 
river. 

I desire to express my indebtedness to the various members of the Inter­
national Boundary Survey parties with whom I came in contact, all of whom 
were most courteous and obliging. Particular thanks are due Messrs. J. D. Craig 
and Thos. Riggs, Jr., who had charge respectively of the Canadian and United States 
parties; these gentlemen rendered numerous favours, and facilitated the geological 
work in every possible way. 

The topographic work was performed by the International Boundary Surveys, and 
either copies of the fini shed map or tracings of the plane-table sheets were supplied 
me, thus enabling the geology to be much more readily and accurately plotted 
than would otherwise have been possible. The topography was mapped for 2 to 2t 
miles on each side of the boundary, giving a map 4 to 5 miles wide; the work was 
plotted in the field to the scale of 1: 45,000 and is to be published on a scale of 
1 :62,500 or about one mile to the inch, the contouir interval being 100 feet. 

Geological work was comiIIlenced during the past season, at the Orange 
fork of Black river, at latitude 66°09', and corutinued northward to latitude 67°00'- a 

1 For descriptions of these propertiea, see pages 33 of this Summary Report. 
26-2 
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distance of abornt 60 miles-the geological formations being investigated and mapped 
for 2 to 2~ miles on each side of the boundary line to cover the International Boun­
dary Surv-ey's topographic map. My assistant during the summer ~as Mr. M. Y. 
Williams. 

ACCESSIBILITY. 

To reach the district the usual route was followed as far as Whitehorse, i.e. the 
partiea travelled to Skagway, Alaska, by steamer from either Seattle or Vancouver, 
distances respectively of 1,000 and 867 miles, and thence proceeded to Whitehorse, 
101 miles distant, over the White Pass and Yukon railway. To get from Whitehorse 
to Dawson during the season of open navigation, it is customary to take passage on 
one of the steamers that ply regularly up and down Lewes and Yukon rivers 
between these points, a distance by river of about 460 miles; from the time of 
the ' freeZJe-up' in the autumn to the opening of navigation in spring, s tages make 
regular trips over the Dawson-Whitehorse wagon road. Slack water stretches 
generally freeze over about the middle .of October, but during some seasons the rivers 
remain open until well into November; the rivers generally open early in May, but the 
ice remains longer on the lakes. Lake Laberge, which is only a widened portion of 
Lewes river, having almost no perceptible current, generally blocks navigation until 
the first week in June. 

During the past season the Boundary Survey parties arrived in Whitehorse 
early in May and were desirous of reaching Dawson with as little delay as possible. 
As the wagon-road at this time in the spring was in an almost impassable condition 
for stages, due to mud caused by rains and melting snow, the majority of the men 
walked to Carmacks, a point on Lewes river about midway between \Vhitehorse and 
Dawson, and at a distance of 131 miles measured along the wagon-road from \Vhite­
horse; at Carmacks a steamer was waiting to convey them to Dawson. Others took 
small boats to the head of Lake Laberge, and then either walked or rode in sleds 
pulled by dogs, over the ice to the foot of the lake which is about 31 miles long; 
thence they went by boats to Carmacks and joined those who had come over the 
wagon-road. 

From Dawson, the writer went by steamer down Yukon river to the mouth of 
Sheep creek and thence by trail to the point where the 141st meridian intersects 
the Orange fork of Black river, at which point the ·actual field work commenced. The 
horses to be used by the line-cutting party to which the writer and his assistant were 
attached were driven from the mouth of Sheep creek to the point where the Inter­
national Boundary crosses Charlie creek, over a trail which for the greater part of 
the distance traverses muskeg and tundra with occasional snow-capped summits­
the trip being made in 11 days. The provisions, outfit, etc., for the first half of the 
season, were poled up Charlie creek to the boundary, and thence were packed by the 
horses along the line as required. The intention was to send the supplies for the 
remainder of the season up B.Jack river by means of a gasoline launch, but low water 
prevented this, with the result that the necessary provisions and horse feed ha.d to be 
packed by horses south along the boundary from New Rampart House on Porcupine 
river. At the close of the season the writer accompanied the pack-team north to 
Porcupine river, and thence went down stream in small boats to Fort Yukon on 
YukoTu river, where ']Jassage was taken on one of the lower Yukon River steamers to 
Dawson. Arriving at Dawson in September, the journe:v to \Vhitehorse was made 
all the way by steamer. The trip from Ottawa to the Orange fork of Black river, 
where the geological work was commenced, consumed 51 da:vs-from 'May 1 to June 
20 inclusive-but the journey from camp to Ottawa was made in 29 days, the return 
trip being much the quicker, as navigation was open on Lewes river, and the unavoid­
able delays contingent upon travelling with a large party, as in the spring, were 
obviated. 



SUMMARY REPOR']' 19 

SESSIONAL PAPER No. 26 

SUJlil\iARY A.i."\fD CONCLUSIONS. 

Topographically the district under consideration is included in what is generally 
known as the Yukon plateau, and in certain localities where the prevailing bed-rock is 
limestone or dolomite, the plateau characteristics are still well preserved, and extensive 
upland tracts occur over 3,000 feet above sea-level that are strikingly even and plain­
like in contour. Outside these areas and where the bed-rock consists dominantly of 
other sediments such as slates, phyllite~, quartzites, and · related rocks, the plateau 
surface has been almost or entirely destroyed, and the topography is characterized-by 
generally well-rounded hills and ridges 'irregularly distributed and dependent for their 
form and posit ion, largely or entirely, upon the geological formations composing them. 

The geological formations outcropping throughout the district consist domin­
antly of Quaternary, Mesozoic, and Palreozoic sediments, but a few small exposures of 
intrusive igneous rocks also occur. The P alreozoic sediments belong to the Ordovician­
Silurian, and the Carboniferous periods. The Ordovician-Silurian beds are chiefly 
limestones, dolomitic limestones, and dolomites, and the Carboniferous members con­
sist mainly of limestones, cherts, and cherty conglomerates. The Mesozoic beds are 
thought to be chiefly Cretaceous, and consist largely of sa.ndstones, shales, phyllites, 
quartzites, dolomites, and magnesites. The Quaternary formations embrace the super­
fici al deposits, mainly gravels, sands, clays, muck, peat, soil, and ground-ice. The 
specimens of the intrusives that have been examined, prove to be syenites, diorites, 
diabases, and a·ndesites. 

Marble, lithographic limestones, and magnesite occur extensively in parts of the 
district, and would be of considerable value if found in more accessible localities. 
Situated as they are, however, they have no present economic importance. 

GENERAL CHARACTER OF THE DISTRICT. 

TOPOGRAPHY. 

The district under consideration lies within and toward the northern edge of 
what is generally known as the Yukon Plateau physiographic province. This terrane 
is a portion of the great Central Plateau region that trends northward through cen­
tral British Columbia and conti·nues northwesterly through Yukon, and northwesterly 
and westerly through Alaska to. Bering sea, following in a general way, the direction 
of the Pacific coast. In Yukon and Alaska, this plateau province is bordered on one 
side by the Rocky Mount~in system and on the other by the Pacific Mountain system, 
and throughout its length has its centre approximately marked by Yukon river. 

Within the area mapped during the past summer (1911) two distinct types of 
topography are represented, one of which possesses marked plateau features, while the 
other is almost entirely lacking in these char a.cteristics. From the Orange fork of 
Black river northward along the 141st meridian for over 40 miles, the exposed rock 
formations are composed largely of Mesozoic slates, phyllites, quartzites, and also to a 
less extent of CarbO'Illiferous cherts, cherty conglomerates, and limestones, and there 
the topography is characterized by irregularly distributed, generally well rounded 
hills and ridges, that are dependent largely or entirely for their form and position 
upon the rocks composi.ng them. The higher summits invariably consist of some 
resistant, indurated material, generally quartzite, and the valleys are everywhere 
underlain by slates, phyllites, or related beds that are readily susceptible to weather­
ing and eroding agencies. 

T o the north of this irregular topography the bed-rock is dominantly limestone 
and dolomite, and there an even , but gently undulating upland over 3,000 feet above 

26-2i 
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sea-level, is presented which truncates the limestone and dolomite beds wherever 
these are unconformable with the almost horizontal plateau surface. The upland is 
dissected by gorge-like valleys having precipitous and, in places, nearly perpendicular 
walls, at the junction of which with the upland surface, decided shoulders marking 
topographic unconformities are always in evidence. 

Standing on the upland, well back from the valley walls, a plain-like surface is 
presented with only occasional small rounded summits rising above the general level. 
Such a nearly base-levelled or peneplanated and typically old topography was appar­
ently produced when the region stood much nearer sea-level than at present. In 
accordance with this assumption the planating process must have been interrupted by 
a regional uplift while occasional hills still remained to relieve the monotony of the 
landscape, and these now constitute monadnocks rising above the general plateau sur­
face. The uplift rejuvenated the streams which quickly trenched their valleys in the 
upland. The Ordovician and Silurian limestones have proved to be much more 
resistant to ordinary sub-aerial erosive processes than the Mesozoic and Carboniferous 
rocks to the south, as there the old plateau surface has been almost entirely destroyed 
and is now only indicated by occasional straight-topped ridges, and by a certain 
rather indefinite general summit level which may be noted in some localities. 

As to the date of the uplift, the evidence in the district only shows that it was 
subsequent to the deposition of the most recent of the exposed Mesozoic rocks. 

In addition to the agencies at work tending to destroy the upland and reduce the 
region again to sea-level, other forces are engaged in grading the district within 
itself. The results of this process are most marked on the surfaces of the remaining 
plateau fragments, whe1-e the features of the already plain-like areas are being 
smoothed over or equalized, thus producing a to:pography more and more uniform in 
contour. The forces included in this process are mainly nivation, frost, and chemical 
action. These tend to remove the materials from the upper levels and deposit them in 
the adjoining lower places, thus filling the hollows with the material derived from the 
adjoining hills. Especially in the Ordovician-Silurian areas this equalizing process 
is facilitated by the massive character of the rocks themselves, and is aided by the 
existing condition of almost perpetual frost in the soil, which obstructs the drainage 
everywhere except along the main waterways. The products of decomposition of the 
exposed beds thus remain near their parent source, and constitute the soil or muck 
that goes to form the tundra which blankets the greater part of the even upland 
tracts, and fills many of the existing bed-rock depressions, resulting in a strikingly 
uniform surface being produced. 

The area under consideratio.n is drained largely or entirely by Black river and 
its numerous tributaries which flow into Porcupine river. The main streams all have 
a westerly trend and consequently are transverse to the area mapped. The valley of 
the main Black river is about 5 miles in width. but those of its tributaries rarely 
if ever exceed 2 miles. The depressions occupied by the smaller streams are gener­
ally typically V-shaped and range from gorge-shaped incisions in the northern part o.f 
the area to those having much less steeply inclined walls. The form of the valley of 
the main Black, as well as of some of its tributaries in places, depends on the struc­
ture of the underlying beds, the valley wa.lls on one side of the stream being steep 
and on the other gently inclined. The Mesozoic beds to the south of Black river dip 
at low angles in a northerly direction, causing the land-surface to slope gradually 
down to the valley bottom throughout a distance of over 4 miles, while to the north 
the river is bounded by precipitous walls due to the easy and abrupt breaking of the 
brittle slaty beds across the bedding planes. 

The valley bottoms of the larger streams contain considerable amounts of gravel, 
sand, etc., largely of local origin, that have been deposited during wet seasons; and 
the main streams all possess wide flood channeJ.s showing that they are subject to 
seasons of extremely high water. 
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CLillfATE. 

The climate of the district appears to vary greatly from year to year. ' Old­
timers ' in the count ry report that some summers are exceptionally wet and cold, 
and that rain or snow falls during more than half the days. Last season (1911) 
however, was quite the reverse of this, being warm, frequently uncomfortably so, from 
J une 1, to September 15, during which time but few showers occurred and these 
were generally light and seldom of more than 3 or 4 hours clmration. In fact the 
climate was almost ideal, although the mosquitoes were very troublesome, and were 
most active and persistent throughout the entire sum.mer. 

The rivers and creeks generally open about J'ifay 1, but on some of the lakes the 
ice remains until the first week in June. Slack water stretches freeze over any 
time after October 1, but occasionall3· the ri vers remain open until near the end of 
N overnber. 

FLORA A.."\'D I'AUNA. 

The valleys al'e generally well timbered and about one-third of the entire country 
is forest clad, the northern and eastern slopes being considerably more open than the 
southern and western hillsides; timber line extends to about 2,900 feet above sea­
level. Five principal forest members occur that attain the dimensions of trees and ten 
varieties of shrubs were noted. S·pecimens were collected during the aeason of all the 
plants, including trees ·and shrubs, that were noted in the district, and these were 
delivered to Mr. J. M. Macoun of this department, from whose report the names here 
used are taken. The five main varieties of t rees are, white spruce, aspen poplar, 
balsam popla r, nor thern canoe birch, and tamarack or American la rch, and the more 
important £hrubs include juniper, five species of willow, two species of alder, dwarf 
birch, and 'soapollali .' The spruce is the most important of the trees and con­
stitutes about one-half of the forest growth of the district, extending on timbered 
hillsides in most places to an elevation of 2,400 feet, and in occasional draws, 400 
or even 500 feet higher; specimens having 21 inch stumps were noted in some of the 
valley-bottoms, but the larger individuals generally range from 12 to 16 inches, and a 
t ree 18 inches in diameter 3 feet from the ground is somewhat exceptional. The two 
varieties of poplar are very plentiful both on the valley floors and on the hillsides ; 
these have stumps, generally less, and rarely more than 10 inches in diameter. 
Northern. canoe birch occurs in occasional small groves both in the valleys and on the 
mountain sides, but it rarely has stumps exceeding 10 inches in diameter. Larch 
was only found in· one locality, and only a few small specimens of this tree were 
noted. Willows" alders, and dwarf birch are very plentiful, reaching to timber 
line, and in places constituting quite dense thickets; the dwarf birch extends pro­
bably the highest and grows prevailingly near t imber line, forming in places a dense 
undergrowth on the upland surfaces; the soapollali and juniper are not nearly so 
plentifu l. 

Eleven principal varieties of wild fruits were noted, some of which growi m 
great abundance; these are, bilberry, alpine bearberry, crow.berry, bog apple or 
yellmY berry, northern comandra, red currant, black currant, arctic r aspberry, ' soapol­
lali,' foxberry or northern cranberry, and high-bush cranberry. Of these the bilberry, 
bog apple, crowbeny, northern cr anberry, and bearberry are particularly abundant, 
and in places extend over entire hillsides and ridge tops. The high-bush cranberries. 
red and black currants, and r aspberries occur only in occasional patches; the comandra 
and soapollali berries are fairly abundant but are not pleasant to taste. 

The following is from Mr. Jl.f acoun's report on the plant specimens, including 
trees and shrubs, collected in thi s distri ct:-

' Several species are quite unknown to either my father or myself, and these, 
with a few otbers about which we are uncertain , have been sent to specialists. Your 
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collection is valuable in the first place as being the only one that has been brought 
from that region, and even did it contain nothing new either to Canada or science 
it would constitute a valuable addition to our knowledge of the flora of northern 
Canada. However, there are at lea.st ten species that had not before been collected 
in Canada, and there are at least five new species of which one will, I believe, constitute 
a new genus. I am keeping a duPlicate list on which I shall make corrections as I 

· hear from specialists, and when this has been done the corrected list will be given you. 
As I have already told you, the specimens, though sometimes few in number, are ~n 
excellent in quality. 

Polypodiaceae-

Aspidium fragrans, Sw. 

Equisefoceae-

Equisetum sylvaticum, L. 
" pratense, L. 
" fiuviatile, L. 

Lycopodiaceae-
Lycopodium 

" 
" 
" 

Pinaceae--

Selag'o, Desc. 
annotinum, L., 
alpinum, L. 
clavatum, L. 

Juniperus nana, Willd. 

var. bungens, Desv. 

Picea canadensis, (Mill.) B8P. 
Larix laricina, (DuRoi) Koch. 

Gramineae-
Hieradhloa alpina, R. and S. 
A rctogrostis Zatifolia, Griseb. 
Galamagrostis La,ngsdorfii, Trin. 

Cyperaceae-

" 
Carex microchaeta, Holm. 

rigida, Good? 
" rwrifiora, Smith. 

Ju1icaceae-
Luzula glabrata, Hoppe. 

Liliaceae-
Zygadenus elegans, Pursh. 

Orchidaceae-
Cypripedium guttatum, Sw. 

Salicaceae-
Populus tremuboides, Mx. 

" balsamif era, L. 
Salix anglorum, Cham. 

" orbicularis, Andr. 
" phyllicifolia, Andr. 
" Richardsflni, Hook. 
" Seemanii, Rydb. 
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B etit laceae-
Betula glandulosa, 1\fx. 

SUMMA.Rf REPORT 

" resinif era, (Regel.) Britton. 
Al nus tenuif olia, Nutt. 

" sinuata, (Regel.) Rydb. 

P olygonaceae-
Polygonum alpiniim var. alaskanum, Small. 

Santalaceae-
Oomandra livida, Rich. 

Oaryophyllaceae­
Silene acauli.s, L. 

" repens, Patrin. 
Stellaria longipes, Goldie var. lce ta, T . and G. 
Arenaria laterifiora, L. 
M·erckia physodes, Fisch. 

Ranuniculaceae-
Anemone Richardsoni, Hook. 
Anemone ( ?). 
Anemone narcissifiora, L. 
Pulsatilla ( ?) . 
Ranuncul!us Lapponicus, L. 

" EschschC>ltzii, Schlecht. 
" affinis, R. Br. 

Delphinium glaucun, S. Wats. 
A..conitum delphinifolium, DO. 

Papaveraceae-
Papaver radvcatum, Rottb. 

Oruciferae-
Oardamine purpurea, Cham. and Sehl. 

Parrya macrocarpa, R. Br. 
L esquerella arctica, (Rich) Watson. 

( ?). Undescribed genus. 

Orassulaceae-
Sedum Rhodiola, DO. 

Saxifragaceae-
Saxifraga tricuspidata, Retz. 
Therophron Richardsoni, (Hook.) Wheelock. 
Parnassea palustris, L. 
Ribes rubrum, L. 

" H udsonianum, Rich. 

Rosaceae-
Spircea betulifolia, Pallas. 
Potentilla nivea, L. 

" ' fruticosa, L. 
Rubus Ohamaem@rus, L. 

" arcticus, L. 
" stellatus, Smith. 

Dryas integrifo•lia, Oh. and Sch. 
Ro&a acicularis, Lindl. 

23 
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Leguminosem-
Lupi'IYUs arcticus, W ats. 
Oxytropis podocarpa, Gray. 
Hedysarum boreale, Nutt. 

Empetracece-
Empetrun nigrum, L. 

Violac ece-
Viola palustris, L . 

E lceagnac ew-
Shepherdia canadensis, Nutt. 

Onagracew-
Epilobium angustifolium, (L.) Scop. 

" latif olium, L . 

.Cornaceae-
Cornus canadensis, L. 

Ericaceae-
Ledmm palustre, L. 
Rhododendron Lapponicum, Wahl. 
Loiseleuria procumbens, Desv. 
Andromeda Polifolia, L. 
Gassiope lifertensiana, (Bong.) Don. 
Arctostaphylos alpina, Spreng. 
Vacciniiim uliginosum, L. 

" Vitis-Idaea, L. 

Diapensacew-
Diapensia Lapponica, L. 

Genti{])naceae-
Gentiana glauca, Pall. 

Polemonill!<Jeae-
Phlox Sibirica, L. 

B orraginaceae-
M ertensia alaskana, Britton. 
Myosotis sylvatica, Hoffm. var. alpestris, Koch . 
Eritrichium nanum, Schrad. var. 

S elaginaceae-
Gynandra stelleri, Cham. and Schlecht. 

S crophulariac eae-
C astilleja pallida, Kunth. va1·. septentrionalis, Gray. 
P edicularis fiammea, L. 

" Langsdorfii, Fisch, vwr. lanata, Gray. 

Lentibulwriaceae­
Pingiiicula villosa, L. 

Orabanichaceae-
B oschniakia glabrata, C. E. Meger. 

2 GEORGE V., A. 1912 
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Rubiaceae-
Galium boreale, L. 

C'aprif o Ziaceae-

SUMMARY REPORT 

V iburnum paucifiorum, Pylaie. 
Linnaea borealis, Gronov. var americana (Forbes) Rehder. 

V alerianaceae-
V aleriana bracteosa, Britton. 

Oampanulaceae--
Oampa.nula lasioc111rpa, Cham. 

Oompositae-
Orepis elegans, Hook. 
Solidago multeradiata, Ait. 
Aster sibiricus, L. 
Antennaria. 
Ohrysanthemiim integrif olium, Rich. 
Artemisia. 
Petasites frigida (L.) Fries 
A rnica angustifolia, V ahl. 

" alpina, Olin. 
Arnica. 
Saussurea remotifiora (Hook.) Rydb. 

25 

'The characteristic mosses are: Sphagnum acutifolium, Sphagnum acutifolium 
var. rubrum, Sphagnum acutifolium var. versicolor, Sphagnum compactum, Dicranum 
fuscescens, Dicranum Berg.eri, Polystichum strictum, Splachnum luteum. 

'Among the lichens are: N ephroma arctica, Cladonia sylvatica, Cladonia rangi­
ferina, Cladonia Cornuti.' 

A few plants from this collection were sent to Dr. Edward L. Greene, Associate 
in B.otany, United States National Museum, Washington, D.C. Among these speci­
mens is a plant considered by Dr. Greene to belong to a new genus which he has 
named M elanidion. This was collected north of Runt creek, at long. 141 °, lat. 66° 
18', and at an elevation of 2,300 feet above sea-level, and is described by Dr. Greene 
as follows :-

'Low perennial herb, with stout sU1berect branches racemosely :floriferous through­
out and subsecund. Sepals equal, narrowly oval, persistent even under the mature 
fruit. Stamens, six; subequal; filaments slightly :flattened; anthers oval. Petals 
equal, the limb cuneate-obovate, obtuse, tapering to a short claw, the colour, purple. 
Style manifest and stout; stigma capitate. Silicle firmly ceriaceous, subcompressed, 
suborbicular, the body strongly double-convex, but the valves meeting by :flattened 
margins forming a thick wing-like elevation all around, and dehiscent through this 
wing -0r ridge; the whole one-celled, the partition obsolete. Seeds, 1 to 4, oval or 
round-obovate, not much :flattened; cotyledons accumbent. 

'Melanidioni boreale.-Leaves unknown, as also the root and the absolutely basal 
part of the plant. The branches, the rather long peclicels of the fruits, and the middle 
of each sepal are all whitened by a villous pubescence. The calyx is wholly of a very 
dark purple, yet quite herbaceous as to texture. The specimen is very mature, only 
a few of the corollas remaining at the summits of two of the racemose branches. Most 
of the silicles had shed their seeds. The valves are straw-coloured, also reticulate­
veiny both without and within. The type is of so strange appearance and character 
that I am unable to name any genus to which I should say that it i ~ nearly allied.' 
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Dr. Greene has also described a new species of Anemone from among the speci­
mens sent him, as follows:-

'Anemone Cairnesiana.-Leaves at time of flowering, small; barely half-inch long 
and not much broader, ternately cut into many oblong acutish lobes and glabrous, but 
the petioles loosely villous; scapes stoutish, only two or three inches high, leafless, 
but with a conspicuous invelucre of three leaves at about the middle, each divided into 
about three narrowly oblong or oblong-linear segments each somewhat callous at tip, 
all glabrous above, beneath clothed loosely with long, somewhat appressed silky hairs; 
peduncle of the solitary flower whitened with a villous woolliness at and near the 
summit; . perianth very large for the plant, measuring H to 1 ~: inches across in expan­
sion, the sepals oblong, seven or eight in number, and ·of a deep slightly purplish 
blue; :filaments still more deeply purple, the anthers elliptical and blackish; styles in 
the flower rather prominent, pubescent; fruit unknown. 

'This very beautiful new anemone Dr. Oairnes obtained from two localit ies in 
the region; the :first specimens are from somewhere north of the Orange fork of the 
Black river, long. 141°, lat. 66° 10', the land having an altitude of some 2,000 f eet. 
These were t aken on June 21, 1911. Other specimens, and these the best, are from 
between. Teecat and Runt creeks, the altitude 3,000 feet, and were gathered June 26. 
This is, perhaps, the most beautiful of American species of the genus, and the blue 
colour of the flowers is remarkable. I gladly dedicate the species to Dr. Oairnes. 
Viewed as a whole the plant bears some suggestion of Pulsatilla; but the perianth is 
rot~te, and from what I see in the pistils as they exist in the flower, I am confident 
the fruit when known will be shown to be that of genuine Anemone.' 

Moose, caribou, and sheep are somewhat plentiful in many localities. The moose 
are the large giant moose, A lees gigas; the caribou are also the giant variety, Osborn's 
caribou, Rangifer osborni; and the sheep are Dall's mountain sheep, Ovis dalli. Black, 
brown, and grizzly bears are also plentiful, and with wolves, wolverine, martin, lynx, 
ermine, and fox constitute the chief fur-bearing animals of the district. Rabbits are 
also quite plentiful. 

The chief game birds noted are: rock ptarmigan, Lag opus rupestris rupestrus, 
(Gmelin); willow ptarmigan, Lagopiis lagopus; Alaska spruce partridge, Canachites 
canadensis osgoodi (Bishop); Hutchin geese, Br-anta canadensis hutchinsi (Rich), 
and several varieties of ducks. The ptarmigan are very plentiful and are to be found 
on nearly every hill. The partridge are also quite abundant, as also are the ducks 
and ge.ese in certain seasons. A co'.J'l.ISiderable variety of other birds wai noted in the 
district , but only a few specimens were obtained; these have been examined by Mr. 
P. A. Taverner of this department, who has supplied the above identification as well 
as the following list : the Alaska jay, Periospeus canadensis fumifrons (Ridg.); 
Swainson hawk, Butec s.wainsoni (Bonaparte); hawk owl, Surnia ulula caparoch 
(Muller) ; northern varied thrush, Ixoreus n{l,f3vius m eruloiies lSwain); townsend 
solitaire, Myadestes townsendi (Aud.); grey-checked thrush, Hylocicicla alicie aticiae. 
(Baird)? ; fox sparrow, Pasfwrella iliac a iliac a (Merriam), Vole (Sp. n. 

The streams are generally well supplied with :fish, mainly a variety of grayling. 

GENERAL GEOLOGY. 

GENERAL STATEMENT. 

The geological formations of the area under consideration are mainly of sedi­
mentary origin, but a few small exposures of intrusives were also Roted. The sedi­
mentary beds consist of Quaternary gravels, sands, clays, muck, peat, soil, and ground­
ice, and Mesozoic, Carboniferous, and Ordovician-Silurian, sandstones, shales, slates, 
phyllites, quartzites, cherts, cherty conglomerates, limestones, dolomitic limestones, 
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and dolomites, of which the Mesozoic members extend over about two-thirds of the 
entire area mapped. 

TABLE OF FORMATIONS.! 

S ediinentary . 

Quaternary .... . ... ...... . . Superficial deposits .......... Chiefl y gravel, sand, clay, muck, )Jeat, soil, 
aud ground-ice. 

Mesozoic . . . ..... . .. . ...... Orange group ..... . . . . . .... Chiefly sandstone, shale, slate, phyllites, 
(Probably largely Oreta- quartzite, dolomite, and magnesite. 

ceous) 

Carboniferous.. . . . . . . . ..... Racquet series ... . . . . . Chiefly limestone, chert, and cherty conglo­
merate. 

Ord01·ician-Silurian . .. . .. . .. Porcupine group ... . . . .. . ... Limestone, dolomitic limestone, and dolomite. 

Igneous. 

Mesozoic or Post Mesozoic .. Small isolated exposures of 
syenite,diabase,d iorite, a nd 
a ndesite. 

DESCRIPTIONS OF l>'ORMATIONS. 

Porcupine Group.2 

The rocks belonging to the Porcupine group constitute the bed-rock cf the north­
ern 20 miles, approximately, of the area mapped. These beds have an aggregate 
thickness of at least 5,000 feet and consist of limestones, dolomitic limestones, and 
dolomites, that range from white through various shades of grey to almost black, and 
are even occasienally decidedly reddish or pink in colour. Structurally, these rocks 
are characteristically massive and cryslittlline, but, especially in some of the darker 
members, the bedding planes in places are still well preserved. Some heavy beds of 
beautifully white marble were noted, and in places extensive deposits of lithographic 
limestone also occur. The members of this group underlie the area in which they 
occur in gently undulating fashion, the folding being only of local significance. 

A number of fossils were collected from different beds of the Porcupine group 
and all are either of Ordovician or Silurian age. Of these, Dr. E. l\L Kindle, of the 
U nited States Geological Survey, says :-

'Lot VII j 5.~-This lot contains in addition to an undetermined sponge and 
a poorly preserved Oladopora-like coral two well marked species which strongly suggest 
the Silurian age of the fauruule. One of these is a Meristella sp. undet. which, so far 
as can be judged by external characters, is identical with a species in the Wright 
collection from Glacier bay, Alaska, which has been referred to a late Silurian horizon. 

The other is a large ostracode valve belonging to an undetermined species of 
L eperditia. This ostracode r epresents a formr distinct from any of the very large 

1 The f0rmational names used in this r eport are all of only local significance, and have 
been only provisionally adopted for convenience of description in this report. 

2 The. name Porcupine group is here u sed for the first time, and has been chosen as the 
beds to which it refers correspond with the Ordovician-Silurian rocks on Porcupine river, 
which have already been described. See-

Kindle, E. M., ' Geologic reconnaissance of the Porcupine valley, A.l ask a ' ; Bull., 
Geol. Soc. of Amer., Vol. 19, pp. 322-327. 

3 The Loil numbers refer to localities on the m ap used in the performance of the field 
work. 



28 GEOLOGICAL SURVEY 

2 GEORGE V., A. 1912 

species of this group in the Glacier Bay fauna. The evidence afforded by these two 
species is not, of course, entirely conclusive, but it is sui:Iicient to suggest provisional 
reference of this fauna to a late Silurian horizon. 

'Lot VI 1 48.-The collection from this locality includes a small number of 
species, which are listed as follows:-

Favosites cf. niagarensis. 
Camarotoechia cf. neglecta. 
Conchidium cf. greenei. 
Conchidium sp. undet. 

In addition to the species listed above, two or three species of undetermined 
bryozoa are present. The Conchidium, which is comparable with 0 . greenei, outranks 
all of the others combined as regards number of individuals represented. This 
dominant species of the fauna has, however, more numerous and finer strire as well· as 
other features which distinguish it from 0. greenei, and doubtless characterize a new 
species. Although none of the species have been definitely identified with described 
species, the assemblage is of such a character as to leave no doubt as to its Silurian 
age. It probably represents a Middle Silurian horizon and may belong to the Silurian 
f auna which the writer listed from the P orcupine River valley.' A larger collection 
of fossils would be required to determine the latter point. · 

' Lot VI c 22.-The following species in addition to some undetermined corals 
represent this lot:-

Streptelasma sp. 
Cladopora sp. 
H alysites catenulatus. 
Trematospira cf. corm.1,ra. 
Bronteus sp. 

With the exception of H. catenulatus n one of the species has thus far been recog­
nized in the Alaskan faunas. I consider the fauna to be probably of . early Silurian 
age. It appears to be somewhat older than the fauna which has been listed from the 
P orcupine River locality.2 

' Lot VI n 48.-The oldest fauna in the collection is represented by this lot which 
includes the following species together with some undetermined forms:-

Favo'Sites sp. 
Calapoecia canadensis. 
H alysites cateniilatus var. 
Dipyphylliim sp. 
Coliirnnaria alveofota ( n 
Labechia sp. 
Striatopora sp. 
Dinorthis proav ita. 
Murchisonia sp. 
Macliirina manitobensis. 
Leperditella ( ?) sp. 

' There appears to be no sp~cies common to the above fauna and the previously 
listed Silurian faunas. The Halysites catenulatu,s var. of Lot VI n 48 is characterized 
by much smaller corallites than H. cateniilatus of Lot VI c 22. The Favosite cor al 
also has much smaller corallites than the Favosdes cf. niagarensis, which has been 
listed in one of the Silurian faunas of this collection. The poor state of preservation 

1 Kindle, E . M.: Bull. Geo!. Soc. America, Vol. 19, 1908, p. 325. 
2 Kindle, E . M. : Bull. Geo!. Soc. America, Vol. 19, 1908, p . 325. 
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of the material representing this coral does not indicate whether or not it can be dis­
criminated from the Silurian species of Favosites. The genera Favosites, Striataporo, 
and D"'iphphyllum have not previously been found associated together in a pre-~ilurian 
fauna so far as the writer is aware. The presence in the fauna, however, of such 
characteristic Ordovician fossils as Oalapoecia canadensis, M aclurina manitobensis, 
and Dinorthis proavita seems clearly to place the fauna in the Ordovician. The last 
named species resembles somewhat the Silurian shell Orthis fiabellites, but Mr. E. 0. 
Ulrich who has examined the specimens considers them identical with the Minnesota 
representatives of D. proavita. M. manitobensis is a characteristic and widely distri­
buted species in the Ordovician of Alaska, occurring in both the extreme eastern and 
western parts of the territory. Oalapoecia canadensis is another Ordovician species 
which has a wide distribution in the northern part of the continent. It is one of the 
abundant corals in the Ordovician of the Seward peninsula.' 1 

In addition, Mr. Lawrence Lambe, of this department, states:-
'Three limestone fragments of fossil coralla, from Dr. Cairnes' Yukon-Alaska 

boundary collection of 1911, are determined by me as follows:-

From locality VI, C. 22 :-
1 specimen of Favosites gothlandica, Lamarck. 

The corallites in this specimen average about 3 mm. in diameter, there are numer­
ous fiat tabulae, and pores can be obscurely seen in sides <5f the walls, but neither in 
transverse nor in longitudinal sections of the coral can spiniform septa be detected. 
The species represented is with little doubt F. gothlandica. 

1 specimen which probably is referable to Favosites but in which the absence of 
clearly defined structure renders a definite determination impossible. 

From locality VI, U. 11 :-
1 specimen which apparently belongs to the genus Boreaster, Lambe. 

' This genus has hitherto been known only from the Silurian of Beechey island, 
Lancaster sound, where it occurs with Favosites gothlandica (vide "Notes on the 
fossil corals collected by Mr. A. P. Low at Beechey island, Southampton island, and 
Cape Ohidley, in 1904," by Lawrence M. Lambe, appendix IV, The Cruise of the 
Neptune, by A. P. Low). 

'Dr. Cairnes' specimen reveals the presence of septa apparently of the nature of 
those found in Boreaster, and of mural pores arranged in vertical series. Flat tabulae 
are numerous and the walls of the corallites are thick, with their line of junction in 
contiguous corallites distinctly shown in longitudinal sectioru. In consequence of a 
decided thickening of the walls the connecting pores are conspicuously lengthened and 
they appear in longitudinal sections as mural passages whose length is four or five 
times their diameter. The corallites are generally five or six sided, and their calicular 
edges are ornamented with a single seried of tubercles in which each tubercle represents 
the union of the upper ends of two septa of contiguous corallites. 

'This specimen differs from Boreaster lowi, Lambe, the type species of the genus 
from Beechey island, in the following particulars-the corallites have twice the dia­
meter, the walls of the corallites are much thicker, the tabulae appear to be more 
numerous as do also the mural pores which are, however, relatively smaller. Dr. 
Cairnes' specimen may represent a species distinct from B . lowi and should be fur­
ther studied with this possibility in view. 

'The horizon indicated by the above fossils is probably a Silurian one. Favosites 
gothlandica is a common Silurian form 1and the genus Boreaster is typically Silurian. 

1 Kindle, E. M.; - Amer. Jour. Sci., Vol. XXXII, 1911, pp. 344, 345. 
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As already mentioned Favosites gothla.ndica and Boreaster lowi form part of the 
Silurian faun a of Beechey island. The discovery of B . lowi (or 'a nearly allied species 
of the genus) in northern Yukon is of interest as it implies that similar conditions 
affecting m arine life prevailed in the north over a very extensive area during Silurian 
times.' 

Racquet Series .1 

The rocks belonging to the Racquet series extend over ian area 6 miles long 
measured in a northerly direction, by 1 to 3 mil es wide, the southern boundary of 
which is about 11 miles north of the Orange fork of Black river. The beds foave an 
aggregate thickness of at least 1,500 feet and consist mainly of limestones, cherts, and 
cherty conglomerates, all three of which occur in places intimately associated. 

The limestones are generally quite crystalline and range from n early white through 
various shades of grey to almost black in colour, occasional r eddish members being 
also noted; on fresh fractures, however, these beds ar e typically dark grey t o nearly 
black. The upper limestone beds nearly everywhere contain chert pebbles which in 
places cons titute the cherty conglomerates of this series, and all gradations occur from 
a limestone including only occasional chert pebbles t o a cherty conglomera te with a: 
siliceous matrix and contain ing n o perceptible lime. The chert pebbles are well 
rounded and usually about the size of marbles, but some were noted as l arge as H to 
2 inches in di ameter. In colour, most of the pebbles are some sh ade of gre;v, but 
occasional quite black individuals were noticed. .Beds of pure m assive chert similar 
in appearance to that composing the conglomerate pebbles occur in places, but are not 
nearl y so ext ensive as the limestone or conglomerate members. 

A number of fossils were found in the lime&tone beds of this series concerning 
which Dr. Raymond, after a preliminary examination, reports:-

' Specimen s obtained from lower beds­
Productus, sp. ind. 
Aviculopecten cf. A. affinis, Walcott. 
A. cf. A. hagnei, Walcott. 
A viciuopecten, 2 species. 

'These Aviculopeetens suggest the faun a of the White Pine shale of the Missis­
sippian of N ev.ada. 

' Specimen s obtained from upper beds­
Productiis, sp. ind. 
Spirifer cf. S . alatus, Schlotheim. 
ProrlJuctus, aff. P. aagardi, T oula. 
P. cf. P. in-flatus, MeChesney. 
Oanarophoria mai·garitovi, Tschernyscheu (?) 
,~'oiri.!Pre lla ai·ctica. H oughton. 
Productus aff. P. gruenewaldti .• Stuck. 
D erbya, sp. ind. 
(',,.~todiciva .. sn. ind. 
Dielasma bovidens, Morton. 
Eiimetriia, sp. ind. 

'Nearly all the above specimens from the upper beds were sent to Dr. George H. 
Girty of the United States Geological Survey, who very kindly determined them. 

1 The name Racquet ~eries i s here used fo r the fir st time, and is adopted because the 
rocks to which it i s applied wer e fir st noted during the past season (1911) on Racquet creek, 
a tri bu tar:v of the Stony fork of Black river . 
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Re states that the fauna is that which occurs in the highest Carboniferous limestone 
in the Calico Bluff section of the Yukon.' 

This series corresponds lithologically with the lower Cache Creek group1 of 
British Columbia and Yukon, which, however, has not been very defin itely defined, 
pal.aiontologically, but from the foss ils that have been reported it would appear that 
probably the lower Cache Creek group includes the R acquet series. Chert, cherty 
conglomerates and breccias, and limestones that lithologically also closely resemble 
the members of the Racquet series occur extensively on Macmillan river.2 

The Orange Group.s 

The Orange group is the most extensive geological t errane encountered, and 
extends over about two-tnirds of the ,area mapped during the past season. These rock;; 
outcrop south of the Orange fork of Black river and conti•nue northward for a dis­
tance of over 40 miles, and with the exception of the 10 or 12 square miles throughout 
which the Carboniferous beds outcrop, and less than one square mile of igneous rocks, 
the Orange beds constitute the bed-rock throughout this 200 square miles of territory. 

The group cons·ists chiefly of slate;;, phyllites, quartzites, sandstones, shales, and 
occasional dolomite and magnesite beds. The quartzites range from n early white to 
dark grey in colour , an.d are t ypically massive with a sugar-grained texture. Occas­
ional beds, however, contain a certain amount of mica and chlorite, which in place~ 
are arr.anged in definite streaks between layers of purer quartzite, giving to the rocKs 
a distinctly gneissoid h abit. 

The slat e& vary greatly i.n colour, being generally, however, black or various 
shades of grey, green, red, or brown. They h ave everywhere a decided secondar ily 
induced cleavage and generaJly break readily into plates from one to several feet in 
diameter and as thin as -!tr of an inch or even less. Probably the most noticeable and 
persistent beds in the Orange group are certain beautifully banded red and green 
slates, the alternate bands of which are in places extremely thin and delicate and n ot 
more than :l; to 2 inches in thickness, and frequently much less, presenting thus a 
decidedly ribbon-like appearance. The colours are apparently due to the various 
stages in the oxidat ion of the sediment before it settled from suspen sion, which is 
thought to be the result of changing climate. Writing on 'the <lolours of variegated 
shales.' Professor John Barrell, of Yale University, states4 : ' This is mainl:v 
dependeIJ.t upon the oxidation of the iron a:n·d the presence or absence of carbon; and 
in marine sediments I think it is generally ·due to the nature of the sediment before 
it comes to rest. I think it is t ypical of intermediate climatic states. Arid climates 
t end to give red sh ades, both marine anr1 continental ; semi-arid or season.ably ari d 
t end to give uniform r ed or brown shade3, more especially to continental river 
deposits; humid climates favour deoxid ation and give uniform grey to black shades; 
climates oscillating about the mean will give variegated shades. Of course with any 
climate the physiographic fac tors are also fundament al.' 

The phyllites5 also vary consider ahl .v in colour, but are generally some shade of 
grey, although occasional greenish, brownish, or black members were noted. TheRe 

1 Dawson, G. M. Ann. Rept., Geol. Surv., Can ., Vol. VII. 37 B-48 B. 
Gw.illim, J. C. Ann. Rep., Geol. Surv. , Can. , Vol. XII, pp. 16 B-18 B. 
Can nes, D. D. "A Portion of Conrad and Whitehorse mining districts, Yukon "; Geol. 

Surv., Dept. of Mines, 1908, pp. 25-29. 
2 McConn ell, R. G. Ann. Rep. Geo!. Surv., Can ., 1902, Vol. XV, pp. 31 A-34 A. 
s The n ame Orange group is h ere used fol' the fir st time, and i s adopted, as the first of 

the rocks to which it is applied, that were encount er ed during the p ast summ er, occur on 
the Orange fork of Black river. 

4 Private communication. -•The term phyllite is h ere used in the sense in which it is intended by Rosenbusch, i.e. , 
it includes all those rocks that r esemble slates in str uct ure, origin, and composition, but 
differ from these in containing noticeably more mi ca which gives a decidedly glistening 
appearance t o the cleavage surfaces. A typical phyllite (Tonglimmerschiefer) is a lso some­
what coar ser textured than an ordinary slate. 
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rocks are distinguished from the slates by containing more mi~a, and i.n general 
being somewhat coarser textured. In places, the phyllites are much crinkled, folded, 
and distorted-monoclinal and even closed folds being exhibited in hand: specimens; 
these rocks, also, wherever found, break readily along the cleavage planes and fre­
quently large thin slab:; are procurable. 

The sandstones and shales were only rarely noted and are the less metamor­
phosed phases of the slates, phyllites, and quartzites. 

The dolomites .and magnesites almost invariably weather to a rough surface and 
red colour due to the considerable amount of iron they contain. The dolomite beds 
are 100 to 20'0 feet or even more in thickness in places, but the magnesite beds rarely 
exceed 10 feet, and in places occur interbanded with the slates and dolomites, in 
layers less than 2 feet in thickness. 

No accurate estimate could be formed as to the aggregate thickness of this group, 
as nowhere was a section found where the uppermost beds are preserved, and only 
small portions of it could be observed at a place. Also, on account of the metamor­
phosed condition of the rocks it was difficult, in most places, to determine the dip anc1 
strike of the beds. The group is, however, .at least 6,000 feet in thickness and may be 
considerably more. 

These beds overlie the Racquet Creek rocks, but nowhere could it be determined 
whether or not an unconformity exists between the two series. 

The only fossils found in: the Orange beds occur withjn 100 feet of the underlying 
Carboniferous rocks, and of these Dr. T. W. Stanton, of the United States Geological 
Survey, reports that owing to their poor and peculiar state of preservation, they can­
not be definitely determined. He says: ' The specimens labelled F 18, 56, 59, 119, 
and some others appear to be casts of a simple species of Ostrea. The larger specimen 
labelled F 10 is probably a Pecten. The specimens labelled E 36, 64, and some others 
are referred to Astarte or a related genus. My judgment is that these fossils are not 
-0lder than Mesozoic and they may be Cretaceous, though there is no definitely diS­
tinctive Cretaceous fossil among them, and they do ·not seem to fall into any fauna 
known t-0 be from that region.' 

On account of the distinctive lithological appearance of certain members of this 
group, especially the green and red banded slates, these are thought, in all probability, 
to be the same as c~rtain beds occurring on the Macmillan and Upper Stewart rivers, 
which have been described both by Mr. R. G. McConnell' and Mr. J ose~h Keele.' 
Mr. Keele found Triassic fossi ls in or immediately below rocks apparently correspond­
ing to the members of the Orange group. 

lgnepus. 

The igneous rocks occurring in the district are all intrusives and pierce the 
Mesozoic, Orange group; they were found only at five points and their outcropi! are 
-0f relatively slight extent. The largest exposure occurs about 2 miles west of the 
boundary line and 5 miles south of the Stony fork of Black river, and appears to repre­
sent a small boss about one-fourth of a mile in diameter. This rock has a typical 
granitic habit, greyish colour, somewhat coarsely holocrystalline texture, and under 
the microscope is seen to consist mainly of microclinle, microperthite, and biotite 
with a few small particles of accessory iron-ore, and their alteration pr0ducts mus­
covite and calcite. It is thus a mica syenite. 

The next largest exposure occurs about 2 miles west of the boundary line and 
three-fourths of a mile north oi the Stony fork of Black river, and is at least 40 

1 McConnell, R. G. "The Mac.millan river, Yukon district": Ann. Rep., Geol. Surv., 
Can., Vol. XV, pp. 31 A-34 A. 

2 Keele, J. "The Upper Stewart River region, Yukon" : Ann. Rep., Geol. Surv., Can., 
Vol. XVI, pp. 13 C-18 C. "A reconnaissance across the Mackenzie mountains on the Pelly, 
Ross, and Gravel rivers, Yukon, and North West Territories": No. 1097, 1910, pp. 33-36, 39-40. 
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yards in width, but as bed-rock exposures are scarce at this point on account of the 
heavy covering of superficial material, the nature and extent of this outcrop was not 
determined: Megascopically the rock is finely-textU'l:ed, holocrystalline, and dark­
greenish in1 colour; a typical specimen examined under the microscope proved to 
be a quartz mica diorite, comisting chiefly of plagioclase, orthoclase, quartz, biotite. 
green hornblende, and accessory sphene and iron-ore. ' 

The other three exposures of igneous rocks represented dykes less than 100 feet 
in width .and traceable on the surface for less than 200 feet. These rocks are all finely 
textured, greenish materials. A typical sample from each locality was examined 
microscopically; of these, two specimens proved to be andesite and the other diabase. 

ECONOMIC GEOLOGY. 

The only deposits that have been found in this district that are of interest from 
the sta.ndpoint of economic geology are marble, lithographic limestone, and magne­
site. Numerous beds of magnesite up to 10 or even more feet in thickness occur 
intercalated in the dolomites and slates of the Orange group in various places. Beds 
-0f beautiful pure, white marble up to 15 feet in thickness, and other beds up to 5'0 
feet in thickness of what appeared to be a fair gra-de of lithogra.phic limestone were 
noted in places a'Il.d are included in the Porcupine series. 

However important tho3se might be if found in other places, situated as they are, 
so far from transportation, they possess no present economic value. 

II 

QUARTZ MINI NG IN THE KLONDIKE DISTRIOT.1 

INTRODUCTION. 

After completing the regul.ar season's work along the 141·st meridian' (the Yukon­
Alaska boundary) a few days in Septembo3r were spent in the examination of a num­
ber of the more promising quartz properties in the Klondike district, mainly in that 
portion of Dawson Mi.ning district which is situated along and between Indian and 
Xlondike rivers and their tributaries. 

Consider.able into3rest has of late been displayed concerning the quartz veim o·f 
the Klondike, and special efforts are being made to develop the lode mining of this 
district, in the hope that a revenue may eventually be derived. from this source that 
will continue to foster the mining industry of this portion of Yukon when the placer 
deposits have become exhausted, which it is thought, howev,3r , will not be for many 
years to come. 

SUMMARY AND CONCLUSIONS. 

Quartz veins are ver:y plentiful in the schistose rocks of the Klondike district, 
and .although the greater number of these deposits are small acrid non-persistent, still 
the aggregate amount of quartz is very great. Occasional very encouraging assays 
1rnve been obtained, but with rare exceptions it is not even approximately known 
what .aver age amounts of gold the deposits in the different localities contai•n. The 
quartz is practically all free-milling and is but slightly mineralized, the only metallic 
constituents apparent being pyrite, and rarely magnetite, chalcop.yrite, galena, and 
native gold. 

1 Brock, R. W . Sum. Rep. Geol. Surv., Dept. of ~fines, 1909, pp. 16-22. 
2 For th e r esults of this work see pp. 17-33 of this Summary Report. 
26-3 
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More systematic sampling and assaying should be conducted to obtain a fair 
general idea of the gold content of the quartz, and the various deposits should be 
more thoroughly prospected to ascertain their probably later.al and vertical extent. 
In case the results of these tests prove sufficiently encouraging, it would be particu­
larly advantageous to have a stamp mill built at som e convenient point capable of 
handliing readily and quickly 5 or 10 tons samples from the various deposits of the 
district; in this manner claim owners could obtain sure and ready information con­
cerning their properties. This is virtually the only way that reliable results can be 
obtained from these low-grade, free-milling deposits, as it is almost impossible to 
obtain :perfectly satisfactory results from ordiinary assay samples, and the expense of 
shipping small samples. to outside points is practically prohibitive. 

THE QUARTZ DEPOSITS. 

A great amount of quartz occurs in the old schistose rocks that are so extensively 
developed in the Klondike district, and in some localities it is in sufficient quantity 
to even constitute a considerable portion of the whole rock mass. The quartz occurs 
prevaili.ngly in veins which exhibit considerable variety of form, and are as a rule 
small and non-persistent, but range in size from mere threads to masses several 
hundred feet in length but in most places less than 10 feet in thickness; one vein, 
however, on Yukon river below the mouth of Caribou creek, exceeds 30 feet in thick­
ness. 

The most common type of vein is lenticular in form, the individual lenticles 
mea:mriing but a few inches in thickness and less than 50 feet in length ; in places, 
however, individuals as much as 10 feet in thickness occur, but even these are rarely 
t raceable for any considerable distances. The lenses in most places follow, in a 
general way at least, the . strike of the schistosity of the containing rocks, but along 
their dips they frequently cut the wall rocks at various angles. 

Typical bedded or sheeted vei1I1s are also characteristic of some localities; in this 
type of deposit the quartz occurs interleaved with the folia of the schists, the indi­
vidual quartz bands being generally but a few inches in thickness; in places such 
deposits occur in zones up to 10 feet or more in width that consist entirely of alter­
nate quartz and schist lamellre exhibiting a wide ramge of relative proportions. 

Typical fissure veins were also noted, but on account of the decidedly schistose 
and fractured character of the enclosi,ng rocks, these veins readily pass into the lenti­
cular or sheeted types,, due to the fact that the solutions from which the quartz was 
deposited, were naturally frequently diverted in whole or in part from the particu­
lar channels along wl\ich they might at any time be travelling, on account of the 
multitude of cleavage and fracture cracks which intersect these rocks, affording thus 
numerous routes for percolating waters. All types of veins are thus liable to bifur­
cate or branch out, aind smaller veins frequently unite to form larger deposits. In 
places along lines of previous excessive fracturing, mineralized zones occur in which 
several of the vein types are represented; lenses, sheets, pockets, and various irregular 
deposits of quartz may be separated by and include varying amounts of wall rock, 

· and the whole be intersected by, or associated with numerous stringers and fissure 
veins of quartz. 

A notable feature of some of the veins is the presence in them of occasional feld­
spar crystals indicating their relation to certain pegmatites in the vicinity. In this 
connexion Mr. McConnell sa:ys1 : ' A few examples of typical pegmatite veins or 
dykes occur in the district , and in one case. a coarse-grained pegmatite vein was 
observed ·to pass along its strike into a purely siliceous rock. The aqueo-igneous 
origin of the pegmatites, and their close genetic connexion with certain classes of 

1 McConnell, R . G. "Report on the Klondike gold fi elds": Ann. Rep., Geol. Surv., 
Can., Vol. XIV, p. 63 B. 
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quartz veins, mainta.ined by various writers, is supported by the facts observed in the 
Klondike district.' 

The quartz veins are in most places but slightly mineralized; pyrite and more 
rarely magnetite occur in places in sufficient quantity to produce a reddish coloration 
on the expo::;ed and oxidized portions of the veins, and in a few places the quartz con­
tains particles of galena, chalcopyrite, and native gold. 

THE EcoNOMIO IMPORTANCE OF QUARTZ. 

Often fair and occasionally even high assays are obtained, and in places the 
quartz shows native gold, but, except in possibly a very few instances, it is not known 
even approximately what average amounts of gold the quartz contains. From the 
various properties that have been examined, however, the gold that doe::; occur is 
always either associated with metallic sulphides or is at or near the cont act between 
the quartz and schists; in the 1atter case the gold is generally found in both vein 
material and wall rock. 

It wo·uld thus seem possible that some of the fractured zones that have become 
irregularly impregnated with quartz, may prove of greater value than the more clearly 
d€fined massive veins, since the former contain a greater area of contact-surfaces in 
the same volume or weight of material. However, the majority at least of the 
mineralized zones that have been examined, do not appear to be sufficiently persistent 
tc allow of their containing sufficient quantities of pay-ore to make a mine; it is 
possible, nevertheless, that larger and more richly mineralized zones may yet be found. 
In a number of places several veins or m ineralized zones which were noted in close 
proximity to each other could be worked conj ointly. These would yield a consider­
able tonnage, and would become important producers if the bulk of the quartz will 
pay for milling. It is thought that, s ince the majority of the veins are non-persistent, 
the successful exploitation of the quartz of this district will largely depend on 
finding groups of veins or mineralized zones sufficiently close to allow of their being 
worked conjointly. 

The deposits that have already been discovered irri Klondike, in all probability 
represent but a small portion of the quartz that actually exists in the district, as bed­
ro-ck is covered by superficial deposits in most places, except ,along the summits of the 
hills and ridges, and along the sides of the secondary valleys, where the bulk of the 
quartz occurs that has so far been found; other discoveries have been largely acci­
dental and due frequently to placer operations. It is, therefore, probable, that future 
prospectimg and development will disclose numerous deposits that are at present 
unknown. 

More development should be performed, however, in connexion with the quartz 
deposits of the district that have been already discovered, with a view to ascertaining 
their extent, and more systematic sampling and assaying should be performed in oi:der 
to determine within reasonable limits, at least, the average values of the materials 
they contain. It seems prohable .that at least the upper weathered and decompqsed 
portions of a number of the deposits could be profitably milled, due to the fact that 
the district has not been glaciated, and a certain surface concentration of gold is to 

·be expected, and in places is known to occur. 
Prospectors and others imterested in I.ode mining frequently do not sufficiently 

realize the importarice of assays, and when these are made. in probably the majority of 
·instances in Klondike district, they are from samples that are not representative of 
the deposits from which they are taken. Two reasons seem mainly to account for 
thi s condition: one is that it is not as convenient to have assays made in Yukon as 
in most mining districts, and moreover it · is frequently realized how difficult it is to 
obtain really representative assay samples from free-milling deposits. 

26-3~ 
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The most reliable and satisfactory reaults for such ores are obtained from mill 
tests of at least 5 or 10 ton lots. A sampling mill capable of making tests of 10 ton 
samples of the different quartz deposits of this district would greatly facilitate the 
developmen,t of the industry, and would stimulate prospecti.ng throughout the district. 
With such a mill situated somewhere in the vicinity of Dawson, sufficient information 
could be obtained in a short time, possibly in one or two seasons, to demonstrate 
whether the K londike ·has or has not a future i.n quartz. If these deposits are not 
profitably workable, the sooner this is lmown the better ' it will be for those owning, 
holding, and developing such propert ies; also if a number of deposits are sufficiently 
rich to become producers, the earlier this fact is establi shed the greater will be the 
benefits that will accrue to the territory in general and to those most interested. In 
the meantime, however, it is important that more definite information be obtained 
concerning the extent '<!.nd average value of the various deposits throughout the 
district. · 

MINING PROPERTIES. 

GENERAL STATEMENT. 

Among the more promising quartz properties in the Klondike district, and those 
on which the most energy has been expended in development, are: the Lone Star 
g roup, near the head of Victoria gulch, a tributary of Bonanza creek; the Violet 
group, situated along the divide between Eldorado and Ophir creek:!; the Mitchell 
g roup, on the divide between the heads of Hunli:er and Goldbottom creeks; the Lloyd 
g roup and neighbouring claims, situated along the divide between the heads of Green 
gulch and Caribou gulch, tributaries respectively of Sulphur and Dominion creeks; 
and several groups of claims on Bear creek near where joined by Lindow creek. Of 
these, the Lone Star was the only property on which any work, other than the neces­
sary assessment duties, was being performed during the summer of 1911. 

In addition to the above-mentioned properties, considerable enthusiasm bas been 
aroused during the past two sea::ons o·ver a number of claims stakf'd on Dublin gulch, 
a tributary of Haggart creek which drains into the south fork of McQuesten river. 
This locality is not in the Dawson mining district, but is in the Duncan Creek 
mining district; it is, nevertheless, frequently spoken of as being in the general Klon­
dike district and will be here so considered. 

The Lone Star Group.1 

The Lone Star group is situated near the head of Victo•ria gulch, a tributary of 
Bona.nza creek. This property is owned by a j.oint stock company with head office in 
Daw:>on and having a capitalization of $1,50'0,000; the president, Dr. Wm. Catto, as 
well as the secretary-treasurer, and the majority of the board of directors also reside 
in Dawson . 

. On these claims two main veins, or really one vein and a mineralized zone, have 
been discovered, which have been, by the owners, designated respe<ktively the 'Corthay 
vein ~ and the 'Boulder lode '; these ocicur in much metamorphosed sericite amd 
chloritic schists. The Boulder lode strikes N . 50° W.,2 dips from 70° to 80° to the . 
S.W., and is in most places at the surface from 3 to 10 feet in width, containing 1 to 
7 feet of quartz. This 'lode' bas been traced definitely along its outcrop for 400 
feet, and quartz is exposed .a.t various points in the same general line of ":>trike for 600 

1 McConnell, R. G. "Report on the Klondike gold fields": Ann. Rep., Geol. Surv., 
Can., Vol. XIV, pp. 64 B-65 B. . 

2 All bearings given in this report are astronomic or true. The magnetic declination in 
thl) Kh'1dike district is in most places 35° east. 
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foet farther, ilildicating that this zone may persist for this distance. The quartz 
occurs prevailingly in lenses, sheets, and irregular bodies ranging in size from those 
that are o.nJy microscopically ob:>ervable to others 3 or 4 feet in thickness; these are 
interbanded -0r interfoliated with the schists, ~nd generally agree with them in strik~, 
but along their dips cut the pla1nes of schistosity of the enclosing rock at various 
angles up to 90°. In places masses of practically solid quartz .as much a:; 4 or 5 feet 
thick occur, but such a condition is rather exceptional. Numerous fissure veins or 
stringers less tha:n 6 inches in thicknes:;, intersect the main zone in v.arious directions. 

The Corthay vein strikes N . 14° W., has an almost perpendicular attitude; and 
where it has been explored is much more regular than the Boulder lode; this deposit. 
als-0 resembles more an ordinary compound fissure vein, and con:;ists mainly of quartz 
which is in most places from 3 to 6 feet in thickness. 

The qwaJ-tz of both the Corthay vein and the Boulder lode is but slightly mineral­
ized, the only metallic constituemts that were noted being pyrite and native gold. 
The pyrite occurs · as scattered particles or in small bunche:;, and is in sufficient 
amount in places to give the quartz a rusty appearance where weathered. The native 
gold occurs mainly as occasional grains and nuggets both in the quartz and wall-rock, 
but prevailingly near their contact, and is in places quite well crystallized. 

An open-cut about 70 feet long, 10 feet wide, and having an average depth of 
approximately 15 feet, as well as 8 or 10 smaller surface cuts or pits have beein dug 
at intervals along the strike of the Boulder lode. A croes-cut tunnel 310 feet long 
has also been driven, from 'vhid1 . when examined in September, 1911, about 40 feet of 
drifting had been ruru on the Boulder lode which at this depth of approximately 60 
feet was much narrower than at the surface and contained in most places less than 
22 feet of quartz. A vertical shaft has been ;mnk through the schists and tapped the 
Corthay vein at a depth of 60 feet where the quartz was about 4 feet thick. Another 
shaft 40 feet deep has been sunk on the Corthay vein and wa.s connected with a drift 
from the tunnel by a 30 foot upraise; a drift 70 feet long was also run from the 
bottom of this shaft . 

A four-stamp Joshua Hendry mill has been erected OII1 this property, and a gravity 
tramway 3,500 feet long has been constructed to convey the ore from the workings to 
the mill on the creek about 900 feet below. A power line 4 miles long was about 
completed in September, which was to convey power to the mill from the power line 
of the Northern Light am.d Power Company on Bonanza creek, the cost of the power 
to be at the rate of three cents per horse-power. 

Miners working on this property and in the vicinity receive $4 per day (10 hours) 
and board. 

The manager of the Lone Star group claims to be able to mine and mill the ore 
from this property for $3.50 per ton. It is not known what average amoU!Ilts -0f gold 
the quartz and adjoining rock there contain, but a number of promising assay returna 
have been received and the tests that have been made indicate that at least the some­
what decomposed superficial portion of the Boulder lode and possibly of the Corthay 
vein as well should pay to mill. :No definite information was obtained concerning the 
remaining portions of the deposits. . 

The Violet Group.1 

The Violet group is situated on the divide between Eldorado and Ophir creeks, 
about 5 miles from Grand Forks, am.d consists of four claims and a fraction, all of 
which are Crown granted. It is claimed that $60,000 have been spent in developing 
this property which, however, wa·s sold by public auction in September, 1910, and 
acquired by the present owner, Mr. H. H. Honen. 

1 McConnell , R. G. "Report on the Klondike gold fields": Ann. Rep. Geol. Surv., 
Can .• Vol. XIV, p . 65 B. 
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Three veins are reported to ha:v·e · been discovered on this property, but the bulk 
of the work has been done on one of these which strikes in a southeasterly direction 
with the enclosing schists, but dips across them. This vein is in most places from 3 
to 6 feet in thickness, and the quartz composing it is cryst alline .anJ contains 
considerable reddish feldspar giving, it a pegmatitic appearance. The quartz 
contains considerable iron which near the surface weathers and gives the vein a rusty 
appearance; particles of galena were also •noted. It is not known what amount:; of 
gold this veiin contains but it is stated to average $10 to $11 per ton. 

Three shafts, respectively 55 feet, 35 feet, and 150 feet in depth have been sunk 
on the property, and 300 feet of drifts have been driven; in addition, one open-cut 
50 by 12 by 15 feet approximately, and a. number of smaller cuts have been dug. 

The Mitchell Group. 

The Mitchell group is situated ori the divide between the heads of Humlrnr and 
Goldbottom creeks, and conaists of about 27 claims which are owned by Mrs. Margaret 
J. Mitchell. 

A number of quartz veins occur on this property, but as the surface of the ridge 
on which these have mainly been discovered is in most places covered with superficial 
materials, it is not known either how many veins may be present, nor even how many 
veins 'the known occurrence of quar tz represent, as considerable stretches of bed-rock 
are still covered between the different exposure:;. Quartz occurs in a number of small 
cuts or trenches more or less in aiignment, that have been made on one part of the 
property at intervals throughout a distance of about 2,000 feet, yet this by .no means 
proves that the qua.rtz all belongs to the aame vein; in places, trenches were sunk to 
bed-rock across the supposed line of strike of this vein , and no quartz was encountered ; 
and further, the exposures themselves are, in places, decidedly lenticular in form. 
For 600 to 800 feet, however, quartz has been found along a N. 5 ° \71/. direction 
wherever bed-rock has been exposed to view, which is at frequent intervals; it would 
thu;; seem that for this distance either a fairly regular fissure vein or a nearly con­
nected line of quartz lenses occurs. Other parallel lines of exposures were also noted, 
indicating that at least 3 or 4 veins and possibly many more than this number occur. 

The quartz is all deposited in sericite schist, and whenever contacts between the 
quartz and wall -rock were noted the qliartz cuts the schist folia along both dip and 
strike. The veins range from a few inches to 7 or 8 feet, but are i.n most places from 
2 to 4 feet in thickness ; the quartz generally contaims almost no metallic constitu­
ents, but in places exhibits considerable disseminated pyrite which causes weather.:d 
surfaces to have a rusty appearance. A few particles of galena and -native gold wer~ 
a1so noted. 

Only a few samples were taken from this property, but the results obtained from 
the analysis of these few, all indicate that the white unmineralized quartz rarely 
carries more than traces of gold, which mineral almost invariably occurs either 
associated with the metallic sulphides or near the contact of the quartz and schist, 
and in either material. 

The development work performed on this property consists mainly of a number 
of open-cuts, shallow trenches, and pits, RID.d also a shaft 80 feet deep, from which a 
50-foot drift has been driven. The shaft was filled with water when visited, but a 
grab sample was takffill from the dump, which assayed $5 in gold per t<Y.Il.1 ; this is the 
higheat assay obtained from the various samples taken by the writer from the Mitchell 
group, although much higher returns are believed to have been received from other 
samples taken previously. It, therefore, appears that, although the aggregate amount 

1 All the samples that were taken by the writer from the various claims in the Klondike 
district during th <> vast sAason, wer e assayed by the Mines B,ranch of the Department of 
Mines, Ottawa .. 
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of quartz on this group of claims is considerable, by no means all the material will 
pay for treatment. The various veins should thus all be systematically sampled, to 
obtain an estimate of their probable average values, a•!lJd to determine approximately 
the veins and portiolli! of these that will pay for mining and treatment. 

The Lloyd Groiip. 

The Lloyd group is situated at the head of Green and Caribou gulches, tributaries 
respectively of Sulphur and Dominion creeks, and consists of 17 Crown-granted 
claims owned by Messrs James Lloyd, J . A. Segbers, and Wm. Nolan. 

A number of exposures of quartz 2 to 6 feet i'.IJ.. width occur on this property, but 
in only a few places could the thicknes·ses of the veins, and their relations to the wall­
rock;; be determined; the other known occurrences of quartz were either still more 
or less covered with superficial materials, or the various shafts, cuts, etc., that had at 
o~e time exposed the veins, contained considerable water or other materials that had 
.drained or fallen in since the work was performed. One vein, however, was well 
exposed in a 25 foot shaft near the cabin; this deposit has an average thickness of 
about 3 feet, strikes ='T. 58° vV., dips at angles of 60° to 70° to the .E., and cuts across 
the foliation plaiies of the schist wall-rock with every appearance, in the shaft at 
least, of being a typical regular fissure vein. The wall-rocks everywhere observed are 
sericitic or chloritic schists. 

The quartz outcrops on this property are in most places from 2 to 3 feet i·n thick­
ness, and represent at least 3 or 4 veins and possibly more. In different portions of 
the claims exposures of quartz, approximately in alignment, were noted at various 
intervals extendilllg throughout distances of several hundred feet, but until more 
development has been performed, it will be impossible to decide whether these line;; of 
exposures each represent one continuous vein or several more or less connected lense­
shaped deposits such as characterize the schistoae rocks of that district. 

The quartz is characteristically white and generally but slightly mineralized; 
however, in some places, the veillls carry considtrable disseminated pyrite which where 
oxidized gives the quartz a reddish iron-stained appearance; occa;;ional particles of 
galena were also noted. 

Concerning the average gold contc11t of the quartz, but little is known.. The 
writer took only three samples from the different veins of the Lloyd group, am.d all 
yielded merely traces of gold. However, one of the owners of these claims had what 
he considered to be an average sample of one of the veins tested during the time I was 
in Dawson, and thia gave $10.60 in gold to the ton; and other still higher assays are 
believed to have been obtained at different t imes. In this connexion, however, it is 
to be remembered, as previously mentioned, how extremely difficult it is to get satis­
factory results from assay ·samples of low grade free-milling ores; the samples taken 
by the writer may not be at all represent ative of the veina from which they were 
taken. To obtain reliable information concerning such ores, either a great number 
of assays must be taken, or mill tests must be made. 

Considerable prospecting work bas been performed upon this group of claims, 
mainly as fol1o·ws: about 10 shafts having an average depth of approximatel;y 30 feet 
have been .sunk, the deepest of these being down 56 feet when visited in September; 
in addition a number of open-cuts a[ld trenches have been dug. 

Bear Creek. 

A number of quartz claims, probably 30 or 4'0 in all, owned by John Nicholas 
and others, have been located on the right limit of Bear creek near the junction of 
this stream with Lindow creek. The schistose bed-rock at different points on these 
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claims, contains deposits of quartz impregnated with more or less pyrite, and in places 
showing particles of native gold that is occasionally quite crystalline. It is not 
known what average amounts of gold the vei'lliS in this vicinity contain, but ·it i& 
claimed that a . number of promising results have been received. 

Dublin Gulch and Vicinity. 

Dublin gulch is a tributary of Haggart creek which drains into the south fork of 
McQuesten river. A considerable number of claims have been located on Dublin 
gulch and in that vicinity, extending throughout a belt about 8 miles long. This 
locality has not been visited by the writer, but some quartz deposit:> near Dublin 
gulch were examined and reported upon by Mr. Joseph Keele' of this department in 
1904. 

During the past two seasons, especially, .a number of discoveries that are reported 
to be very promising have been made in the Dublin Gulch locality, with the result 
th.at a considerable renewal of activities and enthuaiasm has been evidenced; old 
claims have been relocated, new claims have been staked, and prospecting has received 
a decided stimulus. Some of the main claim holders in the district are Dr. Wm. 
Catte, Mr. Jack Stewart, and Messrs. Fisher and Sprague. 

While in Dawson, the writer was shown a large number of specimen:> of the ores 
from Dublin gulch .and the surrounding district; these all consisted mainly of quartz 
carrying varying quantities of mispickel (ar senopyrite or arsenfoal iron pyrite) and 
occasional particles of pyrite; the quartz in places was coated with a yellow ferric 
arsenate. A few typical samples were selected and an average assay has been made 
from these, which yields 3 · 98 ounces of gold, or $79. 60 per ton. 

1 Keele, J. "The Duncan Cr eek m inin g district " : Ann. Rep. Geo!. Surv., Can., Vol. 
~VI, 1904, pp. 38 A·39 A. 
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I 

OBSERVATORY INLET, BRITISH COLUMBIA. 

(R. G. McConnell.) 

INTRODUCTORY. 

The work of the past season included a geological reconnaissance and an examina­
t ion of the important mineral deposits around Goose bay and Alice arm, Observa­
tory inlet; an examination of the Salmon River mineral district; the completion of 
a geological map of the Portlairrd Canal mining area, and a reconnaissance trip across 
the Coast range to the Nass valley. I was assisted during the season by Mr. A. 0. Hayes, 
and during August and September by Mr. G. G. Gibbins, both of whom efficiently per­
formed all duties entru sted to them. The delineation of the geological boundaries in 
the Portland Canal district, as •Shown on the map, is largely the work of Mr. Hayes. 
A microscopical examinatiOill of a number of these sections was also made by him. 

OBSERVATORY INLET. 

Observatory inlet parallels the lower portion of Portland canal on the east , and 
is connected with it by a passage north of Pearce island. Its shore lines are more 
irregular than those of Portland canal and towards its head it divides into two 
branches known as Hastings arm and Alice arm. Hastings arm continues in the 
general northerly direction of the main inlet, while Alice arm bends to the east and 
like Portland canal cuts through the granitic batholith of the Coast range and pene­
trates for some distance the argillites and associated rocks which border it on the 
east. 

At the junction of the two arms, the inlet expands in width and contains a num­
ber of islands, some of larger size. Larcom island has a length of 7 miles and 
Brooke island of 3 miles. West of Larcom island is the entrance to Goose bay, an 
irregular sheet of water 3 ~ miles in length and from half a mile to a mile in width. 
The principal known mineral deposits of the inlet are situated in its vicinity. 

The inlet is bordered on both sides by mountains in groups and short ranges 
except near the head of Alice arm. From this p0int, a high rough plateau broken by 
basaltic cliffs extends eastward to the Nass valleyi. The mountains present, as a rule, 
steep glacier-worn sides towards the inlet, and range in height from 3,500 to ·11early 
6,000 feet. Glaciers occur in some of the valleys but are not so large and conspicuous 
as along Bear river. 

The streams entering the inlet are all of moderate size. They include Falls 
creek, a shmt stream with numerous falls emptying into Goose bay, the Kitzault and 
Ilianci at the head of Alice arm, and a branching sediment-laden stream at the head 
of Hastings arm. Falls creek is utiliz.ed to operate the plant at the Hidden Creek 
mine. It is a steep stream and flows a large volume of water during the greater part 
of the year, but like all of the streams of the district, the supply becomes greatly 
diminished during the midwinter months. 

GEOLOGY. 

Observatory inlet has its whole course in the Coast range and the rock section 
along it consists mostly of granite. A large included mass of argillites associated 
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with greenstones, mostly pyroclastic in origin, occur at the junction of the two arms, 
anJ argillites also occur along the upper part of Alice arm. 

Granites. 

Granites occur along Observatory inlet from Pt. Ramsden, opposite Pearce 
island, northward to a point near the southern end of Goose bay where they are 
replaced by argillites and green.stones. The latter are exposed along the shored of the 
inlet for a distance of 9 mile£ and are then followed by granites and allied rocks 
which continue to the heaJ of Hastings arm and for some distance beyon'd. 

Alice arm extends eastward beyond the eastern edge of the Coast Range batho­
lith. The mountains along the lower portion consist of granite, and those bordering 
the upper portion of argillites interbanded in places with greenish fewspatbic beds. 

The granites along Alice arm and the lower part of Hastings arm are medium 
grained, occasionally porphyritic, greyish rocks made up mostly of quartz orthoclase 
and plagioclase with sparingly distributed biotite. In the upper part of Hastings arm, 
the grey granite is replaced by a dark coloured, more basic and apparently older 
variety, feebly schistose in places, and cut near the contact by acid granitic dykes. 
This rock is very coarse grained in places, has hornblende as the principal dark 
mineral, and. repr.esents a transition phase between the granites and diorites. 

Argillites. 

An area of dark argillaceous rocks with some greenstones enclosed oo all sides 
by granite occurs at the junction of .Alice and Hastings arms. The area has a width 
along the west shore of Observatory inlet of 9 miles, but narrows to the east. On 
the east shore, it is barely 2 miles wide and the area appears to wedge 01.1t in the 
bordering mountains. Larcom, Brooke, and other smaller islands near the junction 
of the two arms, consist of argillites cut by granitic dykes. The area, while not 
traced through, probably extends westward to Portland canal, as similar rocks some­
what more highly altered occur in the same strike in the vicinity of Maple bay. 

The argillites and associated beds are very similar to the rocks of the Bitter 
Creek series of Bear river, but cannot be definitely correlated with them until the 
intervening region is more closely examined. The principal variety is a fine-grained 
sedimentary rock, made up largely of qum·tz grains with some feldspar, darkened with 
carbonaceous material. Mica, mostly secondary, is usually present, and in places the 
argillite passes into a quartz mica schist. Secondary quartz, pyrite, ca1c1te, and horn­
blende are also common constituents. 

In texture, the argillites vary from a har'd, fine-grained, compact rock to a granu­
lar one in which the grains are distinctly visible. The colour varies with the texture, 
becoming lighter with increasing coarseness, and in places, the fine-grained, dark and 
coars~, greyish more feldspathic varieties alternate in thin bands. 

The argillites are seldom, and only over limited areas, cleaved into slates. 
Usually they occur in rather heavy beds from 1 inch to 6 or more in thickness, and 
in weathering form a talus of angular fragments. 

The associated rocks are greyish limt?stones and beds and wide bandi! of green­
stone. The limestones are not prominent, and only occur in small beds and bands· 
s€ldom traceable for any distance. The greenstones largely replace the argillites 
towards the southern edge of the area. They are granular, mostly fragmental rocks. 

The beds of what may be called the Goose Bay argillite area are folded into a 
greenish micaceous schist. 

The beds of what may be called the Goose Bay argillite area, are folded into a 
number of anticlines and synclines, striking approximately east and west, or parallel 
to the long axis of the area. The dips as a rule are regular and comparatively low, 
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:although, in placed, the strata are steeply tilted and strongly distorted. No faulting 
.on a large scale was observed. 

The Goose Bay sedimentary beds occupy a depression in the granitic rocks of the 
Coast Range batholith, and are cut by numerous acidic dykes genetically connected 
with it. Various types are represented, including pegmatite, aplite, quartz porphyry 

',and granitic dykes. A second system of lamprophyric and basaltic dykes, younger 
.and more basic in character than those connected with the granitic intrusion, is also 
prominent. The dykes of this system are later than the mineralization of the region. 

Dark, sedimentary rocks very similar to those in the Goose Bay area occur along 
the upper part of Alice arm, east of the main granite area. · They consist mostly of 
fine-grained, dark, slaty rocks often in heavy beds, with coarser feldspathic bands 
some of which hold small angular fragments. Farther north along the Kitzault valley, 
in the vicinity of the Red Bluff group of claims, the dark sedimentary rocks are 
largely replaced by fine and medium grained greenish fragmental rocks tufaceous in 
·charaicter. These rocks include d1ark argillaceous bands and are much less altered than 
those in the vicinity of the gra!Ilite. Their relation to the latter was not ascertained, 
·as in the course travelled along the valley the connecting section is concealed. 

No fossils were collected and no evidence in regard to the age of the sedimentary 
rocks was obtained, other than that they are cut by and are, therefore, older than the 
Coast Range granitic batholith usually referred to late Jurassic or early Cretaceous. 
'The argillites are often highly altered locally, in places, passing into mica schists, 
'but this is attributed to the effects of the great granitic invasion and affords no proof 
of extreme age. It is probable that none of the sediments are older tharn the Car­
'boniferous. 

MINERAL DEPOSITS. 

The mineral deposits of Observatory inlet consist of quartz veins carr.Ying values 
in silver and lead and in one case in molybdenum, and of what earn only be described 
a;:; mineralized areas carrying low values in copper. The latter will be described first. 

Hidden Creek Copper Compamy. 

The claims controlled by thi s Company were staked about ten years ago anrl a 
·oonsiderable amount of surface and underground work was done on them by the 
Hidden Creek Copper Company under the direction of Mr. M. K. Rogers. Recently 
the cla ims were bonded to the Granby Consolidated Mining, Smelting, and Power 
Company operating at Phoenix, B.C., and a diamond drill t est of the property by this 
Company proved so satisfactory that the bond was taken up and preparations are now 
'being made to work it on .an extensive scale. 

The thank,; of the writer are due to Mr. 0. B. Smith, General Mines Superin­
tendent of the Granby Company, and Mr. MacDonald, local manager of the Hidden 
Creek mine, for permission to examme the workings for information, and for other 
courtesies. 

Situation.-The claims are staked on the summit and sides of a hill 920 feet 
·high, enclosed between two branches of Hidden creek, and situated 8,500 feet north of 
·Goose bay, near its outlet into Observatory inlet. A good wagon road, planked where 
necessary, about 2 miles in length, has been built from the portal of the main tunnel 
to a wharf at Anyoux on· Goose bay, the shipping· port of the mine, and a tramway, 
partly gravity and partly traction, to the same point, was commenced some years ago 
'but never completed. 

Rocks.-The rocks in the vicinity of the mine consist of dark and dark grey argillites 
with occasional light colour·ed, coarse-grained feldspathic beds and rarely some lime­
,.stone. Beds and bands of greEmJStones, probably largely of pyroclastic origin, occur 
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with the argillites but are not prominent in the vicinity of the mine, Both argillites and 
greenstones are always more or less altered, and in places pass into mica, quartz mica, 
and chloritic schists. The bedding is coarse, and while a strong cleavage is developed 
in spots, the bedding planes over most of the area constitute the principal partings. 
The beds have been compressed into several folds, and, in places, dip steeply , but are 
seldom, in the section examined,, overturned, and no large faults were observed. The' 
strike, while generally east and west, shows considerable variation in places. 

The argillites and associated rocks are exposed over an area about 9 miles wide, 
where cut by Observatory inlet. They are surrounded by the granite r ocks of the 
Coast range, and are co'ILSidered to be an undestroyed and deeply sunken portion of 
the old roof of the Coast Range batholith. The basin they occupy is of great depth, as 
the sedimentary rocks of the inclusion are exposed from base to summit of mountains 
over 5,000 feet in height, and they must extend for a considerable depth below the 
present surface. 

The argillites are cut by numerous dykes, one set . being older than the · 
mineralization of the region and genetically connected with tbe enclosing granitic 
rocks. These vary widely in character and include granitic, dioritic, quartz porphyr~, 
aplitic and pegmatitic . types. In addition to these, a second widely distributed set 
occurs, the members of whieh were in.truJed after the mineralization of the region. 
These are fine to medium grained ba1sic dykes Qften of a lamprophyric character. 
Thin sections from examples cutting Mammoth bluff showed laths and occasional 
phenocrysts of feldspar, mostly plagioclase, with abund~mt ·brown hornblende in long­
prisms and occasional plates of mica. Rounded irregularly bounded quartz grains, 

_possibly of foreign origin, are also present, and large calcite areas probably represent-
• ing original olivine are of frequent occurrence. A second type obtained from ·a dyke 
crossing the main tunnel of the Ridden Creek mine between the two ore bodies, con­
tained large olivine aiILd augite phenocrysts in a fine-grained hornblende-feldspar 
base and is classed as an olivine basalt. A third type, represented by a dyke crossing 
the Redwing, consists mainly of hornblende a1nd plagioclase and possesses a well 
marked ophitic structure. 

The later dykes may be connected with a basaltic flow which caps the bills south 
of Alice arm. They do not appear to affect in any way the ore bodies they cut. 

Workings.-A large amount of surface and underground work has been done on 
the Hidden Creek mine. The mineralized area is very large and was first outlined 
roughly by long trenches runnfo1g in various directions. Subsequently a working· 
tunnel was started below what is known as Cabin bluff at an elevation of 530 feet, 
and has been driven straight into the hill in a northwesterly direction for 950 feet. 
A drift to the left from the main tunnel, starting 85 feet from the face, has been 
carried in for a distance of 300 feet, and several shorter drifts from points along the· 
main t unnel serve to explore the ground bordering i t . 

Besides the main working tunnel and its branches, a number of shorter tunnels. 
have been driven at various heights into the iron-stained s.Jopes of Cabin and Mam­
moth bluffs. One of these, commencing in a depression at the foot of (Jabin bluff, is. 
connected by an upraise with the main tunnel. 

In addition to the numerous trenc-hes and tunnels, the mineralized area has been· 
further extensively explored with the diamond drill by the Granby Company, the 
present owners of the property. A number of long bore-holes, starting from various 
points alO'llig the main tunnel and from the surface, have been drilled and have yielded 
valuable information iTIJ regard to the general character of the deposit. · 

Size and General Character of the Deposits.-The minera.lized area, as shown by 
the various surface and underground workings, is of great extent although it has not 
as yet been fully defined, both ends being still U'nlmown. In shape it forms a r ight 
angle. The smaller arm, known as the £rst ore body, has a northeasterly strike ancI 
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<lips to the northwest. It has been traced from the main tunnel in a southwesterly 
<lirection for over 600 feet, the width averaging about 160 feet or including a siliceous 
band which borders it on the northwest, of nearly 200 feet. '.L'he longer arm holding 
the second ore body has been traced in a northwesterly direction for a distance of 
1,500 feet with an average width of about 4-00 feet. The deposit has been proved by 
a bore-hole to a depth of 514 feet below the main tunnel or approximately 900 feet 
below the surface outcrops on the hill. 

While only a portion of the large area described contains valuable minerals in 
sufficient quantities to constitute commercial ores, the original rocks are everywhere 
either completely altered into gTeenish or less commonly brownish micaceous schists 
.:ir replaced by quartz and iron and copper sulphides. The transition from the dark, 
slightly altered argillites which constitute the country rocks, to ore is usually fairly 
abrupt, often occurring in a few inches. 

A conspicuous feature of the deposit is the presence of a zone of whitish quartz 
•schists, practically strongly silicified argillites, traceable part way around it. This 
siliceous zone forms the rnorthwestern boundary of the douthwestern or smaller arm, 
crosses the deposit, then bending at ri ght angles continues to the rlorthwest as the 
northwestern boundary of the larger arm. It was not ohserved on the southwest 
border of the larger arm or the southeastern border of the smaller one. 

The rocks in the siliceo~s zone vary in the amount of silicification undergone. 
In most places they are nearly pure quartz schists, but occasionally the zone consists 
of alternating dark and white bands. The width of the zone ranges from 30 to 60 
feet and more. The dip where it skirts the smalleT arm and crosses the deposit is to 
the northwest, but af ter bending to the northwest the dip, as shown by the bore-holes, 
changes to the northeast. It thus forms the hanging wall of both arms. 

Mineralogy.-The metallic minerals present consist mainly of iron pyrite, some 
of it cupriferous, pyrrhotite, and subordinate quantities of cha~copyrite. A little 
bornite, evidently secondary, was found at one point. The principal non-metallic 
<'Onstituents are quartz, some calcite, a greenish micaceous schist, probably largely 
chloritic. some brownish micaceous schists, and occasionally some hornblende. 

Pyrite is the most abundant metallic mineral present. It usually occurs in a 
granular conditiO'Il., and in places near the surface breaks down into an iron sand. It 
is always associated with more or less quartz and laTge areas consist of pyrite grains 
:>eparated by a thin siliceous matrix. It also occur& in grains and small bunches dis­
tributed through the secondary schi.sts. Its distribution through the mineralized area 
is irregular, some portions containing only a small percentage, while others consist 
almost entirely of sulphides and quartz. The main tunnel, started some distance 
down the slope from the mineralized area to gain depth, passes through 380 feet of 
argillites, all ,:;omewhat altered and containing occasional grains and small bunches 
of pyrite, then through a pyritic zone 200 feet wide, becoming very siliceous towards 
the northwest border, then through a greenish schistose zone with some quartz and 
pyrite 24'0 feet wide, beyond which is a second pyritic area which continues to the end 
of the tunnel 120 feet. A drift to the left from .a point near th'e end of the tunnel 
running about north for 300 feet, shows the continuation of the pyritic a:i;ea for that 
distance, the breast being in granular sulphides mostly pyrite, embedded in a siliceous 
matrix. A drift to the left passes . through sulphides and quartz for 100 feet, then 
through greenish chloritic schists only slightly mineralized for 120 feet. 

The comparatively barren interval separating the two pyritic areas in the tunnel 
is not apparent on the surface, some of the ground overlyinli:" the lean portion being 
well mineralized with sulphides. 

Pyrrhotite, while much less abundant than pyrite, is common throughout the 
greater part of the mineralized area. It occurs intermingled with the pyrite and also 
forming comparatively large masses usually specked with chalcopyrite. 



46 GEOLOGICAL SURVEY 

2 GEORGE V., A. 1912" 

Chalcopyrite in grains. small aggregates of grains, and in thin layers usually 
accompanies the iron sulphides where the replacement is complete or nearly so, and 
also occurs in small quantities scattered through portions of the. schistose areas. The 
proportion present, while variable, is always small and in certain areas seems to be 
absent altogether. The chalcopyrite is associated so intimately with the iron sulphides 
that there is little doubt that both are the products of the same period of deposition. 

Bornite was found at one point, but only as a surface alteration mineral, and it 
does 'IlJOt occur so far .as known as a primary mineral of the deposit. 

Among the non-metallic minerals, quartz is the most prominent. A wide siliceous 
zone crosses and bounds portions of the mineralized area, and the large sulphide area:; 
are all more or less siliceous. Calcite occurs occr.sionally but is not pmminent. Por­
tions of the area i'IlJCluded in the mineralized zone on the accompanying map consist 
of greenish micaceous schists often highly silicP,ous. These carry siii;:nificant quanti­
ties of sulphides in some places and are nearly barren in others. 

Ores.-The iron sulphides in the Hidden Creek mine carry very low valu.es in 
the precious metals. Out of a number of samples assayed in the laboratory of the Mines 
Department one showed 0.02 ounce gold to the ton, one 1·65 ounce silver, and the 
rest only traces. The commercial value of the deposit must , therefore, depend mainly 
on the copper content. Chalcopyrite usu ally accompanies the iron sulphides, but in 
variable amounts. Some areas a.re 'IlJearly barren, while others contain sufficient quan­
tities to constitute a low grade oopper ore, that is ore carrying up to 3 per cent copper 
and over limited areas an even higher percentage. 

The most important body of commercial ore so far outline·d in the boring opera­
tions of the Company, occurs .southeast of the siliceous zone previously described as 
bordering the shorter arm of the deposit on the northwest and continuing along the 
larger arm. The siliceous zone is fringed by .a band of ore usually from 2-0 to 25 feet 
in width and already traced for a distance of nearly 1,400 feet. A vertical bore-hole 
from the main tunnel apparently proves it to a depth of 514 feet below that level and 
it extends to the surface above, a variable distance, depending on the contours of the 
country but probably aver.aging about 200 feet. The huge tonnage expected from this 
ore body will undoubtedly be greatly supplemented from other portions of the 
mineralized area. Workable ores are known to occur at a number of points, but the 
definition of their exten,t and quality awaits further exploration. 

Origin.-The mineralized area at the Hidden Creek mine oCCU'l"S in a larger pre­
dominantly argillaceous area surrounded and doubtless underlaid, although at a con­
siderable depth, by granitoid rocks, and cut by dykes and stocks belonging to the same 
period of igneous intrusion. The argillites were irregularly compressed and folded 
at the time of the invasion and the deposit probably occupies an area more than 
ordinarily crushed and fractured, although thi,s has been masked by subsequent altera­
tion and deposition and is not apparent. A wide, broken zone, rather than a single 
fissure, is conceived to have afforded th.e means by which heated siliceous waters carry­
ing iron and copper sulphides in solution ascended from the underlying batholith, 
altering the argillites in their upward passage and replacing them with silica and 
sulphides as the pressure and temperature conditions became less severe. 

An origin of this kind would ally the deposit genetically with the loosely defined 
contact metamorphic group, although the ordinary contact metamorphic minerals, 
including the iron oxides, were not observed, and are either absent altogether or present 
only in very small quantities. 

Deposits of the contact metamorphic group, that is, deposits situated on or near 
the contact of igneous masses with sedimentaries and formed by ore-bearing solutions, 
either aqueous or gaseous, emanating from the cooling intrusive, vary widely in 
character. Ordinarily they are described as bunchy, irregular masses, made up mostly 
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of iron oxides, and iron, copper, lead, and zinc sulphides, in a gangue of secondary 
silicates, mostly gar'!Jlet, epidote, augite, and tremolite. An eaxmination of numerous 
occurrtnces at various. points along the west coast indicates, however, that neith.er 
shape nor the presence of any or the majority of the compounds mentioned are essen­
tia.l features. The shape is dependent on the channel followed, and in a broken 
region perfect vein forms produced by the complete replacement of the country between 
parallel fissure are not uncommon. The constituents are also dependent on the char­
acter of the parent intrusive, on conditions ~f deposit, and possibly on the aqueous 
or gaseous character of the emanations, and gradations occur from masses of pure 
or nearly pure magnetite to others made up largely of tremolite and iron and copper 
sulphides, and in some instances of quartz and sulphides. The present clas,sification, 
based only on a broad genetic relationship, is far from satisfactory. The name of the 
group is also mislea'ding, as it included deposits far removed from actual contacts. 

Equiprnent.-Work on the Hidden Creek mine up to the present has been alto­
gether of an exploratory character, but plans for working and equipping it on a scale 
commensurate with its importance and for transportation of the ores to the beach are 
now being formulated. A smelter will probably be erected to treat the ores, but the 
site of this was not decided on at the time of my examination, or at least was not 
announced. The present equipment includes a power plant situated on Falls creek 
and operated by water furnished by that stream, and a compressor and diamond drill 
pla.11t. 

Bonanza (rroup. 

This group is situated about three-fourths of a mile up Bonanza creek, a small 
stream emptying into Goose bay about 2 miles below its mouth. Bonanza creek is 
a rapid stream about 20 feet wide, confined in a deep, narrow valley terminating 
below in a rock canyon 20 to 30 feet deep, excavated since the glacial period. 

The Bcm.anza group of claims, six in number, were the first claims staked in the 
district, and were explored to some extent by Mr. M. R. Rogers before the discovery 
of the Hidden Creek group. Very little work has been done on them in recent years. 

The general character of the deposit on which the claims are staked is similar to 
that of the Hidden Creek group. The country rock is a dark, somewhat altered, argillite 
cut by pegmatite and dioritic dykes, before it was mineralized, and by a later set of 
b&sic dykes after it was mineralized. The argillites are altered over a wide area iruto 
biotite 31!1d chloritic schists, some of it quite coarse, holding variable quantities of 
pyrite, ·pyrrhotite, and in places chalcopyrite. The sulphides are acuompanied by some 
quartz, but this mineral is much less abundant than in the Hidden Creek mine. The 
altered and mineralized area has a width of over 5'00 feet, and is opened up by short 
tunnels for a distance of 600 feet along its strike. 

The workings consist of 3 tunnels, one over a hundred feet in length, north of 
Bionanza creek, near the creek .Jevel, and two tunnels and some surface work on the 
south side. The most westerly of the tunnels north of the creek cuts 10 feet of granu­
lar pyritt near its mouth, beyond which are micaceous schists holding only a small 
percentage of sulphides. Little copper is IJil.'esent. A sample of the granular pyrite 
gave on assay Q.48 per oont copper. 1-25 ounce silver to the ton, and traces of gold. 
Some pyrrhotite holding specks of copper occurs in the middle tunnel. The east 
tunnel passes through micaceous schists sparingly mineralized with pyrite. . 

The two ·tunnels south of the creek expose schists holding pyrite in scattered 
grains and bunches, and occasionally some chalcopyrite. Some good looking chalco­
pyrite ore is exposed in a cut near the creek, but further exploration is needed to 
determine whether it occurs in workable quantities or not. 

The Bonanza ground looks favourable enough to warrant a diamond drill explora­
tion such as that in progress with such favourable results in )he Hidden Creek pro-
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perty. The ar" a of altered schists carrying iron and occasionally copper sulphides is 
very large and the present workings cover only a small portion of it. 

A large quartz vein, fully 10 feet wide in places, occurs on the North Star claim, 
one of the Bonanza ·group. It holds some pyrite and chalcopyrite. A sample assayed 
yielded only 0·48 per cent copper arud 0.20 ounce silver to the ton. A number of large 
quartz veins occu·r around Goose bay, most of which seem to be barren or nearly so. 

Redwing. 

The Redwing, staked in 1909 by Joseph McGrath, is s ituated about 2 miles up 
Glacier creek at an elevation of 1,820 feet above sea-level. Glacier creek is a short 
rapid stream issuing from a glacier which fills the upper part of its valley, and empty­
ing into Goose bay near its lower end. 

The country rock in the vicinity of the claim is an altered silicified greemto11e, 
passing in places into a schi st, lying between the argillites and the granite. Granite 
ocours a short distance to the south, and a wide dyke or spur crosses the valley at 
one point . 

The claim is staked oru a conspicuous oxidized zone in the greenstone running 
up the nor thern wall of the valley. The zone has a width of over 50 feet in places, 
contai'IJs some quartz stringers, and is· par.alleled on the east for some distance by a 
strong quartz lead. A basic dyke, made up largely of hornblende and fresh plagio­
clase and showing a diabase texture, crosses it at one point. 

The mineralization is similar to that of the other occurrences "l escribed, 
consisting of iron sulphides with some irregular y distributed chalcopyrite. The only 
development work done consists of a tunnel 25 feet long, driven iruto the face of :!'.he 
cliff near the centre of the oxidized zone. This passes through the basic dyke men­
tioned above, then through 6 feet of nearly solid iron with some copper sulphides, the 
latter in grains and fa ir sized bunches, then through mic>.ceous schists sparingly 
mineralized. Chalcopyrite occurs both in the tunnel and at other points in sufficient 
quantities to constitute a good copper ore, but m o·re development work is needed to 
prove quantity. Assays of the sulphides are stated to show some values in the preci­
ous metals. 

R ed Bluff Group. 

Looking up the wide valley of the Kitzault river from the head of Alice arm, a 
red patch shows prominently on the face of a mountain north of the river, distant 
about q miles. A number of claims have been staked on the red area and grouped 
together under the name of the Red Bluff group. 

A short visit to the showing was made in company with Mr. YoU'ng, one of the 
owners, but as little development work has been done, observation was limited to the 
general surface features. A rough trail leading up the valley of the Kitzau lt for some 
distance, then up a tributary stream from the north, has been brushed out to the fo ot 
of the red bluff. 

The rocks in the neighbourhood of the showing consist mostly of fine and medium­
textured, greenish, tufaceous sandstones alternating in places with bands of finer 
grained, dark argillaceous rocks. The tufaceous sandstones occur in wide, practically 
maSisive bands, showing little stratification. They are not much altered and cooisis.t 
mainly of rounded and angular feldspar grains, some quartz, and fragments of glass 
and volcanic rocks. 

The mineralized area is very large, fully a thousand feet in width, and traceable 
for ,a long distance up the steep slopes of the mountain. The rocks are fractured and 
the pyrite oxidized to a greater depth than usual, and no large mass of sulphides i:; 
exposed on the surface. Copper carbonates in . small quantities occur at a n.umber of 
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points, and a specimen con;;i sting mostly of white pyrite in a siliceous gang,ue con­
tai1IJJed small specfos Qf bornite. Some pyrargyrite in small grains was also found with 
pyrite in one exposure. This mineral does not occur, or at least has not been found, in 
the other large iron croppings of the di strict. A crust deposited by a spring bubbling 
up near the centre of the deposit was determined by Mr. R. A. A . Johnston as allo­
phane, a hydrous silicate of aluminium. 

The economic importance of this large pyritized area is uncertain. It contains 
some copper, and while the small amount of surface work which has been done has 
not exposed it in commercial quaintities, the prospects certainly warrant further 
exploration. The presence of the rich ;;ilver mineral pyrargyrite, even in small quan- · 
tities, is important. 

Quartz Veins. 

Aldebaran, Blaclv B ear, E .t c. 

Quartz veins rich in silver occur on a group of claims. including the Aldebaran 
and Black B ear, located three-fourths of a mile north of the head of Alice arm, on 
the lower slopes of the mountains bordering the valley on the west. They were 
.located in 1906, and the controlling interest is owned by Mr. Frank Roundy. 

The principal showing is on the Aldebaran and consis·ts of 6.tringers of quart2. 
cutting the argillites for a width .of about 6 feet. The central vein has a width of 
6-8 inche and a drift has been started Olll. :t. It is well mineralized, while the border-

• ing quartz stringers are nearly barren. The strike is northwesterly, and the dip to 
the outheast at an angle of 45 °. The minreral<> present consist of pyrargyrite or ruby 
sih·er in noticeable quantities, argentiferous galena, pyrite, chalcopyrite, and sphale­
rite. The vein, where exposed in the short tunnel, runs very high in silver, but has 
only been followed for a short distance. A small cut 100 feet from the tunnel in the 
direction of the lead shows a quartz vein 3 feet thick, and quartz also occurs in cuts 
250 and 350 feet distant. It is uncer tain if the small quartz veins in these cuts 
represent a continuation of th e rich vein at the t unnel or a.re different veins lying in 
the same fractured zone. They contain some values but are less highly mineralized, 
and no pyrargyrite was noted. 

M olybd!enite Group. 

These claims are si t uated north of Alice arm, about a mile east of t he contact 
of the argill aceou s series with the granite of the Coast r ange, anjl at an elevation 
of 1,100-1,400 feet above sea-level. The argillites are associated with some coarse 
feldspathic beds probably of tufaceous origin, and by pre-granite, altered, green ish 
dykes. 

The ;;bowing consists of a series of quartz veins and stringers following a fra c­
tured zone strikinig in a n or theasterly dir.ection and traceable for over 1,000 ·feet. 
The strike of the veins is paralle.1 to that of the zone as a rule, but occasionally they 
cross it ·diagonally. They vary in thickness from a few inches up to 4 feet. 

The quartz veins contain molybdenite S'Ometimes in considerable quantities, in 
scatter ed flakes, small bunches, and in lines parallel to the sides. Other minerals 
present in small quantities are iron pyrite, galena, and bl e11de. A 8trong qu•artz por­
phyry dyke which crosses the trend of the lead is slightly mineralized with molyb­
·denite and cut by sm all quartz stringers. 

A specimen of the molybdenite-bearing quartz assayed irn the laboratory of the 
D epartment of Mines, contained ~·60 per cent of molybdenum and traces of gold and 

26-4 
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silver. The owners state that fair gold values have been obtained from places along 
the lead. 

lV aterfront Claim. 

This claim is situated on the north side of Alice arm, about half a mile from 
its head. It contains a strong quartz lead about 6 feet thick which outcrops near 
the water level and is said to be traceable in a northwest direction across the claim. 
It contains grains of iron pyrite. galena, and sphalerite, but is only lightly mineral­
ized. Pyrargyrite is stated to have been obtained from it, but none was seen by the 
writer. 

A galena showing on a branch of Lime creek in the mountains south of Alice 
arm, and a large iron showing high up, west of Goose bay, were not examrned, as at 
the t ime of my visit (June 23-July 15) they were still buried in snow. 

~Maple Bay. 

Maple bay is a small indentation in the coast of Portland canal, situated due 
west from the head of Goose bay on Observatory inlet. The argillaceous 
rocks of Goose bay extend westward across the mountain range separating Observa­
tory inlet from Portland canal, and crop out .along the shores of the latter in a wide 
band in the vici'Illity of Maple bay. They become more altered in thBir extension west­
ward, and the dark argillites are represented by greyish and dark micaceous schists 
and the included greenstone bands, both .elastic and massive, by chloritic schists. 

The schists are cut in places by quartz veins, and one of these was mined on a 
colliliderable scale some years ago ·by the Brown Alaska Company. The vein worked 
is situated about a mile from the beach in a N.N·.E . direction, and at an elevation of 
980 feet abo·ve it. A road from the beach to the mine was constructed, a wharf built 
and a number of buildings, including bunkers, erected at the mine and wharf, and a 
compressor and boiler-house at the beach. All of these are 'IliOW rapidly going to ruin. 

The principal workings consist of a long tunnel measuring roughly 980 feet. The 
quartz vein was followed for 550 feet. It was then either 1ost or gave out, as little 
quartz waa noticed in the last 430 feet. The vein strikes a few degrees east of north 
and dips to the east at an angle of 45°. It consists mostly of qua.rtz with some 
enclosed schist, and ranges in width from 3 feet to about 12 feet. The principal 
metallic minerals noted are pyrrhotite, pyrite, and chalcopyrite. The· percentage of 
cha1copyrite v·aries, arrd only in places is present in sufficient quantities to constitute 
an ore. Small values in the precious metals are reported. 

Some stoping has been done and the ore shipped to a smelter on Prince of Wales 
island. The general tenor of the o·re was not learned. The mine has been idle for 
several years. 

II 

SALMON RIVER DISTRICT. 

INTRODUCTORY. 

A short description of the Salmon River mineral di strict was g-iven in .the Sum­
mary Report for 1910. During tl10 past season more time was spent in thf> district 
and the geology roughly outlined a!Ilid la.id down on a map compiled from the Boundary 
Survey maps and sketches made by ouraelves. The district is still difficult of access 
as no proper trails have been constructed, and except along the lower portion of thB 
river where horses can be used all supplies and outfit needed must be pack.;d in by 
men. 
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TOPOGRAPHY. 

Salmon river parallels Bear river on the north a'Il<l is separated from it by the 
long Bear River ridge. It is a short stream issuing from a large glacier, and after a 
course of 13 miles measured along the valley, empties. into Portland canal near its 
head. The main stream is entirely in Alaskan territory, the International Boundary 
line crossing. its valley near the lower ·end of the glacier. 

S rnth of the Salmon glacier, between it and Bear River ridge, is a broken ridgy 
tract of country, about ~ miles wide, drained by Cascade river, a tributary of the 
';;almon. Most of the mimieral occurrencea are situated along this belt. 

Cascade river heads in Long lake, plunges down a series of cascades through a 
recent rockcut channel into Silver lake, then continuing southward, joins the Salmon 
after a course. of about 5i miles measured along its valley. Its grade is exceptionally 
o,teep, averagi~ over 500 feet to the mile. It ha.s a width of from 20 to 50 feet, flows 

large volume of water, and if the pro:>pects now being investigated develop into 
iines, will doubtless be utilized at several points for power plants. 

A · l'anch to the northeast, separated from the main stream by Slate mountain, a 
10116 i e rising to an elevation of 4,000 feet, skirts the base of Bear River ridge 

9. P• close to Long lake and at about the same elevation. It is fed by streams 
.em tg from the snow and ice-covered .slopes of Bear River ridge, and near its 

i iuth is almost equal in size to the main stream . 
.! Long. lake, the source of Cascade river, is a narrow stretch of water about a mile 

nd a half in length, occupying a depression in a north and south trending valley 
')parating Mt. Dillsworth1 from Bear River ridge. Its elevation is approximatelyi 
,250 feet. The valley beyond it rises s1owly northward to a flat summit, then 

descends towards the Nass slope. 
The principal elevations of the district include : the long Bear River ridge, bound­

ing it on the east; Slate mountain, 4,000 feet high, between the two branches of Cas­
cade river; the Big Missouri ridge, 3,400 feet, between Cascade river and Salmon 
glacier, and Mt. Dil1sworth, a round, dome-shaped, completely snow-covered elevation, 
rising to an altitude of 5,600 feet between Long Lake valley and Salmon glacier. 
Skirting the southern base of Mt. J)iJl sworth is a narrow, broken, and hummocky belt 
sloping towards the Salmon glacier. Mt. Miter, so called by the miner,; on account of 
t s notched summit, is a conspicuous object in the view up Long Lake valley. It has 
' broad spreading base deeply buried in snow and ice from which a bare, seemingly 
.1most perpendicular, mass of rock shoots up to a height of over 8,000 feet. 

The glaciers of the district are a prominent feature. Salmon glacier, the source 
0£ Salmon river, has a iength of nearly 8 miles and occupies the summit of a through 
valley connecting the Salmon with the Nass. It is fed mainly by two bra:µches from 
the west, one joining it at the summit almost at right angles and from this the ice 
flows east and west down both slopes. Itd elevation at the summit is approximately 
3,000 feet and at its termination in the Salmon valley 480 feet, the lowest point 
reached by perennial ice in this portion of the Coast range. The Nass branch ends 
in a lake at a much higher elevation. A number of small glaciers descend from the 
large permanent snow field which crowns Mt. Dillsworth, and a. line of ice tongues 

··· p down the ,;;lopes ·of the Bear River ridge, none of them reaching the valley. The 
v.estern slopes of this ridge are less steep than those fronting on Bear river and 
American creek and large snow fields are more prominent. 

The general aspect of the Salmon River district above an elevation of 3,000 feet 
is exceedingly bleak and arctic looking. Long lalrn at the time of our visit, August 
2, was still covered with ice, and except on projecting rocky knobs and sunny slopes 
the preceding. winter'.s snow lay thick everywhere. Below an elevation of 3,000 feet, 

1 -K amed after one of the pioneer prospectors of the district. 
26~ 
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the valleys and mountain slopes are generally well' wooded, principally with large 
hemlock awd spruce of good quality. 

GEOLOGY. 

The formations represented in the Salmon River di.strict are the Bear River 
greenstones, the Nass argillites, and the granitic rocks of the Coa;;t Range batholith. 

The eastern edge of the Coast Range batholith on the western slope of Bear 
River ridge, and in the Salmon River valley, occurs on the Alaskani side of the Inter­
national Boundary and was not traced out. Following the boundary line, small 
granitic areas, some of which may be spurs from the main batholith, and large dykes, 
are crossed at intervals, but the predominarut rock is greenstone. On the west~rn side 
of the Salmon valley the eastern edge of the batholith trends to the north and cross~s 
the International Boundary near the lower end of Salmon glacier. It follows the 
glacier for 3 miles, to a point above the first feeder, then turns more to the west and 
passes beyond the district examined. 

A band of granitic and porphyritic rocks, roughly paralleling the main batholith 
at a distance of from 4 to 6 miles, c1,o•sses into the Salmon valley from the head of 
Goose creek, and ext~ds in a northwesterly directiolll across Long lake to the bas• 
of Mt. Dillsworth, then bending rr{ore to the west crosses Salnion glacier to a moun 
tain south of the main foeder at the summit. The width of the band is variable, iL 
places exceedi;rug half a mile and in others diminishing, to a few hundred feet. West 
of Long lake, it becomes very narrow and soon breaks up along its course into a 
series of large parallel dykes dipping to the southwest. 

The rocks in this band are usually. porphyritic and in places pass into typical 
quartz porphyries\ made up of quartz, and plagioclase feldspar phenocrysts, with some 
white mica ·embedded in a fine-grained, micro-crystalline base. In the main batho­
lith west of the Salmon glacier the prevalent variety, as shown in a couple of sections, 
is a coarse grano-diorite with hornblende often in well formed crystals as the princi­
pal dark mineral. The other essential constituents are plagioclase feldspar, quartz, 
and a li ttle orthQclase. 

B ear River Formation. 

Thi- is the most widely distributed formation in the Salmon River district. It 
occu·us bordering the granite a little to the ·southwest of the International Boundary, 
on the western slope of Bear River ridge and in the Salmon valley, and except where 
overlain by 1occasio;nal patches of the Nass ar.gillites and cut by granitic dykes and 
areas, underlies the region east of the Salmon glacie l' as far north as examined. 

The Bear River formation is predominantly a greenstone formation and repre­
sents the products of a long period of vulcanism. The rocks include fine, medium, 
and coarse volcanic breccias or agglomerates;, tuffs, bands, and areas of massive por­
phyrites, and occasional argillaceous bands. The fragmental rocks are often difficult 
to separate from the massive rocks in the fiel:d and even in thin sections. They are 
seldom distinctly bedded or banded, and often appear massive through sections 
hundreds of feet in thickness. The fragments are angular or subangular , consist 
mainly of feldspathic porphyritcs. and 011 fresh surfaces are often indistinguishable 
from the matrix, although plainly outlined where the rock is weathered. 

In the Salmon valley, the greenstones are usually sheared and pass into coarse 
greenish and greyish schists, the lines of schistosity being roughly parallel to the 
eastern edge of the Co-asit Range granitic batholith and dipping towards it at a high 
angle. The shearing is irregular, some areas being only slightly affected, and usually, 
but not invariably, increases in ip.tensity approaching the granite. 
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Nass Formation. 

The rocks of the Nass formation ovedie the Bear River greenstone. They occur 
c.n the northern part of Sla.te mountain and extend northeasterly in a comparatively 
narrow band west of Long lake to the eastern shoulder of Mt. Dillsworth. · A second 
area separated from the first by the erosion of the valley of the East Fork of Cascade 
river, is exposed east of Slate mountain in the western slopes of Bear River ridge. 
This a.rea is largely buried in snow a;nd ice and its upper contact with the greenstone 
was not seen. A third area, tentatively referred to the Naas .formation, occurs border­
ing the Coast Range gran itic rocks: west of t he Salmon glacier. 

The rocks of the Nass formation are mainly dark argillites, always more or less 
altered and in places cleaved into slates. On Slate mountain they are fine-grained 
aud very uniform in composition throughout. They rest on a massive-appearing, 
dark-coloured, volcanic breccia, below which are the greeni,:;h schistose fragmentals of 
the Bear River formation. On the western slope of Bear River ridge a;nd north of 
Long lake, the argillites are asso<Jiated with greenish and g.reyish be.ds and ba111ds of 
tufaceous sand.stone. The material in these consists mostly of angular quartz and 
feldspar g rains with fragments of s late and calcite. 

Ln the area west of the Salmon glacier they consist of h ard, siliceous, dark and 
striped slaty rocks resembling quartzites in p1aces. 

The N.ass argillites and associated granular and fragmental beds occupy the Long 
Lake depression , anrl ri se to the south in Slate mountain and the western slope of 
Bear River ri·dge. They have been folded in the mountain-making movements, and 
in places crushed into the underlying Bear River greenstones. The dips and strikes, 
while irregular, indicate a d'Ouble fold trending in a north-northwest direction. Th~ 

format.ion extends n orthw,ards beyond the district examined and its thickness was not 
ascertained. 

MINERALIZATION. 

The mineral occurrences of the Salmon River district occur altogether in the 
Bear River schistose greenst ones, and consist mostly of silicified zone;; often of great 
width, carrying varying qu antities of iron, lead, zinc, and copper sulphides. Fissuring 
occurs in connexion with some of the deposits, but few of them are bounded by sharp 
walls and in most cases the cessation of the mineralization is gradual. The mineral­
ized zones are really bands of country rock sometimes 50 feet in width, partially and 
in limited areas wholly replaced by silica and various sulphides. A few quartz veins 
occm' in addition to the replacement deposits, and in some instances carry high grade 
silver minerals. 

A large number of claims have been staked on the;;e miner alized zones, extend­
ing in an almost continuous line, often severa l t iers deep, from the International 
Boundary, up Cascade river, along the Big Missouri ridge, and the lower slopes of Mt. 
Dillsworth to near the summit of the Salmon glacier. While staking has been active 
the progress of development and exploration work has been very slow, this consisting 
only, with the exception of a couple of .short tunnels, of small open-cuts and cross 
t renches. None of the showings have been advanced beyond the stage of surface pros­
pects. This slow progi·e5s is due in large measure to the absen ce of tran.sportation 
facilities and the consequent extravagant cost of supplies. The building of trails has 
been delayed by the fact that while the showin,,,<rS are mostly on the Canadian side of 
the In ternational Boundary, the road to t he coast passes through Alaskan territory. 

PROSPECTS . 

The first camp reached ascending Cascade river is that of Bunting Bros. and 
Dillsworth, situated at an elevation of 1,050 feet on the eastern bank of the East Fo:rk 
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of Cascade river about a mile northeast of the International Boundary and 12 miles 
from Portland canal, following the Salmon valley. A joint stock company, undt-r 
the name of the Cascade Falls Mining Company, has recently taken over the five 
claims owned by this: syndicate. 

The principal showing occurs on Cascade Falls N o. 2 claim. and consists of a 
mineralized zone rtraversing the greenstone schists which form the country rock in 
SJl easterly direction. The schists for a width of over 30 feet are altered and strongly 
silici:fied and pyritized. In ,porti ons of the zone, galena is present in considerable 
quantities, associated with some zinc blen'de and occasional grains of chalcopyrite. A 
rough sample across 8 feet of the best mineralized portion of the lead assayed in th~ 
laboratory of the Department of Mines, yielded:-

·Gold .... . ...... . .... . 
Silver .... ." . . · ..... . . . . 
Lead ......... .. .... . (" . 

0.14 oz. per ton. 
7 .oo ozs. per ton. 
7·60 per cent. 

Ore of this grade could doubtless be mined at a profit in the district if present 
in quantity, but the extent to which it pensists either in depth or along the strike of 
the lead has not been demonstrated. The mineralization is irregular both across the 
l ead and along its strike, portions of the zone containing little or no galena, the 
p rincipal silver-bearing min.eral; and the present workings are limited to a shallow cut 
in the steep hillside across the lead and some surface stripping. The prospects are, 
however, considered favourable enough to justify a considerable expenditure for 
further , exploratory work. 

Salmon-Bear River Mining Company. 

This Comp.any owns seven claims situated a short distance east of the Bunting­
Dillsworth group, and about 1,000 feet higher up the western slope of Bear River 
ridge. One of them, Cascade Falls No. 4, contains a very wide showing. The schists 
are silicified, seamed in places with small irregular quartz seams, and impregnated 
with sulphides for a width of fully 75 feet. The sulphides are oxidized on the surface 
and the mmeralized zone is traceable up a steep hillside for a distance of about 200 
feet, beyond which it is conceale(l. 

The workings consist of a shallow cut across the greater portion of the zone near 
the base of the hill and a short tunnel higher up the sfope. These show the mineral­
ization to be very irregular, ;portions of the zone being entirely replaced by sulphides 
and quartz and others only slightly affected. Quartz and the iron sulphides are the 
only minerals which persist acr.oss the zone. Galena occurs in small veinlets, bunches, 
and scattered through areas an:d bands in. the zone, and some sphalerite and occasional 
grains of chalcopyrite are ali>o present. The galena areas carry fair values in lel'ld 
and silver and some gold, and the v.alue of the deposit depends OIIl their permanence. 
The present workings are, of course, wholly insufficient to determine this :point. 

The Pictou claim belO'Ilging to the same Company, situated about 1,000 feet 
northwest from the main showing, is crossed by a second, somewhat similar, but 
smaller zone, apparently following a strong diorite porphyry dyke. The schists for a 
width of 20 feet from the dyke, as shown in a small transverse cut, are silicified, 
heavily mineralized with pyrite and some galena, cut by numerous quartz stringers, 
and in places brecciated. A hundred feet to the northwest , a second cut exposes a 
similar zone on the opposite or southwest side of the dyke. The proportion of galena 
present in the cuts is small and its distribution i•s bunchy and irregular. 

The SimpsOII: claim in the same group, situated higher up the slope, contains an 
exposure of silicified schist cut by quartz stringers, s,ome of which carry small quan­
tities of native silver and chalcocite in addition to the ordinary pyrite and galena. 
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High assays in silver and some gold have been obtained from picked samples. The 
Jeitd is concealed except at a couple of points, and no attempt to tra,ce it out haa so 
far been made. 

Indian M irvi,ng Company. 

This Company owns four claims, situated at an elevation of about 2,400 feet, near 
the southern end of the Big Missouri ridge between Ca.scade river and the Salmon 
glacier. The principal showing occurs on Portland No. 2 claim, and some develop­
ment work was done on it in the season of 1910 by the Portland Salmon River Syndi­
cate, and is described in the Summary Report of the Survey for that year. During 
the past season a couple of men were engaged extending an ex;plo·ratory tunnel starteJ 
by the syndicate. 

The lead crosses di·agonally a wide dyke or lenticular dioritic stock very much 
altered, which intrudes the greenstone schists, and is better defined than most of the 
showings in the district. A cut across it near the summit of the ridge shows it to 
have a width here of nearly 20 feet, am.d exposes from 5 to 8 feet of nearly solid 
galena bordered by quartz and silicified and mineralized country rock. The galena 
mass has .been followed vertically for 20 feet, but apparently does not extend far along 
the strike. A second cut, 1·50 feet to the south-southeast, down a steep slope, shows 
little galena. The lead here consists mostly of altered and silicified country rock and 
carries average values in gold and silver of about $10 to the ton acrosa a width of 10 
feet. 

The tunnel no·w being driven starts 300 feet south-southeast of the galena show­
ing and will undercut it at a depth of 150 feet, as the surface falls ra;pidly in that 
direction. At the time of my visit the face was im. low grade ore, a S·ample assayed 
in the laboratory of the Department .of Mines yielding 0-11 ounce gold to the ton, 
1·10 ounce of silver, and 5·12' per cent lead. The extension of the tunnel is important,, 
as when completed it ought to furn:ish valuable information in regard to the general 
character of the deposits of the district. 

Some surface prospecting was in progress 'during the season on mineralized areas 
and zones on the Siwash and other claimsi on the Big Missouri ridge north of tlie 
Portland group, but no conclusive results were obtained. The Big Missouri daim.s 
and the thirty odd claims held and prospected to some extent in the season of 1910 
by the Golden Crown Mining Company were all idle, the bond on them held by that 
Company having been thrown up. The Martha Ellen and three other claims held 
under bond in 1910 by the Salmon Glacier Mining Company and situated farther to 
the north immediately above the Salmon glacier, were also idle although very satis­
factory results had been obtained from the small amount of surface prospecting done. 
A trench across a mineralized zone on the Martha Ellen, roughly sampled for 17 feet, 
y•ielded 0 .57 ounce gold to the ton, 3·76 ounces silver, and 4·64 per cent lead. The zone< 
hais a width of over 50 feet and the most highly mineralized portion is not included ill 
the .sampling, as a deep transverse pit filled with ice and water prevented access to it. 
Still farther to the north, between Mt. Dil!lsworth and the Salmon glacier, are the 
Fortynine and numerous other claims, all staked on oxidized zones and areas, but 
with little work! done on them. 

The Silver Flat, on a hill north of Silver lake, affords an example of a n '.1rrow 
lead confined between nearly vertical fissures . The lead has a width of from 21 to 3 
feet and consists of quartz and silicified country rock carrying some galena, chalcopy­
rite, sphalerite, and pyrite. Assiays of $21 to the ton in gold, silver, and lead are 
reported. 

SUMMARY. 

Characterizing the region generally it may be stated that it contaiM a large 
number of mim.eral deposits ranging in size from small stringers to wide zo:n,es and 
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irre.,"1llar lenses often 50 feet and more across, all traversing the more or less schi.stose 
mass•ive and fragmental greenstones of the Bear River formation. The deposits 
plainly follow lines of. fissuring and shear wnes in some instances, and probably do 
so in all caS€S. With the exception of some narrow quartz stringers they all belong 
to the replacement class, and in origin and the irregular an.d hazy outlines of some of 
the masses resemble contact metamorphic deposits, but the characteristic non-metallic 
minerals . which accompany these were seldom observed and are nowhere present in 
quantity. 

The gangue is invariably the mo.re or less completely silicified country rock, and 
the common metallic minerals are pyrite, occa·sionally pyrrhotite, galena, sphalerite, 
and chalcopyrite. Of these pyrite is much the most abundant, and in some cases is 
practically the only miner al present. In places it carries appreciable values in gold. 
A specimen of pyrite in a quartz gangue from Cascade Falls No. 2.yielded 0 ·24ou'll·ce 
of gold to the ton and much higher a;ssays are reported. Chalcopyrite was not observed 
in workable quantities. Galena is more abundant and usually carries silver values 
aver.aging about one ounce to the un.it of lead. The distribution of the galena in the 
silicified and pyritized zones and areas is usually irregular, some portions carrying a 
good percentage while others a.re entirely barren. 

Development work has been retarded by the lack of t r ansportation faci lities and 
con sists on ly of some surface cuts, trenches, and a few short tunnels. These in 
several instances have exposed bodies of ore carrying values in gold, silver, and lead 
of from $10 to $20 per ton. Development work h as n ot, however, proceeded far 
enough to show what persistence these ore bodies have either in strike or dip. The 
mineralizing solutions undoubtedly came from the underlying granite, an d there is 
no reason why the deposits should not descend to considerable depths, but whether 
in irregul ar unworkable bunches or in continuous pay shoots still remains to be proven. 

III 

PORTLAND CANAL DISTRICT. 

INTRODUCTORY. 

A description of the principal geological feature:; and a somewhat detai led 
account of .the mineral occurrences of the Portl and Canal dis\trict, by the writer. \Yere 
published iin the Summary R eport of the Survey for 1910. Further work was done in 
the district during the :past season, and with the aid of a topographi cal map prepared 
by Mr. Malloch, the formations were outlined more correctly than it was possible to 
do the preceding season. Some of the more important mineral deposits were also 
r<i-examined. 

0U'l'Llr"E OF GEOLOGY . 

The Portland Canal mining district covers a portion of the Coast range extend­
ing from the head of Portland canal up Bear river and is practicall y co-extensive with 
th e rugged region drained by that stream and its tributaries. The irregular eastern 
edge of the long granitic hatholith of the Coast r ange forms roughly its western 
boundaries. The batholit h is bordered on the east in this latitude by sedimentary 
and volcanic rocks which h ave been grouped into three main divisions and given the 
fellowing names :-

Bitter Creek formation .. 
B ear River formation . .. 

Nass formation . . . . . . . 

Principally argillites. 
Principally massiYe and fragmental 

volcanics. 
Argilli tes aod tufaceous sandstones. 
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Bitter Creelc Formation. 

The Bitter Creek formation, the oldest series, consists mostly of dark argill aceous 
r0cks cleaved into slates in places, but the principal partings in most cases follow the 
original bedding planes. They are usually more or less altered with a developmen.t 
of yellowish mica arranged parallel to the partings and in places pass into micaceous 
schists. The ordinary constituents are quartz, feldspar, and a dark carbonaceous dust. 
Zircon, pyrite, and secondary mica and quartz are also commonly present. 

The slates or shales in places have a striped agpearance, due to a rapid alterna­
t ion of dark, fine-grained a1igillite with lighter coloured and more feldspathic 
layers. Other rock varieties of occasional occurrence are green bands consisting 
mostly of broken feldspar crystals and quartz, with chlorite, calcite, and other .secondary 
minerals,-probably of tufaceous origin,-and beds and bands of greyish crystalline 
limestone. The proportion of limestone increases towards the east and on portions of 
t he Mt . Gladstone ridge forms an important part of the formation. 

The dip of the Bitter Creek argillite is gener1ally to the southwest or towards 
the granite, usuaJ.ly at a high angle, i:ru places reaching 90 degrees. No definite 
proof of faulting on a large scale or of overturns was obtained. This general uni­
formity of dip across the area covered by t he formation results in some uncertainty 
in regard to the reference of the series as a whole to a position subordinate to the 
Rear River greenstones, as on the western slopes of the Cambria range they appear 
to overli e the latter at a high angle. There is· little doubt that the western, and if the 
present dip is taken for a guide, t he upper portion of the Bitter Creek argillites are 
older than the Bear River volcanics which adjoin them, as they are cut at various 
points by the int rusive members of this group and interbandecl in places with sheets 
of porphyri te. Volcanic action. as evidenced by occa ional tufaceous bands, was in 
progress near by during the whole period of the accumulation of the Bitter Creek 
argillites, and it is quite possible that portions of the wide-spread volcanic seri es 
grouped together as the Bear Riv·er formation may be contemporaneous with, or even 
antedate them, in order of deposition. This point could not be satisfactorily deter­
mined in ·the small area studied. 

Bear River Formation. 

This complex volcanic g.roup has a wide but exceedingly irregular distribution. 
It occurs all along the Bear River ridge, spreads eastward across the group of moun­
tains between American creek and B ear river, then southward along the watershed 
l'anges beyond the area ex·amined, thus enclosing the Bitter Creek argillites 0111 three 
sides. The rocks represented in it ham a prevailingly green colour, and include por­
phyrites of various k inds, mostly of hyp-abyssal origin, tu:ffs, volcanic breccias and 
agglomerates, and occas ional argillaceous bands. Small areas in various parts of the 
district have been s·ilicified and altered into cherts. A strong schistosity approxi­
mately paralleling the eastern edge of the Coast Range batholith has developed in 
places, e;;pecially along American creek and in the Salmon River valley, but, as a 
rule, the r ocks h ave not yielded to crushing. The alteration they have undergone i.;; 
also very variable, ranging from specimens which have complctely lost their identity 
to others compar atively fresh. 

A marked featurn of the formation is the general absence, except in the ca.se of 
the argillite bands, not only of sharp but in most cases even of observable contacts, 
bet'>rnen the massive and fr agmental member,s of the group. The massive porphyrites 
in thin sections often show :flow stru'Cture, but appear to occur in irregular areas 
and either pass gradually in mm>t cases into the fra.gmentals, or the contacts were 
obscured by the compression, alteration, and mineralization resulting from the granitic 
invasion of the Coast Range batholith, and the bordering stocks and dykes. 

The fraigmentals consist largely of angular greenstone fragments usually less 
than an inch across but often of large size, indistinguishable in composition from the 
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massive porphyrites an.I enclosed in a massive or pyroclastic ma.trix. They show little 
bedding or banding and are often remarkably uniform in composition through sec­
tions thousands of feet in thickness. 

Massive porphyrites predominate in the southern portion of Bear River ridge. 
Going north and eaist the proportion of fragmentals increa.se, and along Upp er Bear 
river the bordering moUIIltains are largely built of them. 

The porphyrites .are greyish, medium-textured, comparatively 'deep-seated rocks. 
They usually occur in .a massive condition but in places have been sheared into coarse 
schists. A red variety, due to ·!J< development of red oxide of iron, is conspicuous in 
places. 

A number of thin section<>, studied and reported on by Mr. A. 0. Hayes, my 
assistant iin the field, show them to consist largely of plagioclase feldspar in two 
generations. In most of the sections examined the ferro-magnesian minerals are 
either absent .altogether or ;present only in small quantities, and the rock consists 
largely of phenocrysts of plagioclase scattered through a :fiin.e-grained base of the same 
mineral. In a few section;:; the dark minerals are present in sufficient quantities to 
class the rock ru; an .augite, and leS<> co=only a hornblende porphyrite. Grains of 
black iron ore, usually titaniferous, are present iin most of the sections, and apatite in 
small, well-formed crystals iB very abundant. The common secondary minerals are 
chlorite, calcite, epidote, leucoxene, and the red oxide of iron. 

The fragmentals occur ·as tuffs 1and volcanic brecciaB .and agglomerates. The tufEs 
are made up largely of feldspar crystals, often broken, quartz grains and minute rock 
fragments lying in a dark, fine-grained mat, and are often difficult to distinguish in 
the :field from the massive porphyrites. The breccias exhibit considerable diversity 
in char.acter arrd probably originated in different ways. They consist mainly of 
angu1ar po·rphyrite fragment:>, accompanied in places by slate, limestone, and rarely 
granite. The fragments vary in size from minute grains up to masses several feet 
across, but are often very 1lllliform in size over wide areas. The matrix in the 
specimens examined is altered and difficult to determine but appears to be massive 
in some instances, 1although mostly elastic, and occasionally the rock has the appear­
ance of having been crushed in place. The fra:grnents ar•e usually pressed closely 
together, but in some areas are widely separated and seem to have been thrown up and 
fallen back into a still liquid matrix. 

Occasional dark •argillaceous bands occur with both the massive and fragmental 
members of the Bear River volcanic group, apparently indicating that sedimentation 
occurred at intervals during the whole ;period of its accumulation. T·he bands are 
thin, seldom attaining a thickness of over 100 feet, and of little persistence. They 
have not been closely studied and it is possible that some of them may be built of 
fine tufaceous dust. 

N<J;Ss Form"ation. 

The rocks of the Nass formation overlie the Bear River volcanics in the moun­
tains on both sides of Bear River summit, on Slate mountain and other places in the 
Salmon valley, and along the eastern edge of the Coast range. They consist largely 
of dark argillites very similar in most .respects to those of the Bitter Creek form.ation, 
but less generally altered. They are seldom cleaved arrd in some sections might be 
classed as shales. Beds and thick bands of tu:ffs, tufaceous sandstones, and breccias 
occur with them in places but are of subordinate importance. 

In the mountains III.Orth of Bear River summit, the Nass argillites alternate near 
their base with heavy ba.nda of volcanic breccia similar to that occurring in the upper 
portion of the underlying Bear River formation. 

The attitude of the Nass argillites in the summit ranges is fl.at or nearly so, 
while along the eastern edge of the Coast range the inclination is easterly at angles 
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-0£ aJ:>out 45°, gr,adually diminishing to the east. In a previous paragraph the Bitter 
Creek argillites are o;tated to have prevailing westerly or northwesterly dips, thus 
giving the two formations the appearance of forming opposing limbs of .a wide sy:g.­
cline, separated by the Bear River volcanic area. They were not foUilld in juxtaposi­
tion, and the princi,pal reason for classing them as two series is that while the Nass 
argillites definitely overlie the Bear River volcanics, the Bitter Creek rocks ·are cut 
and intruded by them at variou1> points. The lithological character of the two forma­
tions also, while generally similar, exhibit some di:ffer.mces. Limestones occur i.n the 
Bitter Creek formation and the proportion of coarse fragmental rocks is much less 
than in the N•ass formation. 

No evidence as to the age of either the Bitter Creek or Nass formation was 
obtained, beyiond the fact that both are cut by the granite.;; of the Coast Range biatho­
lithic period rnrually assigned to late Jurassic or e_arly Cretaceous. 

lntrusiv·es. 

The intrusive rocks of the district i•nclude in order of age, areas of augite por­
phyrite; granitic, dioritic, and porphyi·itic stocks and dykei> belonging to thti period 
of the Coast Range batholithic invasion; and a later syatem of more generally basic 
dykes. 

Augite Porphyrites.-A large area of augite porphyrite, about 2 miles across, 
occurs at the head of Glacier creek, intruding the Bitter Creek 1argillites, and a smaller 
elongated ·area outcrop& along the upper part of Maude gulch. Other areas intruding 
both the Bitter Creek argillites and the Bear River volcanics occur on Bear river near 
the Canon and north of the Bitter Creek glacier. The rocks in these areas are similar 
to the augite porphyirites which occasionally develop in the Bear River formation, 
and probably belong to its dosing stages. They form distinct, easily traceable, masses 
where they intrude the argillites, but where theyi enter the greenstones of the Bear 
River formation, the boundaries become uncertain and in places they pass into breccias 
indistinguishahle from common varieties of the Bear River rocks. 

They usually occur in a massive condition, but on Bear river have been crushed 
m places itnto a schist. 

The ordinary variety consists of phenocryists of augite and plagioclase in 1a ba,se 
of small lath-shaped plagioclase crystals, frequently showing flow structure. Black 
iron ore and apatite are the principal accessory minerals. Hornblende occm's, but is 
evidently in most oases an alteratio;n product from the augite. Other :;;econdary 
minerals are calcite, chlorite, epidote, and occasionally quartz. 

S tocks and Dylces Genetically Connected with the Coast Range Batholith.-The 
district reported on lie& immediately east of the Coast , Range batholith, and satel-. 
litic stocks and apophyses from it in the form of dykes, often of large :.ize, every­
where itntrude the older rock. The petrology of these presents great variety and can 
only be briefiyi referred to here. In the stocks, the principal variety is usually a transi­
tion:aJ phase between the granites and diorites and is classed as a grano-diorite, or 
when porphyritic, as a grano-diorite porphyiry. The ordinary constituents are plagio­
clase feldspar, usually some orthoclase, quartz, biotite, and occasionally hornblende. 
In •a few instances the stocks become very basic, augite develops in quantity •and the 
rock passes into a gabbro. Very acid phases occur in a wide band which extends from 
Mt. Dickie northwesterly across the district into the Salmon valley. Typical quartz 
porphyrieil •are comm·on anid specimens from exposures on Goose creek con&ist mainly 
of quartz in two generations with some orthoclase. 

The dykes of this period are very numerous and less variable in charact~r on the 
whole than the stocks. Ordinarily they are light greyish, medium-textured feldspathic 
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rocks, usually onay feebly porphyritic in hand specimens. In thin sections the por­
phyritic structure is more pronoun C'ed and they ai'e classed as diorite porphyri es. The 
minerals present consist of plagioclase, with biotite, hornblende, and augite either 
separntely or together, and frequently a small quantify of interstitial quartz. Dark 
iron and sphene are common accessories. 

Acid dyke;; ranging from granite to quartz '{>Orphyry occur occasionally but are 
less numerous than the more basic type. No pegmatite dykes common along other 
portions of the Coast. range were observed. 

Later Dylces.-The latest intrusives in the district consist of a wide-spread system 
of brownish weathering dykes. These <mt all the older rocks and also some of the 
veins and mineral d>eposit s of the district. They are sharply discriminated in this 
respect from the older dykes as the latter were initruded before the region was 
mineralized. 

They are dark coloured, more basic on the whole, and somewhat finer grained 
than the older set but are closely related to them mineralogically, and in thin sections 
appear very similar. A study of a number of -section!S by Mr. Hayes led him to class 
them as diorite porphyries. The principal constituents, as in the older set, are plagio­
clase with varying quantities of biotite, hor.nblende, and augite. 

MINERAL DEPOSITS. 

The mineral deposits of the Portland Canal district occur mostly in the Bitter 
Creek argillaceous and Bea.r River volcanic formations, but are no.t restricted to these 
two series, as fissuring accompanied with minerali:mtion occurs in the Nass argillite , 
in the gra;no-diorite stocks, and to a greater extent in the augite porphyrite areas, 
especially the one .at the head of Glacier creek. The whole region in fact, at the close 
or shortly after the termination of the Coast Range granitic invasion, seems to have 
been crushed, fissu·recl, and penetrated at innumerable points ·by mineral bearing solu­
tions from the dying batholith. The resulting mineral deposits, while remarkable from 
their great number and wide distribution, ar e in the majority of cases bunchy and 
uncertain, and eveTIJ where of cons·iderable size only occasionally contain valuable 
minerals in sufficient quantities to make extraction profitable. 

The deposits are classified generally as replacement deposits and veins, usually 
quartz veins. The two groups are not, however, except in extreme cases, sharply dis­
criminated and examples occur which might be referred to either. Replacemenit often 
plays a.n: important role in the formation of the veins, and fissuring and silicification 
in that of the replacement deposits. 

The replacement depo.s~ts are especially abundant in the green13tones of the Bear 
:River formations. Red patches and areas due to the oxidation of the iron sulphides 
are numerous and conspicuous along the bm·e slopes of Bear River ridge, in the moun­
tains bordering Upper Bear river, and illl those lying between Bear river and American 
creek. The shapes of the reddened areas are very variable. In places they are long 
n arrow lenses, sometimes bordered by fissures and resembling veins, but usually the 
outlines are blunt, irregular, and defined on:ly by the gradual C'essat ion of the mineral­
ization. They are often of large size, occasionally a hundred feet or more across. 

The minerals present are mainly p:vrite, p:vrrhotite, and quartz. with, in places, 
s11bordinate and uncertain quantiti es of chalcopyrite, galena, and blende. Some cal­
cite is usually present and barite and garnet illl disseminated gra.ins occur in places 
but are not common. 

The replacement, except in limited areas, is seldom complete and the metallic 
minerals occur as a rule in grains and bunches scattered through the .altered and 
partially. silicified country. Small quartz veins, usually barren1 cross some of the 
mineralized areas. 
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· The valuable metals present are copper arud lead with usually some silver and gold. 
A large number of the deposits of this class have been roughly prospected, mostly 

with surface cuts, cross trenches or short tunnels, but so far with little success. A 
body of commercial ore has been developed on the Red Cliff and a few others exammed 
are worth further exploration. but in most cases the quantity of the valu able minerals 
present h as proved too small and their distribution too bunchy and erratic for suc­
cessful exploitation. 

Veins and fissured zones, with quartz as the principal filling, are uommon through­
-0ut the area oovered by the Bitter Creek argillites and occur occasionally in the grano­
diorites .and Bear River volcanics, and more frequently in the augite porphyrite areas, 
especially the one at the head of Glacier creek. The strike of the veins in the argil-
1ites is usually northerly or DJOrthwesterlY', roughly parallel to the edg0 of the granitic 
batholith on the west. and the dips are westerly or towards it. I n the massive rocks 
the strikes are more variable, occasionally trending east and west . 

The quartz veins occur singly and in groups following shear zones . The principal 
·zone in the argillites is that on which the Portlan·d Canal mine is situated and may 
be called the Portland Canal fissure zone. This is clearly traceable from the Jumbo 
and Ben Bolt claims, s ituat ed near the head of the South Fork of Glacier creek, 
northwesterly to the Portland Canal mine, a distance of over 2 miles. B eyomd this 
point the surface drops down into the deep valley of Glacier creek and exposures for 
some distance are infrequent. Occa.;;ional quartz outcrops, however, occur at intervals 
in the same strike, and there is little doubt that the zone comtinues across the valley. 
North of the valley the outcrops increase in number and the ZJOIJJe is easily traceable 
through a number of properties to the Sunbeam claim, a total distance from the 
Jumbo of over 4 miles.. 

The zone Taries greatly in width and general character along it s cou rs·e. At the 
Jumbo it con si.;;ts 1of a mass of crushed and brecciated s1ates over a hun.dred feet in 
width, silicified in places, and <'rclosing numerous small quartz stringer and kidneys 
but no large persiSJten t quartz vein. Farther to the north, in the steep slopes ri sing 
np from the South F ork of Glaf' ier creek. the quartz occurs mostly in a central band 
1.tsually from 6 to 20 feet ion width, bordered on both 1sides by crushed and partially 
silicified slates. Descending into the deep valley of Glacier creek, quartz outcrops 
occur over a width of fully 800 feet. The country here is mostly concealed anid: the 
Yeins lrnYe not been traced ont. At the Ste,T:nt mine. half a mile north of Glacier 
creek, the zone has a width of 400 feet and contains four ma,in quartz veins, the 
l argest 2'7 feet wide. At t he Sunbeam claim, near i ts northern termination, only one 
1arge vein is exposed. 

While the general zone of fissuring and ' ilicification appears to be continuous 
from the Jumbo to the Sunbeam, and is m arked throughout its course by quartz 
croppings, tlie individual quar tz leads contained in it have a more limited range. 
They die ou t when traced along the zone and are replaced by others at a different 
l1orizon. Some of them have considerable persistence, being traceable through several 
cla ims. "·b ile ntber" ::ire qu ite short. 

The metallic minerals in the zone consi::;t of pyrite, galena, and blerude, with 
occa ionally a little chalcopyrite, ,and in places some native 6ilver. Concentrations 
of these minerals into ore bodies· of various sizes occur at a number of points along 
thB zone and are described in connexion with the mines. 

Quartz veins, 15-0me of lal'ge size, occur in the argillites soutli of tlie Bromley 
glacier, and smaller ones in other parts of the district, but so far no important ore 
bodies h ave been found in them. 

The veins in the Bear River volcanics in the argillaceous bands associated with 
them and in the augite porphyrite areas, are smaller as a rule tlian those in the main 
argilli t e area. Quartz is the principal g:mgue. but in places calcite, and less com­
monl y, barite and siderite are present in considerable quantities. 
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Some of the veins cutting the augite porphyry area on the Middle Fork of 
Glacier creek contain small ore shoots running high in silver. The metallic minerals 
present a.re argentiferous galena, pyrite, tetrahedrite, tenna.ntite, and blende. A con.­
sidera!ble amoUlll.t of exploratory work was done on these veins in 191D and some high 
grade silver ore was mined .and shipped, but the shoots encountered proved to have 
little persistence. 

Free gold is reported from some of the quartz veins of the district; none was seen 
by the writer, and, if preserut, its distribution must be very limited. 

MINING PROGRESS. 

The boom years of 1909 and 1910 in the Portland Canal district when any 
prospect, no matter how small, commanded a price, has been followed by the inevi­
table reaction, !llnd during the past season work was in progress on oruly a few of the 
numerous ;properties in the camp. The wide-spread character of the mineralization 
of the district, and the numerous orE> crop.pings encountered everywhere, raised ho.pes 
which have only been very partially realized. As development work advanced it 
became evident that in the majority of cases the deposits were either too low grade or 
the valuable minerals were concentrated in too small bunches a.n:d len.sea to. be sue.. 
cessfully worked. In a few instances, especially along the Portland Canal fis s.ure 
zone, ore bodies of considerable size and persistence have been opened up. Steady 
development has been carried on, on these, with fairly satisfactory, but atill not con· 
elusive, results. Tlie ore bodies· enclosed in a wide shear zone are difficult to follow, 
and the cost of finding and following them has proved ·a more serious handicap than 
was !anticipated as the grade of the ore is DJot high. 

The future of the camp does not, of course, depend entirely on these aia in the 
slump. Work has largely stopped no.t only on the poorer prospects, but on some with 
f.air chances of success, and numerous showings have not been explored in arny way. 
It will be difficult, however, to interest capital in their development until one or more 
of the prospects now being operated proves aible to yield returns on the amounts 
already expended. 

MINES AND PROSPECTS. 

A large amount of work was done during the season on the long Portland Canal 
fissure zone, principally by : the P acific Coast Exploration Company on the Jumbo and 
Ben Bolt; the Portland Canal Mining Company on the Lucky Seven and Little Joe, 
and the Stewart Mining Company ! on the George E . The Portland Canal mine has 
r eached the producing stage, and shipments of concentrates aggregating over 1,00'0 
tons have already been made. The other mines were engaged in exploratory work. 

Jumbo and B en Bolt. 

The Jumbo aind Ben Bolt are being opened up by the Pacific Coast Exploration 
Company, under the direction of Mr. Curran. They are situated south of Glacier 
creek, 4 miles from Bear river, following the valley of Glacier Cl'eek and at an eleva­
t ion of about 2,500 feet above sea-level. A trail from Bear r iver up Glacier creek and 
its south br·anoh has been; ibuilt to the mine. 

The claims are staked on the southern end of the expooed portion of the Portlan d 
Canal fissure zone, its further course, if any, to the southeast being concealed by 
drift. The zone ·at this point, while traversing the Bitter Creek argillites, skirts 
closely the southern edge of a massive augite porphyrite area and is intruded by 
apophyses from it. · 
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The fissure zone in the Jumbo and Ben Bolt claims isi e:\.-posed in a series of con­
spicuous silicified slate cliffs stained with iron, traceable for fully 2,000 feet. The 
width of the zone is not exactly known, but must irri. places exceed 100 feet. It is made 
up of silicified brecciated and crushed slates holding numerous small stringers and 
lense;i of quartz, but contains no large persistent quartz veini such as crosses the 
Chicago claim on the same zone farther to the north. 

The dip is to the west at an angle of about 30°, and the silicified zone has been 
explored at four points in a distanoo of 870 feet by cross-cuts starting in the exposed 
eastern face and driven: into it for varying distances. 

The principal wo.rkingo are :at what is known as No. 1 or the shaft cross-cut. At 
this point a zone of good ore about 5 feet thick is exposed at the surface. This has 
been followed by a · drift i:n a southerly direction for ,a distance of 165 feet. The ore 
shoot is continuous along the first 80 feet , beyond which the sulphidea occur only in 
sea ttered graiD.8'. 

Other workingo here ·consist of .a shaft about 25 feet deep, sunk at the portal of 
the drift, and a short cross-cut to the west :from it to reach the extension of the ore 
shoot exposed in the upper level. This was soon encou:rutered, and ·at a distance of 38 
feet from the foot of the shaft drifts have been run along it in both directions. The 
drift to the northwest exposes ore for a distance of 35 feet and the one to the south­
east for 20 feet. Both drifts· h atVe been continued beyond the ore into waste. The 
ore shoot is poo.rly defined an'd difficult t o follow, and the workings are as yet insuffi­
cient to show whether its limits are reached i111 the drifts or a change in the direction 
of the shoot carries it awayi from th.mi. 

The ore shoot exposed jn these workings has a minimum length of 104 feet, and a 
proved extension along its dip of 50 feet. It has not been followed below the drifts from­
N o. 1 cross-cut. Its width is variiruble, ranging from a few inches to 10 feet or more. 
It conisists of iron pyrite, with smaller quantities of galena, sphalerite, and occasion­
ally i;;ome chalcopyrite, scattered more or less densely in grains and bunches through 
a gangue of quartz or crushed and silicified slate. The limits of the ore zone ia re not 
marked by fissures and are defined only by a gradual, in places somewhat abrupt, 
diminution in the quantity of sulphides presenit. A diorite .porphyry dyke follows 
the ore in the upper level, and a similar, probaibly the ·same dyke, i s cut into in the 
lower level in a short extensioni of the cross-cut beyond the drifts. The dyke is 
altered and silicified in places and is referred to the older pre-mineralization series. 
The dykes of this ,series occur at several points in the district either adjoining or 
close to ore zone~ but their genetic connexion, if any. is· probably limited to Sthattering 
the slates and so forming a channel for the ore soluti001. 

The ore art; the Jumbo usually carries· values· of from $10 to $15 in gold, silver, 
and lead. The following assays are furnished by the man agement:-

______ ,_"'":_ ~=-1~~!-~::_1~::_ 
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No. 2 cross-cut, situated 265 feet DJOrthwesterly along the fissure zone from No. 1, 
has been driven m for a distance of 120 feet without encountering any considerable 
body of ore. It starts above the base of the zorie, and an ore horizon may still be found 
in the lower unexplored portion. No. 2· cross-cut, 223 feet northwesterly from No. 2, 
penetrates 99 feet of silicified slates, then a wide diorite porphyry dyke dipping to 
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the west, beJ'Ond which there is a small development of ore not yet followed up . No. 
4 er s;;-cut is situ•a t :d 380 feet in a southeasterly direction fr om N o. 1. and, when 
visited, was in 50 feet without reJJ.ching ore. 

The workings at the Jumbqj and Ben Bolt have been planned on the assumption 
that the ore body encountered in No. 1 c110ss-cut continues north and south along the 
sili ~i £ ed zone which crosses the claims. While it cannot be said that this view is 
entire'y disproved by the negat ive results of the still incomplete work on the three 
ex plor at or : cross-cuts, it is more likely that ore will \'e found in separ ate sh o.ots along 
the zone and probably at different horizons in it. 

Olifraoo. Eos .. 1 and B. 

These claims are si tuated north of the Jumbo and Ben Bolt, on the same fissure 
zone.· The zone is more contracted, exposures at intervals showing a quartz lead with 
inc1 uded slate from 10 t o 20 feet in thickness. Very litt le explora tory work ha:; been 
don e on the claim. An ore bod5· outcrops on Chicago No. 2 and t he extent of this 
is now being investigated. 

Portland Canal JJ1.ining Company. 

A description of the Portland Oanal mine, ores, ore bodie~, and equipment is 
given in the Summary Report of the Survey for 191-0, and need n ot be repeated here. 
During the year , exploratory work, under the direction of Mr. W. J. E lmendorf, has 
been pushed steadily ahead with varying res1u.1 ts and there has been a considerable 
extraction of ore to feed the mill. 

The fissure zone, where it crosses the property operated by this Company, out­
crops on th" hillside sloping down to Glacier creek, and is opened up by three main 
tunnels known as Nos. 1, 2, and 3, at elevations of 2,505 ·06 feet, 2,464 -47 feet, and 
2,410 -46, r espectively. No. 3 twnnel, the lowest level, has been driven in for a dis­
tance following the curves of 750 feet. Ore was encountered •at 410 feet and followed 
for 6'0 feet, when i t ·either pinched or was lost. N10. 2 tunnel has a length of 480 feet. 
An ore body was reached at 60 feet and followed for 160 feet, beyond which the drift 
enters ailld cuts a diorite dyke for 100 feet. A second important ore bodY' was then 
found, practically resting on the dyke, ·which continued for 120 f~t . Thi.> ore body 
extends· downwards along t he dip towards No. 3 level and has been partiall y stoped 
out, but so far h as not been found on t hat level. It also probably continues upwards 
to the surface, as cuts i111 the fissure 1zone in t he direction in which it ought to out­
crop show .aimilar ore. No. 1 tunnel, the upper level, ha~ a length of 180 feet and fol­
lows ore for the fo~st 100 feet. 

The net result of the operations up to the present has been to expose two main 
ore bodies which ma.y ;possibly be found to connect with each other as exploration 
proc~eds . The first ore body has a width on the upper level of approximately 10'0 feet, 
widens to 160 feet on the second level, arnd nal'Tows to 60 feet on the third. I t has 
not been followed below this level. This ore body h as been m o.stl:v stoped out between 
the first level and the surface, and partially between the first and second levels . Below 
the second level 'it is less regular and its outlines have not been aatisfactorily deter­
mined. It has a proved le1igth. following· the dip from the srurface to the lower level, 
of 240 feet. The second ore body, 120 feet in width. is known only in the extension 
of t he second lev·el beyond the first. It probably, as stated before, continues to the 
surface, a di stance of 150 f eet, and thiB ground is now being examined. The surface 
cuts show ore for some distance south of the m1de1111:round workings and a con<::ider­
able exte:nsion of the ore shoots in th at di rection is probable. 
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A large diorite porphyry dyke, first encountered in the second level, 230 feet from 
the portal, has added. to the difficulties of exploration. The dyke striking and dipping 
in the same general direction as the ore zone, outcrops on the surface some distance 
below it. Its dip at the surface is somewhat less than that of the ore zone, and it 
gradually approached it, joining and underlying it at the second level. In the third 
level the dip has increased and it probably soon after bends beneath the ore zone. 
The dyke is comparatively fresh in some places, an'd in others so bad.ly altered an:d 
silicified that it is difficult to distinguish from the ordinary siliceous gangue of the 
mine. It was evidently intruded before the formation of the ore bodies and shared 
in the mineralization. Similar dykes are common in the neighbourhood and through· 
out the diSltrict, and its presence in the ore zone does not appear to .have any special 
significance. 

The Portland Canal ores, which file mainly iron, lead, and zinc sulphides in a 
siliceous gangue, carryiing values of from $11 to $12 per ton in gold, silver and lead, 
are crushed, concentrated and separated before shipment in a mill situated ow Glacier 
creek, and operated by water-power furnished by that stream. During the year the 
nominal capacity of the mill was incre·ased ·from 50 to 75 tons per day, and a num­
ber of improvements made. These include a larger Sturtevant crusher, an improved 
system of water classification, and the addition of 6 Wilfley tables. In the latter 
part of the season the mill was running at its full capacity and giving excellent 
results. 

The Stewart Mining C'ompany. 

The Portland Canal fissure zone between the Portland Canal and Stewart mines, 
a distance of 1·2 miles, is known to contain a number of ore bodies, some small and 
others still unproved. The O.K., Portland Wonder, and Lulu, owned by the Glacier 
Creek Mining C-0mpany, all show ore, but the desultory d.evelopment work so far done 
has not proved the existence of any large shoot. 

The George E. claim, one of the group owned by the Stewart Mining Company, 
is traversed by four 1approximately parallel quartz leads all opened up for varying 
distances.1 During the year the principal development work carried out consisted in 
driving a tunnel 570 feet in length, along No. 4 vein, the most westerly of the series. 
A diorite dyke overlies the vein or line of fissuring on the west, dipping and striking 
iu the same general direction. Ore occurs at the mouth of the tunnel and was again 
encountered in a short cross.cut to the west, 120 feet from the portal. The ore here 
has a width on the tunnel level of 14 inches, but widens to 3 feet at the bottom of a 
winze, 50 feet long, sunk on it. It directly underlies the dyke, both dipping to the 
west at an angle of 48°. The ore shoot appears to curve across the drift a few feet 
beyond the winze, and little ore occurs along the further course of the tunnel u~1til 
a point 540 feet from the portal is reached. Here a short cross-cut to the left cut a 
body of ore nearly 6 feet in width, striking a few degrees west of north. 'This ore 
shoot dips under the continuation of the dyke, which directly overlies the ore ·a t the 
winze, but is separated from it by 15 feet of argillites. It has been drifte·d on for 37 
feet north from the cross-cut but its full length i;; not yet known. 

This is the largest ore b-Ody so far found in the somewhat extensive Stewart work· 
ings, anJ. work is now in progress to determine its full extent. The ore is similar 
to that at the Portland Canal and Jumbo mines, consisting of iron, lead, ,and zinc 
sulphides in a quartz or siliceous slate matrix. Assays, by the management, of 
samples taken across the full width of the shoot along the cross-cut, gave the follow­
ing values:-

1 Described in Summary Report, 1910, p. 77. 
26-5 
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The Portland Canal fissure zone, north of the Stewart mine, traverses the George 
E 0 Ben Hur, and Sunbeam claims., and possibly continues to the Main Reef. An 
ore body 4 feet wide is exposed in an open-cut on the Sunbeam but has not been fol­
lowed up. An •assay of a general sample of the sulphide ore obtained from Mr. W. J. 
Elmendorf, showed gold, 0·20 ounce; silver, 5·8 oun.ce;;; lead, 7.41 per cent. 

Redcliff Mine. 

The Redcliff ore body and the workings up to September, 1910, are described in 
the Summary Report of the Survey for that year. The Redcliff i<;i the prineipal mine 
so far developed in the Bear River formation. The country rock is a greenish felds­
pathic porphyrite, crushed in places into a schist and fractured irregularly, the £s­
sures striking in different directions and dipping ·at nraC'tica llv all angles. Some of 
them show movement, but there is no evidenee of extensive faulting. The ore occurs 
in irregblar bodies and consists of pyrite, pyrrhotite, chalcopyrite, and some blende, 
and occasionally a little galena in a matrix made up of quartz and the silicified and 
altered country. 

The ore body developed outcrops on a steep, bare hillside, west of Lydden creek, 
at an elevation of 100 feet above it, and about 1,000 feet above sea-level. A tunnel 
along it at an elevation of 950 feet shows it to have a length at that level of 75 feet 
and a width of from 5 to 17 feet. On the surface it has a length of 120 feet. 

A tunnel about 1,400 feet in length intended to undercut the ore body at a depth 
of .260 feet wrus completed during the year, and connected by an upraise with the upper 
workings. The raise is in two sections, connected by a short drift 65 feet below the 
upper workings, known as the intermediate level. The £rst section follows a steep, 
well-de£ned £ssure, bordered in places by bunches of ore. The second section is 
nearly vertical and reaches the ore body exposed in the upper working<; about 40 feet 
beneath it. A number of expkiratory drifts branching frnm the lower and intermedi­
ate levels have been run in v.arious directions, some following £ssures and others 
directly through the country. The results of this work have been disappointing on 
the whole, as while ore has been found at ·a. number of points, none of the occurrences 
have much persistence · as workable masses. The main ore body exposed on the sur­
face and cut in the upper- level has a downward extension, as shown in the rai.se, of 
40 feet below that level, but so far has not been definitely proved to descend as a 
continuous mass to the lower levels as was expected. Above the upper level, it extends 
to the sloping surface, a · distance of 100 feet at the highest cropping. 

An a;;sayi of a general sample of an occurrence of ore in the intermediate level 
showed : gold, 0.13 ounce per ton; silver, 2·00 ounces per ton; copper , 4.g9 per cent. 

Other exploratoryi work in progre;;s includes the extension of the upper level to 
undercut an ore body 100 feet long and from 4 to 6 feet wide which outerops on the 
hillside above that opened up; only negativ~ results had been obtained at the time of 
my examination. 

A power plant was added to the equipment of the Redcliff mine during the year, 
and water-power obtained from Lyddein creek has been substituted for steam to oper­
atP. the comnres.c:or plant and furnish other power needed. The Portland Can·al Short 
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Line railway was completed to the mine late in the season, and ore bunkers were 
erected. The bunkers have a capacity of 700 tons and are connected with the mouth 
of the lower tunn:el by a gravity tram 800 feet in length. 

None of the numerollil prospects on the west side of American creek above the 
Redcli:ff were worked during the season, the Big Casino, Redcli:ff extension, and Moun· 
tain Boy being all idie. On the east side work was commenced on a small galena 
showing. on the Glenora claim owned by the Northern Terminus Mines Company. 
The country rock in the vicinity includes both the massive and fragmental varieties 
of t he Bear River greenstones. The workings at the time of my visit consisted of a. 
pit 8 feet deep, sunk on the ·deposit. This exposed a diabase dyke, 2 feet wide, 
dipping to the east at an angle of 45°. Resting on the dyke is a seam of nearly clean 
galena with some blende, 8 inches in thickness: A second vein from 3 to 6 inches 
wide underEea the dyke and is followed at one point by 3 feet of silici:fied, altered 
country containing some galena. The veins have only been uncovered for 15 feet. 
The ore runs high in silver, a sample collected showing 146·59 ounces per ton. 

Oru Bear river above Amtlrican creek, work was continued on the Ruby claim 
owned by the Portland Bear River Mining; Company. A quartz vein traversing a 
band of slate enclosed in the Bear River greenstones, here mostly coarse fragmentals, 
occurs on the claim. The workings consist of a drift 150 feet along the 
lead. The vein striking1 to. the north and dipping steeply to the west 
was followed for 12-0 feet. It is also exposed for a short dis taruce in cuts 1south of the 
portal of the drift. The width varies from a few inches up to 2 feet. The quartz 
contains numerous slate fragments and is <>tained yellow in places from iron. Pyrite 
in small scattered grains is the principal metallic mineral .present. The surface 
croppings of this vein are reported to have shown free gold . A general sample of the 
vein mater ial on the clump gave on ass•ay: gold, 0·25 oun ce, and silver, 12 ·60 ounces 
per ton. 

Near the head of Bear river some prospecting was done on the Copper King and 
Queen, staked by William George and Frank Strohn. The claims are situated h!zh 
up on the range of steep craggy mountains bordering Bear river on the south. The 
Bear River greenstones, which fo_rm the country, show shattering along a wide zone 
t r ending east and west. Along this there is a •development in places of small irregu· 
lar qu artz veinlets, bunches, and seams of calOi!par, and areas are heavily pyiritized. 
Chalcopyrite is present in portions of the zone but has not so far been found in work­
able quMtities. 

On Bitter creek some exploratory work was clone on the Olga claim, on the L. S. 
and H. g roup on Hartly gulch, and on a qu•ar tz vein traversing the Black Bear group, 
south of the Bromley glacier. 

The Olga, situated east of Bitter creek, about half way to the glacier, shows a 
quartz lead cairrying conaiderable chalcopyrite in places cutting the Bitter Creek 
argillites in a 11ortheasterl y direction. and dipping to the southeast. The worfrings 
consist of a cross-cut tunnel to the lead 72 feet in length, and a drift along it 130 
feet in length. Chalcopyrite in bunches and small aggregates is exposed aaong the 
drift for a distance of 60 feet, but is too sparingly distributed to con stitute a com­
mer.cial ore. 

Work on the L. S. and H . group consisted in running a cross-cut tunnel 100 feet 
to reach two leads exposed on the slopes above. The work was not seen. The owners 
report that the lower lea:d, where cut, has a width of 4 feet and contains values of 
$15 per ton in gold and silver. The upper anid larger lead was not reached on account 
of a flow of water. 

The quartz veins on the Black Bear group, southwest of the Bromley glacier, 
were the cause of a wild gold stallllpede in 1910. One of the veins was explored by a 
cross-cut tunnel. The vein, where cut, contains consider able pyrite but carried only 
insign i£cant gold value~. 

26-5t 
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The claims on the Middle fork of Glacier creek, described in the Summary 
lReport for 1910 as containing small shoot> of ore with high silver values were all 
~dle during the season. ' 

RECONNAISSANCE TRIP TO THE NASS VALLEY. 

In August a short trip was made across the Coast range to. the Nass valley to 
examine some quartz and placer properties staked on the east slope of the Coast 
range. The trip was made in company with Mr. Porter, a prominent prospector in 
that regi011, and Mr. Macintolmy, a claim owner. 

The route followed was up the Bromley glacier to McAdam point, near the 
southern end of the Cambria range. Here the Bromley glacier divides into three 
main branches, one swinging to the south along the base of Mt. Trevor towards the 
high snow-covered pass from Bitter creek to Marmot river, and the two others heading 
in a long, comparatively nairrow snow field occupying a high longitudinal valley west 
-0£ the Cambria range and extending southwards for an unknown distance towards the 
h ead of Hastings arm of Observatory inlet. 

From McAdam point a steep ice slope 1,000 feet high was climbed, theni turning 
to the northeast the snow-filled valley west of the Cambria range was followed, 
gradually rising for 5 miles to a flat, barely perceptible summit at an elevation of 
5,750 feet, then descending slowly at first but with gradually increasing grade towards 
the Nelson glacier and creek tributary to the Nass. This great snow valley is an 
important feature of the Coast range. It has a width of from 1~ to 2 miles or more 
and a length of over 20 miles in. a northeast-southwest direction, or nearly parallel to 
the general trend of the r ange. The elevation of its snow surface averages about 
5,000 feet, and it is bordered by the highest and most rugged mountains in this por­
tion of the Coast range, some of the peaks jutting up through snow fields to elevations 
of over 8,000 feet; Mt. Otter, the highest, attaining an altitude of 8,800 feet. Through 
breaks in the bordering ranges the accumulated snow, compressed into ice, pours west­
ward towards the Pacific and eastward t owards the Nass in a series of large· glaciers, 
soon changing as they descend into roaring t orrents. The Coast range is singular in 
having its watershed and highest mountains in thi s latitude along its western margin. 
To the east the mountains decrease gradually in height to elevations of from 4,000-
5,00'0 feet, while to the west the surface drops quickly down to the level of the Nass 
vaJley. 

In descending Nelson glacier and creek the rough topography of the highest por­
tion of the Coast range is replaced in a few miles by the even contours and com­
paratively low levels of the broken plateau country bordering the Nass. 

The Nelson glacier terminates at an elevation of 1,950 feet a:nd the large stream 
issuing from it un.ites with Porter, Willoughby, and other streams to form White 
river, which empties into the Nass a few miles below the outlet of Meziadem lake. 

From Nelson creek a ridge 5,52·0 feet high was crossed to Mr. Porter's camp on 
Porter creak, one of the objective points of the trip. This stream, like practically all 
the large streams descending the east slope of the Coast range in this neighbourhood, 
heads in a large glacier. A pass from the Porter glacier to the snow valley, previously 
described, affords a shorter route from Bitter creek to Porter creek than that followed 
and is used in winter and spring. Later in the season the glacier, which is very 
steep, becomes badly crevassed al!ld is more dangerous than the longer and less broken 
Nelson glacier. 

GEOLOGY. 

Few rock exposures were examined along the route traversed, as the way led for 
most of the distance along snow fields and glaciers. Those s·een show that the fofty 
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Cambria range and the su~ceeding one on the east, the marginal range of the Coast 
mountains, consist ·largely of the massive, and medium and coarse fragmental green­
stones of the Bear River formation. An area of limestones and slates, only seen at a 
distance, occurs in the angle above the jUJJ,Ction of the Nelson glacier with a branch 
from the northwest. The relationship of these to the greenstones was not ascertained. 
They may represent a highly calcaJ"eous portion of the Bitter Creek formation, which 
contains considerable limestone in places, or an older formation. 

The greenstanes of the Bear River formation are replaced along the eastern bas_e 
of the Coast range by 'dark shales alternating, in places, with greyish and greenish 
feldspathic sandstones in bands up to 20 feet or more in thickness. These rocks are 
referred to the Nass formation. They overlie the Bear River greenstones, resting 
on them, as a rule, at angles of about 45°. The dip is to the east, and, as shown in 
the partially scarped sides of the plateau-like ridges extending eastward from the 
Coast range between the valleys, decreases goiI11g1 eastward to less than 25° in places. 
The rocks of the Nass formation. are not highly altered, except in places near the con­
tact with the Bear River greenstones, are seldom cleaved, and look favourable for 
fossils, but none were found in the sections examined. They look young, but are 
probably pre-Cretaceous, in age at least, as they are cut by granite dykes and bosses 
presumably belonging to the period of the Coast Range batholith. The contact 
between the Nass argillites anJ sandstones anJ the Bear River g;reenstones, where it 
crosses Nelson, Porter, a:nd Willoughby creeks, is very even and suggests faulting. 
Farther to the north the Nass rocks extend westward into the Coast range, and are 
exposed, lying in a nearly horizontal position in the upper portion of several moun­
tains, Strohn creek, and Upper Bear river. 

PROSPECTS. 

A wide zane, generally reddened by the surface oxidation of iron pyrites, occurs 
along the contact of the Nass argillites with the Bear River green.stones. A large 
number of claims have been staked on this zone, but up to the present little work has 
been done and no large body of pay ore discovered. The district, while only a few 
miles from Bear river, is difficult to reach,, and all supplies have to be packed i'Il 
either from Bitter creek, over dangerous glaciers a:nd soft snow fields, or from the 
head of Bear river, following a rough foot trail down Strohn creek to MeziaJem lake, 
then southward for many miles across a ridgy woody district practically Jestitute of 
trials. No effective work can be done until better communication is established and 
the cost of supplies greatly reduced. 

Notwithstanding the adverse conditions, some development work has been done 
on the Bullion claim, staked by Mr. Porter and owned by Mr. James Mowat. The 
showing oru this claim is situated on the hillside, north of the foot of the Porter Creek 
glacier, at a:n elevation of 500 feet above the valley, and consists of a fissured and 
partly .silicified zone in the argillites of the Nass formation. The zone is about 7 
feet wide, has a northwesterly strike, and dips to the northeast at an angle of 70°. 
Along the foot-wall, as shown in a short tunnel, is a layer of quartz interbanded with 
argillites from 1 to 2 fe~t wide. The quartz is copper-stained in places and contains 
some pyrite, galena, and zinc blende. Samples of the mineralized quartz are reported 
to have yielded hi.gh values in gold and silver, but a .specimen collected by the writer 
was disappointing, as it showed only traces of these metals. This result may possibly 
be due to an irregular distribution of the precious metals along the lead. The fis­
sured zone is concealed above the abort tunnel and its length is not known. 

The Bear River greenstones, near their contact with the Nass argi!lites, are 
heavily impregnated! with iron pyrites in places, but so far no workable deposit of 
valuable minerals has been found. 
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PLACER DEPOSITS. 

From Porter creek a ridge rising about 2,0CYO feet above the valley bottom was 
crossed to Willoughby creek, on which a number of ,placer claims have been staked. 

Willoughby creek issues from a broken, branching glacier, terminatingi at an 
elevation of approximately 2,300 feet, an,d is a large, rapid stream usually from 30 to 
6'0 feet across, with an average grade of 22fi feet per mile. A large branch from the 
south joins it 3~ miles from the glacier. The valley for a mile and a half below the 
glacier is wide and bottomed with gravel flatl!\. Below that it narrows in, and in 
places is confined in rock canyons often bordered by n·arrow benches. 

Willough>by's camp is situated about 4 miles from the foot of the glacier. The 
creek here has a ,;;hallow box canyon through the shales and tuffs of the Nass fo r­
matio;n.. A rock terrace on the left bank, about 200 feet wide and 20 feet above the 
water-level, is covered by 25 feet of ooarse gravel. 

Some coarse gold is reported to have been found in a bar in the canyon. No work 
had been done on the bar up to the time of my visit, owing to the contmual high water, 
and it will evidently be difficult to work at any time, as the stream is large, rapid, 
and its channel filled with boulders. A tunnel has been driven part way across the 
terrace in the hope of finding a payi channel at that level, but so far without success. 

A number of claims have been staked om. Willoughby creek above and below Wil­
loughby's camp, on Little White river, and on Little Pat creek, a small foothill stream, 
but no effective work has been do.n.e on any of them. 

Som<il gold occurs on all the streams issuing from the mountains along this por­
tion of the Coast range. Moderately fine, flaky, but still rough gold in small quanti­
t ies was panned out on Nelson creek, close to the foot -of the glacier, and at other 
points. It is quite possible, although not yet proved, that co.n.centratiom may occur 
in the lower reaches of some of the streams, but unless these prove to be very rich 
the cost of working them, unless situated above the water-level, would be prohibitive. 
The streams are all large, are practically conti·nuous rapids throughout, and, as they 
head in glaciers, high water lasts until late in the season. 

Bench gravels occur in Willoughby creek and other places, ·but the deposits seen 
were all small. 

The creeks staked as placer gr"Ound traverse the ;;hales and sa.ridstones of the Nass 
formation. These rocks, away from the mountains, contain few quartz veins, a·nd the 
stream gold is prohably mostly derived from the greenstones and associated rocks of 
the Bear River formation in which all the large streams head. No evidence of an old 
channel cros;;ing the district in.dependently of the present drainage system, firmly 
believed in by some of the miners, was observed. The bench gravels seen all belong 
to former higher levels of the present streams. 

STROHN CREEK. 

The return trip to Bear river was made by Meziadem lake and Strohn creek. 
Little White river, formed by the junction of Porter and Nelson creeks, has been 
bridged by the Provincial government a few miles above the mouth of Willoughby 
creek, a;n;d from this point a foot trail has been blazed, but very imperfectly cut out, 
acros.s the wide wooded ridge separating Nelson from Strohn creek, the next lang;e 
stream to the north. The Tidge, where crossed, has an elevation of approximately 
2,700 feet. 

Strohn cTeek has recently acquil'ed impol'tance as a possible route to the Ground­
hog anthracite basin, at the head-waters of the Ske€na, Nass, and Stikine rivers. It 
heads with Bear river, in a low glacier-covered pass, and flows. eastwaTd to Mezia:dem 
lake, the latter emptying by a short outlet into the Nass Tiver. Strohn Creek valley 
has an estimated length of 9 miles, and a grade of approximately 100 fe€t to the mile. 
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The valley is flat-bottomed, usually half a mile or more in width, and offers no 
especial difficulty for railway construction. 

The glacier at the summit heads in the high mountains to the south, and after 
reaching the pass alters its course and separates into two .ihort branches, one flowingi 
to the west dow.n. Bear river and the other to the east down Strohn creek. The com­
bined length of the two branches is about 1':! miles. This portion of the route 
would have to be tunnelled. The Strohn Creek, or easterly branch of the glacier, 
terminates at an elevation of approximately 1,540 feet, and the Bear River branch at 
an elevation of 1,370, while the ice-covered summit, where crossed, has an elevation 
of 2,270 feet, meaaured by the aneroid. 

Bear River · valley, from the foot of the glacier at its head to its junction with 
American creek, the present terminus of the railway, has a length of about 9 miles. 
It is flat-bottomed along most of its course, but is narrower than Strohn Creek valley, 
and along one stretch, about three-fourths of a mile in length, contracts into a canyon. 
The grade av.erages about 100 feet to the mile. The bordering mountains are steep 
and some trouble would probably be experienced from snow slides. 

The total length of a railway from the mouth of American creek to the Nass, 
followin,gi Bear river, Strohn creek, and Meziadem lake, would be approximately 32 
miles.. A tunnel 1:! miles in length would be necessary at the summit, and possibly 
a short one at the Bear River canYQn• A railway to the same point from N asoga bay, 
following the valley of the Nass, would have a length of at least 110 milea. 

Geology. 

The ridge crossed from Little White river to Strohn creek, as ahown by occasio,nal 
exposures, con,sists of the shales and sandstones of the Nass formation. The same 
rocks outcrop at p.oints along Meziadem lake and in the ridges and mountains border­
ing Strohn Creek valley for a distance of about 5 miles above the lake. They are 
cut at one point :north of the valley by a large granite stock, only seen at a distance. 
They dip to the east an,d approaching the mountains become harder and more altered. 
Four miles fr,om the summit they are underlain and replaced by the greenstones, here 
largely volcanic fragmental s, of the Bear River formation. The contact between the 
two formations is concealed in the valley, but is plainly traceable, running a few 
degrees west of north in the mountain.a bordering the valley. 

No mineral occurrences of importance are rePorted along Strohn Creek valley. 
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RECONNAISSANCE ON THE UPPER SKEENA RIVER, BETWEEN HAZEL­
TON AND TRE GROUNDHOG COAL-FIELD, BRITISH OOLUMBIA. 

(G. S. Malloch.) 

INTRODUCTORY. 

The special object of the writer's :field work, during the past su=er, was to gain 
information regarding an area of anthracite coal occurring near the head-waters of 
the Skeena river. This area is co=only called the Groundhog coal :field, from the 
name of a range of mountains bordering its southern edge. As no reliable surveys 
were available to determine the geographic position and approximate elevation of the 
new :field it was necessary to run a traverse to it from Hazelton, whose geodetic posi­
tion was :fixed in August by Mr. McDermaid of the Dominion Observatoryi. Sets of 
simultaneous aneroid readings were also made at convenient intervals along the trail 
to determine approximately the elevation of the basin. The time occupied in travers­
ing the trail gave the writer an opportunity to study the geology and make topo­
graphic sketches of the route travelled, but limited the time in the coal :field to seven 
weeks, a period much too short for the examination of a :field whose area cannot be 
less than 2,000 square miles and probably exceeds that :figure. The writer, 
seeing the futility of attempting to cover · the entire basi~, considered it better to 
make a somewhat detailed examination of a small portion which was being actively 
prospected by Mr. James McEvoy for the Western Development Company, and Mr. 
Campbell-Johnston for the British Columbia Anthracite Syndicate. A base was 
measured and triangmlation extended to control an area, roughly, 6 miles by 12, a.nd 
traverses were run of streams and traik After leaving the basin, two weeks were 
spent in the vicinity of Hazelton examining some of the more recently discovered 
silver, lead, and copper prospects, a.nd the Kispiox coal :field situated some 15 mil~s 
north of the town. 

A sketch map has been prepared to illustrate the pasition of the coal field, and 
· the possible routes for railways which may be built to it. In the preparation of the 
map, use was made of a hitherto unpublished map of the lower Nass valley, made by 
Mr. McEvoy for this Department in 1893, while the upper part of the valley is taken 
from a sketch map made by a prospector, Mr. Anthony Kobes, to whom the writer's 
thanks are due :for permission to make a tracing. The country at the divi·des between 
the bran.ches of the Skeena and Nass is from a sketch map furnished by Mr. Camp­
bell-Johnston. Acknowledgment is also made of the numerous kindnesses received 
:from him and Mr. Monct<m, and from Mr. McEvoy, at the coal :field; from Messrs. 
Kinman, Pemberton, and the Harris brothers, at Hazelton, and from Mr. Hugh 
Taylor, Mr. Corner, Mr. Faulkener, and in fact from all the linemen and operators 
a1ong the Yukon telegraph line from Hazelton to the fifth cabin. 

LOCATION AND AREA. 

The Groundhog coal :field is situated 140 miles north and slightly west of Hazel­
ton, and about 90 miles northeast of the town of Stewart at the head of Portland 
canal. While only a small portion of the :field was seen, it has been computed from 
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information obtained from prospectors that the strip of country underlaid by coal 
seams is approximately 30 miles wide and extends to the northwest !or 70 miles or 
more. This would mean an area of 2,100 square miles, and as has already been stated, 
a much larger area may be underlaid by productive coal seams. 

H.rsTORY. 

The first authentic discovery of coal in the Groundhog field wa,s made by Mr. 
James McEvoy in 1903, who staked a number of claims on his discoveries. His time 
was very limited, but he secured samples from a seam on Discovery creek which 
showed on analysis an anthracitic coal a little high in. moisture and ash. In 1904, 
Mr. W. W. Leach visited the field with a small party, stripped several of the seams 
and staked additional claims in behalf of the Western Development Company, bring­
ing the total area held by them up to 16 square miles. The field was revisited in 1908, 
and in 1909 a party sent out by the German Development Company, un:der Mr. J. 
Fre·d. Walter, opened new seams, and a number of samples were secured by Mr. C. 
Fergie. 

In 1910, Mr. Campbell-Johnston staked a number of claims to the north and 
west of those belonging to the Western Development Company for the British 
Columbia Anthracite Syndicate, and Mr. J ackson performed a similar office for the 
British Columbia Anthracite Company. Mr. Jackson's claims practically surround 
those of the Western Development Company, except on the west, and extend for 
some miles to the east. 

During the past su=er the field was prospected by large parties under Messrs. 
McEvoy and Oampbell-J ohnston, and a large number of new claims were staked, until 
the total number now exceeds 400. 

PREVIOUS WORK. 

No geological report has yet been published on the GrounJho~ basin, but the 
geological aection is approximately the same as that in the vicinity of Hazelton, 
which was described by Dr. Daw;;on in the Report of Progress for 1879-80, and by 
Mr. Leach in the Summary Report for 1906-1910. 

Dr. Dawson mentions the occurrence on the Skeena river of a belt of Mes·ozoic 
rocks about 57 miles in width, extending down the Skeena from Hazelton. On the 
western margin of the region. porphyrite and other feldspathic and brecciated rocks 
occur, but eastward the strata are composed of comparatively §oft ;;andstones, argil­
lites, and carbonaceous argillites, and Dr. Dawson' inclined to the view that the rocj{s 
on the eastern edge were the younger, though he was evidently unable to secure direct 
stratigraphical evidence owing to the great number of folds traversing the region, and 
the scarcity of exposures on the river banks. 

He adda that the general distribution over the district of carbonaceous shales 
containfa1g impure coal, points to the occurrence of conditions such as are required 
for the deposition of true coals, and indicates the possibility, if not the probability, 
of the occurrence of coal beds of a workable character in some part of the region.' 

Dr. Dawson's examination of the country was confined to the route he travelled, 
but the summary reports published by Mr. Leach show that he was correct in all hii! 
main conclusions. Mr. Leach notes, however, that the progr~ssive change in charac­
ter, from volcanic to sedimentary, of the strata of the Porphyrite group, takes place 
generally to the north and not to the east as Dr. Dawson deduced from his observa­
t ions. The mistake will readily be explained by remembering that Dr. Dawson was 
travelling in a general northeasterly direction. 

1 G. and N. S. C. Report of Progress, 1879-80, B p . 103. 
2 Ibid, pp. 104-105. 
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Mr. Leach. has proposed that the name Hazelto.Il group be substituted for the Por­
phyrite giroup, a:nd recognizes the coal-bearing strata as a distinct formation under 
the name of the Skeena series. He describes' them as consisting of ' Rather sOit, 
thin-bedded ;;hales and sandstones, the former, in places, carrying many clay-iron­
st<me nodules and a number of coal seams. At the base of the series,' he continues, 
'there is usually found a bed of coarse, crumbly conglomerate, but this, though fairly 
persistent, is not alw.ays present. The maximum thickness is in the neighbourhood of 
from 600 to 800 feet, and -a number of foss il s (chiefly plants) collected at various 
times show that the age of the beds is lower Cretaceous a.ind about equivalent to the 
Kootanie of the Crowsnesrt; pass.' 

Mr. Leach's description of the Hazelton group contains the following sentence;;:-' 
'Generally speaking, it may be said that to the south this formation is built up 

almost entirely of flow rocks, chiefly andesites, massive, and with characteristic dark 
red and green coloura. At the top of the series, a few thin beds of fossiliferous sand­
stones and shales appear, a number of fossils from which have been determined to be 
of Jurassic or early Cretaceous age. O.n travellingi northward, however, it was found 
that these flows gradually thinned out and were replaced by a considerable thickness 
of tuffs and tufaceou.s sandstones, although a few of the endesite beds extended as far 
north as Hazelton.' The fossils rclferred to above consist of marine invertebrates 
containing specimens ·of Inocerami and Astartes. 

I'll, the vicinity of Hazelton and south of it, both the Hazelton and Skeena series 
are cut by intruaions of granodiorites and diorite porphyrites, which have evidently 
.played an important part in the deposition of the metalliferous deposits found in or 
near bosses and dykes of the igneous rocks" 

SUMMARY AND CONCLUSIONS. 

As a result of the summer's work the following geological facts were established. 
A thickness of 3,650 feet of strata, exposed in one section near the southern end 
of the Groundhog basin, is coal-bearing, though the most important seams occur in 
the upper 1,000 and lower 1,000 feet of the series. The rocks of the coal-bearing 
group form a series conformable with the undeTlying rocks, arrd both have been thrown 
into folds and faulted by pressure from the ·Southwest. It is, therefore, quite possible 
that other areaa of coal-bearing strata will be found, and perhaps some more favour­
ably situated than the Groundhog coal basin for transportation of the coal. In the 
vicinity of Hazelton, ma;n~ promising deposits of silver, lead, anJ copper ores are 
being prospected. The writer is also of the opinicm that borings in the Kispiox co!l 
field, near Kispiox post-office, might prove the existence of coal seams thick enough 
and sufficiently free from ash to make it profitable to work them. 

GENERAL CHARACTER OF THE DISTRICT. 

TOPOGRAPHY. 

Regional. 

The topography of the region traversed between Hazelton and the Groundhog 
basin is moUil1tainous, the differences in elevation between the valley bottoms and 
bordering ranges usually exceeding 3,000 and sometimes amounting to 7,000 feet. The 
highest mountai•ns seen were only a short distance north of Hazelton, and this fact 
is all the more str iking because there the valleys are less than a thousand feet above 
sea-level and are much wider th~n those farther north. ~There is also an absence at 

1 Geo!. Surv., Can., Summary Report for 1910, p. 9·~. 
I Ibid, pp. 93-94. 
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Hazelton of the prevailing northwest and ·Southwest trend of valleys and ranges which 
prevails farther north, and which is more or less general throughout British Columbia. 
EYen to the north, however, the Skeena shows great disregard for the course 
of the main valleys, sometimes turning at .right angles to them and passing 
through ;narrow clefts in the enclosing ranges. Striking examples of these anomalous 
bends are found near the mouths of Babine river, which drains Babine lake, and Bear 
river, which also rises in a lake of the same name as itself. For a great part of its 
cours~ the Skeen.a occupies narrow canyons cut in places, as for example above the 
mouth of Deep creek, through thick, terraced deposits of river gravel, but more often 
the river boils through an extremely marrow gorge cut in the rock floor of the valley. 
Some of these gorges are nearly 200 feet deep, with nearly perpendicular walls. The 
tributary streams a1so occupy canyons in their lower courses, but. above, many: of them 
meander through marshy flats and head in cirque-like amphitheatres. The main 
divides, between the three great river systems, i .e., the Skeena, Nass, and Stikine, 
are usually• marshy flats often contai·ning lakes. Examples of such divides between 
the two former occur at the heads of the Kitoumgaloon, Ohitach, K ispiox, Shalan­
geese rivers . . Currier and Beirnes creeks; while the divides between the several 
branches of the Skena and those of the Stikine are reported to be of the same general 
character. 

Local. 

The local topography of the Groundhog basin, or of the small part of it which 
"Was examined, is somewhat complicated. Strictly speaking, there are at least five 
parallel basins, but since the region underlaid by the coal-bearing strata contai.ns few 
elevations exceeding 6,000 feet, while many in the aurrounding country exceed 7,000 
feet, it is permissible to speak of the whole area as a basin. The distinction was 
brought out to the writer when overlooking the basin from a peak 111 the Groundhog 
mountaiTis, after a fall of fresh . snow which remained only at elevations above 6,000 
feet . While only a few of the summits within the area were capped with snow, long 
lines of white peaks bordered it on three sides, the boundary to the north being tqo 
far distant to be made out. · -

The basin is bordered on the south by a high and rugged range known as the 
Groundhog mountaiTIS. Many> of the peaks exceed 7,00'0 feet in elevation and glaciers 
are quite common. This range is irregularly ·dissected by streams draining to the 
Nass and to the Skeena, and the route to the basin crosses it by a pa,;s :i,100 feet in 
elevation. On the west the basin is bordered by the broad valley of the Nass, beyo.nd 
which ri se the lofty peaks of the Coast range. On the east the basin extends to the 
va.Jley of the Cluatahntahn, or eastern fork of the Skeena. The western fork, or 
the Cluakaas, flows southeast through the centre of the basin to near its southern 
border, where it makes a sweep to the east and joins the Gluatahntalm outside the 
limit of the coal-bearing strata. The original discoveries were made on Discovery 
creek, a small t r ibutary of the Oluakaas, and the claims of the Western Development 
Companyi, an'd the great majority of those belonging to the British Columbia Anthra­
cite Syndicate, are situated in the valley of that fork of the Skeena. The elevation 
of the valley bottom isl about 2,900 feet where the Cluakaas leaves the· basin, and 
the gradient of the river is about 50 feet to the mile. Juat before the Oluakass takes 
the bend to the east, it is joined by Curri er creek which flows almost east and west, 
taking its rise near a l arge lake s ituated at the divide leading to Panorama creek, a 
tributary of the Nass. The elevation of this divide is 4,100 feet. About 10 miles 
higher up, Beil'll<es creek comes heading in a slightly higher divide with another 
branch of the Nass, known as Anthony creek. The valleys of the Cluakaas and of 
Cru-rier and Beirnes creeks are wide, and rock exposures are comparatively rare, 
except in places where the streams hav cut canyons through the different s trata. On 
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the hills, especially above timber line (above 5,000 :feet), exposures are naturally more 
numerous, but there are large tracts o:f rolling upland covered with residual soil;;, 
and continuous rock exposures must be sought at the highest elevations, which pre­
sent a more rugged outline with many cirque-like hollows often separated IJ:f com­
paratively narrow ridges. 

CLIMATE AND AGRICULTURE. 

The climate at Hazelton is pleasant, without excessive rain or sonw :fall, but 
:farther north precipitation is somewhat greater. In some years the Hazelton distri'ci; 
suffers from summer frosts, though those seem to be less :frequent now that consider­
able tracts of land have come under cultivation. Farther north, and at higher eleva­
tions, :frosts are of more :frequent occurrence, and there i:i a lack of sunshine in the 
autumn to riperu g.rain crops. At Hazelton, oats and some of the hardier varieties o:f 
wheat have been grown successfully and root crops do exceptionally well. The con­
struction of the Grand Trunk Pacific has made a large demand for hay, and it and 
potatoes seem to be the most profitable crops at present. 

FAUNA AND FLORA. 

Hazelton has long been an important centre for the fur trade, anJ though for­
bearing animals are not especially abundant at present, still the In,dian population 
secure large numbers o:f skins in the early spring months. Big game is rather scarce 
for some distance north of Hazelton, but grizzly and black bears, moose, caribou, and 
goat are more numerous at the Groundhog basin.. Beaver are quite plentiful and the 
whistling marmot is abundant. 

Salmon ascend the Skeena to the head of the Oluatahntahn, but are not found 
in the Cluakaas branch. Bull trout are found in all the streams, but are not 
numerou:> enough to afford good sport. Rainbow trout were not seen far north, but 
abound in the small lakes draining to the Kispiox. 

The principal trees of the district to the north consist of several varieties of 
spruce, balsam, aspen, '<Ind balsamiferous poplar;; (cottonwood). Some white birch 
and jackpine are also found, while, as is usual in British Columbia, the black alder 
abounds and often grows to a diameter of from 6 to 8 inches. Large red cedar 
were seen in the Kispiox valley, but apparently they do n.ot extend far north o:f it. 
The underbrush is very thick . at the lower elevations on the Skeena and there are 
many varieties of edible berries, though they do n0t reach elevations much exceeding 
1:1,000 :feet. 

TRANSPORTATION. 

The Groundhog basin is reached from Hazelton by following the Yukon tele­
graph trail to Blackwater lake, between the fifth anJ sixth cabins, and then t<> 
Slowmalda creek, and crossing a divide at an elevation of 5,100 :feet and descending 
to the Cluakaas by Trail or Canyon creek. The latter part of the route was used byi 
several parties during the Klondike rush, arnd the number of abandoned pack and 
riding saddles to be aeen along it is eloquent testimony o:f the hardships they endured. 
The route south from Telegraph creek is reported to be as short and much drier, and 
there is an abundance of grass for the horses, which is scarce along the present route. 

In order to obtain a market for the coal in the Groundhog basin, it will be neces­
sary to build many miles o:f railway. The most direct route to tide-water would be t<> 
the town of Stewart, aituated at the head o:f the Portland canal, which affords a splen­
did waterway for 150 miles :from the coast, as well as an excellent harbour. A line 
of railway has already been built up the valley to Bear river for 12 miles :from Stewart, 
but difficult rock work, a tunnel 2 miles in length, and grades of probably over 2 per 

• 
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cent would be entailed in extending it to the Nass valley, a distance of some 35 miles. 
These difficulties would be avoided by building a li.n.:i up the Nass from N asoga gulf, 
which offers the nearest suitable harbour. The length of railway, should this route 
be chosen, would be 85 miles in excess of the St.:iwart route, and some rock work would 
be necessary in skirting the shore before reaching the Nass at all. The grade would, 
of course, be low. Some coal has been reported on the eastern edge of the basin, but 
at a considerable elevation above the bottom of the Nass valley. Probably to reach the 
nearest seams, 90 miles of railway would be necessary from the terminus of the Stewart 
line, and to reach the centre of the basin it would be necessary to cross a divide either 
at the head of Panorama or Anthony creeks, both of which are above 4,000 feet in 
elevation, and would doubtless necessitate grade5 of at least 2 per cent in an easterly 
direction, though they would probably not amount to over 1 per cent for the haul 
westward. The route up the Skeena from Hazelton would mean 150 miles of rail­
way, which, from the estimates of Mr. J. S. O'Dwyer,1 would cost about $3,200,000, 
and the total distance to Prince Rupert by this route would be 300 miles. 

GENERAL GEOLOGY. 

TABLE OF FORMATIONS. 

Quaternary ....... . ..................... . ...... Glacial and river deposits. 
T ertiary? ............................. .... .. . Bulkley eruptives. 
Lower Cretaceous (or upper Jurassic) . . .... . .. . .. . .. Skeena series (coal-bearing). 
Jurassic . . . . . . . . . . . . . . . . . . . . . . . . .... .. ...... Hazelton group. 

DESCRIPTION OF FORMATIONS. 

Hazelton Group. 

The rocks of the Hazelton group were the only rocks seen, except at the Ground­
hog basin and in the vicinity of Hazelton, where comparatively small areas of the 
Skeena series occur as well as intrusive batholiths and dykes of the Bulkley eruptives. 

The group contains volcanic flows in the vicinity of Hazelton, as well as tuffs, 
tufaceous sandstones, and black and more or less carbonaceous shales. North of the 
Shegunia, however, no flows were seen, though nearly all the sandstones contained 
much tufaceous material and some true tuffs occur. As the Telegraph trail fol­
lows the strike of the beds, no reliable estimate of the exposed thickness of those beds 
could be made, and at no point were exposures sufficiently continuous to furnish 
valuable sections. The base of the formation was not seen, though it is likely that it 
rests upon the limestones of the Cache Creek seriea of Carboniferous age. The 
tufaceous material is especially abundant in the lower members of the group, anri 
some of the tuffs there are ligiht grey in colour and weather to yellow-brown and red­
dish tints. Those were seen on the northern slope of Poison mountain, a hill 60 
miles north of Hazelton,over which the trail climbs to avoid a deep canyon oru the 
Skeena. Higher up in the series the prevaiJ.ing colours are sombre grey to black, anJ 
the sandstones, which are quite coarse in places, contain, besides volcanic ash, parti­
ally rounded grains of black shales. Plant remains occur throughout the formation, 
impressions of entire tree trunks being found in some of the sandstones. When this 
is the case thin films of coal develop usually along the outer edge of the trunk, 
while the r~mainder of wh'at was once wood is replaced by sand grains, now cemented, 
and showing an apparent difference from the rest of the bed. In some of the finer 
sandstones and shales delicate leaf tissues have occasionally left their impressions,. 

1 See Railway and Canals Report No. 8, 1901, pp. 162-163. 
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but, in general, the deposition of material was probably too rapid, and most of the 
finer lines by which genus and species might be determined have been lost. Near the 
top of the horizon some <lark calcareous shales contain numerous interior casts and 
some shells of marine invertebrate. The genera .A.starte and Inocerami were deter­
mined by Dr. Raymond, but not the species. In the field thi" marine horizon was 
recognized at the crest of the mountain north of Deep creek, o.n one south of Black­
water lake, and in the Groundhog mountain immediately south of the basin. In all 
probability the age of this part of the group is .T ura5sic, but the lower part may be 
Qlder. 

Skeena Series. 

As far as is definitely knoWlll, the coal-bearing Skeena series does not occur 
b<ltween the Groundhog basin and a point lS miles north of Hazelton. It is quite 
possible, however, that it may occur at some points west of the Telegraph trail. 
Indeed, some thin seams of coal were seen overlying the fossiliferous bed at the sum­
mit of the mountain south of Blackwater lake and the strata in the valley to the west, 
apparently belongiing to a still higher horizon. On the other hand, though the river 
drift was carefully watched, no extraordinary number of fragme.n.ts of the conglomer­
ates of the Skeena series were noted until the 'Groundhog basin was approached. 

The occurrence of the Skeena series above the Shegunia river has already been 
noted by Mr. Leach,' and the strata outcrop on both the Skeena and the Kispiox, from 
the junction up-stream, for about 7 miles . 

.As noted by Dr. Dawson, rocks referable to the Skeena series occur on the 
Skeena below Hazelton, near the mouth of the Kitseguecla, and numerous areas on 
the Bulkley and its tributaries are mentioned by Mr. Leach, while other areas are 
reported rm Babine and Bear lakes. 

While there is a general resemblance between the Skeena series in the Kispiox 
area ,north of Hazelton and in the Groundhog, the differences are sufficiently pro­
nounced to make it advantageous to describe the two areas separately. The points m 
common are the general yellow and brown tints of the sandstones and shales which 
serve to distinguish the series from the underlying Hazelton group. The sandstonf)S 
of the Kispiox area are alao yellow and brown in colour in the lower part of the 
series, which was all that could be found. Exposures are confined to the ba'Ilks of the 
Kispiox and Skeena, and with the exception of a bare slide on the Skeena 7 miles 
above the junction, the exposures are widely separated and the beds too much faulted 
to give a satisfactory section. This slide ha:; laid bare a face of rock 300 feet high, 
but the continuity of the section is broken by a fault. Measurements were made of 
the section exposed with the following results, in descendi.I1g order:-

Big Slide Sections. 
Feet. 

1. Brown sandstone grey on fr acture and moderately coarse, about . .. 70 
2. Brown shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... , . . . . . . . . . . . . . . . . . . . 30 
3. Coarse yellow sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
4. Yellow and brown shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . UO 
5. Yellow sandstone .... . . . .. .. . .. . . . . . . . . . . . .. .. . . .. . . . .. .. . . . . . . . .. . . . 30 
6. Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·9 
7. Brown shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
R. Yell ow sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
9. Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · · · ·. . . . . . 0·6 

10. Bone and coal.... . ............. . .. .. . ... . . ..... . · · . .. . · · · · · · · · · · ·. · · · · 0·9 
11. Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l·S 
12. Yell ow sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
13. Yellow and brown shales .... . .. . .. .. . . .. ....... . ... . .. , . .. . . . . . . . . . . 100 
H. Coarse yellow sandstone with stringers of calcite. . .. . . . . ....... . . . 20 

·U9·'l' 

Fault .... 

'G. S. C. Summary Report, 1909, p, 67. 
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1. Yellow and brown shales .. . ........................................ .. 
2. Coal .... .. ................................... . ..... .. .. . .. .. .... .. . . . . 
3. Bone ................... . ........... .. . ................ . . ............. . 
4. Coal. ........ . ... .. . . . . . . . . .......................... · · ·.. . ...... . .. · · · · 
5. Bone .......................... .. . .... ... . . .......................... .. 
6. Coal ..... . .. .............................. ... .......... . ...... ... .... . 
7. Yellow and black shales .... . . .. .................................... .. 
8. Coal with 0·4 ft. bone. . .............. ....... .. . .. . . .. .. .. . .. . ........ . 
11. Yellow shales with black bituminous bands and some brown sanu-

stones........ . ........... · ................ . . .. ............... . 
JO. Coal.. .... .... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... . .. . 
11. Similar series of shales . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .... .. ... . . .. . . 
12. Yellowish and grey shales alternating .... .. ................ ......... . 
13. Black shale, bottom not seen . . . . . . . . . . . . . . . . . . . ... ....... ..... ....... . 

Feet. 
2lW 

1·4 
0·9 
0·9 
1-5 
0·6 

zr, 
2 

20 
1·3 

260 
56 

6 

595·6 

79 

Below the base of the lower section, exposures are missing for an interval of 
several hundred feet, after which the coarse, tufaceous sandstones of the Hazelton 
group were seen dipping under the Skeena series. The uppermost bed of these sand­
stones contained a number of pebbles of blue and green cherts, but these were not 
sufficiently ab undant to constitute a congilomerate bed. As has been stated, :Mr. 
Leach found a bed of conglomerate underlying the Skeena serif's. in some, but not in 
all the sections examined. 

The Skeena series in the Gro11ndhog basin has a thickness of over 4,200 feet, aa 
measured on the crest line of the hills west of the Oluakaas, and 5 miles from the 
m1mth ;£ Currier creek. Probably the lower 400 or 500 feet should be placed in the 
Hazelton group. The section is in descending order. 

Main Section. 

1. Massive bed of conglomerate with chert pebbles up to the size of 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

15. 
16. 
l 7. 
18. 

hens eggs........ . ... . . . . . . . . . . . . . . . . . . . ... . ... ........... . ... . 
Brown shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . ...... · . 
Coal with 0·7 ft. bone ............ . .................... .............. . 
Brown shal:v' sandstone ... ... .. ........ . . . . . . . . . . . . . . . . . .......... . . . 
Brown shale... .. .. . .... .. . . . . . . . . . . . . . . . . . . . . . . . .. . .... .... ...... . .. . 
Coa.l ...................... · ... · · · · · · · · · • · · ·· · ·· ·•· · · · · · · · · · · · ·· · · · · · 
Black shale . .. . .. .. .... . . . . . . . . . . . . . . . . . . . ........... .. .............. . 
Co£il with 1 ft. bone near (;entre ..... . .................... . .......... . 
Black and brown shale .. ..................... . .. . ...... ... ....... .. ... . 
Shaly sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . . .. . 
Black shale. ..... .. .... . . . . . . . . . . . . . . . . . . . .................... . . .. .. . 
Coa.l .. .. .... . ........... · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Brownish shales, and shaly sandstones ............................. . 
Massive bed of siliceous sandstone with conglomerate pebbles 

especially in lower two-thirds. Slightly sh aly above- ..... . 
Black and brown shale with thin streaks of coal. . .. ...... ...... ... . 
Coarse but poorly cemented sandstones ..... ................. . ...... . 
Coa.l .. .......................... .. .... .. .... ... ....... .. .... .. .. .... . . 
Hard siliceous sandstone weathering to reddish tints fair ly coarse 

in places . ............ . . . ............................ . ........ . 
19. Black and brown shale with three thin seams of coal. ............ . 
20. Coal .. . ...... - . . . . . . . . . . . .... ·. · .. · ·.. . ... · · ·. ... . . . . . . ..... . •...... 
21. Black and brown shale . . . . . . . . . . . . . . . . . . . ........ .... ........ ..... . . 

Feet. 

107 
8 

12 
Ii 

10 
3·2 

24 
4.5 

15 
9 
8 
2·8 

114 

37 
250 

8 
2 

34 
83 
1 

16 
16 22. Shaly sandstone.. . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . .. .... . . .. . . 

2:l. Br°'\·n sandstone with bands of calcareous shale below and conglo­
merate pebbles above . . . . . . . . . . . . . . . . . . . . .. ·. .. . ....... . .. ... .. 51 

24. Brownish shale with bands of fossiliferous sandstone concretions.. . 23 
25. Brown sandstone with numerous pebbles in lower beds finer grained 

26. 
1.7. 
28. 
29. 
30. 
31. 

above . ...... . ........... . ... . ... ....... ..... .... ....... .. .. . . . 
Partly concealed probably l;>rown shale.. . ............. . ... .. ... .... . 
Siliceous sandstone weatherrng r ed. ....... ..... . ........... . .... .. . . . 
Black shale .. ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ..... . ..... . 

~~~ly . ~~'.1.d-~~~~~::::::: . ·::: .. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·." .. : . : : : : : : : : : : . " . : : : : : : : : : : : : : : : : 
Black shale .......... : . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . .............. . 

15 
16 

6 
8 
4 
1·3 

21 
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32. 
33. 
34. 
35. 
36. 
37. 

38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 

67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 

88. 
89. 
90. 

GEOLOGIOAL SURVEY 

2 GEORGE V., A. 1912 

Feet. 
Shaly sandstone............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...•... · 2 
Dirty coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 2·5 
Black shale and shaly sandstone with three streaks of coal...... .. 41 
Coal . . ..• . . . • . . . •. . .. .. . •. . .. .•. . . •.•. . .. .. . . .. . ••.•.. .•. . •.••..••.... 4.5 
Black shale and a little shal:v sandstone . ......... .. . .. ...... .... . .. 41 
Beds of soft yellow sandstone with some conglomerate pebbles and 

bands of brown shale... .. ..... . . . . . . . . . . . . . . . . . . . . ... ...... . 
Coarse sandstone with conglomerate pebbles scattered through it .. . . 
Black and brown shale with streaks of coal. ........................ . 
Coal .. .. ... . .. ...• •......... . ..... . .. ... ...................... . ..... 
Black shale with streak of coal. ......... . .......................... . 
Coarse sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................. . 
Black shale with streak of coal. ... ............. ....... . ..... . ... . .. . 
Coal •...... . •....... .. ............... . .. .. .. ... : ....... . .. .. ... •.. •.. 
Black shale ........................... . ............. . ..... . .. ....... . 
Black shale and shaly sandstone ..... . ........ .... ...... . ........... . . 
Hard siliceous sandstone . . . . . . . . . . . . . . . . . ......... .. ........ . ..... · .. 
Black shales and shaly sandstone........ . ...... ...... ....... .. ... . 
Black shales separated by brown shaly sandstones in thin beds ... . 
Coarse brown sandstone. .. ....... . . . . . . . . . . . . . . . . . ........... ... .. . 
Black shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . 
Coal seam rather dirty .............................................. . 
Black shale.......... . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . .. ..... . .... . . 
Sandstone beds separated by a few bands of black shale .. ......... . 
Black shales with a few ribbons of coal. ........... .. .... ....... .... . 
Siliceous sandstone weatheri.ng red... . . . . . . ............. .. .... .. ..... . 
Black and brown shale .. . ..................... ... ........... . ...... . 
Coal ................................ · ··············· ················ 
Black shale and soft shaly sandstone ............................... . 
Coarse grey sandstone with ratlH•r weak cement weathering brown . . 
Black shale with coal seam not dug out ... . .. .. ........ .. ..... .. ... .. 
Coarse grey sandstone showing concretionary forms in some parts .. 
Shaly sandstone ... .. ..... .. ..... . ........... . ......... . ............. . 
Fine-grained sandstone with some shale and streaks of coal. .... . 
Coal, roof fallen in, at least .. ...... ..... . .... .. ...... ..... .... ..... . . 
Soft grey sandstones and beds of calcareous shale with numerous 

39 
35 
40 
1·3 

22 
2 

11 
J.1 

17 
40 
20 

142 
219 

12 
21 
2 

140 
75 

155 
2 

350 .. 
0·5 

88 
46 
50 
38 

!:l 
41 

1 

concretions... . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 111 
Coarser grey sandstone........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Black shale.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .... . . . . . . 5 
Black shales and shaly sandstones partly concealed. . . . . . . . . . . . . . . . . . 153 
Brown shales and shaly sandstones with numerous concretions. ..... 61 
Black and brown shales and shaly sandstones.. .... .................. 196 
Black shales and coarse sandstones, the shales predominating...... 214 
Hard siliceous sandstone weathering red.......... . . . . . . . . . . . . . . . . . . 25 
Black shale... ......... . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143 
Conglomerate. ... .... ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Black shale.......... . . . . . .. . . .. . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . ... . . 15 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • • . . . . . . . . . . . . . . . . . . . • . . . . . . 0·4 
Black shales and grey sandstones, the shales predominating... . . . . . 73 
Massive bed of hard grey sandstone ........ ·.·.. .. .................... 38 
Black shales with a few streaks of coal and thm bands of sandstone. . Sf 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . (l.3 
Black shales and grey sandstones..... .. .. ..... . . . . . . .. . . . . . . . . . . .. . . 115 
Grey sandstone...... .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . , 
Black shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Grey sandstone............ . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Black shale with a few bands of sandstone.. . ..... .... . .... ..... . .. ... 80 
Black shale and grey sandstones weathering brown, sandstone pre-

dominates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . . . 326 
Black shale with some calcareous concretions . ................ ... .... 36 
Hard grey sandstone. . ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Black shale, bottom not seen, at least................... . ...... . .... . 300 

Total. . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4273·4 

.. 

It is not likely that a .section a few miks from this point would correspond 
-dosely to the above section, and, indeed, the Skeena series, like the Kootanie series 
in the eastern ranges of the Rockies, is very irregular, several instances of contem­
·poraneous erosion being observed even on comparatively small rock faces. 

The section is, therefore, intended to serve as a general type section, and as far 
:as is known, the main thickness of sandstxme and shale can be correlated in different 
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parts of the basin. On the whole there is a great simila'l'ity between the rocks of this 
Skeena series, in the Groundhog basin, and those of the Kootanie series as exposed 
in the eastern rangies of the Rockies. The hard, siliceous beds of grey sandstone, 
weathering to reddish tints, seem almost identical, but, on the other hand, a number 
of points of difference were noted. The most striking of these is the great develop­
ment of conglomerate beds. A band of conglomerate, capping the formation, has a 
thickness of over ioo feet, in no part of which .is the maximum size of the pebblt>~ 
smaller than an ordinary marble. In the Kootanie such thicknesses are rare, though 
a bed 80 feet in thickness •is reported from Fernie.1 

While many of the pebbles of both formations, i.e., the blue, green, and white 
cherts, seem identical, there are in addition. in the Skeena series, pebbles of volcanic 
rocks notably softer than the cherts, and the various pebbles are not nearly as well 
rounded. These facts would suggest that the Groundhog basin was nearer to the . 
source of the material from which the pebbles were derived, an inference which is 
supported by the fact that the shales show much more vari~ty in colour than those of 
the Kootanie, brown and yellow being even commoner than the black, whereas, in the 
Rootanie section, brown coloratio.ns are comparatively rare in the shales and no 
yellows are found. This· lack of ' colour would, of course, imply a chemical disin­
tegration of the material and reduction of the iron by humic acids, so that it is 
present as ferr.ous iron carbonate. 

Bulkley Eruptives. 

The Bulkley eruptives form huge batholiths i~ the vicinity of Hazelton an<1 for 
some distance north of it. The Roches de Boulees, Hudson Bay mountains, and the 
ranges on either side of the Skeena valley as far as Babine lake are largely composed 
of these rocks, which, owing to their hardness, form the precipitous crest lines char­
acteristic of these mountains. In the vicinity of the Telegraph trail a number of 
dykes of igneous rock cut the Skeena series for 16 miles north of Hazelton, while the 
river float showed many fragments of igneous rocks as far north as Poison mountain; 
farther north the igneous material, while not altogether absent, was insignificant in 
amount. Mr. Leach describes the series as consisting of grarnodiorites and diorite 
porphyrites, but, as far as is known, no thin sectio.ns have been examined. The ferro­
magnesian minerals are usually hornblende, biotite, and pyroxene. Where the 
dykes cut the Skeena series, many interesting varieties of rock types were encountered, 
especially iill the vicinity of coal seams, but those await further investigation. 

An intrusion of a quartz porphyry seems to be connected with the rich silver 
lead veins visited, and some basic dykes were also noted. 

PAL!EONTOLOGY. 

Hazelton Group. 

Mention has already been made of species of Inocerami and Astartes, which were 
found in the Hazelton group a short distance below the Skeen.a series. Near the half­
way house, between the second and third cabins on the Telegraph trail, a few plants 
were found, and Dr. F. H. Know1ton has identified Baiere multanervis, Nathorst, and 
probably Podozamites _,zanceolatus (L. and H.), Br., and says they appear to be 
J uTassic. The horizon here is evidently pretty well down in the group. 

A collection from the vicinity of the Skeena bridge, 4 miles above Hazelton, con­
tained the following Gleichenia, sp. ?, Nilsonia, sp. t Dr. Knowlton says that the 
horizoru indicated by these is Kootanie, though lithologicallyi the rocks at the 
bridge would be classified as belonging to the Hazelton group rather than to the over­
lying Skeena series. 

1 G. S. C. Annual Report, Vol. XIII, Part A, p. 87. 
26-6 
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Slceena Series . 

.A marine shell, Mactra utahensis, Meek, was determined by Dr. Raymond, who 
· says it indicates an horizon in the Cretaceous. The specimens were found on the east 
bank of the Cluakaas, 1,000 feet north of the mouth of Currier creek, and the hori­
zon is probably near the top of the main section. 

The remaining fossils and plants were examined first by Mr. W. J. Wilson and 
then sent to Dr. Knowlton, who has verified many of Mr . .Wilson's determinations, 
and ha.si extended the list. Dr. Knowlton says that he is not able to draw any strati­
graphical conclusions from them, except that, in general, they indicate the Kootanie 
horizon. The localities and approximate horizons are given in each case. 

Locality. I Horizon. Series and Specie.s. 

M t. Alec, north-: Beirnesi- ------- -·--- --- ----­

ci:eek,- .. : . . . . . . . . . . . . .. Doubtful tmt low in series . . Clcido1 hlobis vir.Qinieme' :Font. 
Mam Sect10n . .......... . . .. 

1

No. 64 . . .. . ... ..... ....... . . C/adophtebis Fwhert Knowlton. 
" . . . . . . . . . . . . . . . " . . . . . . . . . . . . . ..... ... Nilsonia parvuta (Heer) l<'ont. 

. . . . . . . . . . . . . . . . ..... . . . . . . . .. ... Oleandra gretminacfolia? Knowlton. 
• . . . . . . . . . . . . . . . . . • .... . .. . . . ... Equisetum P hillipsii ? (Dunker). Bi'ongn. 

: : : : : : : : : : : : : : : No. 24 .. :: . ...... : : : :: : : :: . . Nilsonia parvula (Heer) Font. 
" . . . . . . . . . . . . . . . " . . . . . . . . . . . . Olea ndra graminaefolia Knowlton. 

BAirnes creek, below . . . ...... Choquette seam. . . . . . . . . Claclophlcbi• v iryinienses Font. 
Beirnes creek, below. . . . . . . . " . . . . .. .. . . Zcvm ite., montaria Dawson. 
East bank Cluakaas . .... .... I High in series..... . . .. . ... . N ilsonili sp. ? 
Main section .. . ... ... .... . No. 2 . . . . .. ......... . . . . . Gtadophlebis? sp. 

STRUCTURAL GEOLOGY. 

North of the intrusions of the Bulkley batholiths the strata of the Hazelton group 
manifest great regul\rity in strike, the exceptions to a northwest and southeast direction 
being unimportant. The dips are prevailingl.y to the southwest, those to the north­
east being much less co=on and usually at much higher angles. These facts were 
explained by finding, in many cases, monoclinal folds and thrust faults at many poi..ntil 
near the mountain tops where extensive exposures of the strata could be viewed at 
once. In the valleys the exposures were usually too small and scattered to exhibit the 
true structure satisfactorily, though ;;mall thrust faults were observed at several 
points. These prevailing ;northwest strikes and southwest dips, and faulting with 
downthrow to the northeast , seem to indicate that t he rocks, like those of the eastern 
ranges of the Rockies, have been subjected to pressure from the southwest. While in 
the Rockies this pressure has developed great fault planes and huge overthrust fault 
blocks of limestone, the pressure in the region north of Hazelton has developed more 
numerous faults, and a great deal of crumpli.ng. The mountains climbed are not 
single fault blocks, but either complicated segments of strata thrust up along numer­
ous fault planes, or the crests of sharp monoclinal folds . The difference in structure 
between these mountains and the Rockies is probably due to the absence of any great 
thickness of homogeneous strata offering a u'llliform resistance to the pressure, and 
which might be expected to break along a single plane when this resistance was ove-;­
come. In both regions the geological structure may be called imbricated, but the 
number of · repetitions is much more numerous in the district now described than in 
the Rockies. 

To the south, the intrusion of the Bulkley batholith:> has tilted the strata, and in 
the immediate vicinity of the igneous bodies the dips are often qua qua versal, while 
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in the case of the Skeena series, on the Skeena for some distance above the mouth of 
the Kispiox, the directions of dip and strike are 'so inconstant that the varying 
inclinations of the strata suggest a mammillary structure. Even in the vicinity of 
Hazelton, however, a northwest and ;;oufocast strike prevails, except near the intru­
sions. 

The Skeena series in the Groundhog basin also exhibits strongly the effects of 
pressure from the southwest, and the ridges separating the :five troughs, already men­
tioned, are either fault blocks or mo.noclinal folds rai5ed by this force. The prevail­
ing strikes on the ridges are northwest and southeast, -at right angles to tl1e supposed 
line of pressure, and the main fault lines run generally in the same direction. While 
this is true in a 'general sense, the baain type of structure is brought out along the 
southern edge of the portion of the :field examined, by the presence of dips to the 
north, and strikes approximately east and 'west. These northerly dips prevail for 
several miles on each side of Trail or Canon creek, and extend northward to its junction 
with Currier creek, and for some distance beyond. Farther north, along the west side of 
the Skeena, the strata still strikes east-southeast to east-northeast, but the dips are to 
the south, the locality where the highest strata might be expected being drift covered. 
This was also the case at most point:; on the borders of the area where the east and 
west strikes occur, so that its exact shape or the stratigraphical relation of its strata 
to those of the surrounding country were not worked out in detail. 

Along• the southern edge of the basin the width of the area with easterly 5trikes 
is fully 7 miles, but the area contracts northward, being only about a mile in width 
at 3z miles north of Currier creek. Near the summit of the Groundhog mountains, 
the southern border of this area is characterized by much crumpling of the beds. At 
two points to the north, one on the Skeena, nearly 4 miles above the mouth of Currier 
creek, 'and the other in the north fork of Davis creek, the contact between the areas 
of the easterly and the northwe5terly striking beds was seen, and in both cases the 
former dipped at very high angles aind were apparently shoved over the others. To 
the north, in the vicinity of Beirnes creek, ruo distinct area of easterly strike5 was 
r bserved, though a syncli.ne traversing the beds near the Skeena river shows a dis­
tinct southerly pitch. Mr. Campbell-Johnston states that north of the divide, between 
:,he Cluakaais and the Stikine, this pitch is reversed, a condition which would suggest 
the existence of probably a large basin of coal-bearing strata on that river. 

ECONOMIC GEOLOGY. 

As has been stated in the ·introduction, visits were paid to some of the silver-lead 
and copper deposita in the vicinity of Hazelton, which had been discovered since Mr. 
Leach was in the district the year before. Descriptions of these deposits will be pub­
lished as an appendix to his forthcoming report. The remaining subjects of economic 
interest are the Kispiox and Groundhog coal basin. 

GROUNDHOG BASIN. 

Sections and Correlation of Coal Seams. 

The general aection of the Skcena series, published' above, shows a total of :fif­
teen seams of coal, ranging from 12 to fr; of a foot in thickness, and there were, in 
addition, ma'Ily streaks too small to be especially noted. The situation of these seams 
on the crest of the ridge between cirques, at the heads of Davis and Anthracite creeks, 
ia not at all a favourable one for mining or handling coal, but it wa3 hoped that 
seams occurring in favourable localities migiht be correlated with these seams, and 
tbat if this was possible, the general section would serve as a guide in prospecting irn 

26- 61 . 
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such places for the remammg seam;;, whose outcrop might be concealed by drift. 
:Mr. Oa:mpbell-J ohnston has kindly furnished a section which he and Mr. G. F . 
Moncton prepared after studying the exposures on Beirnes and Anthracite creeks. 
This sectiaru consists of two parts: an upper section of over 500 feet, contain­
ing two seams, and a lower one, 2,550 feet in thickness, which contains seven seams. 
The two portions of the sectiol). are separated by a gap, who;;e thickness was not deter­
mined by measurements. The following table shows a comparison of this section 
with NA. 1 Q to 69 of the section given above in the description of the Skeen a series. 

Main Section. Mr. Campbell-Johnston Sections. 

No. 19. Black and brown shale.. 33 ft. Shale not measured. 
No. 20. Coal.. . . . . . . . . • . . . 1 ft. = No. 3 Anthracite cTeek. 
Nos. 21 to 24. Sandstones, shales a·nd 2'23 fe. = Shales, 100 frt. 

·two coal seams .............. .. 
No . 35. Coal seam . . ... .....• :--:-:--:-:- 4·5 ft. = No. 2 Anthracite creek. 
Nos. 36 to 39. Sandstones and shales 

·with streaks of coal.. . . . . . . . . . . 185 ft. = Gap in section not measured. 
No. 40. Coru seaim ........... :--:-:-:-: 1·3 ft. = No. 1 Anthracite creek. 
Nos. 41 to 48. Shales with some sand-

stone.. .. .. .. .. .. .. .. .. .. .. 255 ft. = 300 ft. Shale. 
Nos. 49 tc 54. Sandstones predominate 

over shales . . . . . . . . . . . . . . . . . . 478 ft. = 580 ft. sandstones. 
Benoit seam not recognized .... -.-. -.-. Benoi·t seam. 
Nos . 55 to 57. Black shales with rib-

bons of coal.. . . . . • . . . . . • . . . . . 507 ft. = 1»4, unproved ground. 
No. 58. Coal ............... :--:-:-:-: 0·5 ft. = Scott seam. 
Noo. 59 .to 60. Shale and sandstone.. .. 124 ft. = 115 ft. shale. 
Seaim not dug out.. . . . . . . . . Garneau seam. 
No. 61. Black shale.. .. .. .. .. .. .. 50 ft . = 50 ft. shale. 
Not recognized.. . . . . . . . . . . • • . . . . = Choquette seam. 
Nos. 62 to 64.. Sandstones •... .. - . -. - .-. 87 f.t. = 80 f·t. s1iales. 
No. 65. Coal roof fallen in at least.. 1 ft. = Ross seam. 
Nos. 66 and 67. Sandstones.. .. - .-.-.. 117 ft. = 150 f.t. sandstones. 
Nos. 68 to 76. Shales -with a fow sand-

stones.. .. .. .. .. .. .. .. .... 
No. 69. Coal seam .... ....... :-:-;-:-:-

81'9 ft. = 000 ft. unproved. 
0·4 ft. = Pelletier ·seam. 

1The writer cannot be certain that this correlation is correct, for it is based very 
largely on the a;;sumption that the coat-bearing horizons represented relatively long 
periods in which there was no deposition over the whole basin, and that between these 
periods the amounts of sediment deposited in different parts of the basin would be 
approximately equal, though the thickness of the different intervening beds of sand­
stones and shale;; might be expected to vary greatly at points a few miles apart. This 
variation would be particularly noticeable in the case of the coarser sediments. The 
section on Beirnes and Anthracite creeks is not given in detail, because of the scarci ty 
<>f exposures, but except for the absence of outcrops of conglomerates, or sandstone 
containing conglomerate pebbles, the general nature of the beds seen was not greatly 
at variance with the correlation suggested above. A fossil plant, determined as 
Oladophlebis 'virginiensis, was seen above the Choquette seam on Beirnes creek, and 
C ladophlebis Ficheri, in No. 64,, in the measured section, which would correspond with 
the strata between it and the Ross seam. 

A seco.nd section was measured on a cliff. at the western end of the ridge ;;outh 
of the junction of the two branches of Trail creek, as a number of seams had been 
Qbserved at this point. The section is as follows:-
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No. 1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

JO. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 

Section. 

Beds of soft black and brown shales with some sandstone layers 
and probably coal seams, at least ....... ....... ........ . .. ... .. 

Siliceous grey sandstone weathering to yellow but sometimes red. 
Concealed probably brown and black shale ..................... . 
Coal .. .... .. ...... . .. . ...... ... ..... · ······ ·· ·· · ··· ············· 
Black shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ ... .. . 
Hard siliceous sandstone similar to No. 2 . ............ . ...... .. 
Black shale, partly conce,aled .................................. . . 
Dirty coal . . . . . . . . . . . . . . . .... . .. .. .... , . . . . . . . . . . . . . . . . . ....... . 
Black shale ................................... . ........ .. ..... . . . 
Coal ... .. .... .. · . . ··· · ·· · ····· · · ·· · · · ·· ·· ·· ·· ·· · · ·· ·· · · · · ·· ·· ·· · 
Black shale............ . .. . . . . . .. .. .. . . ..... . .. ... .... ... ........ . 
Hard massive bed of bluish gr"y sandstone ................... . 
Black shale slightly arenaceous .1.bove .......................... .. 
Partly concealed, probably all black shale ... ... .. .. .... .... .. . . 
Coal .. ... ... . .... ... • ... ......... . .•. . .. •..... . . . ......... •• •. •• 
Blii.ck shale .......... . ................. . .................. ... ... . 
Coal . ... .... ... . ..... . . .. .... .. .... .. ............ . .. .. ... .. .... . 
Light yellow shaly sandstone...... .. .... . .. ..... ............... . 
Black shale with a few thin sandstone beds near top ......... . 
Coarse yellow sandstone............ . ... .. ..... . ................. . 
P artly concealed, probably all black shale ............ .. ...... .. 
Shaly sandstonc>. .... .... . . . . . . . . . . . . .. . . . . . . . . . . . . ..... ... .... . 
Black shale rather arenaceous in places .... . .... . ............. . 

Fret. 
200 
21 
15 
4.3 
3 

18 
16 
1·4 

42 
3.5 

10 
27 
17 
46 

3°6 
2·5 
O·S. 

15 
43 

s. 
3~ 
3 

42 + 
573·2 

. t 
I 

The following is a comparison of thi·s section with Mr. Campbell-Johnston's, 
assuming that coal seam .No. 4 is the Scott seam. 

No. 4. Coal.. . . .. .. .. .. .. .. .. 4·3 ft. = Srott seam. 
Nos. 5 .to 9. Shales with sandstone 

beds and l ·4 ft. dirty coal. ... . . 80·4 ft. = 1L5 ft. shale. 
No. 10. Coal.. . . . . . . . . . . . . . . . . 3·5 .ft. = Garneau seam. 
Nos. 10-14. Black shales with bands of 

i;andstone.. . . . . . . . . . . . . . . 90 ft. = 50 ft. shale. 
No. 15. Coal.. . . . . . . . . . . . . . . 3·6 ft. = Choquette seam. 

If this correlation is correct, the Ross seam, which occurs 80 feet below the 
Choquette in Mr. Campbell-J ohnstoru's section, was not recognized in ours, but parts 
of the corresponding horizon, No. 21, were concealed. 

Description of Coal Outcrops. 

West ern Development Gompany.-Though the number of coal outcrops on the 
prop€rty of the Western Development Company is large, in no case is any consider­
able thickness of strata exposed, while the variations of ;;trike and dip of those which 
do outcrop are so pronounced that it is impossible to certainly correlate any of them 
with the seams in the general section. Two tunnels have been driven on Discovery 
creek into what is almost certainly the same seam. The exposurei! in the creek bed, 
between the two openings, are fairly continuous, and show a- regular change in dip 
and constant strike. At the higher tunnel the seam strikei! 151° and dips 19° to the 
east, a dip considerably steeper than the slope of the stream. About 3,600 feet farther 
down, where the lower tunnel is driven, the seam dips ·at only 5°, a kiwer slope than 
that of the stream. About three-fourths of a mile farther down there is a quantity of 
coal wash, which may have been derived from the same seam, though efforts to find it 
were not successful. In the upper of the two tunnels the following measurements 
were made: coal, 1·5 feet; bone, 0·6 foot; coal, 3.9 feet. At the lower tunnel almost 
the same thicknesses were obtained by our measurements, viz.: coal, 1.6 feet; bone, 
Q.4 foot; coal, 3.3 feet, and the shales forming the roofs of the tunnels were ~actly 
similar. From the list of analyses given below, it will be seen that this seam -was 
much the cleanest of any of the seams sampled, and in most cases even picked sam-
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'Ple.s :from other seams showed higher percentage3. of ash. It seems probable that thi.s 
,geam is the same as the ·4 .5 foot seam, No. 35, in the main ~ection . 

A somewhat similar seam was discovered on Abraham creek, a small tributary of 
•Currier creek, about 1,500 feet from the Cluakaas, and a 20 foot tmmel has been 
•driven on it. The measurements are : coal, 2.35 feet; bone, 0.5 foot; coal, 2 .7 feet. 

This seam is ' within the area of east and we3t strikes, the strike being 54 ° and 
·aip 16~ 0 t o the north. Consequently its relation to the .above seam cannot be worked 
out from the dips, and the only outcrops in the neighbourhood consist of an arenace­
ous shale above the seam. Though this is similar to the shale above the seam just 
described, the coal is not nearly so clean, and the thickness of strata exposed to the 
south ofl Trail creek, all dipping to the north, would point to a higher horizon. P os­
sibly it corresponds to the 4 .5 foot seam, No. 8, in the section, and, if so, other 
important seams might be fou nd near it. On Trail creek. 3,300 feet from Cluakaas. 
a tunnel has been driven into a dirty seam by :Mr . Walter's party in 1909, and 
extended to a length of ·50 feet last summer by :Mr. :McEvoy's party. The strike is 
about 133°, and the dip 17° to the northeast . Near the entry t he total thickness of 
bone and coal is 7·6 feet, but in s·ampling only 6·5 feet were included on account of 
the large proportion of bone, and even with this deduction the sample showed over 40 
per cent of ash, while :Mr. :McEvoy's sample, omitting as many partiil:::,"'8 as was possible, 
gave nearly 30 per cent. Possibly the horiz©n of this seam is that of the 1·3 foot 
seam, N o. 40, in the .section . 

. Near the mouth of Davis creek, :Mr. :McEvoy drove a 7 foot tunnel on a seam 
underlaid by 21 feet of black shales and overl aid by 29 feet of similar strata, contain­
ing many large concretions. Above there is 10 feet of hard grey sandstone. The 
strike is about 8°, and dip 21° to south. The thickness of the seam is 4 .4 feet, and 
except for rather numerous pyritiferous concretions and quartz stringers it appeared 
fairly clean. The tunnel was so short that the effects of surface weathering were 
made apparent by iron ·stains from the decomposition of the pyrite. No suggestion 
a>' to the probable horizon of this seam can be offered. 

On the west fork of Davis creek a seam was opened by a short tunnel, but solid 
roof had not been reached when the writer first visited it. At that time 4.3 feet of 
coal were seen, but, when the locality was revisited, the opening• had been closed by a 
fall of the clay roof. Heavy coal wash was also found on thi;; creek in a somewhat 
similar position t o that on Discovery creek, and may have been derived from the same 
seam. Several openings were made on the east fork but no satisfactory seam was 
found. 

British Columbia Anthracite Syndicate.-In his work on Beirnes creek, :Mr. 
Campbell-Johnston was handicapped by the scarcity of natural exposures and 
by the heavYJ deposits of drift, which prevented him from obtaining the 
roofs for several of his seams, even after the expenditure of much time and 
trouble in trenching and tunnelling on them. The names and relative positions of 
the seams have already· been given. A shaft some 30 feet in depth was sunk on the 
Pelletier seam, which is nearly vertical. A thickness of 5·2 feet was sampled. An 
anticline in the measures occUJrs just above this seam, and this fact, together with the 
steep dip, would make it doubtful whether this measurement represents the true 
thickness of the seam. 

Work .on the Ross seam had not advanced far enough to prove its true widj:.h, 
but the writer expects that it will show at least 3 feet of coal. It has a good sand­
stone roof. The Choquette seam was not meaaured, and, indeed, almost no clean coal 
was found in it. The Garmeau seam showed 2.5 feet of clean ooal, but was not 
sampled. The Scott seam is probably the most important; of it 5 .3 feet were 
sampled (omitting 0.2 feet of bone), and above was about 3 feet of dirty coal. No 
true roof was found for the Benoit, but there seemed to be at least 2 to 3 feet of 
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coal. The series of strata containing these seams all dip to the east, and 1.~ miles 
above the Pelletier seam, on the other limb of the anticline, two good-sized seams 
were measured. The lower showed : coal, 2-4 feet; bone, 2-6 feet; coal, 5-8 feet. A 
fault occurred just below the poi!llt where this seam was measured, and its correlation 

• with any of the preceding seams is at least problematic. The higher of the two 
seams gave 6 feet dirty coal, 8~ f eet sh ale, 3 f eet coal. No. 1, on Anthracite creek, 
gave the following measurements: bone and dirty coal, 4 feet; clean coal, 2-4 feet; 
No. 2 gave 4-2 feet coal. No. 3 was not visited. Strike at No. 2, 157°, dip 45° W. 

1.f.r. Campbell"J ohnston reports a 25 foot seam, a 10 foot seam, and four smaller 
seams near the forks at the head of Beirnes creek. 

A picked specimen of coal from a 10 foot seam southeast of the head of Panorama 
creek was furnished by a prospector, Mr. Beeton. 

British .Columbia Anthracite Gompan-y.-This Company has done very little 
development work; two tunnels on Trail creek, one in wash and the other along a 
faulted seam, being the only ones of which the writer heard. A great deal of wallh 
is exposed on Telfer creek, and in ·all prtibability two or more seams are represented, 
but no measurements oould be made until they were dug out. The section measured on 
the ridge east of Trail creek has been given above, and in all probability the three 
seams in it might be traiced down into the valley. A 3.4 foot seam (probably one of 
the three in the section) was measured on the northwestern slope of the hill 2-65 miles 

. south of the mouth of Currier creek. It strikes 105° and dips 15° to the north. 
A seam, perhapE- 4 feet in thickness, was exposed on the hill northeast of the 

mouth of Currier creek at the head of Telfer creek, and a seam 16 feet in thickness 
is reported from the head of the small creek east of this hill. A number of small 
seams outcrop on Trail creek and on the stream coming in to the Oluakaa~ 4,000 
feet below the mouth of Currier creek, but the strata are badly disturbed in both these 
localities. 

Disturbances in Strata. 

The most important disturbances of the strata noted have been described under 
the heading .of Structural Geology. The results of the disturbances consist of mono­
dinal folding and overthrusting in lines running southeast and northwest, and are 
u sually to be seen on the northeastern slopes of the ridges, though in many cases the 
strata are concealed and it is impossible to decide whether there has been faulting 
or only sharp folding. The borders of the area, where east and west dips prevail, are 
.also an area of disturbance, for where the actual border of the area was seen the strata 
were broken by faults, crumpled, and even away from the borders many irregularities 
in dip and strike and some crumpling were observed. Quartz and calcite stringers 
traverse the strata iu different directions, but seem thicker and more numerous near 
the fault lines. In some cases these stringers are themselves faulted by subsequent 
:adjustments, though in no observed case did these movements throw the stringers 
more than a few inches out of line. On .account of the irregularity of the strata, 
which may be more serious than is indicated by the limited number of outcrops, the 
writer would advise careful prospecting before the sites for tunnels and mine buildings 
nre chosen. 

Character of the Coal. 

The character of the coal differs essentially from any hitherto described: it 
fa a•ruthra<!ite, non-coking, and contains exceptionally high percentages of 
moisture. In many cases the coal has a resino.us lustre, which is usually found in 
lignitic coal, and very likely the high :moisture produces this lustre. In many of the 
seams the coal is much crushed, and in all the seams stringers of quartz or calcite 
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occur. These stringers aTe usually from -i's to :l of an inch in thickness, and when 
a lump breaks along one of them the foreign mateTials do not break free but stick 
to one or other of the faces. The number of points at which the coal has been opened 
are too few to permit of an estimate being made of the amount of this foreign 
material present, and some localities may be found where the coal is entirely free 
from them. As a general rule, the stringers seem to be more numerous in the lower 
seams, averaging, perhaps, three to the cubic foot, while iri the two tunnels or the 6 
foot seam on Discovery creek one veinlet to the foot would be a more likely figure. 

The following are analyses of samples:, by different samplers, from various seams. 
In each case the thickness of coal (exclusive of bone or shale streaks) is given and 
the locality. It is further stated whether the seam was sampled on the surface or at 
the face of a tunnel. 

S I 1. • S 1 Mois- -. Volb. I Fixed A 1 S 1 h Cal.Val 
eam. ,oca ity. amp er. ture. ii~~e~. Carbon. s 1. 11 P · B. T. U. 

------------- 1----- - --
5· 5 ft. tunnel. ..... \Sm.all trib. of Cur.,J. 'McEvoy .1 1·17 1 6'05 I 76'20 I 16'58 I 0·7:,i I 12,215 

rier creek 
.. .. .. . " .. Malloch .... 1'04 8'39 67·89 22·68 

5 · 8 ft. tunnel. .. .... Lower tunnel, Dis- J. McEvoy. 1·17 6'54 33·37 8 ' 92 0·74 13,238 
covary creek 

5 · 8 ft. surface ... . .. " " .. " . 2 ·39 7 ·90 78'04 10 ·18 0·99 
1 ft. near top surface " " .. C. Fergie ... 4·12 7 ·43 82 ' 60 5·85 0 '46 
4 ft. near bottom sur- 5·95 3·00 82·00 I 4 '05 0 ·49 

face .... .. ...... . " " .. " .. . 
I 

5·4 ft. tunnel. . ..... Upper tuunel, Dis- J. McEvoy .. 2·62 6'96 34·49 5·93 5·75 13,814 
covery crnek 

.. w. 5·4 ft. surface . ...... " " Le&uh .. 5·75 7·34 75·26 11.' 65 

" ...... " " .. F. Walter .. 4·45 3·75 79·25 7 ·55 

4 · 4 ft. tunnel .... . . Near mouth Davis .J. McEvoy .. 1·40 6'06 70'68 21'86 1·60 11,788 
creek 

" .. . . , .. - " " .. Ma.Hoch .... 1·57 7·55 65•52 25'36 

6 · 8 ft. tunnel. . .. ... Trail creek near .J. McEvoy .. l '39 1 5·75 

I 
63•02 29'84 1·08 10,541 

mountain. 
1'36 1 6'5 ft. " . .. . .. . " " . . Ma.Hoch ... . 7·17 49'04 42'41 

5·2ft.shaft ......... 1 P~~~t~~eskam,Beir-1Malloch ... , 1 ·3517·69 I 6190 1 29'06 I I 

5. 2 ft. tunnel. ... ,. · I Sc~lt!ekseam Beirnes I Malloch . .. · 1 1 · os j 7 . 06 l 64. 97 1 26 . 89 1 I 

The following are analyses of specimens of coal, · i.e., lumps taken from different 
seams or :from surface outcrops :-
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Seam. Locality. 

Benoit . ...... .. . . .. Beirnes creek .. . 
Benoit ... . . .. . . 
Benoit . ...... . . . . 
Benoit .... . . . . ... . 
Benoit ... .. ..... . 
Scott .... .. ..... .. . 
Scott . ........... . . 
Scott .... . ..... .. . 
Scott .. . ...... ... . . 
Garneau ..... .... . 
Ross..... .. ... 
Pelletier ......... . 
Pelletier . . . . . . . . . " . . ... 
No. 1 .. .. .. . .. . . . . Anthracite creek 
No. 2 ........... .. 
No. 3 .... . ...... .. 

SUMMARY REPORT 

Vol. Moisture. Comb. 

3·0 
4·0 
4·0 
4·5 
4·5 
3·5 

n ·11 
4·5 I 
4 5 
4·0 

9·33 
4·0 I 
4·5 

13'51 
6 ' 78 
6 98 

6•6 
5·1 
5·0 
4-5 
4'6 
4'6 

4·5 
6 5 
4·0 

4·0 
3·5 

Fixed 
Carbon. 

74'6 
82'6 
82 ' 0 
84 •0 
80 '1 
81 ' 1 
75 •66 
77·0 
78 0 
82 ·50 
80·94 
71 ·o 
83 "5 
71 '76 
73'36 
86'74 

Ash. 

15·0 
7·5 
8·o 
6'0 

10·0 
w·o 
13·13 
13'0 
10·0 
8·5 
8'96 

20·0 
7·5 

14'57 
19 ·74 
6'15 

These analyses were furnished by Mr. Campbell-Johnston. 

Sulph. 

o ·8 
o ·8 
l ·o 
1'0 
o·8 
o·8 
0·4 
l ·o 
l'O 
l ·o 
0·77 
l·o 
l'O 
0 ·16 
0·12 
0·13 

89 

Cal. Val. 
B.T.U. 

12,852 

12,323 
12,843 
13,455 

11,340 

The following three analyses of specimens were made by F. G. Wait, chemist 
of the Mines Branch. 

--~am. __ l _ _ ~:1~t~--- -~-fo-is-tu-re._ ~~~--C-om_b_. _l_~_~_n. ___ A_ s_h._ 

12 feet ............... No. 3 in Main Section .. . .. . 
Pelletier ...... . . . .. . .. Beirnes Creek. . . . .. ...... . . 
10 feet . ............. _ Head Panorama Creek ... . . . 

2 ·23 
i·o1 
3·s3 

13'73 
6'53 
s·so 

64'39 
75 ·25 
82 ' 98 

19'65 
17'15 
4·39 

The great irregularit.r in the amounts of ash present is probably due in many 
cases to the inclusion in the Eamples and specimens of quartz or calcite stringers and 
to their absence from other specimens. The writer, in taking his samp'e5,, made no 
attempt to get rid of these materials, while Mr. McEvoy, and presumably the other 
samplers, were careful to exclude them. At the same time the high ash in many of 
the samples cannot be attributed to any foreign material, but must be due to impuri­
ties introduced during the deposition of the coal. Obviously, from the small part of 
the ba5in examined, and the difficulty in correlating the different seams seen, no 
estimate can be made of the amount of workable coal. 

KISPIOX COAL FIELD. 

As bas been stated, rocks of the Skeena series outcrop on the Kispiox and Skeena 
rivers for some 14 miles above the junction of the two rivers. · Exposures of coal 
seams occur on both rivers, but the strata are so badly disturbed that it would be 
unwise to spend any money in attempting to work them near the present outcrops. 

The section measured. at the Big slide on the Skeena shows that there are at 
least :five seams in the lower 1,000 feet of the series, and while the thickness of coal 
in them is not great, there is at least the possibilit.r that the seams may be thicker 
in other parts of the :field. 

In the Summary Report for 1909, Mr. Leach gives an approximate section 
measured on the east bank of the Skeena, between 2 and 3 miles above the mouth of 
the Shegunia river. It contains three seams, respectively, 2, 2·1, and 5·1 feet in 
thickness. The writer made an examination of the west bank last summer for 4 
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miles above the Kispiox, but the strata are cut by· igneous dykes and sills a·nd only 
two crushed and dirty seams were seen. On the Kispiox river the strata are al;;o 
badly disturbed for ,5~ miles, though the strikes and dips were not so irregular as on 
the Skeena and there are fewer dykes and sills. At the upper edge of this disturbed 
area, and on the western side of thP- river, a tunnel has been driven for a few feet into a 3 
foot seam oru the north limb of a faulted anticline, and a few tons of coal hauled on 
the ice to Hazelton and used in a blacksmith forge. On the eastern side, a little 
higher up, a 2 foot seam was found and beyond that exposures are not numerous. 
These would indicate, however, that the beds form a rather shallow and presumably a 
regular basin. A bed of black bituminous shale is exposed at low-water on the bend 
south of Kispiox post-office, and a large river flat a mile north of this would pro­
bably be as favourable as any for boring in the hopes of finding workable seams. 

The following two analyses, copied from the 1909 Summary, are of the two lower 
sealllil on the east side of the Skeena. The three succeeding analyses are of the three 
main seams in the No. 6 and Nos. 9 and 11 i·n upper ·section, and Nos. 2, 4, and 6 
in lower section; big' slide sections are added. 

Seam. L ocality. 

2 ·1 East side Skeena . .. ....... .... · ·· · · · ·· 5·1 " . . . . .... ...... ...... .. .. 
1·9 West ·········· · · · ·· · ·· · ··· ·· ! 
0"65} 
1 ·3 ... .. ........ . ...... . . . . 
1"4 } o·!I ········ ......... ... .. 
0"6 

Moisture. Vol. Comb. 

1'42 18 '76 
1"18 20 ·G3 
l "07 20·43 

1·1!1 10 ·33 

2 ·10 11 ·32 

Fixed 
Carbon. 

58'20 
57·29 
51·26 

64 "77 

68 "34 

!\sh. 

21 ·62 
20· 92 
27"24 

23·71 

18•24 

1A specimen from the west side of the Skeena, 1~ miles above the mouth of the 
Kispiox, gave:-

Moist., 1-65; vol. comb., 22-86; fixed carbon, 50-02; ash, 25-47. 
This and the 5-1 foot seam above were the only coals which coked. 
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GEOLOGY OF NAiNAIMO SHEET, NAl~AIMO COAL-FIELD, VANOOUVER. 
ISLAND, BRITISH COLUMBIA. 

(Charles H. Clapp. ) 

INTRODUCTION, 

The greater part of the field season of 1911 was spent by the writer in a detailed 
geological examination of a diatrict in the vicinity of N anaimo, Vancouver island., 
B.C. The topographic map prepared in 1910, under the direction of R. H. Chapman. 
was used as a field map. This map is a 1'5 minute sheet, mapped on a scale of 
1: 48,000 (1 inch= 4,000 feet), with a contour interval of 20 feet. The total land 
area represented is about 175 square miles and includes the greater part of the 
Nanaimo coal-field. The surface geological mapping was completed by the middle of 
September. In this work the writer was very .ably assisted by Mr. John D. Mac· 
kenzie. 

Another month was spent underground and in getting. data from the mining com­
panies operating in the district. In this work all the operating companies, with one 
exception, gave the writer very hearty co-operation. Those who co-operated with the 
Survey are the Canadian Collieries (Dunsmuir) Company, Paci& Coast Coal Mines, 
and VaILCouver-N anaimo Coal Mining Company. Special acknowledgment is due 
to Mr. W. J. Sutton, geologist for the Canadian Collieries Company, who very kindly 
gave the writer much information .and assistance and accompanied him in the field 
several times. During September and October visits were made to the Comox and the 
Suquash coal fields, the former visit being made in company with Mr. Sutton. A 
few days' work was done also in the vicinity of Duncan and Victoria and in southern 
Saltspring island.. 

PREVIOUS WORK. 

The .character .and age of the coal measures of the N anaimo district were known 
and described as early as the late fifties, but little work of a general and correlative 
nature was done and no maps were pubfohed until the seventies. Then Richardson 
worked. for five year·s oni the coal-fields of the east coa.st of Vancouver island,, his 
results being published in the R eports of Progress of the Geological Survey for the 
years 1871-72, 18'7F,l-73, and 1876-77. His last report summarizes his work, and is 
accompanied by a map on a scale of 4 miles to an inch. During Richardson's examina· 
tion a great many fossils were collected, and these, with many others collected since 
that time, have been described, chiefly by Whiteaves. Much prospecting has been 
done and many private examinatiom have been made since Richardson's reports were 
published; but of the extensive information thus collected very little has been made 
public. In 19'05 R. S. Poo.lie collected. some of the data, which appeared in the Sum­
mary Report of the Geological Survey for 1905. During the writer's previous work 
on Vancouver island little attention was given to the N anaimo coal field, and in his 
reports very little was publishe°d concerning it. A large part of the data collected in 
the district is in the hands of Mr. W. J. ·Sutton, geologist of the Canadian Collieries 
(Dunsmuir) Company, and he has very kindly co-operated with the writer in the 
present examination. 
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SUMMARY AND CONCLUSIONS. 

The larger part of the Nanaimo map area is underlain by sedimentary rocks, 
sandstones, conglomerates, and shales, of upper Cretaceous age, which are grouped 
together and called the Nanaimo series. They contain the coal seams of the well­
known N anaimo coal district. The series has been subdivided on lithological grounds 
into various formations, each with its more or less peculiar characteriatics. The;v 
rest unconformably on crystalline rocks of various kinds, metamorphic volcanics of 
the Vancouver group and batholithic rocks, diorites and diorite gneisrns, grano­
diorites and quartz diorites, and gabbro-diorites, intrusive into the metamorphic vol­
canics. The crystalline rocks within the limits of the Nanaimo map area form low 
ridges extending east from the crystalline rock highland west of the map area. These 
ridges surround and project into the sedimentary rock basin. The N anaimo series 
are moderately diaturbed, and have in general a simple monoclinal structure with a 
northwest-southeast strike and a low dip to the northeast. There are a few rather 
large open folds· involving one or more formations, and many ,;maller and minor 
folds. There are also many minor faults, and in the southwest part of the map area 
are two reversed strike faults with a relatively large throw. 

. Following the folding of the N anaimo series the basin underlain by them was 
reduced to a lowland, while the crystalline rocks surrounding the basin, being more 
resi;;tant, remained surmounting it. The softer rocks of the· series were worn down 
to wide valleys corresponding to the strike of the soft beds, while the harder rock& 
were left in slight relief. The region was glaciated in Glacial time, and above eleva­
tions of 400 feet there is a large amount of glacial till. In post-Glacial time the land 
apparently stood a few hundred feet lower than at present, for up to that elevation a:-e 
found deposits of stratified sand and gravel derived from glacial till and probabl:­
of delta and estuarine origin. A recent uplift has brought the land into its present 
position and initiated the present erosion cycle, during which the revived streams 
have terraced the superficial deposits and have cut narrow canyons in the indurated 
rocks. 

Coal is the principal mineral resource, the map area embracing all the producing 
m·ines of the Nanaimo coal district. The coal deposits have been the source of a 
flourishing industry for over fifty years, and the present production is over 1,000,000 
tons per year. The coal is bituminous, of fai r grade. It occurs in the three seams, 
the Wellington, the Newcastle, and the Douglas. The seams ar"e remarkably per­
sistent considering the great variability of the associated rocks, but vary greatly in 
thickness and quality. Sometimes a variation as great as from 2 or 3 feet of dirty 
slickensided coal or 'rash' to 30 feet of clean coal occurs within a lateral distance of 
100 feet. It seems as if this extreme variation has been due to a folding of dirty or 
silty coal seams, when at least the clean coal was in a pasty condition, permitting it 
to :flow away from the bends where an increased vertical pressure was developed, to 
the limbs of the folds where there was a corresponding decrease of pressure. There 
are also large, barren places in the seams due to silting or other similar causes, so 
that it is seen that the mining of the coal is attended with considerable difficulty, 
which, however, is very well overcome by the mine operators. 

Some of the sandstones of the N anaimo series have been quarried for building, 
stone, although there was no production during the past year. Some of the sandstones 
l:\re concretionary, 

1

others soft and fri able. Some, notably the DeCourcy sandstone, 
are, as a rule, of good colour, easily worked (although not regularly jointed), and, 
although rather soft directly after quarrying, harden with seasoni11g. 

The importance of the N anaimo distri ct in the coal industry may be more easily 
comprehended when it is realized that it produces over one-third of the entire coal 
output of British Columbia. Although. the production of building stone has been 
small, the better sandatones have a considerable prospective value. 
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GENERAL CHARACTER OF THE DISTRICT. 

TOPOGRAPHY. 

The area represented by the N anaimo sheet is a part of the east coast lowland of 
Vancouver island, which was developed by the more rapid erosion of the less resistant 
sedimentary rocks fringing the east coast and lying on the more resistant crystalline 
rocks which form the axis of the island. These sedimentary rocks are of varying 
resistance and are moderately disturbed, their strikes being predominantly northwest­
southeast and their Jip northeast. The less resistant beds of the i!edimentary rocks 
have been worn down nearly to a level, thereby forming extensive valleys along the 
belts of soft rocks. These valleys .have, therefore, a general northwest-southeast trend, 
while their width varies, dependent upon the width of the soft rock belts. The 
valleys were probably reduced nearly to sea-level, but on account of a comparatively 
recent uplift have a present elevation of from 10'0 to 400 feet. The more resistant 
beds of the sedimentary rocks have been greatly reduced, but not to a level, and now 
form long ridges with a general northwest-southeast trend. The ridges have a gentle 
slope in the direction of the dip of their component rocks, and a very steep slope, 
often a nearly vertical cliff, in the opposite 'direction. The general elevation of the 
ridges increases from the eastern to the western part of the area, those in the eastern 
part ranging from 300 to 700 feet above sea-level, and those in the western part from 
.500 to 1,000 feet. In the western part of the area the valleys are much narrower than 
those developed along the belts of soft rock, and have a tr1md across the strike of the 
underlying rocks. They have been formed by the larger streams fl.owing eastward 
from the highland west of the area. These streams are the Millstone and Chase 
rivers in the northern part of the area, and the N anaimo river and Haslam creek in 
the southern part. Along the western border of the area is the slope from the coast 
lowlarrud up to the highland underlain by the more resistant cry:itallines. 
On this slope, in the extreme southwestern part of the area, the higb.est elevation of 
the area, 1,54-0 feet, is attai·ned. Tongues of the crystalline rocks extend eastward 
from the highland into the area of the N anaimo map-sheet and form low ridges with 
an east-west trend, rapidly increasing in elevation to the westward. One of these 
ridges occurs in the extreme northern part of the area; another, in the central part, 
is the fl.a,nk of a mountain, about 3,300 feet hig1h, to the .west of the city of N anaimo, 
known as Mt. Benson. A third ridge of crystalline rocks occurs along the southern 
boundary of the map area, and attains an elevation of slightly over 1,500 feet. In the 
central .portion of the southern part of the map area is a nearly isolated mass of 
resistant crystalline rocks, which has been left in relief by the erosion of the sur­
rounding, less resistant sedimentary rocks, and forms a large rounded hill, 1,46'0 fee t 
high, called Mt. Hayes, the most prominent elevation in the area. 

It seems as if at some time following the formation of the wide valleys in the 
S-Oft sedimentary rocks the eastern part of the area was depressed below sea-level and 
the valleys 'drowned, thus forming the long, but of ten wide channels, passes, and 
harbours characteristic of the shore of this region. The hard rock ridges remain above 
sea-level as long points and islands which are characteristically long and occur in 
chains. 

During the Glacial period the region was glaciated and the rock surfaces were 
smoothed off, and the valleys were deepened. Upon the retreat of the glaciers the 
region apparently stood a few hundred feet lower with respect to sea-level than at 
present. This conclusion is based U'POn the occunence up to an elevation of 4-00 feet, 
of stratified sands and gravel, largely delta deposits., but possibly iir part of marine or 
eiltuarine origin. These delta deposits have been built up at the former mouths of 
the larger streams fl.owing eastward from the highland west of the area, and occur at 
the confluence of the east-west transver3e valleys and the wide longitudinal valleys 
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developed in the soft rock belts. The deposits near the mouth of the river which 
formerly occupied the N ana imo valley conta in many ice-block or kettle-holes. A 
comparatively recent uplift bas brought the deposits above sea-level, and they have 
been terraced by the ;;treams revived by the uplift. The larger of the revived streams 
have also cut narrow canyons, from 100 to 300 feet deep, in the indurated sedimentary 
rocks. These canyons are the most picturesque feature of the physiography of the 
area. 

CLIMATE AND VEGETATION. 

The ,climate of N111naimo and vicinit,y is similar to that of Victoria,' the tempera­
ture being remarkably uniform and the rainfall much less than in other portions of 
the North Pacific coailt. The range of temperature is somewhat wider than that of 
Victoria, from an average of 40° F. in winter to an average of 60° F. in summer. 
The rainfall is slightly greater, about 35 inches, the greater part of the rain falling 
in the winter months., while the summer is dry. 

The N anaimo area was once heavily forested like other parts of the east coast of 
Vancouver island, the forest trees being chiefly conifers, Douglas fir, and red cedar 
greatly predominating. But a great deal of the timber has been cut, and in the wide 
valleys the land has been cleared a·nd i;; now cultivated. Small fruit, garden truck, 
and grain are the ·Chief agricultural products. 

MEANS . OF ACCESS. 

There are many wagon roads and several railways 111 the area. The Esquimalt 
and N anaimo railway traverses almost across the entire area from north to south, 
and there are several coal mine and lumber railways. The larger part of the area is, 
therefore, readily accessible, the extreme southwestern portion being the only part 
reached and traversed with some difficulty. 

1 Summary Report, 1910, Geological Survey, p, 103. 
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Superficial deposits .. 
N anaimo series .. 

SUMMARY REPORT 

GENERAL GEOLOGY. 

TABLE OF FORMATIONS. 

Pleistocene and Recent. 
Upper Cretaceous. 

Thickness. 

95 

Lithological character. --------- Average. 

Gabriola f1 •rn 1ation . . . . . . . Chiefly sandstones . . . . . ......... . 
Northmnhe1·1't11d f111·mttt inn Conglomerates, sandstones, and shales .. 
D eCourcy forttl<Ltio11. . ... . . Chietiy san<lstones . . . . . . . . . . . . . . .... 
Cedar Di.tric·t forrn:cti on. .. Chi~fly sha!Ps. . . . . . . . . . . . . . . . . . . . . 
Protect.ion forni:,ti<nl . . . . . Chiefly sandstones, coarse. gritty sand-

N ewca,t],, formation ... 
(Douglas co>il 'emn ). 

Newcastle coal sf'am. 

stones ... . .............. . . . . . . .. . .. 
Fine conglomerates and sandy shales, 

and contains Douglas seam .. . ....... . 

Cranberry fonrn>tion . .. . .. . . ... F laggy and shaly sandr,tones and sandy 
sh~les , and gritty sandston~s >ind fine 
conglomerates. . . . . . . . . . .. . ....... . 

Extension form ation ..... . . Chiefl y conglomerates, al so shale and 
;,andstone horir.ons and small coal 
seams .... . ..... .. . ... .. .. ... ... . 

Wellington coal seam. 
East \Vellington formation .. ... Sandstone ....................... , ... . 
Haslam formation (Marine 

shales) . .. .. : .... Chiefly shales....... .. ....... . ... . .. . 
(Departure Bay calcaremte•). 

Benson formation . . ..... B:isal conglomerate . ... . .............. . 

I T otal . . ... . . ...... . .. . 

~Iinirnurn Maximum 

1,400 1,400 1,400 
1,100 1,200 1,150 

800 1,400 850 
700 1,000 750 

600 750 650 

150 400 200 

150 500 250 

700 1,500 800 

25 50 35 

500 800 600 

0 400 100 
-------· ----

6,125 9,400 6,781i 

Batholithic intrusives .. .. . . . . ... .. . .. . ......... . . Upper Jurassic and possibly lower Cretaceous. 
Gabbro-diorite. 
Quartz diorite and granocliorite. 
D iorite and diorite gneiss. 

Van~ouver group.. . . ... ....... . . .... .. . . . . ...... . Lower J uras~ic and Triassic. 
Metamorphic volcanics ................. .. . . .. . Chiefly andebite. 

GENERAL DESCRIPTION OF FORMATIONS. 

V anc:.ouv·er Group. 

The crystalline rocks upon which the sedimentary rocks of the N anaimo series 
unconformably rest consist of metamorphic volcanics, which belong to the Vancouver 
group, and of intrusive batholithic rocks. They occur in three low ridges extending 
east from the crystalline rock highland to the west of the N anaimo area. The first 
r idge occurs in the northwestern part of the area, north of Departure bay, and is the 
northern boundary of the N anaimo basin. The second ridge is the east flank of Mt. 
Benson and is situated west of N anaimo. The third ridge occurs along the southern 
boundary of the map area and is the southern boundary of the N anaimo basin. The 
fi rst two ridges are composed entirely of Vancouver volcanics and the southern one 
consists largely of batholithic rocks, although a small area of metamorphic volcanics 
does occur in its western part. 

The volcan.ic rocks are uniform in appearance and typical of the volcanic mem­
bers of the Vancouver group. They are largely dense, green altered andesites, 
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greatly fractured and sheared, cut by numerous quartz and epidote stringers, and ofteill 
mineralized along shear zones. No evidence as to the age of the volcanics is to be 
found in the area of the N anaimo sheet, other than that they are pre-upper Cretaceous. 
They are, however, placed almost certainly, in the Vancouver group, which is kruown 
to contain lower Jurassic rocks and · probably Triassic rocks also. 

Batholithic Intrusives. 

The batholithic rocks, which are intrusives into the Vancouver volcanics, are, as 
~tated, virtually confined to the southern ridge of cry:>talline rocks. A very small boss 
also occurs on the Nanaimo river, ·near the extreme western border of the area. The 
rocks consist of gtranodiorite grading into quartz diorite, diorite chiefly gneissic in char­
acter, and a gabbro-diorite of a sub-,porphyritic texture. The granodiorite, which is 
similar to the other granodiorite~ of Vancouver island, is the chief rock type. A very 
uniform body of it forms Mt. ,Hayes, which projects above the surrounding lowland 
underlain by the Haslam shales that lie unconformably upon the granodiorite. Along, 
the north flank of Mt. Hayes occurs a diorite, frequently fine-grained and gneissic, 
which although doubtless rel~ted to the granodiorite, ia mucli more basic, all'd is also 
intruded and brecciated by the granodiorite. 

In the extreme southwestern corner of the map area is a body of gabbro-diorite, 
which has a sub-porphyritic texture. It is similar in appearance to the diorite por­
phyrites which are intrusive into the Sicker series of the Vancouver group, on south­
ern Saltspring island a,rud elsewhere.1 The gabbro-diorite of the N anaimo area is 
intrusive into the Vancouver volcanics, but its relation to the other batholithic rocks 
is not exposed. 

N anaimo S eries. 

Lying unconformably upon the crystalline rocks are the thick series of sedi­
meilltary rocks of upper Cretaceous age which contain the coal seams of the N anaimo 
district. The lower members of this series are fo;;siliferous, and have been designated 
by Dawson• as the Nanaimo series (group). The entire series of conformable sedi­
ments is, however, gener.ally known as the N anaimo series or N anaimo formation. 
As the upper unfossiliferous member (Gabriela sandstooos) is very unlike the Eocene 
sandstones near the city of Vancouver, being much more indurat ed, it is very doubt­
ful that it is of Eocene age as Dawson' suggests it might be. I t seems best, therefore, 
to enlarge the scope of the name N anaimo so as · to embrace the entire conformable 
series of sedimentary rocks. None of the lower members of the Cowichan group' 
occur in the area of the N anaimo map-sheet. 

The N anaimo series may be subdivided solely on lithological grounds, since all 
of the lower formations contain an identical fauna, while the upper formation is 
unfossiliferous. The various subdivisions or formations are more or le;;s characteris­
tic and well defined. They have already been enumerated in the table of formations, 
and their distribution and lithological charactera are described below in order of age, 
the lowest or oldest formation being described first. 

Benson Formation. 

The Benson formation is the basal conglomerate of the series. It is exposed 
and apparently developed orily locally, chiefly around the north flank of the east spur 
of Mt. Benson and in the extreme southwestern portion of the area; it is well exposed 

1 C. H. Clapp, Summary Report, Geol. Surv., Canada, 1910, p. 105. 
• G. M. Dawson. "The Nanaimo group," .A.m. Jour. Sci., Vol. 39, 1890, pp. 180-183. 
1 G. M. Dawson. Bull. Geol. Soc. Am., Vol. XII, 1901, p. 79. 
• C. H. Clapp. Summary Report, 1909, Geol. Surv., Canada, p. 89. 
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on Haslam creek. It occurs also on the shore of Departure ba.y. The basal con­
glomerate varies from a typical coarse conglomerate composed of large rounded frag­
ments of the underlying r·ocks, where it occurs lying in hollowa in the Vancouver 
volcaruics alon:gi the north shore of Departure bay, to a rather fine-grained conglomer­
ate, composed chiefly of rounded volcanic fragments, interbedded with arkose sand­
stones, which grade upward into interbedded arkose and shaly sandstones charac­
teristic of the base of the overlying Haslam formation. The maximum thickne:is of 
the Benson conglomerate is about 400 feet. 

Haslam Formation (Marine Shales). 

0Yerlying the Benson conglomerate, and sometimes resting CLirectly on the 
underlying crystalline rocks1, is the Haslam formation. It consists chiefly of fine­
grained shaJy sandstones and sandy shales•. Even the shaly ·S·andstone..~ are locally 
culled shales on account of their pronounced difference from the prevailing coarse­
grained sandstones of the N anaimo series. The formation is locally called the 
'marine shales' on account of the mari•rue fossils which are occasionally found in it. 
The Haslam formation extends ·along the western border of the area in, an irregular 
belt f•rom one-fourth of a mile to 3 miles in width, and also underlies three nm'l'ow 
anticlines in the south central portion of the region. The shales are carbonaceous, 
being usually light to dark grey in colour. Interbedded with the typical sandy shales 
are thin beds of light grey, fine-grained, and often fairly siliceous sandstones. These 
sandstonea average less than a foot thick, but sometimes occur in large 111Umbers. 
Toward the base of the formation the interbeds of .gandstone, although not more 
numerous, are thicker and usually of much coarser grain. They grade into a coarse 
arkose which, although interbedded with shale, shows an abrupt transitioru into the 
Benson basal conglomerate or lies directly upon the underlying crystalline rocks. 
Along the north shore of Departure bay the Haslam formation is composed of broken 
shells mixed with a large amount of sand; such a rock, composed of Hhell-sand, or 
limestone fragments, is known as a calcarenite, although in this instance the l'Ock is 
an impure calcarenite. The thickness of the Haslam formation appears to be fairly 
uniform and averages about 600 feet. 

East Wellington Formation. 

The upper portion of the Haslam shales almost invariably grades upward into, 
or is limited by a uniform, fine to medium-grained and rather flaggy sandstone, called 
the East Wellington sandstone. The sandstone varies from about 2·5 to 50 feet in 
thiclmess, and sometimes contains thin interbeds of sandy shales, identical with the 
nit-derlying Haslam shales. More rarely the sandstone is coarse-grained and contains 
interbeds of fine to medium-grained conglomerate. 

Wellington Coal Seam. 

The East Wellington sairuclstone is the floor of the Wellington coal seam. The 
seam is overlain by the Extension formation, and in places· ha·s a roof of sandy shale 
.and in others a conglomerate roof. 

Extension F1ormation. 

The Extension formation consists chiefly of a very characteristic conglomerate. The 
formation underlies a broad belt extending entirely across the area with a N. 30° W. 
strike. The belt averagies somewhat over a mile in width, except in the central part, 
where, on account of a repetition of the beds by folding and faulting, it is 2! miles 
wide. The conglomerate is medium to coarse-grained, the fragments averaging about 

26-7 
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three-fourths of an inch in .diameter. The fragments are sub-angular to &uh-rounded 
and are ·Composed almost entirely of quartz, having been derived from quartz veins and. 
from the very fine-grained s·iliceous rocks of the Sicker series that resembJe chert&, and 
are locally so called. Fragments of the normal metamorphic volcanics of the Vancouver 
group are rare. The fragments occur in a coarse, sandy matrix which, ordinarily, is in 
large amount, and the typical conglomerate grade& into coarse-grained and pebbly 
sandstone. There are a1so a few horizons of sandy shales or shaly sandstones', in the 
Extension formation, the thickest being about SO feet. The shale horizons are usually 
associated with thin coal ·seams or lenses. Neither the shale horizons nor the coal seams 
are persistent over large areas. In the central and ;;outhern parts of the belt under­
lain by the Extension formation sandstones and shales are confined to relatively thin 
interbeds in the typical massive conglomerate. In the northern part of the belt, how­
ever, in the vicinity of East Wellington, the lower 300 feet of the formation consists 
largely of sandstones and ,:;hales, an'd the upper 400 feet conJSist almost entirely of 
massive conglomerate. The thickness of the Extension formation varies from 700 to 
1,500 feet, the greatest thickness being reached only in its southern part. 

Granberry Formation. 

The Cranberry formation ov-erlies the Extension formation, and occupies a belt 
which averages about half a mile in width, with a maximum width in the central part 
of over a mile on account of repetit ion due to folding and faulting. The forma­
tion consists chiefly of dark green shaly s·andstones and more rarely sandy shales. 
In the cerutral part of the belt, west of South Wellington, there are one or more thick 
horizons of conglomerate resembling the Extension conglomerate, although there are 
a larger number of fragments of volcanic rocks present. In this portion the Cran­
berry formation is not well defirued, and grades downward into the Extension forma­
tion and upward into shales, characteristic of the overlying Newcastle formation. In 
its northern part it is fairly well defined and represents a very characteristic period 
of deposition. Its thickness varie;; from 150 feet to a maximum of 500 feet ~ru its 
scruthern part. 

Newcastle (Lower Douglas) Goal Seam. 

The upper limit of the Cranberry formation is the Newcastle coal seam, or, as 
it is sometime;; locally called, the Lower Douglas seam. The seam is overlain by the 
rocks of the Newcastle formation. It is well defined in the northern part of the area 
of the N anaimo map-sheet and persists through the central part, but is poorly defirued 
or absent in the southern part. 

• 

Newcastle Formation and D1ouglas Goal Seam. 

The Newcastle formation, which directly overlies the Newcastle coal seam, con­
tains the DougJas coal seam. The formation underlies a belt extending across the 
area of the Nanaimo sheet, from northern Newcastle island through the city of 
N anaimo and town of South Wellington to Ladysmith. The formation, although 
having determinative characteristics, varies in different parts. In certain portions 
it consists of a fine conglomerate and coarse gritty sandstone with interbeds of dark 
green sandy shales. The conglome11ate is disting111ished by its fineness and by itd well­
rounded fragmenrts, which are chiefly derived from the Vancouver volcanics. In 
other portions, practi ca.lly the entire formation consists of dark green sandy shales or 
shaly sandstones, composed larsoiely of detritus of volcanic rocks. Interbedded with 
these shales are, however, lenses of the characteristic fine conglomerate arud gritty 
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sandstones. The formation varies in thickness in its northern part from 250 feet, 
where it is chiefly conglomerate, to 150 feet, where it is composed chiefly of sandy 
shales; lYut in its extreme southern portion, although apparently composed chiefly of 
shales, it is approximately 400 feet thick. 

The Douglas seam occurs in the Newcastle formation. Its floor and roof vary 
from fine conglomerate to sandy shale, correspon-ding more or lessi closely to the 
similar variation in the lithological cliaracter of the Newcastle formation. The 
former conditions prevail ~n the vicinity of Nanaimo and the latter at South Wel­
lington, the two centres where the Douglas seam is mined. The seam lies from 25 
to 100 feet above the Newcastle seam. It is well developed from northern N ewcastle 
island to south of the N anaimo river, the outcrop of the seam crossing the river near 
the Esqu imalt and, N anaimo Railway bridge at Cassidy siding. Indications of the 
seam also occur as far south as Bush creek, a mile north of Lad,ssmith. 

Protection Formation. 

The Newcastle formation is overlain by a characteristic horizon of sandstone, 
which is the best horizon marker in the Nanaimo series. The horizon is called the 
Protection formation from its typical developmewt on Protection island. It under­
lies a belt extending from Newcastle island to Ladysmith, 1 mile to l~ miles wide in 
its northern portion and narrowing to less than one-fourth of a mile in width in 
its extreme southem portion where the dips are very high. The formation consists 
largely of a white or greyish sandstone, composed chiefly of rounded quartz grains 
with a coating of white kaolin. Associated with the sandstones are frequent inter­
beds of shaly sandstones and carbonaceous, s iliceous, sandy shales. The formation 
contains also numerous small coal lensas, none of which are of commercial value. 
The fmmation varies from 600 to 750 feet in thickness. 

Cedar District Formation. 

Overlying the Protection sandstone is a formation of dark ferruginous sandy 
shales with a large numlber of interbeds of coarse-grained sancllstone. This formation, 
which is one of the less resistant formations, underlies a wide valley extending a.lmost 
north and south from the mouth of N anaimo river to Ladysmith harbour. The larger 
part of the valley is in Cedar district, and the formation is, therefore, given the dis­
tinctive geographic name of Cedar district.' This formation is fairly uniform through­
out its entire thickness, which is about 750 feet with a maximum thickness of 1,000 
feet in its southern portion. A peculiar feature of this formation is the larg,e number 
of sandstone dykes which cut the shales. These dykes, which have a maximum thick­
ness of 3 to 4 feet, usually protrude from the interbeds of sandstone and are irregular 
and branching, following joints in the shales, 

DeGourcy Formation. 

Overlying the Cedar District shales, with a transition zone 100 to 200 feet thick, 
is a thick and uniform horiz,on of sandstones 'called the DeCourcy formation from its 
typical development in the group of islands known as the DeOourcy group. The 
DeCourc;y formation extends from Jack point, a long narrow point P-ast of N anaimo, 
to the high range of hills on the east s ide of Ladysmith harbour. On account of a 
number of open folds the outcrop of the formatioru has a maximum width in its 
southern part of about 4 miles. The formation consiBts chiefly of a grey, rather 
coarse-grained sandstone usually weathering to a yellowish brown. It contains also 

1 The name Cedar has a lready been used to designate a formation of J uratriassic age in 
California. 

26-7~ 
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thin horizons of shaly sandstone aJIJJd carbonaceous sandy shales, with which are 
associated thin lenses of impure coal, none of which are of commercial value. The 
thickness of the DeCom·cy format ion averages about 800 feet, but in its southern part 
has a maximum thickness of about 1,4'00 feet. 

Northumberland Formation. 

The DeCourcy formation is limited by an overlying, persistent horizon of shales. 
These hales are ,similar to the Cedar District shales; but in their upper portion, 
both in vertical and lateral directions, grade irregularly into or, more strictly, are 
r.eplaced by sandstones and coarse conglomerates composed of a great variety of frag­
ments. This formation, eonsisting of shales, sandstones, and coarse heterogeneous 
conglomerates, is called the Northumberland formation, and is exposed chiefly to the 
northeast of Northumberland channel alongi the southwest shore of Gabriola island. 
The Northumberland shales are exposed aJso alo1D1g the northeast shore of Gabriola 
island, showing the presence of a syncline which extends through the island. The 
thickness of the formation varies from about 1,100 feet to about '>1,200 feet. 

Gabriola Formation. 

Overlying the Northumberland formation and separated from it by a more or less 
persistent horizon of shales is a very thick series of fairly uniform, massive sand­
stones, which since they compose the larger part of Gabriola island are called the 
Gabriola formation. This formation is the uppermost of the N an aimo series. The 
sandstones are medium to coarse-grained, rather siliceous and characteristically con­
cretionary. The concretionary structure and soluble cement causes them to be · eroded 
into fantastic forms or 'gallerys ' where they are subject to solution by saltwater 
spray and by wind and wave erosion. The formation is about 1,400 feet thick in the 
area of the N anaimo map-·sheet, hut increases in thickness to the southeast to a 
maximum of over 3,000 feet. 

Structure of the Nanaimo Series.1-The rocks of the Nanairno series have as a 
whole a general northwest-southeast strike and a prevailing dip to the northeast. At 
the northern rim ·of the basin, in the vicinity of Departure bay, the general strike 
turns to the northeast amid east, while the dip is to the southeast and south. With the 
exception of the major fold which outlines the basin, the entire series is not involved 
in any large single fold. There are, however, many smaller folds involving one or 
more formations . Of these, the largest and most important are an anticline whose 
axis underliesl Extension valley, another anticline pitching to the northwestward, 
who'3e axis underlies Trincomali channel, and a syncline on Gabriola island. The two 
anticlines may be called the Extension anticline and the Trincomali anticline, 
and the syncline the Gabriola syncline. Along the axis of the extension anti­
cline the Haslam shales are exposed, with the East Wellington. sandstone, Wellington 
coal seam, and Extension conglomerate exposed on either side in the ridges fronting 
the anticlinal valley. The axis of the Trincomali anticline is largely under water, 
but the Protection sandstone is exposed on a small island, called Round island, near 
the axis. The DeCourcy islands a long the northeast flank of the anticline and the 
shore of Vancouver island along- the southwest flank are underlain by Cedar Dis­
t rict shales and DeCourcy sandstones. 

Minor faults, seldom more than shal'p rolls with a very small actual displacement, 
are common. In the west central part of the basin are two large reversed or comprea­
sion faults. These two faults, which occur to the southwest of Extension, have north-

1 &oe accompan ying map of •th e general s trn otur e. 
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west-southeast strikes and steep dips to the northeast. Along the larger fault, the 
northeastern, the Haslam shales on the southwestern and upthrown side of the fault 
are in con,tact with Extension conglomerate on the northeastern and downthrown 
side. The throw of the fault is about 300 feet. The Wellington coal seam a)so is 
brought to the surface on the upthrown side of the fault. The smaller fault is as 
stated of the same character, the southwestern side upthrown. The throw decreases 
:from about 100 feet . where the fault is fi11slt recognized near the old No. 1 mine 
of the Wellington Collieries Company, to 11•othing, about a mile to the southeast. The 
faulting has been traced in the underground workings of the No. 3 Extension 
mme. 

Superficial Deposits. 

A very large portion of the N anaimo basin, especially the parts underlain by the 
soft, less resistant bed:;, is covered with unconsolidated superficial deposits of various 
kinds which are, however, almost entirely referable to the Glacial period. The super­
ficial deposits may be classified as unmodified glacial till, stratified drift, detritl:ls, 
and recent alluvial and beach deposits. Glacial till is rather uncommon below eleva.­
tions of about 4'00 feet above sea-level and in the larger valleys. It does occur, how­
ever, below that elevation near the coast on the sides of rock ridges. It is found in great­
est abundance alongi the western border of the basin on the slope from the coast low-
1 and to the highland west of the map area. In the southwester.n section of the map 
area, underlain chiefly by the Has.Jam shales, the indurated rocks are exposed only 
along the various stream courses. 

'l'he stratified deposits consist chiofly of sand and gravel. Sandy clays occur but 
are in relatively small •amount, far less than in other parts of southeastern Vancouver 
island,' and smooth plastic clays are very un.common. The deposits are chiefly of 
river origin, although the finer-grained and more easterly deposits are probably of 
lake or marine (estuarine) origin. No marine fossils were found in the drift as have 
been found in the similar drift in the vicinity ·Of Victoria. The river deposits, con­
sisting of cross-bedded, coarse glacial sands and gravel, are best developed in the 
south central part of the area where the valleys of Nanaimo river and Haslam creek 
merge into the coast lowland. They appear to be delta deposits, as they have a typical 
delta structure, with conspicuous fore-set beds, and apparently have been formed at 
the mouths •Of the rivers which previously occupied the N anaimo River and Haslam 
Cr-eek valleys, when the land stood a few hundred feet lower with respect to sea-level 
than at present. The deposi tsi, as already mentioned, lmve been terraced by the present 
revived streams after the uplift which brought the land into its present position. At 
the head of these delta deposits, especially between N anaimo river and Haslam creek, 
are many well' developed kames and kettle or ice-block holes, features which are 
developed near the terminus of large gJaciers, so that it seems ·as if the valleys were 
filled with ice during at least part of the deposition of the delta deposits. 

The so-called detritus or detrital deposits consist of small to large angular frag­
ments of the immediately underlying rocks, chiefly sandstones, mixed with more or 
less glacial till and sometimes with stratified drift. Deposits of this character are 
virtually confined to the islands of the map area, notably Gabriola island. They 
appear to be due to the breaking down, by mechanical agencies of the underlying, sand­
stone in post-Glacial times. The sandstone must have been subject to rapid mechani­
cal disintegration following the removal of virtually all its covering of residual soil 
or drift by the powerful scouring action of the large glaciers which occupied the 
Sound region between Vancouver island and the mainland. 

Recent alluvial deposits occur ill' small depressions in the drift, especially in the 
wide northwest-southeast valleys, and at the mouth of N anaimo river where a 

1 C. H. Clapp. Summary Report, 1910, Geological Survey, Canada, p. 107. 
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delta ~SI rapidly filling the drowned valley between N anaimo and Jack point, 
underlain by the Cedar District shales. A similar, but much smaller delta, is being 
formed at the head of Ladysmith harbour. Alongi the shore are amall narrow beaches 
between rocky headlands, and rarely, where the superficial depo:>its have been cliffed 
by wave erosion, small barrier beaches and sand bars have been built. 

ECONOMIC GEOLOGY. 

Of the mineral resources of the N anaimo map area the coal deposits are of much 
the greatest value, and have been the source of a large flourishing industry for over 
fifty years. The only other products derived from the mineral deposits are building 
stone, sand and gravel, and common brick. Other deposits which have been, pro­
spected are the Departure Bay impure limestones (calcarenites) and the mineralized 
shear zones and veins in the crystalline rocks. 

COAL. 

There are at present three pro"ductive coal seams in the N anaimo district, the 
Wellington, the Newcastle, sometimes called the Lower Douglas, and the Douglas. 
The lowest seam, the Wellington, lies at the base of the Extension conglomerate and 
rests on the East Wellington sandstone. The Newcastle occurs at the base of the New­
castle formation,, and the Douglas is contained in the Newcastle formation. Another 
amall seam called the Little Wel.liill::,mton overlies the Wellington locally at a distance 
of 20 to 50 feet. The Little Wellington was mined at the Old Wellington collieries, 
and is reported to have been mined at East Wellington within the limits. of the 
N 1maimo map area. 

The Wellington seam has been mined at East Wellington and Northfield, and is 
at present being mined by the Vancouver-Nanaimo Coal Mining Company at the New 
East Wellington mine. The seam was also mined farther to the south in the vicinity 
of Harewood plains, and is at present extensively mined by the Canadian Collieries 
(Dunsmuir) Company near Extension. They have four producing mines, the output 
of Nos. 1, 2, and 3 mines being brought to the surface througJ:i the Extension tunnel, 
Nos. 2 and 3 occurring on the sou th west and upthrown side of a reversed strike 
fault of about 300 foot throw. The No. 4 mi]],e is located H miles to the southeast, 
and the seam is reached by a shaft 280 feet deep. 

The Newcastle and Douglas seams, which are only from 25 to 100 feet apart, 
are usually worked together and have been extensively worked in the vicinity 
of N anaimo. There are at present two producing mines operated by the 
Western Fuel Company. The largest output is from No. 1 shaft situated near the 
shore in the southern part of the city of N anaimo. Their other mine, the Brechin, is 
situated on Pimbury point opposite Newcastle ial and. Only the Newcastle seam is 
mined at the Brechin mine, although the workings of the mine are connected with 
older workings in the Dougilas seam. There has also been a large production from 
the Douglas seam south of N anaimo, notably at Chase river, Southfield, and South 
Wellington. There is only one mine producing at present in this di<>trict, the South 
Wellington or Fiddick mine, operated by the Pacific Coast Coal Mines. South of 
Chase river the N ewcastle seam, although it can be readily located, has not been 
worked and appears to be of doubtful value. 

The coals of the various seams, although having their individual characteristics, 
are, as a whole, much alike, and furnish a bituminous coal of fair grade, the amount 
of fixed carbon in the best quality ranging from 50 to 60 per cent and the percentage 
of ash from 5 to 10 per cent. The most striking feature of the seams is their great 
variability in thickness and character. The thickness varies from nothing to over 30 
feet, sometimes within a lateral ·distance of less than 100 feet. This variation is 
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caused by irre.,,<>ularities in either the roof or floor, and occasionally in both. The 
Wellington seam rests on a £.rm sandstone floor which is fairly regular, although a 
few sharp rolls do occuT in it. The roof, however, is very irregular. The average thick­
ness of the Wellington seam is from 4 to 7 feet, but the seam occasionally pinches 
·down virtually to nothing and then suddenly thickens to 1-0 or 12 feet. The floor may 
be nearly smooth, but the roof may show a very sudden roll which is sometimes even 
overturned so that there is an overlap ·of several feet. Invariably at the thin 
places or pinches in the seam the coal is dirty and slickensided, while in the 
swelled out portion it is clean and unbroken. It appears, therefore, as if the varia­
tion were due in large part to a folding which affected the coal seams when the clean 
coal was in a pasty condition. This conclusion is especially well substantiated in 
another part of the Wellington seam where it is composed <Of s~veral .sub-seams 
separated by dirty slickensided coal, or as it is called locally, ' rash.' In the deposi­
tion of the seam condit ions in which the carbonaceous matter alone was deposited 
must have al ternated with those during which a large amount of silt was deposited 
with the carbonaceous matter. When the seam wa;; folded the clean coal was appar­
ently forced away from the tight bends where the folding caused an increase in the 
vertical pressure and left the seam at these places composed almost entirely of d irty 
sli ckensided coal pr 'rash.' The clean coal fl.owed to a point where there was a cor­
responding relief of' vertical pressure forming a swell in which, except for the 'rash' 
at the top and bottom, the seam consists of clean bright coal . Besides the barren places 
or 'wants ' of this nature there are large 'wants' due solely to the silting which must 
have persisted throughout the period of coal formation. 

The coal of the Douglas seam is, as a rule, dirti~r and more variable than the 
Wellington coal, and contains irregular partings. The pinches and swells are caused 
by irregularities of the floor, the roof being fairly .smooth. The seam varies from 
nothing to 3'0 f~et in thickness and averages about 5 feet, although over a large area 
the averagie thiclmess of the mineable coal is. between 3 and 4 feet. 

The Newcastle seam is more regular than the Wellington or Douglas, but is 
thinner, varying from 2iO to 45 inches where mined, and contains more numerous and 
regular partings. It is also less extensive in area than the other two seams. 

The coal output of the di strict for the year of 1910 was 1,094,765 long tons,1 

which is slightly over one-third of the entire production of British Columbia. 

SAND AND GRAVEL. 

The stratified deposits which occur in the south central part of the area, that is 
the delta dep,osits built uip at the former mouths ·of the N anaimo R~ver and Ha.slam 
Creek valleys, furnish an abundan.t supply of sand and gravel. Except in a very 
limited way, these have been quarried only near the various r ailways for filling and 
grading purposes on the r ailway. The deposits could be used for all other purpose;; 
to which sand and gravel may be put. But although they could be quarried cheaply 
they are not favourably situated for cheap water transportation to the city of Van· 
couver, the chief market at presen.t for sand and gravel. 

CLAYS. 

The surface clays of the N anaimo map area are, as a rule, very sandy, aad 
have been utilized only to a small extent for the manufacture of common brick. 
Brick has been manufactured from the surface clays underlying the marshy flat 
bordering the Millstone river midway in its course, but at present no brick is being 
made. There ru:e other localities where common brick could be manufactured from tlae 

1 W. Meet Robertson, R.ept. Minister of Mines. British Columbia, 1910, \.J> . K 183-K 197. 
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surface clays, but, as stated, by far the greater number of the surface clays are sandy 
and non-plastic and would make a weak brick of an inferior grade. 

The various shale horizons of the N anaimo series are also possiblt: sources of 
clay for the marn~facture of brick and of various kinds of semi-porous ware and stone­
ware. The greater :vortions of the various shale horizons, notably those of the Has­
lam, Cedar District, and Northumberland formations, are very sandy and of ve ry low 
plasticity. They also contain too large a percentage of iron and lime to be con­
sidered fireclays, as they are sometimes called. The shales of the other horizons are 
very sandy and impure and may be left out of consideration. Certain portions of the 
Haslam shales, notably an horizon about 100 feet below the East Wellington sand­
stone, and to a less exte11t, small horizons in the Cedar District shales, are compara­
tively plastic and may be used in an auger machine or press for the manufacture of 
brick and tile and cheaper gl.'lades of stoneware. In East Wellington, just to the 
west of the area of the N anaimo sheet, the shale from the •upper part of the Haslam 
formation has been tested and the products of the tests are apparently of good grade. 

STONE. 

Some of ithe sandstones of the N anaimo series furnish a building stone of fair 
quality. Three of these sandstones have been quarried, the Protection, the DeConrcy 
and the Gabriola. The Protection sandstone ha:s been quarried on Newcastle island, 
and a small amount has been quarried in the city of N anaimo, the latter quarry having 
been abandoned for some time. The Newcastle Island quarry is situated on the west 
shore opposite Pimbury point. A single bed about 16 feet thick has furnished most of 
the sandstone. The sandstone is typical of the Protection formation. It is gil'eyish 
white in colour but weathers quickly to a dirty or brownish grey, ·and' is composed 
chiefly of quartz fragments coated with kaolin. The rock is rather friable and weak. 
It is not regularly or greatly jointed, and irregular blocks as large as 4 feet x 6 feet 
x 3 feet have been: quarried. The s•andstone can, how:0ver, be easily cut. Sandstone 
for building stone has been the only product. The quarry has not been in operation 
for a few years. 

The DeOourcy sandstone has· been quarried at Jack point, east of N anaimo. It 
has been quarried from two beds of massive sandstone separated by about 5 feet of 
sandy shale and shaly sandstone. It is a medium to coarse-grained, light greenish­
grey sandstone, weathering to buff. It is composed chiefly of rounded quartz grains 
with a large percentage of feld8par and volcanic fragments. The fresh rock is strong 
although rather soft, but hardens with seasoning. The bedding is regular but the 
cross joints are 'irregiular. , The joints are few, and as large blocks as can be eon­
veniently handled can be quarried. · Sandstone for building stone has been the only 
product. The quarry was not in operation during 1911. 

The Gabriola sandstone is quarried at North Gabriola on Gabriola island. The 
quarries are situated in a 2·5 foot bed of grey, coarse-grained siliceous stone in which 
are man;y concretions ('boulders'). It weathers to a darker and more brownish grey. 
The stope is strong and hardens with seasoning. There is no regular system of joint­
ing, but large blocks may be obtained. The numerous concretions are its chief dis­
advantage. Sandstone for building stone has been the only product, but the quarry 
has not been in operation for a few years. 

Up to the present time there has been no commercial production of crmhed stone 
from the N anaimo map area. The rocks of the N anaimo series are of little value as 
sources of crushed stone, but the less altered and less fractured volcanics of the 
Vancouver group afford a material of fair grade. Stone of this quality conveniently 
situated for shipping is to be found north of Departure bay. 
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LIME. 

The impure limestones or calcarenites of the Haslam formation, which are 
exposed on the north shore of Departure bay, have been opened up by a test quarry 
to obtain material to be burned for lime, but the percentage of lime, 42-41 per cent, 
equivalent to calcium carbonate 75-73, is too small for the rock to be used for lime, 
and since the calcium carbonate is mixed largely with quartz sand the rock is not 
suitable for the manufacture of cement. 

METALLIC DEPOSITS. 

The crystalline rock:; of the N anaimo area are greatly fractured and sheared, 
and many of the shear-zones are impregnated with pyrite and chalcopyrite. A few 
prospects h ave been .located on these mineralized shear-zones, but the bodies are t oo 
low grade to be of any commercial value. The granodiorite of Mt. Rayes is cut by 
aplite and quartz veins. Both kinds of veins are mineralized, the former very spar­
ingly; but the latter contains chalcopyrite and bornite in attractive amounts. Molyb­
denite is alao an accompanyingi metallic mineral. One of these veins on the Thistle 
claim has been very thoroughl,y ·and carefully prospected, but the vein is too sma11 to 
be commercially productive. It is from 2 inches to 1 foot in width, but it branches, 
and the branches thin out to nothing. The average width is a little more than 4 
inches. It follows the chief or master jointing in the granodiorite and is closely 
associated with the aplite veins. 

II 

N OTES ON THE GEOLOGY OF THE COJ\10X AND SUQUASH COAL 
FIELDS, VANCOUVER ISLAND. 

The Comox and Suquash coal fields were visited by the writer only in order to 
compare their geol1ogical conditions JWith those existi·ng in the N anaimo field, and, 
therefore, only a few notes can be given concerning them, but they may sene to 
show some of the similarities and differences of the various coal fields. 

Co:r.rox FIELD. 

In the COIIIlox field the coal i;; found in several seams that occur in a sandstone 
formation closely resembling the Protection formation of the N anaimo series. Three 
of the seams have been mined. The formation, which may be called the Comox 
formation, consists chiefly of a white or greyish-white sandstone, composed largely of 
rounded quartz grains with a coating of kaolin, and with accessory chloritic micas. 
Interbedded in the sandst one are thi[JJ beds of carbonaceous sandy shale, with which 
the coal is usually associated. The formation has a maximum thickness of about 800 
feet and rests directly on the metamorphic volcanics of the Vancouver group. It is 
overlain by a thick group of shales, called the Trent River shales, which are very 
much like the Cedar District shale5 that overlie the Protection sandstone in the 
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N anaimo district. The sediments of the Comox basin have a much simpler andi more 
regular structure than those of the N anaimo basin, and form, in general, a simple 
monocline with a low uniform dip of about 10 degrees to the northeast. The coal 
seams are more regular than those of the N anaimo basin, and must be the result of a 
more uniform condition of ;;edimentation, although a similar uniformity of condi­
tions appears to have exist ed in the N anaimo basin during the deposition of the Pro­
tection formation. Rawever, the coal seams of the Comox district show, but to a 
less degree, the pinching and swelling and sharp rolls so characteristic of the N anaimo 
coal seams. Large 'wain ts' due to a replacement of the coal by silt are probably more 
frequent in the Comox dield. One peculiar feature met with in the Oomox field is 
not met with in the N anaimo field. The lowest seam of the former field occurs very 
near the base of the Comox sandstone, and as the Comox basin resembles the N anaimo 
basin in that the crystalline rock surface, on which the sediments were deposited, 
was very irregular, many of the higher irregularities of the base remained above the 
depositional level when the lowest seam was deposited, and in consequence the lowest 
seam is frequently cut out by knobs of the underlying volcanics projecting through 
it. There iti also another feature which is not met rwith i~ the N anaimo field. North 
of the producing mine in the Comox field, between Browns and Puntledge rivers, a 
dacite porphyry has broken throu.gh the Comox sandstone and forms a flow or intru­
sive sheet, which overlies it. Near the dacite porphyry intrusion, which occurs near 
the .outcrop of the lowest seam on Browns river, the coal is broken, partially coked, 
and rendered valueless. It is probable that the intrusion of dacite porphyry occurred 
in early Tertiary time,; and was a phase of the wide-spread Eocene volcanic activity. 

SuQUASH FrnLD. 

Conditions in the Suqua&h field are similar in many respects to those in the 
Comox field. Several seams of coal occur in a formation consisting chiefly of a grey, 
siliceous sandstone resembling that of the Comox and Protection formations. Inter­
beds of shale in the Suquash sandstone are, however, thicker and more numerous, 
and the shale is finer-grained and more plastic, some of it being a clay shale appar­
ently of excellent quality. The structure of the measures is very regular and appears 
to be, in general, a broad syncline, striking about N. 60° E., aTud pitching sEghtly to 
the northeast. The dips are very low, less than 10 degrees, and although there are 
several local rolls there are no sharp ones. The measures are broken by a few normal 
faults of very small displacement. The coal seams are also very regular and do not 
pinch and swell as do those of the N anaimo and Comox basins. The known seams 
are, however, thin, and the seam mined at present contains a large number of very 
persistent partings of various kinds. As in the case of the Comox basin, the coal 
measures have been intruded by Tertiary volcanic rocks, in the Suquash field by a 
trachyte porphyry. The trachyte porphyry occurs in the southern part of the basin, 
on Haddington island, where it is quarried extensively and furnishes the best grade 
of building stone on the coast. It probahly occurs as an injected hotly. 

The present knowledge of the SuqurBh fielrl j.,, meagre since the measures are 
largely drift-covered and only a few bores have been put down. The development work 
is alw small in amount and confined to two seams. The basin is, however, somewhat 
larger than generally supposed, containing Malcolm and Cormorant islands and pos­
sibly extending southwest to Quatsi.no sound. On account . of the uniformity and 
regularity of the coal seams and strata and their small amount of disturbance, the 
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-mining conditions are e:iwellent. The coal is of gooJ quality, burning with a long 
-:flame and little .smoke. The large number of partings in the seam which is at present 
being worked, and the thinness of the other known seams are the chief disadvantages 
of the field. The conditions are such, however, as to greatly encourage further 
<levelopment and prospecting, especially in the lower part of the measures. 
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I 

FRASER CANYON AND VICINITY. 

(Charles Oamsell.) 

INTRODUCTION. 

What is usually known to travellers over the Canadian Pacific railway as the 
Fraser canyon is, that part of the V'alley extending up from Yale to within 2 miles of 
North Bend, a distance of 24 miles; and although the canyon has been used as a 
means of entry from the coast to the interior of British Columbia for more than half 
a century, our information of its geology is very meagre and confined to the immedi­
ate banks of the river. Such information is contained in the reports of Dr. A. R. 0. 
Selwyn in 1871-2, and of Dr. G. M. Dawson in succeeding years. 

With the object of obtaining additional information, especially on the ore 
deposits of this district, a month was spent in it, fr.om August 15 to September 15. 
While the writer s,pent most of his time in the canyon itself, his assistant, A. M. 
Bateman, worked in the basin of Siwash creek and his report on the geolog-y of that. 
district accompanies this. 

TOPOGRAPHY. 

The Cascade Mountain system, which lies to the east and south of the Fraser 
valley, is separated by that valley from the Coast system which lies to the west and 
north; and although these two mountain systems are topographically distinct and do. 
not coincide with each other, they are structurally and genetically the same, and are 
strongly alike in general character. Their summits rarely exceed 4,000 feet in eleva­
tion in the immediate vicinity of the valley, and are usually rounded in outline and 
heavily wooded -to the tops. A few· miles back from the river they are much more­
rugged and higher in eltivati001, and occasionally reach above timber line. Although 
the annual precipitation is heavy, practically all the snow disappears from the moun­
tains during the summer months. 

The Fraser valley is, here a deep, trough-like depression incised in the solid rock. 
It has an almost true north and south trend and cuts at a very sharp angle through 
the mountain axis. 

In its upper part the valley is distinctly U-shaped, giving evidence of modifica­
tion by glacial .action, but in its lower part it is notched to a depth of 100 feet or more 
in the solid rock of the broader upper valley floor. This lower valley marl~ the depth 
of post-glacial deepening by stream erosion. Above and below the canyon portion the 
v.alley is wider , and notching of its old glacial valley floor is not so noticeable a 
feature. 

The grade of the Fraser river above Hope is steep, and ilJI the canyon portion is. 
a bout 8 feet to the mile. Yale is the head of navigation, and no attempt is ever made 
to pass through the r rupids and canyons above that point. 

No large streams join the Fraser river in the cany,on, the most important tribu­
taries, Anderson river and Coquihalla, enter at the upper and lower ends, respectively. 
All the tributary streams entering the canyon db so through narrow canyons and in a 
series of heavy falls. They thus occupy hanging valleys. for the valleys above the 
falls are more broad and flaring. 
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The reliation of Fraser canyon to geological structure is as significant as it is to 
-physiographic control. The river runs in a canj"on only when it lies within the limits 
-0f the Cascade and Coast Mountain systems, and its most marked canyolll features are 
developed across a line which forms the axi.:; of these two systems. 

When the geology of the canyon is studied the fact becomes apparent that as soon 
a;; the river leaves the soft argillaceous rocks of the Cache Creek formation and enters 
the massive igneous rocks of the Coast Range bathoEth it enters the canyon and: it 
continues in it for 25 miles to Yale. Below Yale, although the river traverses 
1·ocks of the same age and character, these rocks have been severely fractured along a 
north and south line, and this line of weakness is followed by the river, which cuts 
out a broad open valley in colll;;equence. 

From the very brief study given to it, the formation of Fraser canyon appears to 
be due in a minor degree to geological structure and relative hardness of the rocks, 
and to a greater degree to gradual uplift along the axis of the Coast and Cascade 
Mountain systems since the course of the valley was first defined, and to a continu­
ance of that uplift even into post-Glacial times. 

GEN'ERAL GEOLOGY. 

The district described lies on the eastern border of the Coast Range batholith, 
and contains rocks referable to two main classes, namely, the granitic rocks of the 
batholith itself, and older stratified r ocks that have been intruded by the batholith. 
A small unimportant area of Cretaceous is al.so present. 

The following table of formations gives the various rock bo.dies that outcrop in 
the district:-

Gravels and •ands . . ..... . . .. . .. .... . ..... .. ....... . .... • .... Quaternary. 

Sandstone, slate conglomerate ..... . .. .. . .. . ........... . . . .......... Cretaceous. 

Batholithic igneous rocks . .... . . . . . . . . . . . . . . . . . .................. Post-Carboniferous. 

Cache Creek rocks, embracing quartzite, argillite, limestone, and vol- . 
canic rocks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... Carboniferous. 

CARBONIFEROUS ROCKS. 

Hocks referable to this formation, and called by A. R. C. Selwyn the Boston Bar 
series, are found in the Fraser valley from Anderson river northwards. They here 
form a narrow band lying between Cretaceous rocks on the east and granitic rocks on 
the west. From the mouth of Anderson river southward they lie on the east side of 
Fraser river at a di.:;tance never exceediing 2~ miles, as far as Saddle rock, where they 
cross the river to the we;;t side, cutting across a sharp bend in the stream. They 
occupy most of the area of Siwash Creek basin, and are there locally described by 
Rateman as the Siwash series. They are expo:.;;ed again on the east side of Fraser 
vdley from Emery bar down to Hope. 

The Carboniferous rocks consist of black and grey slates, cherty quartzites, small 
bands of limestone, and some serpentine. These rock.;; are everywhere more or less 
metamorphosed, but more particularly where they occur as inc.lusions in the batho­
lith or on its contact, in which case they are altered to mica and chlorite schist:>, 
gneisses, and siliceous and garnet schists . They stand, as a rule, in vertical or 
hig,hly inclined attitudes and their strike conforms, on the whole, to the general 
trend of the batholith, which is about N. 20° W. 
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At the northern end of the canyon these rocks wen'l! £rst calleidl by Selwyn the­
Boston Bar1 series an<lJ afterwards correlated by Dawson with the Cache Creek 
formation.2 

BATHOLITHIC IGNEOUS ROOKS. 

TLe large igneous bodies of the district cannot all be referred to the same period 
of intrusion, but wnge from Jurassic to Tertiary. A part may be even earlier. No 
attempt has been made to define the areas of each. These are the rocks through which 
the Fraser canyon is cut, and they are exposedi on both sides of the valley from thet 
mouth of Anderson river to Hope. 

· The prevailing type, and that which is undoubtedly the oldest, is a coarse-grained 
granodiorite, somewhat gneissic in structure, and containing orthoclase, plagioclase, 
quartz, biotite, and hornblende. It contains many basic segregations. In places 
it is sheared and cut by small quartz veins, but it is usually fresh looking. A large 
shear zone traverses it in a north and south direction in the Fraser valley between 
Yale and Hope, and here the rock is shattered, leached, and otherwise much altered. 

At least two igneous bodie& of sma•ller dimensions are found in the district, and 
both are younger than and intrusive into the main body of granodiorite. One of these 
is a medium-grained! biotite gr anite, and the other is a porphJ'l·itic granite. The 
latter variety, on ·account of its structure, is often u:sed in the masonry of the railway 
line. · 

All of these rocks form part of the Coast Range batholith. They are accompanied 
by a host of dykes of both acid and basic composition. 

CRETACEOUS. 

A long narrow band of Crntaceous rocks, consisting of sandstones, shales, and 
conglomerates, occupies the eastern slope of Fraser valley above North Bend, and 
extends southward up the valley of Aooerson river. These rocks are referred to as the 
J aick~ss Mountain g11oup ·in previous reports." What is presumably an outlier of the 
same forrna.tion is e:xJposed at the river's edge below Hope station. This is a coarse con­
glomerate containing boulders, largely of igneous origin, cemented together by coarse 
sand. Neither its structure nor relation to other rocks could be determined. 

QUATERNARY. 

Superficial deposits of gravel and sand, deposited by stream action, are abundant 
i'n Fraser valley both above anrd ibe1ow the canyon, where they form terraces on both 
slopes up to several hundred feet above the river bed. In the canyon itself such 
deposits are not very abundant because of the narrowness of the valley and the force 
of the stream. The lower o~ these deposits have been very important in. the past 
be-cause of their goJd content, and have been worked in many places in this portion of 
the river. Sections of thede lower deposits are well shown in the railway cuts, and in 
olJ placer workings. Most of them show from 10 to 20 feet of a coarse, free-washing 
gravel resting on a fine stratified sand whic.h often exhibits cross bedding. The 
coarse gravel .usually carried gold and was often mined for that metal. 

ECONOMIC GEOLOGY. 

Deposits of some economic importance are found at three different localities in 
the vicinity of Fraser canyon, namely, at Silver creek, GordDn creek, and Siwash creek. 

1 G. S. C. Report of Progress, 1871-72, p. 62. 
> Geol. Surv., Can .. Vol. VII, p. 43 B. 
3 Geol. Surv., Can., R epo·rt of Progress, 1871-72, p . 60. 

Gool. Surv., Can., Report od' Progress, 1877-78, p . 107 B. 
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Siwash Creek district embraces a considerable area and is the most important of 
these. A sepnrate report by A. M. Bateman on that district accompanies this. 

SILVER CREEK. 

A group of three mmrng claims, known as the Jumbo group, is ;;ituated on the 
west side of Silver creek about 4 miles southwest of Hope. The claims lie in a steep 
narrow gorgie at an elevation of about 1,100 feet above the sea. The country rock is 
massive g.ranodiorite, in places sheared and traversed by :fissured. · The ore deposits 
lie in the :fissure veins and have a width aver aging about 8 inches. They contain 
dull-coloured ar,senopyrite and a little chalcopyrite in a gangue of quartz, and carry 
gold as the principal valuable metal. The value of the ore in the :fissures ranges from 
$10 to $60 to the ton. The claims are developed by three tunnels of varying length 
and several open-cuts. 

GORDON CREEK. 

A group of ten claims staked for asbestos on a belt of serpentine, and owned by 
A. M. Herring, is situated on Gordon, creek, about half a mile west of Fraser river. 

The serpentine is associated ~ith black slates, belonging to the Cache CTeek 
formation, and is intruded on the west by a fresh-looking granoJiorite, and on the 
east is in contact with sheared gneissic granite. It forms· a band about 500 feet wide 
striking north and south. It is a dense black rock showing occasional g:rains of 
chromite, and so shatt ered and broken that good samples are hard to obtain. 

The •asbestos occurring in it is almost entirely slip fibre developed in the fracture 
planes. The only visible cross fibre is in very minute veins, which are not in suffi­
cient quantity to be important. The shattered character of the serpentine at the 
point examined is not favourable for the development of good veins of cross fibre. 

The development work on these claims consists of several open-cuts and a few 
short tunnels. 

Il 

GEOLOGY OF A PORTION OF LILLOOET MINING DIVISION, YALE 
DISTRICT, BRITISH COLUMBIA. 

INTRODUCTORY STATEMENTS. 

Towards the close of the season a rapid reconnaissance wad undertaken into the 
country west of the town of Lillooet and tributary to Bridge river. This recon­
naissance was made more to determine the needs of that district for geological work 
am,d its importance from a mining point of view than to undertake any geological 
examination at the time. 

The L illooet district lies immediately west of the Fraser river, between latitudes 
50° and 51°. The town of Lillooet is the only .Place of importance in the district, 
and is reached in a day by stage either from AshcTOft or from Lytton, on the main 
line of the Cana'<lian Pacific railway. 

Considerable placer mining was at one time carried on in the Fraser valley a:aod 
other valley1s of the district, but this work is now almost a.bandoned. Quartz mining 
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bas been attempted at Cayoosb creek, and carried out to a small extent on ledge3 out­
cropping at Cadwallader creek and McGillivray creek, but the amount of gold 
extracted has not yet amounted to a great deal, for the i:eason that the owners of 
mines worked with the moat primitive methods and virtually without capital. 

No geological work had previously been carried out in this district by the Sur­
vey, and the only available authentic information is that obtained from the report of 
the Provincial Mineralogist for British Columbia, who made a brief reconnaissance 
of the district in the autumn of 1910. 

Eig'ht days were spent in making a rapid reconnaissance of the district with a 
view to obtaining information on which to base plans for more extended geological 
and topographical work. The route followed from Lillooet led up Seton lake to the 
Mission, thence northward acro:>s the divide to Bridge river and up that stream to 
Cadwallader creok. Three days were spent in an examination of the mines and 
region adjacent to Cadwallader creek, and the return to Lillooet made via Cadwal­
lader and McGillivray creeks, and Anderson and Seton lakes. 

TOPOGRAPHY, E'l'c. 

The topography of the Lillooet district is mountainous ·and becomes increasingly 
so to the westward. The easte1'n edge of the district, embracing the Fraser valley 
and the lower part of Bridge river, lies in the Interior Plateau region. The central 
and western parts lie in the Coast range. These two features merge gradually into 
each other, the boundary between them following a line running northwest from the 
town of Lillooet. Mountain summits in the eastern portion of the district reach an 
elevation of a little more than 7,'000 feet, giving a vertical relief of about 6,500 feet. 
In the western part of the district many points reach 9,000 feet and some exceed that 
elevation, and the maximum vertical relief is over 8,000 feet. 

The district enjoys a dry, pleasant climate. It does not contain much land suit­
able for agriculture, and all of it is confined to the bottoms of main v,iJ.leys. lt is 
a favourite hunting ground for big game parties, and there is an abundance of 
grizzly bears, goat, deer, and sheep. 

GENERAL GEOLOGY. 

The geological information obtained on this distr ict is very meagre and only 
covers the line of route followed. The formations encountered are classified as 
follows:-

Strnam and glacial deposits I 
Volcanic ash f · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·· · ·· Quaternary. 
Sand~tone, argillite ) 
Conglomerate f · · · · · · · · · · · · · · · .. · . . . . . . . . . . . . . . . . . . . Cretaceous. 
Quartzite, argillite, limestone and volcanic flows .... . .... . . . .. ..... Carboni ferous . 

Plutonic igneous rock ........................ . . ........ . ... ...... . Post Carboniferous. 

CARBONIFEROUS. 

Rocks which are referred by Dawson to the Lower Cache Creek formation have 
been mapped by him at the town of Lillooet and as far westward as Seton lake. The 
same formation has been found to extend northwestward to Bridge river and west­
ward to McGillivray creek. It ia exposed on Bridge river from the big bend to Cad­
wallader creek, and, except where replaced by igneous rocks, extends from the mouth 
of Cadwallader creek southeastward to An<lerson lake. 

The formation consists largely of interbedded quartzites, argillites, and volcanic 
rocks, associated here and there with thin beds of limestone and some serpentine. 
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The rocks have, in general, a northwe;;t strike and ):iigh dips. In detail they 
exhibit many close folds and are much fractured and faulted. They contain- many 
small veins and lenses of quartz. They have been intruded by later granitic rocks 
and are cut by many dykes. 

CRETACEOUS. 

Rocks of this age are found in Fraser valley about a mile north of the town of 
Lillooet, and extend as a narrow band southward down Fraser valley and northward 
along the divide between the Fraser and the North Fork of Bridge river. 

They consist of hard black argillites, dark-coloured sandstones, and some con­
glomerate. They have been much shattered and metamorphosed, and dip a,t high 
angles to the east. · 

IGNEOUS ROCKS. 

The main body of the Coast Range batholith lies some distance to the west of 
the district examined, but many outliers from this body were encountered within 
the district. A broad band of grnnite extends from the north shore of Seton lake 
northwestward acro;;s Bridge almost to Tyaughton creek. Two other bodies of 
granite are found, one at Roaring creek on the north shore of Anderson lake, and 
the other on McGillivr:ay creek. A small body of diorite, in which lie the most 
important ore deposits of the district, is exposed on the east side of Cadwallader 
creek near its mouth. 

All of these bodies are elongated in a northwest and southeast direction and are 
intrusive into Carboniferous rocks. The age of the various bodies may be Jurassic 
or later. 

QUATERNARY. 

The surface deposits consist largely of glacial and stream deposits which are 
scattered widely over the lower parts of the whole d istrict. The' importance of the 
stream deposits depends on the presence in them of placer gold, and at many points 
on the stream, gold hail been and is still being extracted from the gravels. 

One of the most recent surface accumulations is a deposit of white volcanic 
scorire. This is found on the summits of many of the hills, on their slopes, and on 
the river benches of the Upper Bridge river and its tributaries. It is thickest on 
the summit of Tyaughton mountain, where it is said to be about 4 feet deep. At the 
mouth of Cadwallader creek a section of 18 inches in thickness is exposed in a recent 
cut. It is estimated that it covers at least 1,000 squai;e miles of territory. The 
material is white in colour, and so light and porous that it floats on water. The 
grains vary' in size from a fine powder to pieces• 1 inch in diameter or more. It pro­
bably represents the outburst of some volcanic eruption in quite recent times. 

ECONOMIC GEOLOGY. 

So far as our present knowledge of the economic geology of the district goes, it 
contains two classes of ore deposits of proven value, namely, gold placer deposits 
and gold quartz veins. 

Placer deposits have been worked for a number of years at different localities, 
the most importa'!lt of which are on Cayoosh creek, Cadwallader creek, Bridge river, 
and on Fraser river. Recently, however, there has not been a great deal of activity 
in this class of mining, though a number of hydraulic leases and placer claims are 
still held with the avowed intention of working them. 

No attempt was made by the writer to examine placer deposits, and only a very 
cursory examination was made of some of the gold quartz deposits, the intention 
being to make a more complete examination later. 

26~8 
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The gold quartz deposits examined are situated on Cadwallader creek near its 
junction with the South Fork of Bridge river, and about 75 miles by trail and wagon 
road from Lillooet. They were discovered in 1897, and since 1898 have been worked 
every season. 

The quartz veins outcrop on the eastern slope of Cadwallader creek at an eleva­
tion of nearly 4,000 feet above sea-level. The valley slopes. are well forested and 
covered with a heavy mantle of drift which makes surface prospecting difficult. 

The rock formation in which the quartz veins lie is a d iorite consisting essenti­
ally of feldspar ancli hornblende. It has a st,_,cldike form elongated in a northwest­
southeast direction, and extends from Bridge river up to the Pioneer mine on Cad­
wallader creek, with a width of probably half a mile. In texture and relative pro­
portion of its constituent minerals it is variable, and in structure massive, though 
traversed by a network of small quartz veinlets. The ore-bearing veins are of later 
formation than the veinlets and run in two well-marked directions, namely N . 20° 
E. and N. 80° W. magnetic. 

The diorite is intrusive on the southwest into serpentine, and on the northea·st 
into black and grey slates and andesites. which belong to the lower Cache Creek 
formation. The diorite probably belongs t o the same period of intrusion as the 
Coast Range batholith, but is older than other plutonic igneous rocks in the district. 

The ore deposits are in :fissure veins, which traverse the rock in two main direc­
tions, namely N . 20° E. and N. 80° .W. magnetic. They range in width from a few 
inches up to 6 and 8. feet, and are remarkable for their regularity in dip and strike. 
The N. 80° W. system of fissure:; appears much stronger than the other, and one fis­
sure, at least, has been traced for about 1,500 feet along the surface. 

The ore itself consists of a gangue of white quartz containing pyrite, tetraheJ­
rite, and free gold sparingly disseminated through it. It often has a well-marked 
banded structure indicating deposit ion in an open :fissure. The walls· of the veins 
are clean and their faces show some movement along the plane of the vein. The wall 
reek has been somewhat altered by vein solutions, and contains much crystalline 
pyrite derived from the vein. 

Free gold can be seen in many of the veins, and can be obtained by panning 
from almost any of the outcrops. In places the ore is exceedingly rich. 

It would be difficult to give an· estimate of the average value of the ore in this 
camp, because of its richness in certain places and leanness in ~thers. It is safe to 
say, however, that some of the ore shoots mined must have yielded $50 or more to the 
ton, while at the same time no parts of the veins so far mined have proved to be 
entirely barren of gold. 

The mineral claims on which quartz are known to outcrop and the number on 
each claim are as follows:-

Lorne group.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. ....... . 
Blackbird ........ .. .. . .. . . ...... ....... .. .. .. . . . . 
Coronation group ......... . . .. ..... ... ... .. ...... .. 
Pioneer ................ ... ....... . . ... .... .. ... . .. . 
Ida May ...... .. ....... . . ....... .. .... .. . ... . • .. .. 
Countless ...... . .... . ....... .. ... .. . .. . ........ . . 
Forty Thieves. . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 

.5 veins. 
4, " 
2 
2 
2 
2 
1 

At the present time the only claims on which much development work has been 
done and from which gold has been extracted are : the Lorne group, the Pioneer, 
and the Coronation group. On all of these the gold was at first extracted from the 
ore by the crude method of milling in arrastres operated by water-power. More 
recently a 5-stamp mill has been erected at the Lorne, and a 10-stamp mill at the 
Coronation group. Both of these use water as the motive power. 

It is stated by the owners of mines in the district that the yield in gold, since 
the discovery of the deposits in 1897, from the Lorne and Coronation groups alone, 

·-
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amounts. to $155,000. The official report, however, of production from the whole 
Lillooet district up to 1910, is given by the Provincial Department of Mines as 
$137,744. 

The conclusions drawn from the brief examination made of Cadwallader Creek 
district are that it contains some promising properties which, if not burdened with 
too heavy a capitalization, could be worked so as to yield a fair margin of profit; also 
that further prospecting in the diorite should disclose other gold-bearing quartz 
veins, because an the ground likely to prove productive has not yet been thoroughly 
prospected on account of the covering of drift. 

A promising feature of the deposits is the number of known quartz veins-an 
of which carry some gold-and the strength and persistence of some that have been 
fol1owed out. If the depth to which the veins wi11 extend is proportional to the 
length of their outcrop, then there is hope that they will continue to considerable 
depth, since the country rock in which they occur is plutonic, and of deeP-seated 
origin. 

The diorite is the only formation in that district, from which gold ores have been 
mined, and: it is stated that no workable deposits have yet been found in the slates 
and serpentine through which the diorite is intruded. Gold-bearing quartz veins, 
however, do occur in the slates, but they have not proved to be as strong and per­
sistent as those in the diorite and are on that account less promising. 

I!I _ 

GEOLOGY OF SKAGIT VALLEY, YALE DISTRICT, B.C. 

!NTRODUCTION. 

In July and part of August a geological reconnaissance was made of the Skagit 
district from the 49th parallel northward for about 15 miles. This region was the 
sceine of considerable mining excitement during the spring of 1911 on account of the 
reported discovery .of high-grade gold ores on Steamboat mountain. The examina­
tion of the diatrict easily demvnstrated that there was no legitimate reason for any 
mining boom in that particular locality, though there are some prospects in adjacent 
portions of the district. 

In the geological work A. M. Bateman proved to be a very competent assistant 
and is re>ponsible for virtually all the work in Siwash Creek basin. The topographic 
work done both in th'3 Skagit district and at Siwash creek was undertaken by B. 
Rose and F. M. Allan. 

The Skagit river rises in the Caacade mountain a few miles north of the Imter­
national Boundary line, and after flowing southward into the State of Washington 
empties finally into Puget sound. That portion of its valley here reported on extends 
from the Boundary line northward to the mouth of the Sumallo river, a distance 
in a direct line of about 15 miles. A belt approximately 5 miles in width, whosA 
median line is the Skagit valley, was geologically examined and mapped. 

The area covered by this examination is, roughly, 75 square miles. 
The district is at present not easily accessible and is most conveniently reach~d 

by pack trail from Hope, which is distant 23 miles from the north end of the dis­
trict. Steamboat mountain, which was the centre of the mining excitement, is 15 

26- 82 
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miles farther down the valley. The cost of 'transporting supplies from Hope to this 
point is about 8 cents per pound. It is probable that the new Trans-provincial gov­
ernment wagon road, now being built, will pass through the middle of the district 
_and make it more acceasible. 

Before the work of the present survey was made little was known of the geology 
or minerals of the Skagit valley. The only geological work knowlil to have been done 
in the district previous to 1'911 was that by H. Bauerman,1 who was attached as 
geologist to the International Boundary Commission of 1859-61. His report, how­
ever, merely covers that portion of the valley in the immediate vicinity of the Bound­
ary line. 

In 1877 Dr. G. M. Dawson' reported on the country traversed by the Dewdney 
t rail between Hope and Princeton, and skirted the northern border of this diatrict. 

P lacer gold is known to have been found in small quantity in the Skagit .river 
.as early aa 1858,8 but the quantity was· so small th.at no serious attempts have ever 
been made to mine it. In 1879 some fairly rich placer ground was discovered on 
Ruby creek, a tributary of the Skagit river, in United States territory, and, since 
t he easiest meand of access to that region was through Canadian territory from Hope, 
many prospectors passed through that portion of the valley now reported on. It is 
·significant that no discoveries either of placer or lode metals are reported to hav@ 
"been made in it at that time. 

I n August, 1910, announcements were made in the Vancouver daily newspa,pers 
-0£ the discovery by two prospectors, Greenwalt aind Stevens, of high-grade gold ore:> 
-Oii Steamboat mountain in Skagit valley. This announcement at the time created 
little stir in mining circles, and i t was not until later in the season, when samples 
were exhibited which were stated to have been brought from that locality, that much 
interest was taken in it. After the winter had come on and that district was deeply 
buried in snow, a boom was gradually worked up with the aid ·of the pre:>s amd purely 
on the word of the original locators . Speculators then began to g,o into the district 
or to send in men to locate claims for them. By the spring, at least 1,200 mineral 
locations h ad been made in the surroundi1I1g country, three townsites staked out, and 
hotels, stores, and other bu ildings erected for the carrying on of business. 

E ar ly in the summer 0£ 1911 owners of mineral claims and others who had 
bought shares in the numerous companies floated began to realize that it was time 
other ~pinions than those of the original locators were obtained on the properties . 
Expert advice was 1hen aought, but almost a year h ad already elapsed -since the dis­
covery was first announced, and much money had already been expended in various 
ways. On the mineral claims, which were the primary cause of the excitement, 
strongly adverse opinions were expressed as to their value, and work was discon­
t inued by the owners. In the meantime Greenwalt and Stevens had disappeared. 

Although it was becoming apparent by the time the aurvey was begun in the 
Skagit district in July that the possibilit ies of the d~strict had been very much over­
estimated, there was still some prospecting being done and other d iscoveries were 
being made which might prove of permanent value. It was thought advisable, there­
fo re, to carry out the survey as origin ally outlined and make a geological examina­
t ion of Steamboat mountain and the adjacent district. 

The principal resulta of the survey have been to prove that the original Steam­
boat Mountain claims did mot contain the high-g11ade ore that they were stated t o 
contain, or indeed 31IlY ore at all, and that there was no legitimate reason for the 
boom that took place over this district. 

The only value of such a boom consi sts in the information that has been obtained 
by prospecting the surrounding country and in the di scovery of certain deposits in 

1 G. S. C. Report of Progress, 1882-83-84, p. 5 B. 
2 G. S. C. Report of Progress, 1877-78. 
a G. S. C. Report of Progress, 1876-77_ p . 143. 
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the northern part of the district that may possibly prove to be of some importance. 
It is doubtful, however, whether the results are worth the price. 

The Steamboat Mountain incident illustrates the value of having independent 
and reliable expert advice on mining properties, and it cannot be too strongly urged 
on would-be-~nvestors in mining property the importance of obtaining such advice. 

GENERAL CHARACTER OF THE DISTRICT. 

The Skagit district lies entirely within the limits of the Cascade Mountain 
sy5tem, and the Skagit-Klesilkwa valley forms the dividing line between two of the· 
ranges which constitute that system, namely, the Skagit and the Hozameen ranges. 
The Skagit range lies to the weist of the valley and the Hozameen range to the east. 

At the International Boundary line the highest points in the Hozameen range 
exceed 8,000 feet in elevation, but in the northern part of the range the summits are 
not quite as high. 

In the Skagit range the highest points a.re also in the southern part of the dis­
trict, where some peaks reach an elevation of 9,000 feet. Both of these ranges are 
characterized by rugged broken topography, and hold, especially on their northern 
slopes, many mountain glaciers and snow fields. 

The maximum vertical relief in the district i.s somewhat over 7,000 feet, rising 
from an elevation of 1,750 feet in the Skagit valley. 

From the Boundary line up to the Klesilkwa river the Ska.git occupies a broad 
U-shaped vialley averaging about a mile in width, through which the stream meanders 
with a comparatively easy gradient. Above Klesilkwa river the valley becomes very 
narrow, the slopes are steeper rund the grade of the stream is greatly ·increased. 

Klesilkwa river is the chief tributary of the Skagit, and flows in a broad 
U-shaped valley similar to that of the lower Skagit. The width of the valley is about 
three-fourths of a mile, and its gradient is very low. This valley is the continuation 
of the lower broad Skagit valley, and from information gathered the same charac­
teristics continue to the head of the Klesilkwa and down Silver creek to the Fraser 
river. This feature forms the most natural dividing line betw~n the Skagit and 
Hozameen ranges in their extension north from the International Boundary line. 

The streams tributary to the Skagit and Klesilkwa rivers in this district are all 
short and descend quickly to the main streams. Some of them rise im. glacial cirques 
and most a.re fed from melting snows. 

The Cordillenan ice sheet overrode the whole di:itrict up to an elevation of 7,000 
feet and left its traces : in a modified and subdued topographic outline. Above that 
level the topography is more rugged. 

Valley glaciation has also left its traces in developing a U-shape in the trunk 
valleys and in facetting the ends of projecting ridges. 

A number of well-marked gravel benches can be identified on the slopes of the 
Skagit and Klesilkwa valleys up to an elevation of 1,000 feet above the istream. 

The climate of the Skagit valley is more illearly that of the Pacific coast than of 
the Interior Plateau. This is evident in the forest growth which is very dense in the 
valley bottoms and for some distance up the mountain slopes. The elevation of the 
t imber line is approximately 7,000 feet above sea-level. 

No ranching or farming wias being carried on iin the district during the summer 
of 1910, and only at two points~Whiteworth's and Gordons-have any attempts been 
made to follow these pursuits on anything but a very small scale. This is due not 
so much to the Uillsuitability of the region a.is to the difficulty of access. 

GENERAL GEOLOGY. 

The geological formations occurring within the Skagit district range from Call"­
boniferous to Quaternary and embrace some igneous rocks as well as sedimentary. 
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They are, on the whole, fairly well exposed, but on account of the nature of the sur­
vey their boundaries haYe not been very accurately defined. They are classified as 
follows:-

Surf~e depos_its .. . . . . . . ., . . . . . . . Quaternary. 
Skagit y<>l?itmcs.. .. . . . . . . . . . . . . Tertiary? 
Granod10nte .......... .. .. .. .. l ~.r • I T t· 
Granophyre and oth er intrusives .. ) t 'Lam Y er iary. 
Pasayton formation . . . . . . . . . . . . . . Lower Cretaceous. 
Hozameen <Series . . ... .. . ......... Car.boniferous . 

HOZAMEEN SERIES. 

This series w.a:> so named by Dr. R. A. Daly and first described at the Inter­
national Boundary line, where it is found exposed on both slopes of Skagit valley. 
From the Boundary line it is exposed continuously on both sides of the valley north­
ward as far as the mouth of Sumallo river. On the east it passes within a few 
miles underneath the Paoayton formation, and towards the west it extends for au 
unknown distance until cut o:ffi by later igneous intrusives· belonging to the Coast 
Range batholith. 

The Hozameen series consist of cherty quartzites, argillites, some limestone, and 
much volcanic material. The quartzites are thin-bedded, fine-grained rock:>, usually 
bluish-grey in colour. They are. generally fractured at right angles to the bedding 
planes, and are traversed by small veinlets of quartz. The argillites are generally dark 
coloured, and thin-bedded, and have often been so compressed as to become phyllites. 
The limestones at the south end of the ·district occur in narrow bands and are often 
crystalline, but to the north they are more massive and frequently show thicknesses 
of several hwndred feet. The volcanic rocks are flows and breccias of a dark green 
colour and an andesitic composition. 

A section of these rocks as exposed on the valley side, near the mouth of Sumal­
lo river, shows the following succession~-

Feet. 
Andesitic flows. . . . . . . . . . . . . . . . . . . . . . 400 + 
Interbedded qua1:tzite and argillite, about. . . . 1,500 
Massive blue and white limestone, about . . . . . . 700 
Impure limes·to\Il.e, argillite, and breccia ....... ., . . . . 1,000 + 

The rocks of the Rozameen series have all suffered a great deal' of deformation 
and metamorphism. The strata dip at high angles and have been folded into a series 
of anticlines and synclines striking and plunging towards the south. They are all 
much fractured .allld frequently faulted, and in detail the thin-bedded rocks show 
close folding and contortion. 

The Hozameen series is overlaid unconformably by the Pasayton formation, with 
which, in places, it forms a faulted contact. It al<>o exhibits an unconformity with 
the Skagit volcanics. It is intruded by gramodiorite, and granophyre, and cut by 
many granite an:d syenite porphy~·ies and lamproph~'I'e dykes. 

Although no fossils have been found in the Hozameen series, their lithological 
characters and structure are so strikingly like those of the lower Cache Creek rocks 
that the writer ha.-i little hesitation in correlating them with those rocks. Apa.rt 
from that they have been traced almost continuously along their strike northward to 
the Fraser river, where they join with rocks that have been referred by Dawson to 
the lower Cache Creek formation.1 

PASAYTON FORMATION. 

The Pasayton formation occupies the whole of the eastern border of the district, 
and extends fr-0m the Bornndary line northward to Canon creek. Its western border 

1 G. S. C. Vol. VII, page 43 B. 
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follows along the crest of the hills which form the eastern edge of Skagit valley, and 
is in direct contact with the Hozameen i>eries throughout. 

The formation contains siliceous and feldspathic sandstones, coarse cong·lomer­
ates, black and grey argillites, aind at the base a thick fl.ow of volcanic r ock of 
andesitic composition. The whole formation has been estimated by Daly to have a 
thickness of over 30,000 feet. 

The strike of the beds is on the average slightly west of north, and the dip, 
which in this district is always towards the east, is usually about 45 degrees or more. 
Minor folding has taken place in the formation, and faulting is common. 

The Pasayton formation is traversed by many dykes and sheets of granite an'd 
syenite porphyrieil, and has been intruded by a body of granophyre. Its relation to 
the granodiorite is clearly shown by an intrusion of the latter into it. With the 
Hozameen series it shows a faulted contact, or in places :an unconformity. 

The age of the Pasayton formation has been determined from foasils found in it at 
different points. Daly places it in the lower Cretaiceous from fosdils collected at the 
Boundary line. The lower Cretaceous fossil, A ucella piochii, was this year obta ined 
from these rock;s on Lightning creek, ·and last year Prionocyclu.s was obtained from 
Mamloos creek to the east of the Skagit district. 

GRANODIORITE. 

Plutonic igneous rock:> are only represented in the district by granodiorite, 
which occurs in two separate bodies at either end of the district. The southern body 
is dyke-like in shape, and extends from the mouth of Galena creek northwestward 
towards the upper waters of Klesilkwa river. The northern body is expooed on the 
north side of Sumallo river and in the angle between that ·stream and the Skagit. 

The granodiorite is a light~coloured, medium-grained rock, containing ortho­
daae, plagioclase, quartz, biotite, and some hornblende, with accessory magnetite 
and titanite. It is quite fresh and unsheared. 

Both bodies of this rock are int rusive into the Hollameen series; and the northern 
-0ne cuts the Pasayton formation as well, and is consequently younger. 

GRANOPHYRE AND OTHER INTRUSIVES. 

The dyke rocks of the district include lamprophyre, diabase, granophyre, syenite, 
and diorite porphyries. The diorite porphyriea were, in many instances, thought to 
carry gold and were covered by mineral claims. Assays, however, proved them to be 
barren. They are all much .altered and decomposed, but are seen in the thin section 
to consist .of plagioclase, feldspar, chlorite, and calcite. 

Granophyre occms as a large sill about 500 feet thick, intrusive into the Pasay­
ton formation at the head of Twentyfourmile creek. It is a fresh light-coloured 
rock of medium grain, containing quartz, feldzpar, biotite, and chlorite and titanite, 
with much secondary calcite. 

SKAGIT VOLCANICS. 

A small ar ea of these rocks is found at the Boundary line on the western side of 
·Skagit valley. They consist of massive beds of volcanic breccia containing angular 
fragments of quartzite, andesite, and plutonic rocks in ra cement of andesite. 
Aosociated with these are some andesite flows. 

These rocks are fresh, and have been very slightly disturbed. The beds dip at low 
angles to the west, and rest unconformably on the upturned edges of the Hozameen 
series. 

No conclusive evidence has been obtained as to their age; hut from the fact that 
they are lying nearly flat and show no evidence of metamorphism they are probably 
of late Tertiary age. 
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SURFACE DEPOSITS. 

The bottoms of the Lower Skagit and Klesilkwa valleys are covered with a thick 
deposit of gravels, an4 patches of these gravels can also be seen clinging to the sides 
of the valleys up to an elevation of 1,000 feet above the stream. Glaci,al drift is 
found covering the surface of the district up to an elevation of 7,000 feet above the 
sea. 

ECONOMIC GEOLOGY. 

Although the Skagit valley ha;; been known to prospectors and explorers for a 
great many years, it has never been considered to be mineral-bearing until last year, 
when in August two prospectors, Greenwalt and Stevens, announced the discovery of 
rich gold ores on Steamboat mountain, a mountain formerly known as Nepopekum, 
or Lost Musket, situated on · the east s ide of Skagit valley, about 10 miles north of 
the International Boundary line. A large influx of prospectors took place during 
the autU'.IIln and winter, and by spring the whole surrounding country was covered by 
mineral claims. 

In the spring of 1911 development work on several of the claims was started, but 
was soon aband<med on account of the unsatisfactory results obtained. By July the 
district was almost deserted. 

Some work, however, was carried out during the summer in the vicinity of the 
mouth of Sumallo river, where conditions were more promising. 

The results of the examination of this district show that the deposits on and 
around Steamboat mountain do not carry gold, and that those at the mouth of the 
Sumallo river-known as Twentythreemile Camp-while being more promising,_ are 
of low grade. 

DISTRIBUTION AND CHARACTER OF THE DEPOSITS. 

The deposits of the Skagit valley on which development work was done fall into 
three main divisions :-

(1) Quartz veins and porphyry dykes supposed to carry gold. 
(2) Contact metamorphic deposits in limestone containing copper and gold. 
(3) Silver-lead deposits. 

Deposits of the first class are situated on Steamboat mountain and in the sur­
rounding district, and were the primary cause of the boom in that region. 

The rocks in which they ooour belong to the upper part of the Rozameen series, 
which consists of thin-bedded, interbanded quartzites and argillites, small bands of 
limestone, and much volcanic materi,al. They have been folded, fractured, and 
metamorphosed, and are traversed by dykes of diorite porphyry, diabase, and lampro­
phyre. They hold many short discontinuous lenses of white quartz which occupy the 
saddiles of the minor folds. The quartz lenses, as well a:> the country rock, have been 
fractured, and pyrite has been deposited in the fracture planes. The mineralizing 
action appears to have been connected to some extent, at least, with the intrusion of 
the diorite porphyry dykes, which are also mineralized to a small extent by pyrite. 

Deposits of this class are of no economic importance whatever, though much of 
the development work of the district was done on them. 

The copper-gold deposits are situated at Twentythreemile Camp, near the junc­
tion of the Skagit and Sumallo rivers. They are also found in the Hozameen series, 
but in a lower horizon than that of the first class, where the limestone beds are thicker. 
These limestones have been altered in many places to hard compact lime-silicate 
rocks by the contact metamorphic action of many andesite and granophyre dykes. 
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The ore bodies have a very irregular outline, though, in general, following the 
strike of the andesite intrusives. Their boundaries are very indefinite. 

The ore consists of a mixture of pyrrhotite, pyrite, arsenopyrite, chalcopyrite, 
and some magnetite occurring a;i bunches or scattered disseminations in a gangue of 
quartz and lime silicate minerals. These minerals are epidote, hornblende, pyroxene, 
wollastonite, and garnet. Beyond the borders of the main deposits are a few small 
stringers containing quartz with galena, pyrite, and arsenopyrite, apparently the 
hydrothermal end phase of the contact action. 

The geological association, the irregular outline, and the intimate intergrowth of 
admixed sulphides indicate that the deposits are of contact metamorphic origin. 
The value of these deposits still remains to be proven, but it is certain that they are 
of low grade. · 

The silver-lead deposits occur at the head of Galena creek, near the International 
Boundary line, and are quite distinct from the others. 

The country rock in which they are found is a flat-lying andesitic breccia of 
volcanic origin, which lies unconformably on the Hozameen series, and is probably 
of Tertiary age. The ore depo;;its are banded fissure veins cutting the breccia, and 
containing sulphides of lead, copper, iron, and zinc in a gangue of quartz. The 
deposits are valuable principally for their silver content, which, however, is not high. 

DESCRIPTION OF PROPERTIES. 

Steamboat Mountain Gold Mines. 

This group comprises three claims located in June, 1910, on the west slope of 
Steamboat mountain, at an elevation of 3,9150 feet above the Skagit river. 

The development work consists of a number of open-cuts along the outcrop of a 
diorite porphyry dyke, and a tU!Ilnel 62 feet in length driven to cut the dyke below 
the surface. Lower down the slope a tunnel penetrate;; the hill for a distance of 120 
feet, from which a cross-cut 18 feet in length has been driven .along a lens of quartz. 

The country rock consists of a series of interbanded quartzites and argillites. 
This is cut bY' a diorite porphyry dyke which is considered to be the ore deposit, and 
varies in width from 4~ to 8 feet. It i;; exposed along the outcrop for a distance of 
350 feet, and is sparingly mineralized with pyrite and chalcopyrite. 

The quartz lens exposed in the cross-cut of the lower workings occupies a small 
saddle in •a fold of the country rock. Its greatest width is 7 feet and length 22. Both 
the lens and the adjacent country rock are mineralized sparingly with pyrite and 
chalcopyrite. . 

The following samples from this property were aasayed in the laboratory of the 
Department of Mines:-

(1) Sample taken across the face of the porphyry dyke in upper tunnel­
gold, none. 

(2) Sample across quartz lens in lower tunnel-gold, none. 
(3) Sample of mineralized country rock in lower tunnel-gold, none. 

Yellow J aclcet. 

This is a group of four claims, staked in October, 1910, on the ea;;t side of 
Skagit valley, opposite the mouth of Silver Tip creek. The claims lie in the quartz­
ites, argillites, and volcanic rocks of the Hozameen series. Large boulders of a 
yellowis·h decomposed porphyry dyke rock are strewn over the ,;urface, and these are 
considered to be the ore deposit. Samples of . this rock taken for assay yielded no 
trace of gold. 
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Ella Group. 

This group of seven claims is situated on Red mountain and adjoins the Yellow 
Jacket on the south. The development work consists of a few open-cuts on a soft · 
yellowish oxidized rock resembling that on the Yellow Jacket. Assays of this yielded 
no trace of gold. 

Utah Group. 

This group of four claims is situated on the west side of the Skagit and about 
900 feet above it, opposite the Yellow Jacket. A tunnel 37 feet in length has been 
driven in on a bed of oxidized ferruginous limeatone. The limestone is cut by small 
stringers of quartz containing pyrite and chalcopyrite which are also scattered 
through the country rock. A sample from the tunnel containing quartz, calcite, 
pyrite, and chalcopyrite yielded on assay no trace of gold. 

Diamond Gi,roup. 

This group, consisting of four claims, is situated on the west slope of Skagit 
valley, about a mile below the mouth of Sumallo river. 

The deposits occur in an impure limestone which ia cut by dykes of andesite 
and g1'anophyre, altering it to a lime silicate rock. The ore body, as shown in the 
large open-cut, is roughly 40 feet in length and 26 feet in width, fading off on all 
,sides into low-grade rock. Its general trend is parallel to that of an andesite dyke 
underlying it. The ore consists of a mixture of pyrrhotite, arsenopyrite, pyrite, and 
chalcopyrite in a gangue of quartz and the lime silicate minerals epidote, garnet,, 
hornblen.de, and wollastonite. Some native copper appeara in the fracture planes of 
the surface rock. Ecxtending beyond the boundaries of the main deposit are a few 
small stringers, rarely more than 4 inches wide, of quartz holding galena, zinc 
blende, arsenopyrite, .and .pyrrhotite. Speciall(Y' selected samples-one of clean 
arsenopyrite and the other of mixed chalcopyrite and pyrrhotite-were taken for 
assay to determine where the gold and silver values lay. The results show that the 
arsenopyrite only carries '!I. trace of gold, while the chalcopyrite and pyrrhotite 
yielded 0·06 ounces in gold and 34-10 ounces in silver. 

Horseshoe Group. 

A group of three claims under this name is situated on the south side of Sumal­
lo river about a mile above the Skagit. 

The country rock conaists of massive, impure and cryi.stalline limestones cut by 
diabase, lamprophyre, and granophyre dykeSi. The ore body, as exposed in an open­
cut, lies in the limestone on the upper side of a diabase dyke. It is 12 feet in width 
and has been traced for ov~r 150 feet along the strike. The ore minerals are 
pyrrhotite, chalcopyrite, and pyrite in a gangue of quartz 'and lime silicate minerals. 
Tlie gold and silver values are low. 

International Group. 

This is the oldest group of mineral claima at present hdd in the Skagit valley, 
having been stakedi in 1906. They are situated at the head of Galena creek within 
half a mile of the International Boundary line. 

The country rock is an andesitic breccia which is traversed by a strong :fissure 
running southwest up the creek bed. The fissure is filled with banded vein matter 
consisting of successive layers of quartz, galena, and chalcopyrite, with the middle of 
the vein :filled with pyrite, chalcopyrite, and quartz. The actual width of the :fissure 
where ex.posed in the workings is 4 feet, but the wall rocks are altered and mineral-
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'ized for a distance of about 6 feet on either side of the vein. The chief values are 
:in silver a.nd copper, gold being very sparing. 

Whipsaw Oreelc District. 

Whips'aw creek is a tributary of the Similkameen river, lying to the northeast 
.of the Skagit district. Claims were taken up at the head of this stream in 1908 and 
1909, and a certain amourut of pro.specting and development work done on them. 
'They lie on either side of the m ain Dewdney trail and are most conveniently reached 
f rom Princetan, which is diatant about 20 miles. 

In this area a gneissic gran-0diorite is intrusive into hornblende and chlorite 
schists, which strike N . 20° W. and dip to the west. The gra-niodiorite has produced 
considerable contact metamorphism in the schis ts and sends ma.ny apophyses into . 
them. Both rocks are traversed by acid dykes. 

The mineral deposits belong to one type, namely, fissure veins carrying lead and 
zinc. The veins are found in the schists in the zone of contact metamorphism, and 
occupy a cognate set of fissures striking N. 2° W. and N~ 45° W . Fissuring and ore 
deposition are proha.bly both connected with the intrusion of the granodiorite. 

The Lucky Pair Group.-Tbe Lucky Pair group consists of three mineral claims 
lJ ing on the south side of Whipsaw creek. Most of the development work on this 
g 1oup was concentrated in a t unnel 230 feet in length. Owing to a miscalculation 
this tunnel do·es not cut the vein, which was afterwards found by a 10 foot cross-cut 
45 f eet from t he tunnel entry. 

The ore deposit is a well-defined fissure vein, 18 inches wide, in a w ne of breccia­
tion, cutting the schists and s trili:-ing N. 45° W. The vein baa a banded structure 
and is filled with zinc blende, galena, chalcopyrite, and pyrite in a gangue of quartz. 
The whole is great ly oxidized and much of the sulphides have been leached out. The 
deposit is of low grade and the chief valuable metal is silver. 

The Marian Group.-The Marian group consists of five mineral claims located 
on the north side of Whipsaw, near its head. The country rock in these claims is 
g ranodiorite, in which are exposed three distinct veins, respectively 3 feet, 34 in·ches, 
and 12 inches in width. They all contain blende, galena, chalcopyrite, and pyrite in 
a gangue of quartz, and are much altered by• surface oxidation. Samples taken for 
assay show the ore to be very low grade. 

Th e S . and M. Group.-The S. and lvI. group adjoins the Marian group on the 
east and is developed by a number of open-cuts and three short t unnels. The country 
rock is a schist, the surface of which is very much decomposed, and holds h ard 
nodules of ore. None of the tunnels have penetrated into the solid rock beyond the 
zone of oxidation. 

IV 

NOTE ON THE OCCURRENCE OF DIAMONDS AT TULAMEEN, AND 
SCOTTIE CREEK NEAR ASHCROFT, B.C. 

At the beginning of the season the Tulameen district, where field work had been 
carried out the preceding year and where an intereating discovery of diamond-s was 
made in the peridotite of that district, was again visited for the purpose of searching 
in the gravels of the streams and other places for diamonds of a larger size than those 
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previously found in the solid rock. The season of the year at which the examination 
w.as made was not favoura.ble for such work, because the streams were at high-water 
stage and the most likely gravels could not be reached. Nevertheless some tests were 
made both on the gravels in the stream beds and on the decomposed rock which was 
already known to carry diamonds. Concentrates obtained by panning from each of 
these localitie;; were submitted to Mr. R. A. A. Johnston for examination, ancr in both 
samples Mr. Johnston was able to_ detect diamonds, not, however, of a commercial 
size. 

In this connexion some work was also done towards the close of the season on the 
gravels of Scottie creek, a tributary of Bonaparte river near Ashcroft, where dia­
monds are known to occur under similar geological conditions; but here; also, no 
diamonds larger than those previously found in the rock in place were obtained from 
the gravels. 
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GEOLOGY OF FRASER CANYON AND VICINITY, B.C. SIW ASH CREEK 
AREA. 

(A . 111. Bateman.) 

INTRODUCTION. 

During the past field season, work of a preliminary nature was carried on from 
August 22 to September 16, under the direction of Mr. Camsell, in the Siwash Creek 
district of southern British Columbia. The work consisted of reconnaissance areal 
geology baaed on a topographic sketch map, 1and a brief examination of the ore 
deposits. 

The Siwash Creek distr ict forms a part of the Yale Mining division in southern 
British Columbia, and is situated on the eastern border of the Coast range. It covers 
a portion of the drainage basin of Siwash creek, which flows into the Fraser river at 
a distance of 2~ miles above the town of Yale. The area forms a rectangle 6 milea 
long by 5 miles wide, the western side of which is bounded by the Fraser river. 

Attention was first directed to the district some 50 years ago by the discovery of 
·placer gold near the mouth of Siwash creek. Since the first period of operation, 
placer mining has been carried on in a desultory manner. At present, preparationa 
a re being made for the reinstallation of an hydraulic phnt. The gold extracted from 
gravels has been estimated at about $1,000,000, but information is too unreliable to 
bear much weight. 

Quartz prospector-s followed up the placer miners, arid in 189'1 and 1892 mineral 
claims were staked around Siwash Forks. Little work was done until 1896, when a 
3-stamp prospect ing mill was erected, followed in 1905 by two larger milla. Interest 
was renewed in the district last spring, when several lodes were discovered· containing 
free gold in quartz; but development work has progressed slowly and the camp is 
still in the prospecting stage. 

SUMMARY AND CONCLUSIONS. 

The rocks underlying the area conaist of a metamorphosed sedimentary series 
represented by slates, garnet-schists, ·mica-schists, siliceous-schists, quartzites, and 
thin bands of crystalline limestone. Thia series is intruded by the Coast Range 
granitic batholith and its a-ccompanying acid and basic dykes. A small remnant of 
volcanic tuff overlying the granitic rocks is exposed in one locali.ty. · Glacial deposits 
a re found along the borders of the stream. 

The gold, without exception, is associated with porphyry dykes and occurs in the 
porphyry itaelf, or in quartz veins along, or adjoining, the contact of the porphyry 
with slate. The gold is thus seen to be genetically dependent on the dykes, and the 
great number and wide distribution of these dykes makes it a promising field for 
prospecting. 

Some of the gold deposits have rich surface showings, but are usually pockety, 
and the gold appears to have undergone considerable aurface enrichment. Large 
superficial areas may contain a sufficient number of rich stringers and pockets to be 
worked commercially, while the others would only justify inexpensive mining methods. 

TOPOGRAPHY. 

The most prominent topographic characteristic of the district is its youth, as 
shown in the steeply-notched stream valleys, in contrast with a more gentle sloping, 
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mature topography of the higher levels. The streams are short, with steep gradients 
in their upper courses, less steep in their intermediate parts, but plunging rapidly 
by a series of falls into the Fraser river. The r ange in elevation is from about 200 
feet at the Fraser river up to 5,700 feet, the general elevation being about 3,600 feet 
-3,800 feet above sea-level. Along the canyon of the Fraser river which form~ the 
western boundary of the sheet, the hills rise ·mbruptly and are much cut up/ and 
deeply notched by small streams, giving the region a very broken character which 
becomes less marked towards the east. 

The topographic break between the more gentle upper slopes and the lower steep 
slopes signifies uplift of this region in late geologic time. Glacial till, occurring as 
high as 400 feet above the streams which have cut through it, indicates that this 
uplift was accentuated in post-Glac\al t ime. Siwash and Eightmile creefos have rela­
tively easy gradients in their intermediate courses but enter the Fraser with a pre­
cipitant grad ient. This sudden break in their profiles shows them to be hanging 
valleys. 

An example of stream capture is illustrated in the. case of the upper North Fork 
whose waters appear to have originally entered the Fraser by way of Eightmile 
creek, but which now flow into Siwash creek. At present the divide between the 
North Fork and Eightmile creek is only a few feet above the ·stream-level. 

GENERAL GEOLOGY. 

The rocks and rock formations represented in the Siwash Creek a rea are pro-
visionally classed as follows, in order of relative ages:-

Glacial depos its. 
Volcanic tu:ff. 
Hidden Creek series-sandstones and greywacke. 
Acid and basic dykes. 
Coast range granitic rocks. 
Siwash Series-Slates, schists, ·and crystalline limestone. 

SIW ASH SERIES. 

The Siwash series covers the greater part of the area. It is largely made up of 
dense :fissile slates, garnetiferous schist;;, mica schists, quartz schists, and thin bands 
of impure crystalline limestone. The general strike is to the northwest with steep 
dips to the southwest. 

Along the Fraser river the series is much mashed and contorted, and it shows 
the effects of regional metamorphism. To a minor extent contact metamorphism has. 
occurred where the series is intruded by the granitic rocks. The Siwash series is cut 
by the rocks of the Coast Range batholith, and is tentatively referred to the lower 
Cache Creek formation. 

COAST RANGE GRANITIC ROCKS. 

The Coast Range granitic rock;; outcrop on the eastern and western portions of 
the area, and in the central portion are intruded as sheets and dykes into the Siwash 
series. The batholithic invasion has taken place by the removal and engulfing of 
portions of the overlying series. The cover has been removed deep enough in the· 
eastern part of the area to expose a zone of slates with int ruded granitic apophyses 
·grading into a zone of granite containing numerous inclusions of slate. The granite 
immediately surrounding the inclusions t akes on a greenish hue, probably due to the· 
partial assimilation of them. 

The rocks range from light-coloured, medium-gl"ained biotite granites to dark­
coloured dioritic varieties. The dominant dark mineral is generally biotite, some-· 
times hornblende. Along the Fra•ser river they are mostly gneissic in characte.r. 
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DYKE ROCK S. 

With the batholithic intrus ion, injections into the overlying Siwash series took 
place in great profusion in the foni1. of sheets and dykes. Some show foliation due to 
subsequent folding. The acid dyke rocks are nearly all light..coloured, fine-grained 
type.>, sometimes poDphyritic, containing large phenoorysts of feldspar and locally 
known as "bird's-eye" porphyry. The different varieties are syenite porphyry, 
quartz syenite porphyry, granite poDphyry, syenite aplite, and pegmatites. I t is with 
the acid dykes that the ore bodies are associated. 

The basic dykes are fine-grained, dark-coloured hornblendic varieties, or peri­
dotites largely altered to serpentine. A sheet of ·serpentine w.ith a width of over 400 
feet, which can be traced for over 3 miles, is exposed on Siwash creek. It contains 
chromite and is the result of alteration from peridotite. It is locally called the 
" Nickle dyke," and is reported to contai'Il! nickel and cobalt, but some samples col­
lected from the dyke, when assayed, were not found to contain either of these metals. 

HIDDEN CREEK SERIES. 

This name has been applied for convenience in describing them to a series of 
arkoses and gTeyw.ackes occurring in the vicinity of Hidden creek, a tributary of 
Eightmile. The rocks are made up of quartz, feldspar, calcite, and small fragments of 
andesitic and trachitic tuff. Their relation to the Siwash series and granitic rocks 
has not been definitely establi shed. 

VOLCANIC TUFF. 

One isolated outcrop of •andesitic tuff occurs b.etween the North and l\'1idd~e 
Forks of Siwash creek. Only a small portion of it is exposed and its extent could not ' 
be determined, but it probably covers only a very small area. 

GLACIAL DEPOSITS. 

The glacial deposits consist of unconsolidated till, made up of subangular 
boulders and gravels. They are found along the valleys of Eightmile creek, and the 
North, South, and Middle forks of Siwash creek, and occur as high as 500 feet above 
the present stream-level. 

ORE DEPOSITS. 

The ·deposits of proven value are of two classes, namely:­

(1.) Gold veins associated with porphyry dykes. 
(2.) P lacer gold deposits. 

All the lode deposits so far discovered are situated in the area included between 
the three forks of Siwash creek, and in the vicinity of Hidden creek. The placer 
deposits extend from the mouth of Siwash creek up to the Forks. 

The lode deposits that were examined are directly connected with the intruding 
porphyry dykes. They are found as quartz veins along the contact between the slate 
and porphyry, or as quartz veinlets traversing the porphyry and slates. The form is 
irregular and the gold appears to occur in small 1pockets. 

The mineralogy of the deposits is simple. Pyrite, chalcopyrite, and small 
amounts of galena are contained in the quartz and porphyry. Small globules of 
quicksilver and lead carbonate are reported to have been found in pannings from 
three different ·properties. The gold appears as disseminated grains and as secondary 
flakes surrounded by iron oxides, associated with quartz veins in the slates and por­
phyry. 
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In only one place are the working13 below the zone of oxidation, so that we are 
dealing almost entirely with superficial ,secondary minerals. The quicksilver and 
lead carbonate were probably derived from the sulphides, cinnabar, and galena. The 
pyrite has become oxidized, imparting a yellowish colour to the poriphyry, and the 
gold has undergone concentration. It is to be expected then that the gold value will 
be greater on the surface than below the zone of oxidation. 

The deposi'ts owe their origin to the intruding gr1anitic batholith. The porphyry 
dykes and sheets were later phases of the granit ic intrusion injected into the Siwasl). 
series. Mineralizing solutions accompanied some of these dykes, and gold, sulphides, 
and quartz were deposited along the contact, and in fractures in the porphyry and 
slate. 

DESCRIPTIONS OF PROPERTIES. 

Ward Claims. 

The two Ward claims, owned by the Martel Mining Company, are located near 
the forks of Siwash creek. Work is being carried on in a large surface :excavation, 
about 300 feet above the creek, from which two tunnels are being driven into the hill. 
Another tunnel 75 feet above the creek penetrates underneath the open-cut for 300 
feet. 

The ore is as3ociated with quartz-syenite-porphyry dykes which intrude slates. 
The dykes vary in width from 1 foot to 50 feet, and constitute in the vicinity of the 
workings about 50 .per cent of the rock exposed. They are irregular in outline and 
have forced apart and enclosed masses of slate. Five of these dykes are cut in the 
lower tunnel, two of which are sheared parallel to the schistosity of the slates, while 
the others are normal. The slates are hard, dark coloured, and fissile, and dip at high 
angles. 

Ore is at present being removed from a shallow surface excavation 150 feet wide 
by 250 feet long. The portion mined consists of bunches anu stringers of quartz, 
which occur along the contacts and in the adjoining rocks, and of mineralized por­
phyry. Because of the method of mining no estimate can be made of the propor­
tion of porphyry that is milled. 

The gold occurs in the quartz and porphyry in a finely divided state, generally 
coated with a film of iron oxide. Pyrite is scattered through \the gangue, and occa­
sional globules of quicksilver have been reported. 

The ore is carried in 1-ton cars from the open-cut to the mill by means of a 500 
foot gravity cableway, and the oversize from the grizzly passes through a jaw­
crusher to the stamp-bins. After being crushed in two 3-stamp batteries it passes 
over amalgamating plates and then through blanket sluice boxes to the slime pond. 

The following samples were assayed in the laboratory of the Department of 
Mines:-

Gold to ton. 
1. Representative sample of mineralized porphyry from open-cuts.... $20 87 
2. Representative sample of quartz with small amount of porphyry 

from ore bins................ .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 10 

Lake View Mines. 

This group of three claims was located in June, 1911, on Hidden creek, a tribu­
tary of Eightmile creek. Only a small amount of surface open-cutting had been 
done at the time of examination, but preparations were being made to carry on more 
extensive development. 

The country rock is slate with an easterly strike and steep dip to the north. 
Intruding this ·and parallel to the schistosity is a syenite-porphyry dykij containing 
large phenocrysts of feldspar, and known as "bird's-eye" porphyry. 
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The porphyry dyke, with included quartz stringers, constitutes the ore deposit. 
The width of the dyke is 12 feet, its length is undetermined. On the surface it is 
yellowish coloured, soft, and decomposed. . Three quartz stringers, from t inch to Zi 
inches wide, cut diagonally across the dyke. The quartz stringers and the porphyry 
adjacent to the stringers carry the gold which can be seen readily with the naked eye. 
It appears as small grains disseminated through the quartz, and in greater amount as 
loosely adhering flakes and grains surrounded by oxide of iron along the fracture 
planes of the quarfa and porphyry. A minor · amount of quartz and galena is 
as3ociated with the gold. 

The following samples were taken and assayed:-

Value of Gold 
per ton. 

1. Sample of quartz and porphyry collected from the dump .. .... .. 
2. Representative sample of all quartz stringer s exposed in upper-cut. 
3. Sample of porphyry r emote from quartz stringer s .. ..... ... ..... . 

$ 4 76 
14 28 

20 

Mount Baker and Yale Mining Company. 

This Company controls a group of eight claims located at the forks of Siwash 
creek, adjoining the Ward claims. They were staked in 1891, but practically no 
work was done on them until 19'02, when a HJ-stamp mill was erected and a number 
of open -cuts and tunnels started. The mill is not being operated at present and the 
entries to most of the tunnels have caved in. 

The geological ch aracter of these claims is .similar to that of the Ward group. 
The ore was originally taken from a few small open-cuts and tunnels scattered in 

the vicinity. The tunnels, now inaccessible, penetrate porphyry dykes which contain 
only a little quartz. To the west of the mill a 50 foot tunnel penetrates a porphyry 
rock slide, blu.t does not break the solid rock. Oxidized porphyry from the rock slicfe 
when panned showed colours of gold, but an assay of a representative sample gave 
only a trace of gold. 

Roddiclc Claim. 

The Roddick is the Discovery claim of the district, and is located on Roddick 
creek, 450 feet above the Marvel Mining Company's stamp-mill. A porphyry dyke, 
25 feet wide, and containing numerous small quartz stringers, cuts the slates. An 
open-cut a few feet from the dyke exposes to view a parallel series of short bunchy 
ler..ses of quartz, t inch to 4 inches wide, included in the slates. Gold, associated 
with iron oxide, occurs in p ockets with the quartz, and some remarkably rich speci­
mens have been found. Samples taken for assay, however, only yielded a trace of 
gold. 

Dolly Varden Group. 

This is a group of three claims, staked in April, 1911, and located between the 
North and Middle forks of Siwash creek, and at an elevation of 1,700 feet above the 
cr eek. The development work consists of a number of open-cuts spread for 625 feet 
along the outcrop of a porphyry dyke. A tunnel is being driven to intercept the 
dyke. 

A quartz vein varying in width from 12 inches to 24 inches occurs along one wall 
of the porphyry dyke, and the slate and porphyry on either side of the quartz vein are 
intersected by a network of quartz stringers. Pyrite, chalcopyrite, and galena occur 
in the quartz and porphyry. Colours of gold may be obtained by panning the sur­
face material. 

Reciprocity Claim. 

This property is similar in occurrence to the Do Uy Varden, and is located on 
what is probably a continuation of the Dolly Varden dyke. Specimens of quartz, 
rich in free gold, have been found in some of the small irregular pockets. 

26-9 
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BEAVERDELL MAP-AREA, YALE DISTRICT, B.C. 

(L. Reineclce.) 

INTRODUCTORY. 

The seawn of 1911 was spent in geological :field work in the Beaverdell map-area, 
on the West Fork of Kettle river, British Columbia. The topographical map of this 
area was completed during the autumn of 1909 and the summer of 1910. Work began 
on May 25 and continued until October 12. B esides the mapping and examination of 
deposits within the area, about .a week was spent in vi siting promising claims on the 
Kettle and We5t Forks rivers outside the area of the map-sheet. Mr. W. J. Wright 
iicted as :field as:;istant during the. summer. 

Two summary reports have already been written on this area' and the :final 
report is now being prepared for publication. Some idea of the general topographical 
and geological features of the area, as well as the ~conomic deposits and the history 
of mining, can be obtained from the two summary reports mentioned above. 

TOPOGRAPI-IY. 

The area examined is a part of the Interior Plateau system of British Columbia 
and lies along its east ern edge. Uplands of moderate relief are cut by steep-sided 
and often deep valleys. The maximum difference of elevation within the map is 
about 3;500 feet; the main valley :flats are from 800 to 1,500 feet below the near-by 
hilltops. The greater part of the area is drained by the West Fork and its tribu­
t aries, while a small area in the southeastern corner drains directly into the Kettle 
river. One of the interesting phases of the topography is the part played by glacial 
debris in determining the direction of drainage in the uplands. 

GENERAL GEOLOGY. 

A ser ies of metamorphosed sediments and crystalline rocks occupies perhaps one­
third of the area examin ed; they are intruded by quartz diorite and granodiorite 
batholiths, both of which cover extensive areas. Small patches of Tertiary vokanic 
flows and sediments are found in scattered localities over the map. The river bottoms 
are generally covered with unconsolidated alluvial deposits, while glacial debris is 
found in varying thickness everywhere in the district. 

T.rnLE OF FORMATIONS. 

Pleis tocene and R ecent. . . . . . . . . . . .... .. . River deposits, glacial till. 

Miocene? ........ .. .............. -. . _ . . ... .. Basalt, andesite, and dacite Aows. 

Oligocene? .... . .... . .............. . .. .. .. . Dense white tuff, coarse sandstones, and conglomeraies. 

Jurassic"! ... . ......... . . . . .... ..... . ... . . . Augite porphyrites, quartz p0t·phyries. 
Granodiorite. 
Quartz diorije. 
Diorite. 

Pre-J urassic . . . .. ....... .. .... , ... . . ... Andesite stocks and Aows. 
Dense ar11;ill i tes. 
Crystalline limestones. 
Quartzi tes. 
Green mica hornblende schists. 

1 Summary Report of the Geological Survey Branch of the Dept. of Mines, 1909, p.p. 118-122. 
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PRE-JURASSIC. 

The pre-Jurassic serie3 consists of inetamorphosed sediments of uncertain age, 
m ica hornblende schists of igneous origin, and stocks and flows of andesite. .A batho­
lith of di·orite was intruded into the sediments and andesites some t ime after 
their deposition. The upper surface of this intrusion was extremely irregular, du.~ 
to the injection of molten matter into cracks in the roof above, and to the sinking o! 
detached blocks of that roof into the diorite. .A section of this roof, such as is 
now exposed in a great many places, gives a patchwork of sediment and crystalline, in 
which the two members are distributed in so irregular and haphazard a manner that 
their separation is, for practical purposes, impossible. The diorite has, therefore, 
been mapped with the older series. 

Following this intrusion the1•e was a period of crustal disturbance which brecci-
ated and metamorphosed both the diorite and the older rocks. ~ 

J URASSIC? 

In Jurassic time there were further intrusions of batholiths of a grey quartz 
diorite, followed by a pink-white granodiorite. The latter was accompanied, or fol­
loWBd, byi extensive intrusions of quartz porphyries and porphyrites. These two 
plutonic rock types seem to be in series with the first diorite intrusion. They have, 
however, not been metamorphosed to the same extent and lie in large masses easily 
separable from the older group. 

The quartz diori te is a grey, medium-grained, and even-textured rock. It con­
sists essentially of plagioclase feldspar, hornblende, biotite, and quartz, the latter in 
varying amounts. The feldlspar ranges, from oligoclase to l abradorite. 

The granodio1·ite varies from pink to white, and is very often porphyritic, with 
large crystals of pink orthoclase. The orthoclase lies in a coarsely cry·stalline 
groundmass of quartz and ol"thodase with some plagioclase and biotite. These two 
intrusive masses together occupy nearly two-thirds of the area mapped, and the 
granodiorite extensive areas outside of it. 

TERTIARY. 

Oligocene? 

The Tertiary sediments consist of beds of coarse agglomerat.:l or conglomerate, 
overl ain by coarse sandstone and dense white tu:ff. The conglomerate at the base 
contains pebbles of practically all the r.ocks of the older series . The t u:ff contains 
remains of land plants. There is probably 500 feet of these sediments in places. 
They li e unconformabl y on the older formations. There ar·e about 4 square miles of 
this within the mapped area around Goat peak, and a small patch in the southeast 
corner near the Kettle river. 

Mio cene? 

Basalts and andesites are the prevailing ty;pe;; of lavas. Basalt without olivjne 
is often the latest flow, while a white ·andesite or dacite is very frequently the earliest. 
Intermediate in age is a series of dark grey and reddish andesites. Olivine basalt is 
more frequently found in small patches by itself. These Tertiary lavas occupy about 7 
square miles in the northwestern corner of the map and occur as small patches in 
other pm·ts of the area. They overlie the Oligocene? sediments unconformably at 
Goat peak and to the northwest of it. 

26-9~ 
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RECENT. 

Glacial Deposits. 

Glacial debris evidently at one time covered the whole of this area. It has since 
been considerablyi modified and cut away by erosion. Typical glacial deposits are not 
.often seen, and then only in places where erosion has been exceptionally retarded. 

River Depiosit. 

The material deposited by the rivers is relatively coarse throughout the Upper 
West Fork valley. Fine alluvial material occurs only in small patches, generally 
near the river bed. A great part of the present river plain is made up of modified 
glacial drift. A seriea of river t erraces :are found along the sides of all the larger 
valleys. They indicate frequent changes in the rate of erosion, due perhaps to sue.. 
cessive slight uplifts. 

ECONOMIC GEOLOGY. 

During the field season an attempt was made to examine all the more important 
·deposits of ore in the district. A short description of each of these will be given in 
the final report. No ore has been shipped from the Beaverdell area since the 
beginning of 191'0. Last · summer a small shoot of silver-lead ore was opened by Mr. 
W. H. Ram1::o on the Raml:ler claim. About 30 sacks of or3 were taken from a pit 
6 byi 3 feet and 6 feet deep. This is close to a rich shoot from which $10,000 worth 
of ore is said to have been taken some years ago. The ore sacked should run well 
over $100 to the ton, and that part of the vein exposed, at the time of our visit, 
looked very promising. · 

Another development of immediate interest is the building of the Kettle Valley 
railway, which will connect Midway with Merritt. Last October rails had been laid 
on this line to a point within 10 miles of Beaverdell, and contracts had been let for 
the construction of about 30 miles beyond that place. In another year or so this 
road should be available for the transportation of ore to the Boundary ·smelters. 
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FRANKLIN MINING CAMP, WEST KOOTENAY, ~.O. 

(0. W. Drysdale.) 

INTRODUCTION. 

The Franklin camp is situated on the east branch of the North Fork of 
Ke>ttle river, about 43 miles by wagon road in a northerly direction from Grand 
F urks. The Kettle Valley branch of the Canadian Pacific railway t erminates at 
present at Lynch creek, some 20 miles up the valley from Grand Forks. 

During the past field season a detailed geological map on the scale of 1,500 feet 
to 1 inch was completed. The Franklin map embraces an area of some 16 square 
miles and includes the most important mineral deposits of the region. Previous 
work of a less detailed nature wa:.s Jone in this area by R. W. Brock in 1900 and 
1906,1 and the geology and topography of Franklin mining camp are shown on the 
West K ootenay sheet mapped on the scale of 4 miles to 1 inch.2 

The first mining claims located in Franklin camp were the Banner and the 
McKinley, which were staked in the summer of 1896. The locator of the Banner 
claim was Frank McFarlane, after whom the camp was named. The Gloucester and 
adjoining claims were located by Thos. Newby in the summer of 1898. These were 
followed by the White Bear in 1899; the Maple Leaf in 1902; the Evening Star in 
19'03; the Buffalo in 1904; the IXL in 1904, and many others. 

The year 1906 saw the greatest activity in Franklin, when considerable develop­
ment was carried on. Since then comparatively little prospecting and mining: have 
been done. 

The past season's field work was carried on with a view to determining the pro­
bable extent, value, and geological relations of the mineralized areas opened up in 
this camp. 

Messrs. C. A. Fox and F. J. Alcock rendered most efficient service as field 
assistants. 

GENERAL CHARACTER OF DISTRICT. 

The Franklin area falls within the Columbia :Mountain system, which here has 
an elevation of 2,800 feet above sea-level in the valleys and 5,000 feet on the summits. 

The district has a mature upland surface from 4,000 to 5,000 feet above the sea, 
and, except where lava cliffs occur, may be characterized as gently undulating with 
hills seldom rising over a f ew hundred feet above its general level. Many of the 
depressions on this old upland are occupied by stagnant ponds or "sloughs." 

The main valleys which trench the upland have a north and ;;outh regional 
trend and vary in width from about 3,'000 feet, as is the case in Franklin Creek val­
ley, to over a mile in the main Kettle River valley. The valleys have steep, sloping 
sides converging to n arrow bottoms with an average 'depth of over 1,50'0 feet. 

The valley sides show the scouring and smoothing effects of glaciers, while their 
bottoms are largely filled with re-sorted glacial material which the rivers, since 
the retreat of the ice-sheet, have excavated in a series of step-like terraces. These 
river terraces of glacial outwash gravels have since then been deeply dissected by the 

1 Summary Report, 1900, Geo!. Surv., Canada, p. 70 A. 
Summary Report, 1906, Geol. Surv., Canada, pp. 62-65. 

•Map sheet No. 792, Geol. Surv., Canada. 
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rivers which have entrenched box canyons and ravines, leaving in some places the 
tributary creekd and "draws" as hanging valleys high above the water level of the 
main stream. The3e " hanging valleys " and " draws " are characterized by the 
presence of ribbon-like waterfalls and cascades at their confluence with the main 
valley. 

Those portions of the district underlain by the coarse heterogeneous phase of 
the Kettle River conglomerate, present striking land forms in the sh ape of many 
hummocky mounds with outstanding pinnacles or "hoodoos." 

The fall of the North Fork of Ke.ttle river between Franklin and Grand Forks 
amounts to about 1,100 feet, giYing the river an average grade of about one-half of 
one per cent. 

There is sufficient water-power available for ordinary mining purposes m Frank­
lin and Gloucester creeks as well as in the main Kettle river. 

The average rainfall amounts to about 20 inches per annum, a large part of 
which falls as snow in the winter months·. The summers are moderately warm and 
dry with cool nightd, while the winters are severe with heavy snowfall, particularly 
on the western slopes of the mountains. 

This region was once ' heavily wooded with fir, tamarack, spruce, wh ite cedar, 
cottonwood, white birch, :and poplar; but forest fires have swept over a large portion 
of the district and only isolated groves of good timber remain. ' 

Black-tail deer are numerous, and beaver, owing to protective game laws, have 
become very plentifJJl. Black and brown bear, mountain lion or " cougars," and 
coyotes are lesd frequently1 seen. 

GENERAL GEOLOGY. 

The rocks in this region .are chiefly igneous, and, as no sections for microscopic 
study have been examined, only field t erms are used in the following descriptions. 

TABLE OF FORMATIONS. 

Sys tem. . . . . . . . . .... ,Formation. . . . . . ... .... ... . ,Lithological character. 

Quaternary .......... ·I Superficial deposits ... : . ... ... . ,Gravel, sand, silt, boulder clay. 

Miocene (?) .... . ....... Midway Volcanic group ...... . Pinkish pulaskite porpl1 yry, dark basic dyke 
rocks-lamproµ hyres; quartz porphyry, and 
lavas ranging from basalt to andesite and rhyo­
lite . 

. . . . . . . . . . . . . . . . . . . . . . jsyenite .... .. .. . ..... . .. .... JPyroxenites (local term "Black Lead ")-syenite. 

Oligocene(?) ......... . . ,Kettle R iver formation .. .. ... . ,Conglomerate, grit, and tuff. 

(?} IMonzonite . . . . . ........ . . . .. . 

Post-J nrassic (?) ....... [Granodiorite ............... . 

Palreozoic (Upper ?: . .. Gloucester formation. 

Franklin group .. . ....... . 

\

Massive igneous rocks from granite to diorite and 
in places sheared to gneiss. 

icrystalline limestone. 

I
Greenstone, altered tuff, jasperoid, ancl oili cified 

a rgillite. 
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DESCRIPTION OF FOR:>IATIONS. 

The Franklin group includes the oldest rocks in the district. It has been sub­
jected to the metamorphic action of intrusive magmas of Mesozoic and T er tiary ages 
and to so many mountain-making movements that i ts record of sedimentat ion and 
vulcanism has been greatly obscured. 

The group consists of impure grey quartzi tes, j asperoids, altered tu:ffs, green­
stones in places porphyri tic, and brecciated and sheared volcanic and intrusive rocks 
indicating a complex of igneous and sedimen.tary rocks in their original state. 

The rocks of this group have a general strike a few degrees east of north and 
dip steeply t o the 've3t. In places t hey exi st as down-hanging portions of an ancient 
roof suspended in the unde rly ing granodior ite batholith-termed by R. A. D aly, 
" roof-pendants ." 

The G~ouceste r form ation consists of light to dark grey, crystalline limestone 
which occurs as irregular masses interfolded with the Franklin group. The lime­
stone usually grades off into jasperoid and in a f ew places it has been entirely 
replaced by sil ica . These limestones are possibly of the same age as those occurring 
farther south, which Daly included in his Atwood series of Carboniferous age, cor­
relating them with the lime1ltones in Rossland mountains. 

The post-Jwrassic ( ?) granodiorite varies in composition from .a. mica or a_. horn­
blende g ranite to more basic rock types. Foliated structure is frequently developed 
in it. It underlies all t he other rocks of the region and possesses igneous contacts, 
proving its younger age. Its border contacts are irregular and steep in character, 
widening downwards. 

The massive and underlying character of the igneous rocks composing it defines 
it as a batholith, and after the fashion of other batholiths its plunging contacts are 
evidences of a wider development below, so that at the time of its origin the over­
lying rocks were in the nature of a roof resting on a molten magma. 

111onzonitei.-This is a medium to coarse-g rained mottled r ock. It is fresh look­
ing, with ~ark pyroxene and dark brown mica with white and grey feldspar. It out­
crops in two bosses, one at the base of Tenderloin mountain, and the other to the 
north of Franklin mountain. The monzonite is cut by dykes of pegmatite, and more 
rarely by others of the pinkish pulaskite porphyry type. I n places it is sheared and 
brecciated, h aving magnetite and quartz developed along the planes of shear. The 
monzonite r esembles closely the Rossland monzonite which R. W. Brock r efers to· 
the Mesozoic era.1 Here, on account of its fresh appear ance and lack of dynamic 
metamorphism as compared with the Mesozoic granodiorite, i t has been t entatively 
referred to Tertiary t ime. 

The K etble 'River formation, which has a vel'Y strong development in this area, 
consists of a conglomerate with pebbles ranging from a few inches up to 2 feet and 
more in diameter. In places the conglomerate grade:;c into well-stratified white to 
light grey grits and silts which display cross-bedding and current ma:rkings. In a 
few localitie3 obscure plant rema ins were found in the ;;haly portions of this forma­
tion. 

The zone o:fl maximum deposition appears to have been near the junction of 
Franklin creek with the East Fork, where the conglomerate is very coarse and 
heterogeneous and is h ere exposed to a depth of 1'50 feet . 

1 Prelim. R ept. of Rossland, B .C. Mining Dist., No. 939, pp. 14-15. 
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This formation may possibly· be con:elated with the Coldwater group of Dr. G. 
M. Dawson lying to the south,' which occurs in several localities throughout the 
Boundary dli.strict, notably at Phoenix,2 Baker mountain,2 and west of :Midway. 

The age of this formation is Oligocene, as determined by the plant remains found 
m it. 3 . 

Syenite.-Intrusive into all the preceding formations is a syenitic rock charac­
terized by elongated crys tals of feldspar which lie usually parallel to each other. It 
occurs as an irregular mass ranging in character from a sill to a laccolith, and 
appears to be closely associated with the monzonite into which it is intruded. 

The syenite varies in composition from the normal form to a phase rich in horn­
blende, black mica or biotite, and pyroxene crystals with which is a13sociated copper 
sulphides. This phase or differentiation is consequently black in colour and is 
locally known as the "Black Lead." Where the syenite formation is narrowest , as 
m the northwest corner of the district, this differentiation is the best developed. 

Midway Volcanic Group.-The Midwwy volcanic group here occurs as remnants 
of T ertiary lava flows, and is found chiefly on the hill tops. The rocks range from 
rhyolite to basalt and 'vary in thickness from 500 to 1,500 feet. Agglomerates, vol­
canic breccias, and vesicular , and amygdaloidal lavas are common. The borders of 
the exposures, as a rule, form prominent cliffs, at the bottoms of which caves occur 
in many places. 

A prominent dykie rock, older than the above-mentioned lavas, is a pinkish por­
phyry (pulaskitet porphyry)~ locally known as "birds-eye porphyry," consisting 
largely of feldspar with biotite, hornblende, and p3rroxene sparingly developed. In 
many places it becomes quite granitoid in texture and passes off into alkaline 
syenite. Similar pulaskite 'dyke rocks occur commonly throughout the Boundary 
district as at Phoenix and Deadwood, but in the latter localities are older than the 
local development of the lavas! 

The •Y<mngest dykea which, on McKiniley mountain, cut through lavas, quartz 
porphyries, anJ) conglomerates alike, are dark, soft, basic lamprophyres (minettes) 
made up largely of pyroxene and biotite. Some of the eruptives of this group appear 
to occur as sills 'along the upper border of the granodiori te batholith, between it and 
the rocks of the Franklin group, as exemplified in the quartz porphyry• capping 
McKinley mountain. 

Quaternary.-Superficial deposits. The recent deposits consist of glacial till 
grading from boulder to fuie clay; scattered glacial erratics on hill tops; glacio­
fluviatile deposits in the form of terraces ("bench-lands ") occurring at frequent 
intervals on valley· sides from ·5 feet to over 100 feet above the valley floors; and 
talus from cliffs and residual soil formed from the disin:tegration of rocks beneath. 

ECONOMIC GEOLOGY. 

D evelopment work was carried on this last summer on the McKinley property 
under bond by the British Columhin. Copper Company. Besides this work done on 
the McKinley, asses·sment development work was carried on at the Dane group, 
Averill group, Uniorn, Buffalo, n.nd Royal Tinto claims. 

1 G. M. Dawson, Geol. Soc. Am., Vol. 12, 1901, p. 59. 
2 Summary R ept., 1908, Geo!. Surv., Can ada, pp. 65-66. 

Geologica l and Topographica l Map of Bound ary Creek Mining district, B.C. Map 828. 
Geo!. Surv., Canada. 

3 D. P . P enhallow, Tran s. Royal Soc. of Can ada, Geol. Surv., Canada, 1908, Report on 
Tertiary Plants of British Columbia, XIII, 1907, iv, No. 1013. 

4 Summary R ept., 1908, Geol. Surv., Canada, p. 66. 
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The list 0£ mining claims arranged in alphabetical order is as follows: Ajax, 
Aldie, Alert, Alpha, Alto Fr., Antelope, Athelstan, A.X.; Hanner, Banmir Fr., Big 
Cub, Black Bear, Blue Jay, Bryan, Buffalo, Bullion, Buttercup, Bystander; Colum­
bia, Cottage, Crystal Copper; Doris Fr.; Eclipse, Egan ville, Evening Star; Flor­
ence, Franklin; Gloucester, Gloucester Fr., G.H., Golcfen Age, Grande; Hanna, 
H ennekin, Hit-or-Miss, Homestake; Ida, Iron Cap, Iron Hill, IXL; Jumbo; Last 
Chance, Little Cub, Lucky Jock; Maple Lea£, May, McKiruley, 'Montana, Monte­
zuma, Mountain Lion, Munster, M.S.; Nakusp, Nellie, Newby Fr.; Old Dominion, 
Omar, Opher, Ottawa, Ouray; :Pinto; Rio; San Francisco, Shelby, Standard ; 
Thuot, Tiger, Tiger Fr.; Union; ·Verde, Violet Fr.; Wallace, Waverly, White Bear; 
Yellow J acket; altogether 75 claims, all of which are Crown granted with the excep­
tion of the Blue Jay claim. 

MCKINLEY. 

The McKinley property is located on the north slope of the McKinley mountain, 
about H miles west by pack trail from the crossing of Franklin creek by the road t o 
Gloucester City. There are three distinct type3 of ore deposits on this property : 
galena-blende, pyrite-chalcopyrite, and· magnetite types. The galena-blende type fol­
lows predominantl'Y the limy portions 0£ the mineralized zone, while the pyrite-chal­
cppyrite anrd magnetite types follow the siliceous portions, as a rule. 

The mineralized zone is · irregularly distributed and is always close to the Glou­
cester limestone which is interfolded ·with the Franklin group rocks. 

The gangue minerals include garnet, epidote, chlorite, quartz, calcite, and actino­
lite. The rock and ore associations here resemble in many ways those occurrences at 
Phoenix, Deadwood, and other copper camps throughout the Boundary distri ct, where 
the ores appear to be 0£ contact-metamorphic origin.1 

MAPLE LEAF. 

The Maple Leaf property, which has not been worked for four yea rs, is situated 
on the east slope of Franklin mountain. The ore, consisting of copper sulphides and 
carbonates, is in the contact zone of the Tertiary syenite with the altered tuffs 0£ the 
Franklin group, and the ore is chiefly con:fi.Illed to the syenite, in which it occurs as 
replacements along shear-zones. Work was carried on also in the basic differentiate 
from the syenite or "Black Lead" along the lower border of the syenite sill. 

BUFFALO. 

The Buffalo claim, which is situated in the northwest corner of the map area, is 
orne 0£ the "Black Lead" claims; and here the differentiate of the s;yenite has copper 
sulphides 'disseminated through it in small quantities, The ore is not far from a 
monzonite contact, and both syenite and monzonite are cut by a northeast and south­
west system 0£ pulaskite porphyey dykes. 

Similar so-called "Black Leads" occur on 'the Averill group, situated on the 
same corntact but farther to the southeast, where bornite is associated with the chal­
copyrite, and also on the Blue Jay claim adjoining the Buffalo to the southeast. 

BANNER. 

On the Banner claim, one of the pioneer properties in the ·camp, no work has 
been done for some years. The ore is zinc-blende, galena, and chalcopyrite in a quartz 
gangue. The country rock is jasperoid and altered tuff of the Franklin group. 

1 Summary Rept., 1908, Geol. Surv., Canada, pp. 66-67. 
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GLOUCESTER. 

The Gloucester property is s ituated on the Gloucester Creek slope of Franldin 
mountain. I t was bonded by the DomillJion Copper Company in 19'06, and before 
that to the British Columb~a Copper Compall(Y. No work has been done on it since 
1906. The ore is chalcopyrite, pyrite, with a little molybdenite occurring in the con­
tact zone between much brecciated grey granodiori te, which is largely calcified and 
silicified near the contact, and the Franklin Group greenstones. 

Adjo ining the Gloucester to the southeaat is the G.H. c~aim, on .which is a mag­
netite and pyrite deposit. This occun ence also is similarly associated with the 
granodiorite which underlies it. 

Other claims staked on this contact are the Iron Cap, :M:.S., and Crystal Copper, 
on which very lit tle development work has been done. 

COPPER AND RIVERSIDE CLAIMS. 

The:;.e two claims, owned by A. Gelinas and J . Senter, are situated about 1 mile 
south of the map area and across the East Fork of the North Fork of K ettl e river 
from Lower Franklin townsite. The proper tiy at present is under bond to the British 
Columbia Copper Company. 

The ore is disseminated chalcopy,rite and pyrite with some molybdenite in a 
quartz and calcite gangue. The country rock is sheared, calcified, and :sili cified grarno­
d iorite. The strike of the shear zone along which thB mineralization has taken place 
is north 55° W., and can be t racedJ for some hundreds of feet. 



DrAG. 7. Index map showing position of the Nelson map area. 

26- p. 138. 





SUMMA.RY REPORT 139 

SESSIO NAL PAPER No. 26 

GEOLOGY OF NELSON MAP-AREA. 

(0. E. L eRoy.) 

INTRODUCTION. 

The area embraced by the Nelson map comprises about 106 square miles, with 
the city of Nelson lying a little to the north and east of its centre (Di ag. 7.) It 
includes within its area the mines and prospects occurring on Tqad and Morning 
mountains, and those along Cotto.nmood, Anderson, Fortynine, Bird, and Eagle 
creeks. 

The city of Nelson is situated on the west arm of Kootenay lake, at an elevation 
of 1,769 feet above sea-level. The city-, including the suburbs, has a lJ,PJ>ulation of 
about 7,000 (1911), and as a commercial centre occupies the foremost position in the 
interior of British Columbia. The · city owes its initial growth to the development of 
the mininig industry, which, however, has been subsequently supplemented by the 
lumbering and agricultur al industries. In more recent years a manufacturing 
indust11y has been developed, which will in time assume a greater importance c~m­
mensurate with the growth of the surrounding country. Railway aru<l lake communi­
cation has made it the chief distributing point for East and West Kootenay and the 
Boundary district. 

The Canadian Pacific railway reaches Nelson from the east via the Crows Nest 
line, aru<l from Vancouver via Revelstoke and the Arrow lakes. A new line now 
under construction by the same Company will give N els on a southern and more direct 
connexion with the Pacific coast via the Boundary and Similkameen districts. The 
Great Northern railway has a n.orthern terminus in Nelson which gives .a direct con­
nexion with Spokane and all points to the south of the International Boundary. 

FIG. 1. - Vertical longitudinal section of the ore bodies of 
the Silver King minu. 

The histo11y of mmmg in the Nelson district dates back to 1886, in which year 
one of the pioneer mines, the Silver King, was staked on Toad mountain . Nelson at 
that time could be r eached by two routes, either from the main line of the Canadian 
Pa·cific railway via Revelstoke and the Arrow lakes, or from the Northern Pacific 
railway via Bonners Ferry and Kootenay lake. 
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Geological work of a reconnaissance nature was carried on iru this district under 
Dr. G. M. Dawson1 in 1888, and Mr. R. G. McConnell2 in 1894-6. 

The history of mining development and production is to be found in the annual 
reports to the Minister of .Mines of British Columbia from the year 1887. Accord­
ing to these reports the approximate total production of the Nelson division from 
1895 to the end of 1910, a period of 16 years, amounted to 87,5,954 tons of ore and 
concerutrates valued at $10,227,134. The area reported on last sea:son only covers a 
portion of the division, and the above figur es are given solely to show the importance 
of the district as a whole. 

The fie1d work in 1911 was done by the writer, assi5ted during the month of 
September by Mr. C. W. Drysdale and his party, the result being a geological sketch­
map constructed on the scale of about 1 mile to the inch with a comour interval of 
250 feet. 

The writer wishes to acknowledge his indebtedness and express his thanks to 
the mine owners, managers, engineers, and others for ·the many courtesies extended 
to him during the course of his field work. 

GENERAL CHARACTER OF DISTRICT. 

TOPOGRAPHY. 

The Nelson map-area lies within the Selkirk system of the Western Cordillera, 
and includes parts of two subdivisions known respectively as the Slocan mountains 
and the Pend d'Oreille mountains, the former lying north of the west arm of 
Kootenay lake and the latter to the south of it. In the vicinity of Nelson the coun­
try, though rugged, lacks to a certain extent the more alpine characteristics of the 
mountains to the ruorth which culminate in the Kokanee massif. The peaks and 
ridges are more or less rounded and the slopes are usuall,yi covered with a varying 
thickness of glacial drift and "wash," the area of bare rock forming a comparatively 
small percentage of the whole. · The mantle of rock waste, and the heavy forest 
growth over the move important mineralized areas, formed very serious obstacles to 
the pioneer prospector in .his search for ore. Even at present the tracing of veins 
over any distance on the surface requires much cutting of timber and deep trenching, 
though occasionally 3treams may be deflected and ground sluicing carried on over 
limited areas. 

The maximum range iru a1titude above Kootenay lake (1,760 feet above sea-level) 
is about 5,500 feet. The crests of the ridges are usually over 6,000 feet above sea­
level, and culminate at intervals in peaks from 1,000 to 1,300 feet higher. The high­
est peak within the map-area is that of Toad mountain, which has an elevation of 
7,334 feet above sea-level. 

The minor drainage of the map-area is approximately at right angles to the west 
arm of Kootenay lake, and Kooteruay river, its western continuation. The we5t arm 
and Kootenay river occupy one of the main transverse valleys of the Cordilleran belt 
and extend from Kootenay lake proper to and beyond the Columbia river at Robson, 
thus conruecting the drainage systems of two of the chief longitudinal valleys of 
British Columbia. The west arm of Kootenay lake preserves its lake-like chara.cter as 
far as Nelson, a distance of 19 miles. From N elson to Robson, some 27 miles west, the 
valley is occupied by the swift-flowing Kootenay river, with a grade of about 15 feet 
to the mile. The main falls are at Bonnington (Diag. 8), 11 miles west of Nelson, 
a+ which point two electric plaruts-the West Kootenay Light and Power and the 
Nelson Power plants-have been installed, which furnish various industrial and 
mining centres in West Kootenay and the Boundary districts with light and power. 

1 Ann . Rep. Geol. Surv., Can., Vol. IV, pp. 55-56 B. 
2 Ann. Rep. Geol. Surv., Can., Vol. VII, p. 35 A, Vol. IX, pp. 20 and 27 A. 

Geological Map of West Kootenay CNo. 792). 
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This tra!lldverse valley is bounded by comparativel<y steep slopes and in places 
precipitous walls. The tributary streams fl.ow in steep U or V-shaped valleys and 
partly in box canyons. Some of the larger streams, such as Grohman and Sproule, 
have, near their mouths, trenched1 themselves in narrow canyons, the bottoms of which 
are 20 or 30 feet below the general level of the valley. 

The gradients vary from a fall of 2<50 feet per mile in Cottonwood creek to about 
900 :feet per mile in the east fork of that creek. The streams head iIJJ basins or 
cirques, whose steep walls have been much modified since the disappearance of the 
glaciers. The broader basins support grassy meadows, which in the early summer 
are covered with a variety of :flowering plants. The larger streams have built up 
deltas which extend into the lake for considerable distances, and form limited, 
though suitable sites, for habitation. Nelson and the neighbouring town of Fairview 
are built upon the connected deltas of Cottonwood and Anderson creeks. 

CLIMATE AND AGRICULTURE. 

The climate on the whole is one of the finest in Canada. Warm summers and 
moderately cool wiruters prevail in the more habitable portions of the area. Exces­
sive temperatures, either of heat or cold, are rare and of short duration. The follow­
ing statistics have been kindly fu.rnished by the Dominion Meteorological Bureau, 
based on the averages of four consecutive years at Nelson. 

Temperature (Fahrenheit degrees). 

February . . .. . . . . . . .. . . .. . .. . . ... ... ... . 
July ... . ...... ... .. . ................ . .. . 

M ean Highest. I Mean L owest. 

32"7° 
s1 ·1° 

Annual. ......... . ........ . . .. .. . .. . . ...... . . ... ............... ···· 

Mean. 

210 
66"5° 
45·2° 

The average annual precipitation for the .same period amounted to 29.27 inches. 
The snow fall is heavy on the hills, which, melting slowly, furnishes reserves for the 
streams for a considerable portion of the summer. 

The mining industry was the first cause to attract the pioneers to form a settle­
ment at Nelson, but iIJJ more recent years land has been cleared of the original dense 
forest growth, and a :flourishing industry in fruits and vegetables has developed. 
From the point of view of demand this industr~, is capable of an expansion only 
limited by the land area suitable for such cultivation. 

Lumberirug in the vicinity of Nelson is at present confined to the valley of Sproule 
creek. The principal tree3 of the area are the fir, red ;md bull pine, spruce, cedar, 
hemlock, tamarack, balsam, larch, aspen, cottonwood, birch, juniper, and alder. 

GENERAL GEOLOGY. 

INTRODUCTION. 

The Pend d'Oreille group, largely sedimentary, is the oldest rock series in the 
Nelson map-area. On the West Kootenay sheet (No. 792) this group was mapped 
under Niskonlith and tentatively referred to the lower Cambrian. More recently, 
Daly, in his section along the International Boundar(f, gave the name Pend d'Oreille 
to this group, and referred it to the Carboniferous period. It is thus provisionally 
placed until more detailed data are available. 
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The rocks of the Pend d'Ortiille group are succeeded by those of the Rossland 
volcanic group, which are largely of igneous origin, and between which, so far as could 
be inferred from the field relations, there is an absence of any marked stratigraphical 
break or conformity. The age of the latter is tentatively placed as Carboniferous 
and post-Carboniferous. The rocks of both groups are initruded by the Nelson batho­
lith of Jurassic or post-Jurassic age. The rocks composing the batholith range from 
granite to diorite, and its intrusion was probably closely associated with the moun­
tain-building epoch of later Mesozoic. The rocks of the R ossland volcanic group 
and the Nelson batholith are the most important economicall:y and contain practi­
cally all of the co=ercial deposits of ore. 

Subsequent to the ore deposition, the country, generally, suffered from faulting 
and fissuring accompanied by the intrusion of a series of basic (lamprophyric) dykes 
which have in this ar€a a wide-spread distribution. The Tertiary is apparently not 
represented in this area. The Quaternary deposits consist of some glacial clays, 
boulde1· drift, "wash," and the more modern alluvial deposits of the present day 
deltas. 

Qnaternary. 

TABLE OF FORMATIONS. 

Glacial and Recent. Some boulder clay and drift 'wash' a lluvial clay, 
sand, and gravel. 

.... . . .. .. ·· · ··· · ·· ··· / (?) 
I 

!
Basic mica, hornblende and pyroxene dykes (lam­

prophyree). 

(?) 

Mesozoic .... . .... ... . . 

Period of 
Ore Deposition. Gold-silver, silver-copper, copper-silver-gold 

deposits. 

I
J urassic (?) .. .. . . ..... .. · /Nelson batholith intrusion (rocks range from granite· 

to diorite). 

P11,lreozoic... . . ...•.... Carboniferous and post- Rossland volcanic group consisting of hornblende and 
Carboniferous. pyroxene porphyrite, chlori te and mica sch ist, 

quartz porphyry, sericite schist, with a few beds 
or lenses of limestone and slate. 

'

Carboniferous(?) . . . ... · !Pend d'Oreille group sandstone, slatti, phyllite, anda· 
lusite sch ist, quartzite, quartz schist. 

THE PEND D'OREILLE GROUP. 

The Pend d'Oreille group has only a small superficial distribution in the Nelson 
map-area, and occurs along the east . border at the head-waters of Anderson creek 
and the east fork of Cottonwood. The rocks composing the group consist of inter­
stratified grey sandstones, grey and black slates which along the contact with the 
granite have been altered to quartzites, quartz, and andalusite schists. The stTike 
of the rocks generally coruforms to the trend of the border of the granitic batholith, 
and varies from north to west, with dips. from 60 to 90 degrees to the west and south. 

The actual contact between this group and the Rossland volcanic is concealed 
by drift. The outcrops of both groups when noted near the probable contact were 
practically vert1cal and coincided in strike. At one point the contact appeared to be 

1 No microscopic examin ations have as yet been made of the rocks and the field terms 
solely are used in the following descriptions. 
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an igneous one, the intrusive from hand specimens resembling a deeper-seated phase 
of the augite porphyrite of the Rossland volcanic group. 

THE ROSSLAND YOLCANIC GROUP. 

The rocks of the Rossland volcanic g roup occupy the greater part of the southern 
half of the N elson map-area. That they had a. wider distribution in the past, i-s 
evidenced by the many isolated exposures in the area underlain by the granitic rocks 
0£ the Nelson batholith. The rocks are in the main of igneous origin arud consist of 
interbanded porphyries and porphyrites and their brecciated, sheared, and altered 
(metamorphosed) equivalents, now porpbyrite-breccia, chlorite, hornblende, quartz­
biotite and quartz-sericite schists. There is a minor development of compact green­
stones and quartzose rocks which may have been originally· tu:ffs now silici£ed. 
Amygdaloidal rocks were noted in two instances and may represent original surface 
flows, being the extrusive equivalents of the mairu masses, which apparently occur in 
sills or sheets and indicate several periods of intrusion. 

Interbedded with the above rocks are small bands or lenses of quartzite, slate, 
and crsstalline limestone indicating rather brief periods favourable for the deposi­
tion of sedimerutis. The basic igneous rocks are prevailingly green or dark green, 
weathering to a light greenish grey or to rusty brown, while the acid types are 
usually dark grey or light grey. Both types, especially the schistose phases, are more 
or less pyritic, and in some cases the ])IY.rite carries gold values.' 

The rock.5 throughout have been much folded and altered by dynamic as well as 
igneous action. The strike of the schistosity and of the bedding, in the case of the 
strati£ed rocks, conforms in general to the trend of the border of the Nelson batho­
lith. From east to west across the. map-area the strike gradually swings from north­
west to west with south and southwest dips ranging from 30 to 90 degrees, the aver­
age dip being over 45 degree3. 

TH E NELSON BATHOLJTH. 

The enormous in triusion of granitoid rocks, termed the Nelson. batholith, which 
underlies hundreds of square miles illl the southern part of the West Kootenay dis­
trict, occupies about three-£.fths of the Nelson map-area, and underlies the whole of 
it at no great depth. These rocks are exposed almost continuously in the northern 
half of the area, especially north of the west a1·m of Kootenay lake. Ill' the areas 
underlairu by the rocks of the Pend d'Oreille and Rossland volcanic groups, this 
intrusion is represented biJ' numerous dykes, and bosses of considerable size, which 
at moderat e depths are no doubt connected with one another and al.:;o with the main 
body of the batholith. The age of this intrusioru is tentatively referred to the J urns­
sic or post-Jurassic period. 

The term N elson granite, though widely used, is not applicable to any great 
portion of the rock mass, which is rather a granodiorite or a rock transitional 
between a granite and diorite. In mineralogical composition the rocks range from a 
true granite to a quartz diorite and to po;isibly more basic types. That portion of 
the batholith in the Nelson m'tip-area is appareRtly· a unit, though differentiation has 
played an important role, and assimilation to a minor extent, judging from £.eld 
relafions along cer ta in contacts with the rocks of the Rossland volcanic grou_p. 
Orthoclase and plagioclase feldspar, biotite, hornblende, and quartz are the essential 
constituent minerals. An analysis of the average type occurring on Kokanee moun­
tain gave the following result which places the rock among the more acid of the 
Monz oni tes. 2 

1 On the Starlight claim the pyritized schists are stated to carry $3 in gold. 
2 Geo!. Surv., Can ., Sum. Rep., 1902, p. 101 A. 
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SiO... • . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . 66·46 
Ti10 2 •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0·27 
Al20,.. • . • . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 15·34 
Fe,o... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·68 
FeO.. . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . .. .. . . . . . . . . . . 1·83 
CaO.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.43 
11:g0.. . . •. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 1·11 
Na,O.. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4·86 
K,O.. .. .. .. .. .. .. . . .. .. . . .. .. .. .. . . .. .. . . . . .. .. 4·58 
H,O.. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0·29 
P,O... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0·08 

99.93 

The texture ranges from coarsely porphyritic to fine granitoidf The 
colour varies from light to dark and brownish-grey weathering in lighter toneSI. 
Some of the more basic tyipe:> readily disintegrate to a coarse sand. The most remark- · 

. able type is a granite porphyry which contains large-zoned crystah both single and 
in Carlsbad twins, varying in size from ~ to 1 inch in diameter and from 1 to 
2 inches in length. This porphyry appears to be a differentiate in a rather coarse 
granite, and occurs in masses ranging from a few feet to hundreds or thousands of 
faet in diameter. The associated diyli:ru cutting this granodiorite are light grey or 
pinkish aplite of two or more generations, coarse quartz-feldspar-biotite pegmatite, 
quartz porphyry, and quartz syenite porphy1ry. The aplite contains in rare instances 
amall plates of molybdenite lying in minute fracture planes. The aplites and peg­
matites are more numerous in the more basic phases of the granodiorite at or near 
its contact with the schists of the Perud d'Oreille and RosslanJ volcanic groups. 
These contact rocks are mainly quartz, quartz-biotite, and andalusite schists, and 
also occur as rounded and lens-like inclusions in the granodiorite mass, especially when 
the latter is foliatedi, in which case the loniger axis of the inclusions coincides in 
trend with that of the foliation. A migration of material is also apparent, and pheno­
crysts of feldspar are found developed in the main body of the ·schists at or a few feet 
from the contact. 

The granodiorite is much jointed throughout by broadly· developed planes. Ver­
tical planes in two directions almost at right angles, together with an almost hori­
zontal plane, are the most prominent. An inclined plane (varying from 30 to 8-0 
degrees in dip) passing into sheeted zones is locally common. Shearing occurs along 
the joint planes, especially in the vicinity of the basic lamprophyre dykes, and it 
probably marks the directions of later fissuring and faulting, though in the latter case 
criteria for its determination are usually lacking. 

BASIC (LAMPROPHYRE) DYKES. 

Basic dykes, with biotite, hornblende, or pyroxene as the chief phenocryst 
constituent, have a widespread deyelopment throughout the whole area. They are 
dark green to black in colour, weathering to greenish grey, and readily disintegrat­
ing to a coarse brownish sarud. They are intrusive in all the older rocks, and they 
cut and sometimes fault the ore bodie;; in contra-distinction to lithologically similar 
d;ykes at Sheep creek and in the Slocan district which are older than the vein :fis­
sures. At Nelson the dykes are almost invariably steeply inclined or vertical, and 
when cutting the granodiorite, usually follow the main plane of jointing. They hold 
as inclusions, angulmr fragments of the wall rock which they have rifted off. In the 
bedded and schisto;;e rocks they follow along the planes of stratification and folia­
tion, and occasionally, though rarely, cut across· the strike or dip. The dykes range 
from a fraction of an inch to over 20 feet in thickness, and in length from less than 
100 to 1,000 or more feet. The wider dykes show at times a variation in texture, 
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coarse-grained alterruating with finer-grained, arranged in parallel bands. Being less 
resistant than the granodiorite they are easily eroded and leave small canyons with 
vertical walls. The gorge of Cot tonwood creek just south of Nelson h as been formed 
in this manner by the wearing down of a broad dyke leaving the vertical walls of 
gran,ite. 

GLACIAL AND RECENT DEPOSITS. 

In the Glacial period the whole count!ry was covered by the Cord.iJieran ice 
sheet, which, in thi s area, appeared to be moving S. 30° E., as evidenced by strire and 
grooves on the higher slopes and ridges. At a latter period when the sheet was 
broken up into individual glaciers the trend of movement coincided with the pre3ent 
valleys. The highest erratics noted were on the slope of Toad mountain about 150 
feet below the peak, at an elevation of 7,184 feet above sea-level, o.n Copper mountain 
500 feet below the peak at 6,960 feet above sea~level, and on the ridge at the head of 
the east fork of Cottonwood creek 6,685 feet above sea-level. The highest outcrop 
of stiriated rock was ruoted on the east slope of Connor mountain 450 feet below the 
peak at an elevation of 6,600 feet above sea-level. 

Boulder clays and sands, mor ainic in character, are common on the lower slopes 
of the ridges and in portions of the valleys. They are, however, much obscured by 
angular waste material or " wash." Morainic .tO'Ilgues evidently extended across the 
Kootenay valley at one or more points nea r Nelson, which were later cut through 
by the river, leaving bars and gravelly islands. 

Stratified sands with some clays and gravels overlie the unassorted material, 
and have been noted up to an elevation of 3,000 feet above sea-level, or 1,240 feet 
above Kootenay lake. The hig·hest terraces or bench lands noted were 460 feet above 
Kootenay lake. 

ECONOMIC GEOLOGY. 

INTRODUCTION. 

The ore deposits iru the vicinity of Nelson occur either in the granitic rocks of 
the Nelson batholith, or in the schists and limestones of the Rosaland volcanic group. 
In the granitic rocks the veins occupy well-marked fis·sures, and the ore is essentially 
gold or gold-copper with a quartz gangue. The lodes or mineralized zones in the 
schista consist of elongated and parallel lenses of quartz alternating with bands of 
schist, both of which are mineralized. The ore bodies or shoots are lens-like in form, 
and in altitude approximately conform to the strike and dip of the schists. In a 
few instances distinct fissure veins occur acrosa the strike or the .dip of the schists-. 
The ores in the schist are silver-cpper, gold-copper, and gold-silver. The ore bodies 
in the limestone are contact deposits, occurring at or near the border of the batho­
lith, and m·e characterized by a gangue composed essentially of the lime silicates, 
garnet, epidote, and actinolite. They are similar to the low grade deposits of the 
Boundary district but are of much less importance. 

The ore deposits have been arranged a.n.d are described under the following 
heads:-

(1.) Gold-silver. 
(2.) Copper-gold-silver. 
(3.) Silver-copper. 
( 4.) Non-metallic minerals. 

The principal metallic minerals found in the Nelson map-area are native gold, 
silver, and copper; pyrargyrite (ruby silver), iron pyrite, chalcopyrite (yellow 
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copper), bornite (peacock copper), t etrahedrite (grey copper), chrysocolla (silicate 
of copper), azurite (copper carbonate-blue), malachite (copper carbonate--green), 
stromeyerite1 (sulphide of copper and silver), molybdenite, galena, zinc b1ende, 
pyrrhotite (magnetic iron pyrites), scheelite (calcium tungstate), magnetite, and 
limonite. The gangue minerals are quartz, calcite, siderite (spathic iron), barite, 
fluorite, garnet, actinolite, and epidote. 

STATE 0~' :MINING IN 1911. 

The properties from whid1 shipments were made during the past season (1911) 
were the Granite-Poorman, 380 tons (concentrates); Athabasca, 101 tons (concen­
trates); California, 3•3 tons; Royal Canadiaru (Nevada), 28 tons; Ophir, 5 tons, 
and a ·clean-up at the Silver King mine of 77 tons. 

:Minor ·development work was done on the Alma, Pingree, Perrier, and George 
V. During the summer there was considerable activity in prospecting for metals of 
the platinum group. Samples were taken from a few of the prospects, but the assays 
by the chemistry division of the :Mines Branch gave negative resU'lts. 

The profitable exploitaton of many of the smaller properti es lies in the arnnl ­
gamationr of the several interests, in order to economize ·and secure the best results 
from systematic development. The owners also should be willing to permit their 
properties being developed under a practical working bond without any cash co.n,­
sideration. If the property is not sold the development work proves its value to a 
certain extent, and if the property is worthless the sooner that fact is discovered the 
better for the owner. There are so man~ cases throughout the country . generally 
where the owner is spen<ling his money in desultory development which is oftentimes 
valueless. The majority of mineral deposits are not easily exploited, but call for 
the employment of strict technical and business methods beyond the resources of the 
small holder. If reputable people could be secured to interest themselves every 
facility should be given to encourage them. Such a policy if generally adopted 
would undoubtedly yield results beneficial both to the individual and the community. 

DESCRIPTIONS OF MINES. 

Gold-Silver Deposits. 

The Kootenay Gold Mines, Limited.-The Kootenay Gold :Mines, Limited, own 
the Granite-Poorman group, ·situated about 5 miles west of Nelson at an altitude of 
from 1,200 to 2,400 feet above Kootenay lake. The group con:sists of fifteen claims 
and fractions, on >yhich five main veins have been partially developed (Fig. 2). 

The mill, situated about 1 mile west of Granite station on the Canadian Pacific 
railway, is equipped, with twenty stamps, amalgam plates, and four Wilfl.ey tables. 
An 8-drill Rand compressor is also situated in the mill building. Both water and 
electric power are used. A Riblet aerial tram about 15,000 feet long with a drop of 
about 1,200 feet connects the Grnnite ·shaft with the mill. Loading stations at con­
venient points along the line are connected with the several lower levels of the work­
ings. The production from 18'99 to January, 1912, amounted to about 83,175 tons. 
About 80 per cent of the gold is collected on the plates and about 10 per cent is 
recovered in the concentrates. The latter average about 1~ ounces of gold and 1~ 
per cent of copper per ton. The milling ore r anges in g;ld values (recovered) from 
$6.50 to $12 per ton with a very low silver content. 

1 A specimen of stromeyerite from the Silver King gave the following analysis: silver, 
52·27%. copper, 31 ·60%, sulphur, 15·74%, iron, 0·17%. See Geol. Surv., Can., Vol. VIII, 1895, 
p. 12 R. 
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The veins are of the fissure type and occur in a medium or coarse-grained quartz 
hornblende diorite. They vary in thickness from an inch or so to over 6 feet, and 
the length so far as developed ranges from 500 to 2,500 feet. Usually a certain wiJth 
of the country rock, either on the hanging or the foot-wall side, is aufficiently min­
eralized to stope. The predominant and almost exclusive gangue mineral is quartz. 
The chief metallic mineral is pyrite, with which is locally as·sociated ;;mall quanti­
ties of galena, chalcopyrite, and in rare instances in the Poorman mine, scheelite. 
The galena is alwa~1.s an indicator of high gold values. Limonite is present in the 
oxidized portions of the veins in which visible free gold may occasionally be seen. 
The veins are cut by basic mica dykes (minettes), and are faulted, but usually with 
small displacements. The main fault cutting the -Granite and Beelzebub veins has 
a throw of at least 180 feet. 

. . 
-----~ HortJ:u..wiJli# 

,/,{ __ 4rr 

FIG. 2. - Vein system on the property of the K ootenay Gold 
Mines, Limited. 

The five veins, going from west to ea.st (Fig. 2), are the Hardscrabble, Poorman, 
Greenhorn, Granite, and Beelzebub. At the level of No. 4 cross-cut tunnel of the 
Pocrman, and taking the Hardscrabble vein as the initial point, the other vein.s lie 
east of it at the following approximate distances, respectively : Poorman, 330 feet ; 
Greenhorn, 1,300 feet; Granite, 1,900 feet; Beelzebub, 2,02'0 feet. 

Hardscrabble Vein.-The Hardscrabble vein is inter sected by No. 4 cross-cut 
tunnel of the Poorman, 60 feet from the portal. The vein is now being developed, 
and in recent drifting has shown an ore body at least 300 feet long with an average 

· width of 2 feet. The vein strikes N. 10° W. with an average dip of about 45 degres 
to the northeast. Little stoping has been done so far; the ore stoped, however, is, on 
an average, of highergrade than is found in the other veins, and the gold is coarser. 

Poorman Vein.-The Poorman vein has been developed by five levels, giving a 
depth on the vein of 700 feet. The bulk of the ore mined and milled by the Company 
in 1911 was derived from the Poorman, and stoped between the fourth and fifth 
levels. The main avenue is No. 4 cross-cut which intersects the vein about 480 feet 
from the portal. This level is connected to No. 5 by an incline shaft. The produc­
tive portion of the vein above 4 has in great part been stoped out. The vein strikes 
N. 22° W. and dips northeast from 30 to 4, degrees. The ore shoot is continuous from 
the surface, and on the fourth level was stoped for a length of over 1,000 feet. The 
shoot pitches rather flatly to the southeast. The thickness varies from a few inches 
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to 8 feet, and the average stoping width is about 2 feet. The ore stoped during the 
last five years averaged $6.5'0 in recovered values. The aver age run of the ore in the 
vein proper is about $15, but the width of miner alized rock stoped below the foot-wall 
lowers the average to the former :figures. The gold is " shotty" in clrnracter anq 
easily recovered on the plates. Free gold in small but extremely rich pocket s has 
been found at rare intervals down t o the present lowest level. Scheelite also is found 
but is of rare occurrence. I t occurs in small grains, pale brown in colour, in massive 
white quartz. The zone of oxidation i;; shallow in the Poorman and does not exceed 
50 feet in depth. 

Greenhorn Vein.-The Greenhorn vein has been opened by two drif ts g1vmg a 
vertical depth of 150 feet. The vein st rikes N. 33° W. and dips nor theast at 45 degrees. 
Stoping has been carried on from the surface t o within 30 feet of the lower level. 
The shoot was about 300 feet long with an aver age thickness of 3 feet. Above the 
sill o! the first level (Greenhorn t unnel) , which represents the limit of oxidation, 
the ore averaged $12 per ton in gold (recovered values). 

Granite Vein.-The Granite vein has been developed by seven levels, g1vmg a 
vertical depth of 45'0 feet. The aeveral levels in ascending order are, the lower tunnel 
230 feet above N o. 4 level of the P oorman, th.:l D avenport, the Granite shaft with 
four levels, the lower being the White tunnel, and the Red Rock tunnel. 

The vein varies in strike from N . 12° W. to N . 50° W. with an aver age dip to the 
northeast of 45 degrees. The stoping width averages 2~ f eet. 

In the absence of through co.nnexions with all the workings it is impossible to 
outline with accuracy the limits of pay-ore. There appears, however, to· be four 
shoots : the Red Rock; the Granite shoot, 285 feet long on the level of the White 
drift, and extending to the surface at the Granite shaft, 280 feet high on the dip; 
the White shoot, 000 feet long; and the shoot i rn the lower tunnel, 200 feet long with 
a maximum height of SQ feet. A fault cuts this latter shoot off to the south, on a 
strike of N·. 85° E. and a north dip of 50 degrees, the vein at this point striking N. 
30 ° W. and dipping northeast at 55 degrees. The fault zone, from 1 to 17 feet thick, 
consfats of crushed country rock, gouge, and dragged ore. The throw along the hori­
zontal plane is not less than 180 feet. Sufficient work ha·s not yet been done to 
definitely locate the vein south of the fault. 

The ore is largely oxidized, and the gold is flaky in character. The recovered 
values in gold averaged $8 per ton. In the R ed Rock shoot crude ore ran $45 per 
t on in carload lots, andi the milling ore averaged $11 per ton. 

Beelzebub Vein.- The Beelzebub vein has been opened up on two levels giving 
a vertical depth of 175 feet between them. The vein varies in strike from N . 30° W. 
to N. 40° W. and dips northeast at from 30 to 50 degrees. The eastward continuation 
of the fault ·displacing the Granite vein was encountered, and until the throw is 
definitely determined in the Granite workings no further work will be done on this 
vein. The stoped width varies from 14 to 22 inches. One thousandi tons stoped above 
No. 2 level yielded $9 in gold (recovered) per ton. One rich pocket of oxidized ore 
gave a return of $7,000 from a barrow load. 

Athabasca Min e.-The Athabasca mine, controlled and operated by the Athabasca 
Syndicate of Vancouver, is situated onl the east slope of Morning mountain, about 3 
miles in a direct line from Nelson, and about 2,200 feet above Kootenay lake. A 
branch from the R all Mines road leads t o the Athabasca mill. The property origin­
ally consisted of four claims, to which was added the Ven us group in 1903. The 
Athabasca mine is connected with the mill by a surface gravity t ram and the Venus 
by Riblet aerial tram 7,300 feet l<:mg. The mill, situat ed on Giveout creek, about 



SUMMARY REPORT 149 

SESSIONAL PAPER No. 26 

1,000 feet below the former mine, is equipped with t en stamps, amalgam plates, Frue 
vanners, and cyanide tanks. 

The Athabasca mine' hail been operated since 1897, though not conrtinuously. 
During the past two years development has been steadily advanced and a limited 
amount of ore stoped. There are several ledges on the property, only one of which 
has been developed. This well-defined vein occurs near a granlite-schist contact and. 
the fissure traverses both rocks (Fig. 3). 

FJG. 3. - Plan of a portion of the Athabasca mine. 

The vein, in pasiling from the granite to the schist, roll s over and :flattens (Fig. 
4). In the schist the vein is disturbed by numerous normal faults running in vari­
ous directions, with throws from a few inehes to over 100 feet. In the granite th~ 
vein is more regular and when faulted is but slightly displaced. The faulting is 
associated with the intrusion of a series of basic dykes which cut the vei,n" In its 
normal course the vein strikes N. 40° E. and dips northwest, the angle varying from 
30 to 50 degrees. The vein has been developed by two main (adit) levels, and inter­
mediMe drifts connected by an i)nieline shaft. The more recent development con­
sisted in prospecting above No. 2, and opening a third level to explore the downward 
continuation of the ore shoot to the northwest (Fig. 3). 

1 Fell, E. N. Notes on the Athabasca Mine, Jour. Can. Min. Inst., Vol. V, 1902, p.p. 15-29 .. 
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Stopirug was general on and south of the mairu level for nearly 600 feet along 
the strike. The paystreak varies in thickness from about 2 inches to 3 and even 4 
feet, the general average being about 1 foot. The ore is a mixture of galena, zinc 
blende, and pyrite with occasionallY free gold either in the quartz gangue or in the 
solid sulphides. The values are les.s regular in the granit.e than in the schist belt. 
A remarkable concentration of values was noted along the contact, especially on the 
schist side. The recovered values in 1900 averaged $33.66 per toru in gold and silver. 

Fm. 4 -Section across the Athabasca vein. 

The latter is in small amount and never exceeds 6 ounces per ton. An assay of the 
pulps of the mill-runs of 14 days (December, 1900) gave the following values, the 
ore being classed as m edium low grade':-

Gold ..... ............. . ... . .. . 
Silver ............................ .. 
Zinc ................................ .. 
Lead .... . ........................... .. 
Iron ......... .. .... .. ............ . 
Sulphur ......... . ............. . 
Silica .. ........ .. . . . .... ............ . 
Lime .. . ................... .... ... . 
Alumina .... .. .... ...... ........ .. 

1·35 ounces per ton. 
0·45 u " 

2·20 per cent. 
1·60 " 

10·70 
6·00 

68·80 
1·90 
6·00 

The Ven us mi'l1e has been idle for some yiears and was not visited. The 
vein is stated to occur in the schist belt (Rossland volcanic group). It has a n'ortherly 
strike and is stated to vary from 2 to 4 feet in thickuess. The vein has been 
developed by four tunnels anld the workings are connected with the neighbouring 
Juno mine. The ore is of lower grade than that of the Athabasca. 

Califo'l'nia Mine.-The California mine is owned by Mackenzie and Mann and 
at present is being worked u,rnder bond by Messrs. Bell ·and Hudson. The mine is 
situated above and to the south of Giveout creek at an elevation of about 2,000 feet 
above Kootenay lake. A branch of the Hall Mines road leads to the lower tunnel 
and ore bunkers. 

The vein or lode has been traced by stripping and open-cuts for about 800 feet; 
it occurs i,nJ a band of schist near a granite contac't and has a westerly strike with a 
dip to the south of between 50 .and 60 degrees. On the California ground the main 
development is a drift tunnel about 250 feet long, which has opened up two ore 
shoots, one 37 feet long and from 10 inches to 2 feet thick, while the other is at least 
150 feet long and varies i;ni thickness from 3 inches to 2~ feet. Shipments from the 
former ran $40 and from the latter $30 per ton. The value is mainly in gold, as the 
silver content never exceeds 8 ounces .per ton. The . ore i:> similar to that of the 

1 J our. Can. Min. Inst.~ Vol. IV, 1901-2, p. 83. 
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Athabasca and consists of pyrite, galena, and blende in a quartz gangue, occurring 
as a series of parallel bands or long attenuated lenses in the schist. The values are 
rather spotty and are best when there is an intermixture of the sulphides. The foot­
wall streaks usually carry the richest ore. 

The Excheqruer adjoins the California to the west and is on the same lode, which 
has been developed by a shallow shaft connected with a short cross-cut tunnel. At the 
intersection of shaft and tunnel the lode is from 10 to 15 feet thick and consists of 
interbancls of quartz and schist. In 1899, a trial shipment of 50 tons gave $20 per ton 
in gold. 

Perrier G110up.- The Perrier group, owned by Messrs. Hinton, Crossley, and 
associates, consists of seven claims situated on the Great Northern railway about 4 
miles south of Nelson, at an elevation of 1,200 feet above Kootenay lake. The mine 
i.> equipped with a boiler, Akron-Chilian mill, plates, anJd a one-drill compressor. 

The main1 vein has been traced on the surface for over 700 feet by small cuts 
and tunnels, a'tl.d an incline shaft, at present 60 feet deep, is being sunk on the dip. 
The strike varies from N . 5° E. to N. 20° E. and dips east from 35 tq 60 degrees. The 
fissure cuts across the foliation of the chlorite schists (Ro.ssland volcanic group) . 
The thickness of the vein varies· from 10 to 22 inches and consists of quartz, zinc 
blende, galena, chalcopyrite, and occasionally a li ttle free gold. A nine ton shipment 
to Trail gave $23 in gold and from 4 to 5 oUjllJces of silver per ton. 

About 200 feet southeast of the shaft a vertical lode outcrops, striking N. 30° 
W., or with the trend of the schists. It consists of bands of quartz, with an agree­
gate thickness varying from 7 to 15 inches, interbanded with the schists. The mineral 
content is the same as that of the main vein, but in addition minute quantities of 
ruby and native silver have been found in small fissures associated with calcite. It 
is probable that this vein is a branch of the main one, but development work is not 
yet sufficiently advanced to prove it. 

Royal Canadian Group.-The Royal Canadian, owned by a Victoria syndicate, 
consists of five claims and fractions situated on the N elson-Bonnington road at the 
junction of the road to Fortynine creek, about 7 miles west of Nelson. There are 
two veins on the property, named the Royal Ca,n1adian and Nevada, respectively. The 
Royal Canadian vein has been developed by three short drift tunnels, giving a vertical 
depth of about 125 feet. A limited amount of stoping has been done, and it is stated 
that some years ago 300 tons put through the Granite mill gave appropriate returns 
of $4.75 per ton in gold. The vein occurs in a grey granodiorite and has a strike N. 
15° W. with a dip of between 6·0 and 70 degrees to the northeast. In the lower tunnel 
the vein has been cut and slightly faulted by a basic mica dyke. The ore consists 
mainly of pyrite with very slight amounts of chalcopyrite m a quartz gangue and 
varies in thickness from 2 to 33 inches. 

The Nevada vein lies to the south and higher up the hill. A cross-cut tunnel 
intersected the vein about 70 feet from the portal, and from that point a drift was 
driven about 70 feet to the east and connexion made with a <Shallow shaft sunk from 
the surface. The vei,nJ occurs along a contact of granodiorite and schist, the former 
being the hanging-wall and the latter the foot-wall. The strike is N . 78° E. with a 
dip to the south of '53 degrees. The thickness varies from 8 inches to 3 feet. A ship­
ment (1911) of 28 tons was made from an underhand stope in the east end of the 
drift which averaged $20 per toru in gold. The mineral conte,nt of the vein is similar 
to that of the Royal Canadian. 

The Ophir and George V.-Tbese properties adjoin one another and are situated 
on Bird creek, about 10 miles from Nelson by wagon road. The Ophir is owned by 
John Baxter and the George V by John Smallwood, both of Nelson. 
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The lode crosses both claims and occurs in quartz-mica and chlorite schists, with 
which it coincides in the main, both in strike and dip. The strike is N . 85° E. and 
the dip is south, varying from 30 to 45 degrees. 

The lode consists of bands and lenses of quartz with interba.ntls of pyritic and 
siliceous schist having a maximum aggregate thickness of about 3 feet. Pyrite was 
the only ore mineral noted, but it is atated that visible free gold occurs in the oxidized 
portions. A trial shipment of 5 tons has been sent to Trail but the results are not 
yet to ha.rud. The lode has been exposed at severa.1 points by short tunnels, open-cuts, 
and a shallow incline shaft. A main cross-cut ia now being driven which will give 
a depth of about 90 feet on the dip. The George V has been developed by a short 
and shallow cross-cut tunnel and an open-cut. 

The Juno.-The Jun.o mine, owned by the Juno Mines, Limited, Montreal, 
is situated on Morning mountain, · adjoining and a.bove the Venus mine. The pro­
perty has been idle for several years and was not visited last aeason. The vein is 
exposed by some ·ope.DJ-cuts on the surface. The underground development consists 
of a shaft 300 feet deep with levels at 1-00 foot intervals. No. 2 tunnel of the Venus 
is connected with the lowest level by a 550 foot raiae. 

The vein strikes at about N. 50° E. and dips southeast at about 60 degrees. The 
>ein is quartz varying in thickness from 15 inchea to 2 and 3 feet on the first and 
second levels. It is stated that some years ago the Athabaaca mill was leased anld 
about 2,000 tons of ore was milled: It is not known what values were recovered. 

The Venus vein- extends into the Juno ground, but has not been developed 
beyond driving the tunnel an<l making the raise connexion. 

j 

The May and J ennie Groiip.-This group, consisting of four claims and owned 
by tne Reliance Gold Mining Company of Nelson, is situated on the east · side of 
Fortynine creek, about 9 miles west of Nelson by wagon road. 

The mine is connected to the mill by a Riblet aerial tram 1,750 feet long with 
a drop of about 550 feet. The mill is equipped with a 50 ton Akron-Chilian mill, 
plates, and cyanide tanks. No work has been done on the property for several years. 

There are two lodes, of which the main one h as been developed by two cross-cut 
tunnels with drifts connected by .a raise of 112 feet. Nos. 3 and 4 tunnels have been 
run only short distance sand have not reached the vein. The aggregate footage 
amounts to r ather more than 2,500 feet . In No. 2 tunnel, driven about 235 feet below 
the outcrop, the lode has a general strike of N . 30° W. with a dip to the southwest of 
75 degrees, n ortheas t or to the north at from 60 to 85 degrees. In general the lode 
coincides in strike and dip with the hornblende and chlorite schists forming the 
country rock. The lode consists of interbands of pyritic quartz and schist, the latter 
being much cruahed and oxidized in places, with lenses and masses of fairly clean 
pyrite. The thickness varies up to a ma..'\'.imurn of ~ foet with bands of massive 
pyrite up to 18 inches thick. The ore is low grade and is stated to run about $4 per 
tGn in gold.1 

In the same tunnel the cross-cut intersected another lode about 230 feet from the 
portal on which a little work has lwen done. Tt ol'!l'!urs as a shear zone in basic por­
phyrite, and conaist s of a filling of crushed rock, quartz, and pyrite. 

Anderson Creel~.-An inrt:eresting occurrence of a vein showing crm;tified and 
comb structure is to be seen on the east fork of Anderson creek, about half a mile 
above the Great Northern railway. The vein occupies a fissure in a light grey 
medium.grained granodiorite and is exposed by a drift tunnel about 200 f eet long. 
It strikes N . 20° W. and dips northeast from 85 degrees to vertical. The vein con-

1 Ann . Rep. Min. of Mines, B.C., 1904, pp. 138-139. 
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sist s of heavy gouge and quartz up to 4 feet in thickness, the quartz having a maxi­
mum thickness of 18 inclies. The ore consists of alternate bands of galena, zinc 
blende, chalcopyrite, pyrite, siderite, calcite, and quartz. These, in its best develop­
ment, correspond on each side of the central drusy zone. The centre is marked by 
quartz crystals with well-developed terminal faces and strong zonal structure. The 
crystals either interlock or are separated by open spaces from a fraction of an inch to 2 
or 3 inches across. In certain places the lower three faces of the pyramids are coated 
by small cubes of pyri te indicating that vapours carrying sulphide of iron passed 
upwards and deposited their metallic content on the planes facing the direction of 
movement. 

Copper-Gold-Silver Deposits. 

The Eureka Mi111e.-The Eureka mine, owned by the Eureka Copper Mines, 
Limited, 0f Nelson, is situated on E agle creek, about 8 miles by wagon/ road from 
Nelson, at an altitude of about 2,700 feet above Kootenay lake. The group con sists 
of seven claims and fractions. The mine workings consist of an incline shaft ZO'O 
feet deep with drift at the 100, 150, and 200 foot levels, and a cross-cut tunnel which 
gives an additional depth of "82 feet. In all about ~,000 feet of work has been done 
exclusive of open-cuts and trenahing. 

The mine has shipped to date 2,660 tons of ore, which averaged 5.5 per cent 
copper, 0·21 ounce of gold, and 2·5 ounces of silver per ton. 

The country rock is a dark grey quartz diorite cut by several basic mica dykes, 
which also cut, and in cases, fault the vein. There appear to be at least two vein fis­
sures (Fig. 5), -which may be connected, though development work is not sufficiently 

4 ;, 
Limeband 

1oof"eet 

Fm. 5. - V ein system of the Eureka mine. 

advanced to prove it . In the old workings at the shaft the main vein strikes N. 52° 
W. and dips northeast from 85 degrees to vertical. The main fissure in the cross-cut 
tunnel strikes N . 17° E. with a high dip to the east. A fault near the north end 
changes the trend to the n orthwest, or practically parallel to the main vei)ll in the old 
workings. Both are intimately associated with bands of crystalline limestone which 
have apparently been engulfed in the cliorite when it was in a molten condition. 
These bands probably ~erved as suitab1e directions for fissuring at a later period. 
The pri~cipal gangue is quar tz which has apparently replaced the limestone to a 
greater or less extent, and the latter in: many places is sufficiently mineralized to 
constitute ore. The ore was primarily a sulphide, but has been extensively oxidized 
to the lowest level now exploited; the minerals are azurite, malachite, chrysocolla, 
and chalcopyrite in a gangue of quartz and calcite. There are four main shoots 
which have been' pariially developed.1 

1 Personal communication from Mr. L. B. Reynolds. 
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In the shaft workings the north shoot (Fig. 6) is 60 feet long and over 140 feet 
high. It commences 60 feet below the shaft collar and extends below the 200 foot 
level. It varies in thickness from 1 inc11 to 4 feet. On and below the 15'0 foot level 
a band of crystalline limestone from 2 to 10 feet thick forms the hanging-wall. The 
ore is all oxidized anid shipments gave 51 per cent of copper, 0·21 ounces of gold, and 
2·l ounces of ailver per ton. The south shoot has been opened on all levels and sul­
phide ore begins to appear on the 200 foot level. On the 150 foot level the shoot is 
50 feet long and 2 feet thick, and averages 6 per cent copper, 0.2 ounce of gold, 
and 2 ounces of silver per ton. 

On: the level of the tunnel the £rst shoot occurs at the junction of the crosS-cut 
and drift (Fig. 5A). It has boen developed ini two sections, the one north of the 
cave being 30 feet long and up to il.3 feet in thickness, while south of the cave it i;; 
20 feet long and 3 feet thick. The ore averages 5 per cent copper, $2 in gold, and 
$1.50 in s.ilver per to:nl. The main shoot on the tunnel level (Fig. 5B) is 300 feet 
long and averages 25 inches in thickness. The ore occurs in mineralized limestone 
and in quartz, · and, therefore, both calcareous and siliceous types are present. The 
oxidized calcareous ore ranges from 51 to 6 per cent of copper, $2 to $3 in gold, a.nd 
from 2 to 9 ounces of silver per ton. The siliceous ore, partially oxidized but con­
taining some sulphide ore, gives 2:1 per cent of copper, $1 in gold, and 13 ounces of 
silver per ton. 

The Queen Victoria Mine.-The Queen Victoria mine, owned by John Swed­
berg, is situated at Beasley on the Canadian Paci£c railway, 7 miles west of Nelson, 
at an altitude of 1,050 feet above the track. 

The mine is connected with the ore bunkers at the track by an aerial tram about 
2·,800 feet long. The ·development con1sists of a rseries of open quarries and three 
short tunnels cross-cutting the mineral zone. The zona is composed of bands of 
garnet 1and epidote alternating with hands of quartz mica and chl-0rite schists. The 
band;; vary in thickness from a few inches to .50 or more feet, and have been 
developed along their strike for about 500 feet. The general strike is N. 82° E., but 
in its western extension curves and strikes N. 65° W. The dips are respectively north 
and northeast, varying from 25 to 60 degrees. Faulting with small vertical throws 
occurs along planes varying in direction from N. 15° W. to N . 25° W., and is accom­
panied by shearing and slickensiding. The bands of epidote, garnet, etc., represent 
a replacement of limestone near a contact with the granodiorite and are similar in 
origin to the minerailized zones containing low grade ores which occur in the Bound­
ary district. The mineralized zone here represents a lemo;-like patch probably 2,000 
feet long and a few hundred feet wide composed primarily and chiefly of calcareous 
rocks of the Rossland volcanic group. The zone is cut by basic hornblende dykes. 
The ore i.s low grade, too low for shipping at present prices of copper. It consists 
of pyrite, ·chalcopyrite, small amount::; of mag111:etite and pyrrhotite in a gangue com­
posed of ga1·net (andradite), epidote, actinolite, quartz, and calcite. The ore also 
contains nickel and cobalt, an analysis giving 0·41 per cent of nickel and a trace of 
cobalt.1 

The production to date amounts to 6,189 tons, the metal content being: gold 49 
ounces, silver 3,947 ounces, copper 26·3,409 pounds, with a total gross value of $49,771. 

Silver-Copper Deposits. 

The Kootenay Bonanza Mines, Limited.-The above Company owns a group of 
about 40 claims situated on the slopes of Toad mountain. It includes the Hall 
Mining alilld .Smelting Company, the Dandy and Ollie Consolidated, the Starlight 

J.Goo!. Sur.,' Can., Vol. ix, 1896, p. ·39 R. 
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mines, the Kootenay Development Syndicate, and several smaller groups. This con­
solidation was effected by Mlr. R. S. Lennie in 1910. The Silver King mine is the 
oldest and best known of the whole group. It is situated on Toad mountain, about 
8 miles by wagon road from Nelson, and at an altitude of about 4,200 feet above 
Kootenay lake. 

The Provincial Mineralogist has kindly furnished the following information taken 
from the annual official retmrns which show that the production to the end of 1910 
amounts to 198,()50 tons, containing 3,614;762 ounces of silver and 13,140,005 pounds 
of copper. 

The mine has been developed by open-cuts, four tunnels (Nos. 1, 3, 4, and 5), 
with a main shaft from the level of No. 5 to the 10th level, giving a total vertical 
depth on the lode of 927 feet. From No. 8 level to the surface the several leveJ.s are 
oonnected by $topes and raises. As the milne was idle last season only the surface 
openings were examined. 

There are two approximately parallel lodes, named, respectively, the main and 
the south vein, with a cross-vein between the 5th and 6th levels. The latter is higher 
in silver and lower in copper than the main lode. The country rocks consist cJ!f 
chlorite and sericite schists, being the sheared equivalents of hornblende porphyrit~ 
and quartz porphyry, cut by later hornblende and mica dykes. The lodes practically 
coincide with the schists in strike and dip. The strike of the main lode is N. 65° 
W. with a sou'thwest dip varying from 55 to 70 degrees. The lodes are mineralized 
portions of the above schists, caused by a very complete system of cross-fissures now 
filled with quartz and ore. From examples seen last season the ore appears more 
concentrated along the fissures and gradually diminishes on passing away from them. 
They occu1· at such short intervals, however, that the metallics are sufficiently dis­
seminated thrnughout to form continuous stopi,ng ground over considerable dis­
tances. The importance of the cross-fissures was noted in the early development, as 
evidenced· by a statement that the ore shoots crossed the lode at right angles. 

The stope plan of the mine shows that the main lode has been· stoped from the 
surface to the sill of No. 5 level (Fig. 1), and the south lode from No. 5 to the level 
0£ No. 8. 

The length of the ore bodies along the pitch of 40 degrees to the east is about 
730 feet, and they were stated to average 12 feet in thickness in the upper levels. 

The ore consists of tetrahedrite (grey copper), chalcopyrite, pyrite, and galena 
disseminated through the schists and associated with quartz and calcite. The con­
centration of tetrahedrite at several points in the main ore-body fmmished very 
high grade and pi·ofitable stoping ground. Bornite and occasionally stromeyerite 
occurred in the superficial portions. 

Ore from the rnuth lode is now being subjected to experimental tes.ts in Eingland. 
If a satisfactory solution is evolved there appears to be every indication of a large 
tonnage of low grade ore available for stoping. In the further development and 
prospecting of these low grade ore-bodies, it is by no means improbable that smaller 
shoots of high grade ore will be discovered. 

The Dandy belongs to the Sflme group and the clflim covers the western exten­
sion of the Silver King's lode. The lowest tunnel of the Dandy is about 240 feet 
below the level of No. 5 of the Silver King. A limited amount of stoping has been 
clone above the level at and east of the intersection of the cross-cut and drift. The 
lode averages 41- feet in thickness aJ11cl is n~ doubt the continuation of one of the 
lccles of the King. The ore consisted of chalcopyrite, pyrite, galena, some zinc 
blende with a gangue of schist, quartz, calcite, and some sideri~. 
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Non-Metallic Deposits. 

Fluorite.-A deposit of fluorite occurs at Fivemile point just east of Troup 
junction, and has been opened up by a drift tu;nnel about 80 feet long. The country 
rock is granite porphyry, the vein occupying a fisaure in the sheared rock. It strikes 
N. 60° W. and with a dip to the northeast varying from 55 to 90 degrees. The filling 
is largely crushed granite and gouge, having a maximum thickness of 43 inches. 

A band of bluish and purpfoh fluorite, with a maximum thickness of 14 inches, 
occurs along and near the foot-wall, and smaller parallel streaks lie in the central 
and h anging.wall portions of the ~in. Other atreaks of a light grey dens~ siliceous 
material have a similar occurrence. An analysis of the latter by Mr. R. A. A. 
Johnston gave silica 91·28, alumina 6·16, and water 2·26. These streaks are appar­
ently quartz containing a little kaolin from the crushed granite. Vuggs up to a foot 
or . more in diameter with concentric banded borders are common in the :fluorite 
bands. Barite in minute crystals and aggregates is found in some of the vuggs 
deposited on the :fluorite. 

Quarries. 

Two . quarries are being operated at present by the Canadian Pacific rail­
way, one 2 miles west of Nelson and one 2~ miles east of Nelson, both being 
adjacent to the railway tracks. The r ock is a light grey to almost white granite or 
grnnodiorite, medium to coarse-grained with approximately vertical and horizontal 
joint planes permitting large blocks to be quarried. The stone is used entirely by 
the r ailway for culverts and ibridges. 
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RECONNAISSANCE IN E AST KOOTENAY. 

(S. J. Schofield,) 

INTRODUCTION. 

During the field season of 191:1, geological investigation was pursued in an area 
to the southwest of Oranbrook, B.O., enclosed by 49° 18' and 49° 30' north latitude 
and 115° 45' and 116° 30' west longitude. In ad·dition, a geo1ogical examination was 
made of the section across the Purcell range along the Crows Nest branch of the 
Canadian Pacific railway from Wardner to Sirdar. McEvoy's topographical map of 
E ast Kootenay was used as a base in detailing the geological boundaries. Mr. L. E. 
Wright again ably assisted in the work. 

SUMMARY AND CONCLUSIONS. 

The region is u•nderlain by a huge thickness of sedimentary rocks, the Purcell 
seri es of Cambrian or Pre-Cambrian age, intruded by numerous sills of diorite and 
small cross-cutting bodies of granite and granite porphyry. Mountain building 
forces, acting probably in post-J lirassic time, folded the sediments into a series of 
Hnticlines and synclines trending for the most part in a northerly direction. Normal 
faulting followed, the faults having a northeast-southwest strike: Thus the strike 
of the fault blocks in the Purcell range is at right angles to that of the Rocky moun­
tains to the east, which have a northwest-southeast trend. An area of Carboniferous 
limestones occupies the Kootenay River valley or Rocky Mountain trench iTu the 
neighbourhood of Wardner. This -is interpreted as a down-faulted block of Missis­
:iippian limestone in contact on the east and west with the Purcell series which is 
Cambrian or Pre-Cambrian in age. H ence the Kootenay valley in this region is a 
"graben." The presence of this limestone supports the idea that Carboniferous rocks 
once were present in the Purcell range and have since been removed by erosion. 

The silver lead deposits of commercial importance were found, as was the case 
last year, to be confi.ned to the younger members of a formation, which in previous 
reports on this area, has been called the Kitchener formation. In these ore deposits 
the pay-chutes are, in general, restricted to the massive and purer quai-tzites. Where 
the vein traverses the thin'll.er, more argillaceous members, it is barren or filled with 
quartz containing small quantities of iran and copper sulphides. The members of 
the above sedimentary formation favourable for the deposition of silver-lead ores 
occur in greater a.bundance near the top of the formation, but are also present to 
some extent throughout its whole · thickness. 

GENERAL GEOLOGY. 

The great thickness and the homogeneous character of the sediments of the Pur­
cell seri es have rendered difficult the attempt to correlate this series in East Kootenay 
with the apparently anala.gous series of the Boundary belt, although the two regions 
are in close proximity. 
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TABULAR DESCRIPTION OF FORMATIONS. 

Pleistocene and Recent .... .. Unconsolidated gravels and sand". 
,] urassic ? ... ... ...... . ...... Dyke intrusion ; a pl it~, lamprophyre and granite porphyry. 

Granite intrusion ; granite, granite porphyry. 
Carboniferous-

Mississippic .. . . . . ....... vVarclner limestone. 
Cambrian ? Purcell Serieo ... (c) Thin-bedded grey to chocolate brown argillites and sandy shales with 

some quartzites and conglomerates. Thin bedded lava flows occur at 
various horizons. E stimated thickness 10,000 feet. 

(b) Light grey argillaceous quartzites and purer quartzite&, estimated 
thickness 9, 000 feet. 

(ci) Rusty weathering heavy and thin bedded argillaceous quartzites, purer 
quartzites and slates. Numerous sills of gabbro occur at various horiz­
ons. E stimated thickness, 6,000 feet. 

PURCELL SERIES. 

The oldest member of the Purcell series in E ast Kootenay consists of an alter­
nating series of heavy-bedded and thin-beddEfd argillaceous quartzites and purer 
quartzites. The massive member·S are coarder in texture and grey to black on fresh 
fracture, ancll weather for the most part in grey tones, while the thinner-bedded, more 
argilla.ceous members, are a very dark grey on fresh fracture and weather a rusty 
brown, and being in great abu'lldance, give the formation its typical rusty-red colour 
as a whole. This formation also contains the greater number of diorit3 sills and is 
the most favourable for ore deposition. 

In the previous summary 113por ts for 1909 and 1910,1 the olcle;:;t member, as 
described this year, was correlateJ with the Kitchener , the succeeding member with 
the Creston, and the youngest member with the Moyie. This correlation was based 
solely on lithological characters, for the stratigraphic relations were obscured by 
heavy faulting and folding of the strata. In the lack of direct evidence to the con­
trary, the stratigraphical succession was supposed to be the same as found by R. A. 
D aly" along the International Boundary, i .e., in ascending order, Creston, Kitchener, 
:Moyie. This year a favourable section was found in which the strata were seen in 
their true relations. At this locality, the section, if the assumed correlation held 
true, wa~ determined to be in ascendi•ng order, Kitchener, Creston, and Moyie. 

As the stratigraphic succession in the Cranbrook map-area apparently does not 
correspond with that of Daly along the International B oundary, the t erm Kitchener 
h as, therefore, been dropped from that pre-Creston formation in the former area. 
The Creston formation, however, appears to be identical in both areas, and there are 
no data yet available that would change the position of the Moyie. -The three forma­
tions of the Cranbrook sheet in ascending order are pre-Creston, Creston, Moyie. 

Lyinig conforma.bly on the above series of rusty-weathering argill aceous quartz­
ites, and passing into it by gradual transition, occurs a series of light grey argillace­
ous quartzites and purer quartzites, which is, on the whole, more massive than the 
o1der formation. The heavy massive beds are often separated by thin bands of 
argill i te. The staple rock i'Th this series is generally light grey on fresh fracture, 
and because it weathers grey it gives the whole formation a greyish-white appear­
ance which is very distinctive in the field. This formation is correlat ed with the 
Creston fo rmation of the Boundary Survey. 

This series of grey weathering quartzites grad ually passes upwards into a seri es of 
thin-bedded argilli tes and sandy shales with a few interbedded argillaceous quartzites 
and conglomerates. The shales are grey to ch ocolat e-browlll in colour, and hold 
abundant shallow water indications such as mud-cracks and ripple-marks. Litho-

1 G.S.C. Summary ;Report, 1909, pp. 135-138. 
G.S.C. " " 1910, pp. 130-134. 

2 Su m m ary R epor t, Geo!. 1Snrv., Canada, 1904, pp. 91 A-100 A. 
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logically this group resembles the Moyie formation of the Boundary Survey, but does 
not correspond to it in stratigraphical position, since along the International Bound­
ary the Kitchener formation intervenes between the Creston and Moyie. 

Purcell Sill I ntrit,Sion. 

The Purcell silla occur as tabular intrusive masses in the Purcell series, a'I1d are 
particularly num1"rous in the oldest subdivision of the series. They vary from a few 
feet in thickness in the area examined. The rock types vary from a very acid granite 
to a hypersthene gabbro, and the reiations of these types are now under investigation. 

Dyke Intrusives. 

Small aplitic and lamprophyric dykes are associated with the Purcell aills. 

WARDNER LIMESTONE. 

Down-faulted against the Purcell series in the Kootenay valley, in the neigh­
bourhood of Wardner, is a block of limestone, Mississippiarr1 in age. It is mostly 
grey in cplour, weathers a greyish-white and contains the following fosails, identified 
by Dr. E. Raymond. 

Camarophoria explanata, (:YicChesney), 
Leiorhynchus, sp. ind. 
Camarotcechia cf. C. metallica, (White) . 
Cornposita madisonensis, (Girty), 
Uleiothyndina crassicardinalis, (White), 
Spirifer cf. S. centronatus, (Winchell), 
Productella cooperensis, (Swallow) . 

Granite Intrusion. 

Numerous small bodies of granite cut the Purcell series, but ill no place was the 
granite fou'I1d in contact with the Wardner limestone. The granite is lithologically 
similar to the Nelson granite and can probably be correlated with it. 

Dyke Intrusives. 

Cutting the granite and occurring as apophyses in the sediments are numerous 
small dykes of aplite and granite porphyry. 

PLEISTOCENE DEPOSITS. 

Covering the valley floors of all the master streams are deep deposit;; of strati­
fied clays, sands, and gravels into which the rivers have entrenched themselves, leaving 
well-marked terraces along their courses. 

ECONOMIC GEOLOGY. 

The principal ore-bearing formation in East Kootenay is the oldeat member of 
the Purcell series, called the Kitchener formation in previous reports of East 
Kootenay. The principal ore-bearing horizon is the upper part of this formation 
where the heavy-bedded quartzites occur in greater abundance. At this horizon are 
the Sullivan, North Star, Stemwinder, St. Eugene, Aurora, and Society Girl mines. 
There are two areas in the region examined which are of speeial importance, the 
Moyie and Kimberly districts. · 
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THE MOYIE AREA. 

The Moyie area embraces the region around Lower Moyie lake. It is underlain 
by the Purcell ;;eries, which is here folded into a northerly-plunging anticline, whose 
axial part is made up of the oldest member of the Purcell aeries, while the qidial 
parts consist of the grey-weathering argillaceous quartzites which lie conformably on 
th., older formation. The field relations of · these series and their distribution is 
shown on the accompanying cut. C rossing thi;; anticline in an. easterly direction ia 
a very extensive zone of fissuring which dips about 70 degrees to the south. 

There are two main fissures on both the east and west side of Lowe; Moyie 
lake, and it ia probable that they occur underneath the lake. The general trend of 
the fissures is shown on the accompa:nyin.g zinc cut. The walls bounding the main 
fissures show very little evidence of relative displacement, the greatest movement 
observed being 18 inches, although in auch a homogeneous series of quartzites the 
detection of auch movement might be difficult. In general, the pay-shoots are associ­
ated with the massive, purer quartzites which are less aluminous and more capable 
of forming an open fissure. The purer quartzites are also more easily replaced by the 
ore solution. 

The A urorti Group of Claims. 

The Aurora group, operated by the Aurora Mining and Milling Company of 
Moyie, B.C., consists of five Crown-granted claims-the Aurora, Horse Shoe, Durango, 
Etna, and Portland, situated on the west side of Lower Moyie lake, opposite Moyie, 
B.C. The vein occurs OTu the east and west system of fissuring described in the 
genEJ,ral description of the district, and possibly on the southern of the two main fis­
sures, which here has a general strike east and west, but varies as much as 15 degrees 
from this direction. The dip of the vein is 60 degrees to the south. The vein cuts 
across the oldest subdivision of the Purcell series, which here strikes northeast with 
a dip of 50° to the northwest. 

The formation is made up of thin-bedded argillaceous quartzites (locally called 
slate) and massive purer quartzites, which here form the western limb of the 
northerly-plunging anticline described above. The vein has a maximum observed 
width of 6 feet, and consists of zinc blende and galena with very little gangue. 
Occasionally fragments of wall-rock are enclosed by the ore; In the report on the 
zinc resources of British Columbia, the following assay of the ore is quoted: 
gold, 0.02 ounce; silver, 7.3 ounce; lead, 21·5 per cent; zinc, 33 per cent. The ore, 
represented in the Aurora is also considered by the same commission to be the 
aimplest to treat of any of the ores examined in their series of experiments. 

Developmen.t on the property consists of about 1,500 feet of working;;, mostly in 
the form of tunnels. Operations on this property are suspended, for at present there 
is no demand for zinc ore in British Columbia. 

The Guindon Group of Claims. 

This group, consisting of the Guindon, Fereole, Alica, and St. Joseph fractions, 
i~ located in the territory adjoining the Aurora group to the north. The vein on 
which these claim,; are located is abou-1i 7'00 feet north of the Aurora vein and has an 
east and west strike with a dip of 60° to the south. The formation which the vei'Ill 
traverses is the oldest subdivision of the Purcell series, which here strikes northeast 
and dips 20° to the south. The vein is from 4 to 5 feet wide, and in one tunnel the 
ore wlls 18 inchea in width and 'consisted of galena, zinc blende, and some pyrite. 
Development work consisted of a few short tunnels. 

2t>-11 
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The Cambrian and Mabelle Claims. 

The Cambrian and Mabelle Crown-granted claims, operated by the Cambrian 
Mining Company, Limited, of Moyie, B.C., embrace the territory between the St. 
Eugene Consolidated and the Aurora, and thus lie for the most part under the 
waters of Lower Moyie lake. The extensive zone of fissuring described in the general 
statement, and which occurs on both sides of the lake, is to be expected to occur in 
the intervening territory, a'I1d as the veins are mineraliz.,d_ in the St. Eugene Con­
solidated! and in the Aurora, it is logical to expect that the Cambrian airuJ Mabelle 
claims will also be productive. The sounding of the lake on the Cambrian and 
Mabelle claims revealed the maximum depth of water to be 140 feet, and in addition 
90 feet of blue clay and hard-pan covers the bottom of the lake. This last informa­
tion was supplied by Chas. A. MacKay, of Moyie, B.C., one of the directors of the 
Company. • 

St. Eugene Consolidated Mining Company. 

The claims operated by this Company comprise an area of 520 acres, situated on 
the east side of Lower Moyie lake. The property contains two veins, having a 
general strike east and west with a dip of 70° to the south. The two veins are 600 
feet apart on the 1,000 foot level, which is 1,000 feet above the level of the lake. 
They apparently converge downwards and to the west. Connecting the two main 
veins, at variable distances apart, is a series of important cross-veins, which meet the 
main veins, in general, at a small angle. Locally these cross-fissures are termed 
" avenues." The ore bodies are mainly confined to the fractured and folded area 
between the main veins, and in places large ore-chutes occur where the avenues meet 
the main veins, or close to this junction. Very little displacement was noticed aleDg 
the main fissures, although slight -folding or bending of the strata occurs in close 
proximity. to these fissures. The country rocks consist of argillaceous quartzites, 
and purer heavy-bedded quartzites of the pre-Creston, the oldest subdivision of the 
Purcell series, which here form the axis and eastern limb of the anticline described 
above. The ore-bodies are associated with the massive purer quartzites of the above 
formation. The ore consists of galena, both £.ne and coarse-grained, associated in 
places with zinc blende. The gangue, which is small in amount, consists of garnet, 
anthophyllite (a variety of amphibole), and a little quartz, the latter mineral being 
very prominent where the vein pinches in the argillaceous quartzite:>. Locally the 
wall-rock in the immediate vicinity of the ore-bodies shows strong metamorphism in 
the development of garnet and anthophyllite. 

The Society Girl. 

This group comprises seven ()::own-granted claims operated by the Society Girl 
Mining Company, Limited. They are situated about 2 miles east of Moyie at an 
elevation of about 5,000 feet, and adjoin the eastern boundary of the St. Eugene Con­
solidated. The formation, in which the deposit occurs, is the oldest known subdivi­
sion of the Purcell series, which here strikes north and south with a dip of 25° to the 
esst and forms the eastern limb of the anticline described above. The vein, where 
examined, strikes N . 60° W. with a dip of 60° to the south, and appears to be in the 
great zone of fi ssuring which traverses the Moyie area. The vein is narrow where it 
traversee the thin-bedded argillaceous quartzites a'Ild widens out in the heavier­
bedded quartzites. 

The upper workings expose an oxidized ore-body consisting -0f cerussite and 
pyromorphite, both massive and in beautiful crystals. The pyrorriorphite is a yellow-
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ish green in colour and has been described both crystallographically and chemically­
by Bowles.' He gives the composition as Pb, 01 (PO,) .... 

The cerus~ite is white to colourless and occurs in tabular orthorhombic crystal!¥ 
either singly or as penetration: twins. Massive cerussite is also present. The cerus­
site is often embed·ded in dense masses of limonite. The oxidized ore-zone is a rare­
occurre.nce in East Kootenay. The unoxidized or primary ore, co.nsisting of galena and 
zinc blende with little or no gangue, is exposed in the lower tuiinel which penetrates 
the ore-body 250 feet below the surface. At present the ore is hand-sorted and then 
sent to the smelter at Trail for treatment. For the year 1911 up to the end of Sep­
tember, the total output of the mi"Ile amounted to about 400 tons. The galena carries 
1 ounce of silver to 4 per cent lead, while the oxidized ores carry 1 ounce silver to 
51 per cent of lead. 

THE KIMBERLEY' AREA. 

The area is situated near Kimberley,' the terminus of the Canadian Pacific Rail­
way branch line from Cranbrook to Kimberley, and includes the Sullivan, Stemwinder, 
North Star, and several minor properties. It is underlain by a series of argillaceous 
quartzites and purer heavy-bedded quartzites, which are identical in lithological and 
physical characters with those described in the Moyie district, and hence belong to 
the lowest knoWIIl. subdivision of the Purcell series. About one-half mile above 
Kimberley, on Mark creek, ra few diorite sills are exposed in the valley walls. 

Sullivan Group. 

This group was discovered in 1895, and is located on Sullivan hiU about 2~ 
miles by road Iliorth of Kimberley, at an elevation of about 4,600 feet above sea-l~vel. 
The deposit lies in the lowest known subdivision of the Purcell series, which here 
e.trike about north and dip from 10° to 60° to the east. The country rocks consist of 
thin-bedded argillaceous quartzites and heavy-bedded, purer quartzites. The ore-body 
conforms in dip and strike with ·the quartzites and cannot be called a true fissure 
vein, but a replacement deposit in which the sulphides have replaced the fine-grained 
quartzites. The hanging and foot-walls are, in general, not well defined, but the or.e 
gradually passes into the normal country rocks. so that the distinction between country 
rock and ore is commercial rather than structural. Exceptions to this occur where the 
walls consist of the thin-bedded slaty quartzites which are evidently difficult to 
!'€place. In the upper workings, close-folding later than the ore deposition increases 
the apparent width of the deposit. On the 60 foot level the dip of the ore-body in 
places approximates 25°, and on the 100 foot level the dip iooreases to 70°, which is 
also the dip of the surrounding quartzites. As far as exploited, the maximum stope 
width is 120 feet and the maximum stope length 325 feet. There are nine levels, 
the deepest being 100 feet below the smface. The deposit is a lens-shaped mass 
striking about north and south with a dip to the east. 

The ore-body is arranged in distinct zones which grade imperceptibly into each 
other. The centre of the body is occupied by a fine-grained mixture of galena and 
zinc blende in which masses of purer galena occur as lenses. The gangue in this 
inner zone is absent, except for a few well-formed crystals of pink garnets. Thfs 
inner portion gradually passes exteriorly into a fine-grained lillixture of pyrite, 
pyrrhotite, and zinc blende which contains as a gangue numerous crystals of a clear 
colourless garnet with some grains of a.nthophyllite and possibly diopside. The sul­
phides gradually diminish in amou'I1t and finally give way to a fine-grained chert 
which is present where the country rock is a heavy-bedded, purer quartzite, and is 
absent where a more argillaceous slaty member constitutes the walLrock. No garnets 

1 Am. Jour. Sci., 4th Series, Vol. XXVIII, p. 40. 
26- 111 
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or anthophyllite are present in thi:> zone. The chert gradually passes into the normal 
quartzite. The contact minerals occur only in the ore-body and are entirely lacking 
in the country rock surrounding the deposit. The presence of the minerals, garnet, 
and diopside, so characteristic of contact deposits, is not due to any intrusion of 
igneous material at present visible, for the nearest outcrop of granite i;; 4 miles 
:away, near Wycliffe, on the St. Mary prairie. The presence of the minerals, garnet, 
pyroxene, and pyrrhotite warrants the conclusion that the Sullivan ore-body was 
formed under conditions of high temperature and pressure, and i'!lJ origin was con­
nected with some deep-seated intrusion of granite which has not yet been expo;;ed by 
erosion in the neighbourhood of the Sullivan mine. The Stemwinder property, occur­
ring in Mark creek and apparently in a lower horizon than the Sullivan, indicates 
that ore-bodies might be expected below the Sullivan deposit. 

The ore is shipped to Trail for treatment and is melted without any preliminary 
concen tra ti on. 

Development and constructional work is being rapidly pursued and a force of 100 
men is employed. 

The Stemwinder. 

The Stemwinder is situated about 1 mile northwest of Kimberley on Mark creek. 
The country rocks consist of argillaceous quartzites intruded by several sills of dio­
rite. The ore-body is enclosed entirely by the quartzites and closely resembles the 
Sullivan deposit in ita occurrence and mineralogy. The interior of the ore-body con­
sists of a fine-grained mixture of galena and zinc blende passing exteriorly into 
a fine-grained mixture of pyrrhotite, · pyrite, and zinc blende. This is auc.­
ceeded by a cherty liayer which in turn passes into normal quartzite. The amount of 
development so far accomplished 'YaS not sufficient to expose the relation of the ore­
body, but it is evidently of large size. Three short tunnels and a shaft 75 feet deep 
open up the deposit. Experiments are in progress to determine the best methods for 
the treatment of this refractory ore. 



SUM.MARY REPORT 165 

SESSIONAL PAPER No. 26 

RECONNAISSAJNCE OF THE SHUSWA,P LAKES AND VICINITY (SOUTR­
CENTRAL BRITISH COLUMBIA) . 

(Reginald A. Dali,y.) 

INTRODUCTION. 

The writer spent most of the season in a partial reconnaissance of the area 
(6,400 square miles) covered by the Shuswap sheet, which was engraved for the Sur­
vey in 1898 (Publication No. 604). That sheet was geologically coloured by George 
M. Dawson, who had combined the results of his own field work with that performed 
by McEvoy in his many arduous traverse·s of this district. No detailed report to 
accompany the map-sheet has been published. One object of the 1911 season was to 
collect facts which can be used in the future preparation of such a report. 

The work was also planned to be part of that required in the development of a 
geological map and section, which is to extend along the main line of the Canadian 
Pacific railway from the Great PJains to the Pacific ocean. In connexion with the 
latter project the writer m ade traverses aiong the railway eastward and westward 
from the r espective limits of the Shuswap sheet. The total length of the railway 
S€ction traversed is 20'0 miles, extending from the summit of the Selkirks to the 
western end of Kamloops lake. AClditional field work is required in the stretch from 
Rcvelstoke eastward; the structure section actually completed is 150 miles long, and 
lies between Revelstoke on the Columbia river and Savona on Kamloops lake. 

The most important problems of the region concern the composition, structure, 
and stratigraphic relations of the Pre-Cambri.an rocks, which cover a large part of 
the area mapped in the Shuswap sheet. A considerable part of the season was spent 
in an examination of the shores of the Shuswap lakes and of Adams lalrn, which 
occup;y deep valleys sunk in the Pre-Cambrian terrane. Rock outcrops are there much 
more abundant than on the adjacent, densely-wooded mountains. Outside the rail· 
way section, about 200 miles of lalrn-shore traverse were run. 

In the field the writer was efficiently assisted by Mr. N . L_ Bowen. 

SYNOPSIS OF CONCLUSIONS. 

The results which seem to be established are the following:-
(1.) Dawson's "Niskonlith series," outcropping in his original section across the 

Selkirk mountains, is not of Cambrian age as now defined, but represents the northern 
continuation of the "Beltian "' (pre-Olenellus part of the Belt terrane) rocks at the 
International Boundary. As suggested by Dawson, these rocks are to be correlated 
with the pre-Olen~lJus portion of the Bow River series of the Rocky mountains. 

(2.) The "Niskonlith series." mapped in the Shuswap sheet area, is an entirely 
different, pre-Beltian as well as pre-Cambrian, group of sediments, which un.con­
formably underlie the "Niskonlith seri~" of the Selkirk section. 

(3.) The "Adams Lake series (volcanic)" which conformably overlies the thick 
limestones of Dawson's " Niskonlith series " of the Shuswap Lakes area, is also of 
pre-Beltian age. 

( 4.) The " Shuswap series" of the Shuswap lakes is not a distinct gneissic group 
unconformably underlying the " Niskonlith" sediments, but is the facies of those 

1 Systemic name suggested by C. D. Walcott in Smithsonian Miscellaneomi Collections, 
Vol. 53, 1908, p. 169. 
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sediments where thermally metamorphosed and injected by pre-Beltian granites. 
(5.) Since the sediments of the "Shuswap series" and "Niskonlith series" and 

the basic volcanics of the "Adams .Lake series" (as mapped by Dawson) are con­
formable throughout, it ia proposed that the definition of " Shuswap series" be so 
enlarged that it shall include all these pre-Beltian rocks .. 

(6.) Though this Shusw.a;p series is everywhere composed of typical cry.stalliI!:_e 
schists (with crystalline l1imestones and quartzites), their regional metamorphism was 
not due to dynamic action. The writer agrees with Dawson in holding that this 
metamorphism was " static "; the· stress directintg the recrystallization was inJuceJ. 
by deep ' burial and dead-weight. 

(7.) The Pre-Cambrian rocks are much less deformed (upturned) tham. the over­
lying Carboniferous or Triassic rocks. This fact illustrates the small depth of the 
earth-shell which un·derwent strong folding in post-Cambrian time. 

(8.) The petrography of the ·pre-Beltian terrane (Shuswap series and granitic 
intrusions) strongly suggest s that it furnished the greater part of the elastic material 
in the Rocky '.Mountain geosyndinal prism. 

(9.) The observations regarding the post-Cambrian formations of the region 
studied, tend to confirm Dawson's conclusions, except that the Tertiary lavas and 
interbedded fresh-water sediments are believed to be of Oligocene age, rather than 
Miocene, as indicated on the engraved Shuswap and Kamloops sheets. 

The principa1 object of 
stratigraphy of the region. 
the rock formations. The 
gives the sequence actually 

TABLE OF FORMATIONS. 

the summer's work was to collect facts bearing on the 
The results are defmite as to the general succession of 
following table, which bears some provisional names, 
determined. 

Pl · fThompRon River silts. 
etstocene · · · · · · · · · · · · · · · · · · · ·l Glacial drift. 

-Dnconformity-
Oliuocene .......... . . . ........ Basic lava sand fresh-water sedimnnts. 

-Unconforrnity-
Probably late J urassic . . . .... . . Granite batholiths cutting the Nicola series. 
Triassic (and Jurassic?) ... .. . Nicola ser ies: basic lavas, with ash-beds, sandstones, argillites, and rare 

limestone lenseE. 
-Unconformity-

Carboniferous ........ . ..... Limestones, cherty quartzites, argillites, and basic volcanics. 
- Unconform·ity-

Cariibri'l.n ( ?) ......... .... . . .. Glacier quartzite division. } 
"Beltian" ( P1·c-(;ambrian) . . . . A lber t Canyon division: argillities, carbonaceous lime- Selk irk series. 

stones and quartzite•. 
-Unconformitp-

( G ranite batholiths, sills, and dykes, cutti ng the Shuswap series. 
Pre- "Beltian" (P1·e-Gambrian) ~ Shuswap series: limestones, metargillites (phyllites), mica schists, p<1ra­

l gneisses, green schists, and greenstone. 

SHUSWAP SERIES. 

COMPOSITION. 

The oldest rocks form a composite mass, which is known to be of very great 
thickness, though neither base nor top has he0'I1 discovered. On the shores of Shus­
wap lake, from Sicamous to Cinnemousun narrows, a section was run, the statement 
of which will give an idea of the magnitude of this most ancient terrane yet recog­
nized in British Columbia. 
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Approximate thickness in feet. 
Top of series not exposed. 

Green schists ... . ............ .. .... .. . .. . . . . . '. .... .. . . . ... . . . 
Cinnemousun limestone . .. . ... . . .. . . ....... . . . . ... . ... . .. . . . 
Green schists .. . .. . ...... . ..... . . . ................... . . .. . . . . 
Phylliteo ......... . ... . ...... . .. . . . ... ... .... . ..... . ... .. . . 
Limestone with phyllitic inter beds.... . ... . . . ... ... . . .. . . . . . . 
Phyllites .... . .... . . ....... . .. . . . . .. .... . . . . .. .... . . . .. . . .. . 
Green schists. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ .. . 
Phyllitic ~chists . . . . . . . . . . . . . . . . . . . . . . . .. . .... . . . . . ..... . . 
Sicamous limestone (phyllitic and carbonaceous) .... . . . . .... . . 
Phyllite .. . . ...... . . ... . . . . ... ..... . ........ . ... . ... .. .. . . . 

Thermally meta· {Coarse mica schists . . . . . . , . . . . . . . . . . . . . . . . . . . . ..... . ... . 
morphosed .. . . Massive calcareous quartzites with interbeds of mica schists .. 

Base concealed. 

Total .... . . . . .... . ........... . ... .... . . . . 

2,000 + 
600 

1,000 
800 

1,000 
600 

6,000 ± 
6, 500 + 
3,200 

300 
1,500 + 
3,000 + 

26,500 + 

On Adams lake, green schists, corresponding in general horizon to those noted 
at the top of thi:i column, are overlain by at l:east 2,000 feet of phyllitic schists. 
These are overlain, in ascending order, by 1,600 feet of massive limestone (marble) , 
800 feet of phyllite, 1,500 feet of phyllitic limestone, and an enormous mass of green­
stone, with an apparent thickness of at least 10,00'0 feet. This green.stone is trun­
cated by a large Pre-Cambrian batholith. The schistose rocks on Adams lake may be 
largely the same as those cm Shusw,a:p lake, being rep€ated in outcrop by normal 
faulting. 

RE-DEFINITION OF "SHUSWAP SERIES." 

With the exception of the Sicamous limestone and the underlying fo rmations, 
all of these rock.s on both Shuswap and. Adams lakes wer€ mapped by Dawson as 
belonging to his (Cambrian) "Adams Lake series." He mapped the Sicamous lime­
stone under the name, "!NiskonJith s€ries," aI11d regarded it as likewise Cambrian in 
age. 

The writer has been forced to different conclusions, which are ba.sed on studies 
more detailed than Dawson could make during his reconnaissance. Many other 
sections, besides those above noted, show that there is apparently perfect conformity 
throughout the whole series, from the lowest schists and quartzites to the top of the 
thick greenstone on Adams lake. All these rocb are not only Pre-Cambrian, but are 
also pre-" Beltian," to adopt Walcott's suggestion of a period name covering the time 
Dccupiecli in the deposition of the "Belt Terrane" sedjiments, of pre-Olenellus age. 

Wherever exposed, the lower beds of this great series are intensely metamor­
phosed by batholiths of biotite granite or hornblende-biotite granite. At the roof or 
walls of each batholith the magma wa•s forced in.to the highly :fissile sediments, forming 
sills in such number .and of such persistence as had never before been encountered in 
the writer's experience. The sills are often composed of the normal batholithic 
granite, but vast '!1umbers of them are aplitic or pegmatitic. Very numerous dykes 
of similarly varying composition are likewis·e apophysal from the great magma 
chambers. 

The thermal metamorphism of the sediments is roughly proportional to the 
Jilumber of these satellitic injections. The metargillites or phyllites have been con­
verted into coarse, glittering muscovite-biotite schists or paragn~isses; the calcare­
ous beds into marbles, coarse crystalline limestones, or masses of lime-silicates. It 
was to these coarsely crystalline phases of the sediments, together with the intrus~ve 
sills, that Dawson originally gave the name "Shuswap series." At :first he regarded 
the granite as i.n part the fused equivalent of these same sediments, but later became 
more and more conviin.ced of its eruptive nature. 

In view of the perfect conformity which seems to exist throughout the sedi­
ments and greenstones, the writer pr.iposes that the name " Shu.swap series" be 
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extended to cover this whole group, together with any additional rocks which, in the 
future, may be found conformably below or above the formations here described. The 
" Adams L9ke series " may. accordingly be called the " Adams Lake greeustone," a 
member of the Shuswap series. The " Niskonlith series " of the Shuswap Lake region 
is the Sicamous limestone, another important member. 

ORIGIN OF THE GREENSTONES AND GREEN SCHISTS. 

Dawson described the " Adams Lake series" as of volcanic origin. The descrip­
tion may be quite correct, but it is a remarkable fact that the present writer has 
found no clear evidence of an extrusive origin for greenstone or green schist, either . 
in the field or in the study of many microscopic sections. Traces of porphyritic and 
granular structure have been found, but not one undoubted relic of pyroclastic, 
arnygdaloid, or lava flow. It is certain only that the greenstones and green schists 
have been derived from highly uniform masses of basic eruptive rock, of basaltic, 
diabasic, or gabbroid composition. So far as the study has progressed, the writer is 
incli·ned to believe that some, perhaps much, of the greenstone is intrusive, as sills or 
irregular masses. Probably, however, the larger part is of extrusive origin. 

STATIC METAMORPHISM. 

The difficulty in finding the exact origin of the green rocks is explained by their 
unsually thorough metamorphism; they are now chloritic and talc schists. Their 
fissility is usually extreme, so that it was often hard to secure a convenient specimen 
thick enough for thin-sectioning. Drastic recrystallization has also affected the 
sediments at every observed horizon . The effect bas been to develop typical crsstal­
line schists, indistinguishable from those so often produced in zones of intense 
deform a ti on. 

Yet it is clear that the general or regional metamorphism of the Shuswap series 
i ~ not of dynamic origi'l1. The full proof of this conclusion cannot be given in a 
summary report, but a few pertinent facts may be stated. With r are exceptions, 
bedding and scb istosity are parallel in the Shuswap sediments. The average dip fol'. 
an area of at least 800 square miles· is very probably less than 45°. For several miles 
together, in well exposed areas, the dip ranges from 10° to 215° , while elsewhere the 
schistose sedime111ts may be practically hor,izontal for considerable areas. In this case it 
is not possible to explain the low dips as those expected in a series of blocks dynamically 
metamorphosed by tangential thrust and then overthrown to recumbent positions. 
The crystallinity of the rock generally bears no relation to the angle of dip. The 
writer finds most satisfaction in adopting Dawson's view that the regional metamor­
phism ;is here simply due to deep burial under Pre-Cambrian sediments or volcanics. 
Deep burial of a surface rock means a raising of its temperature and, so long as the 
rock remains solid, it must undergo gravitational "stress." Recrystallization with 
the development of schistosity is hastened by the presence of water or other solvents. 
Since the lower beds of a great geosynclinal prism are nearly or quite horizontal, the 
dead-weight "stress" must produce schistosity sensibly parallel to the planes of strati­
£cation. This recry,stallization is regional but is not connected with rock shearing 
as in the well-recognized type of dynamic metamorphism. Milch has given the name 
"B elastungsmetamorphi.smus" to such recrystallization under dead-weight stress. 
Probably Judd's word "static" is the best descriptive term in English. 

Metamorphism of this kind is recorded in the flat schistosity of great areas of 
Pre-Cambrian rocks in the International Boundary section, in eastern Canada, iru. 
Greenland, in the German Grundgebirge, etc. The fact that it is not .prominent any­
where in the r elatively y-0ung Mwozoic geosynclinals, even 5 or 6 miles Jeep, sug­
gests that possibly the earth's temperature gradient was steeper in the Pre-Cambrian 
than it has been in more recent time. 
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Locally superposed on the schistosity due to static metamorphism is that latar 
produced, in certaim. zones, by dynamic metamorphism. The two are often easily 
distinguished in the field, and both can generally be distinguished from the primarily 
thermal metamorphism near the batholith contacts. In this field static metamor­
phism clearly dominates over the · ~ther two kinds. 

STRUCTURE OF THE SHU SW AP TERRANE. 

Apart from local crumplings, systematic foldiI!g is extremely rare m thts oldtr 
Pre-Cambrian complex. The mass seems to have been deformed chiefly by 111-0rmal 
faulting. Some of this deformation was already accomplished before the Beltian 
(Belt series of) sediments were deposited. The average strike· of the Shuswap schists 
runs E.N.E.-W.S.W., that is, nearly. at right angles to the N.W.-S.E. trend of the post­
Triassic Cordillera. Only quite locally was the rock of the oldest visible terrane 
upturned so as to exhibit the typical Cordilleran strike. 

A second important contrast to tht younger formations of the region is implied 
in a foregoing paragraph. Unlike the Shuswap sediments, the Carboniferous and 
Triassic rocks almost always dip at high angles. For comparison an estimate was 
made of the average dips in three typical areas of about 100 square miles each, respec­
tively underlain· by Shuswap, Carboniferous, and Trias&ic rocks. The result is:-

Terrane. 
Shuswap ...... , ......... ... .. . 
Carboniferous . . . . . . . . . . . . . . . . 
Triassic . ... .... .. ......... .. . 

Average Dip. 
20° 
75° 
1;oo 

The conclusion seems to be that the deepest-lying terrane has been the least 
disturbed of the three ; that the late Jurassic, Laramide, and mid-Tertiary folding 
t ook place in a relatively thin shell of the earth's crust. There is no evidence that 
the Pre-Cambrian terrane of the Shuswap area has ever been subjected to inten3e 
tangential Etress. A similar condition is represented in the structure of the European 
Alps. Its repeated occurrence enforces belief in the importance of the fact for the 
general theory of mountain building. The earth-shell here subjected to orogenic fold­
ing is on ly a few miles im. depth. 

SELKIRK SERIES. 

RELATION TO SHUSWAP SERIES. 

The basal complex, including the Shuswap sediments and green schists, together 
with the numerous Pre-Cambrian sills, dykes, and batholiths, became moderately 
deformed and eroded. East of the Columbia river, at Revelstoke, its ewded surface 
was depressed and am enormous thickness of stratified rocks was piled upon it. These 
rocks compose most of the high Selkirks of the present day. Dawson divided them 
into an older "Niskonlith series" and a younger " Selkirk 6€rie.s,"" but recognized 
perfect conformity between the two series.' He regarded both series as of Cambrian 
age, having found unconformity between the "Niskonlith series" and the ortho­
gneisses of the "Shuswap series" at Albert Ca.n\)'on. 

The writer has confirmed Dawson's discovery of that unconformity. Though the 
exposures of the "Niskonlith series" in the Selkirk range are unusually complete, 
not a single dyke or sill of aplite or granite could he found in those rocks either at 
or above the basal unconformity at Albert Canyon. The orthogneiss west of Albert 
Canyon and immediately l::elow the plane of unconformity, is penetrated by such dykes 
and sills in great abundance. The Sicamous limestone, described and mapped by 

'G. M. Dawson. Bulletin, Geological Society of America, Vol. ii, 1891, p. 168; Vol. xii, 
1901, p, 66. 
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Dawson as the typical "Niskonlith" of the Shuswap lakes, is often traversed by sills 
and dykes of aplite, pegmatite, and granite (orthogneiss). That fact was apparently 
overlooked by Dawson in correlating these sediments of the Selkirks with the 
Sicamous limestone. As already implied, the "Niskonlith series" of the Selkirk 
range is a younger and quite different group of rocks from that of the " Niskonlith 
series" mapped in the Shuswap sheet area. This conclusion is wstained by the 
great lithological contrast of the two series, as well as by their structural re1ations. 

Further, it was found, on the ground, that the name "Niskonlith" cannot be used 
appiropriately for either of the groups of rock to which Dawson attached i t. The 
belt of "Niskonlith" rocks, mapped by Dawson at Niskonlith lake, is narrow and 
poorly exposed, but it is almost oertainly post-Cambrian irn age. In fact, it probably 
represents the upper part of the Nicola series, and is thus of either Triassic or Juras­
sic date. 

The writer believes it advisable to drop the name "Niskonlith series" as a 
designation for any of t:l11.e rocks so named b~ Daw.son. 

RE-DEFINITION OF SELKIRK SERIES. 

On the other haind, Dawson's " Selkirk series" should also include all the sedi­
ments extending from the basa1 unconformity at Albert canyon to the base of the 
thick quartzites, which he originally includes in that series. For clearness in the 
present report, the Selkirk series, as exposed between Albert canyon and Rogers pass 
at the summit of the Selkirk range, is divided iinto two parts: the Glacier quartzite 
division (Dawson's original "Selkirk series") and the underlying Albert Canyon 
division (Dawson's " Niskonlith series"). 

A pretiminary estimate of the thickness of the Albert Canyon division is 18,'000,-
20,000 feet, or more than the 15,000 feet which Dawson attributed to the "Niskon­
lith series." The basal member is not a conglomerate, but a quartzitic sandstone or 
arkose. This member is known to be more than 200 feet thick. Above it lies a vast 
thickness of argillaceous rock with subordinate i.nterbeds of carbonaceous limestone 
and quartzite. Thes·e rocks have been statically metamorphosed and are now micace­
ous or phyllitic in largest parrt (metargillites, micaceous quartzites amd limestones). 
They form a gigantic monocline of dark grey beds, dipping conformably under the 
white to light grey quartzi tes so wonderfully exposed aroU!Il.d Glacier House. 

The writer believes that Dawson's estimate of 25,000 feet for the thickness of 
those quartzites is justified as to order of magnitude, though the youngest beds were 
seen, this season, only at a distance. 

CORRELATION. 

No fossils . have yet been reported from either division of the Selkirk series. 
Many lithological and stratigraphical features agree in suggesting that the Albert 
Canyon division and the lower part of the Glacier division together represent the Pre­
Cambrian " belt terrane" of the 49th Parallel section. There is no reason to doubt 
Dawson'.s correlation of the upper quartzites of the Selkirk series with the fossilifer­
ous Cambrian rocks of the Rockies; following Dawson, the sediments now grouped 
as the Albert Canyon division are, for the present, best correlated w1ith the pre-Olenellus 
portion of the Bow River series. 

The new and o~d, correlations of the Pre-Oambrian rocks are shown in the fol­
lowing table. 
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I
Shuswap Lakes Region (Col-um-, 

bia M ountain R ange and 
I I n terior Plateaus). 

COllREI,AT!ON BY DAWSON. 

Cambrian ...... .. . . .... Adams L ake series .. . .... . . . . . Selkirk series. 

Selkirk Range. 

· Cambrian .... . . . .... . .. Niskonlith series .......•.. . .. Niskonlith series. 
- Unconformity- · - Uncon formity-

Pre-Cambrian ... .. . . .. {Intrusive gr:;inites . .... . ... .. {Intrusive grani tes. 
( A ·rchrean) . . . . . . . . . . . . Shnswap sen es · · · · . . . . . . . . . . Shuswap senes. 

NEW CORRELATION. 

171 

f,wnbd,<mJchiefty) ...... Notknown . .... ...... ... . . . .. G lacier division._.. " . _ . "}Selkirk 
Beltian . . . . . . . . .. . . . . " . . . . . . . . . . . . . . . . . . . Albert Canyon d1v1s1on ( N1sk;:>nltth series 

of Dawson's Sblkirk sectionj. 
- - Unconformity-

.Pre-" Beltian " . . ...... . Intrusive granites (orthogneis- Intrusive granites (orthogneisses). 
ses) ...... . . . .......... . 

Pre-" Beltian ".. .. Shuswap series (includes rocks Shuswap series. 
mapped on . the S huswapl 
sh~et as "Niskonlith " and 
"Ad!trns Lake" series) .... . 

Use of the Term "Algonkian." 

Once again the question arises as to the validity of the name " AJgonkia'!1." 
Though the Shuswap series and pre-" Beltian" ~ntrusives form the P re-Cambrian 
"Basement Complex" of British Columbia, it i5 clear that this complex is domin­
antly sedimentary and that " ordfriary stratigraphic methods" can be applied to its 
elucidation. According to the vague cri teria now employed for the separation of 
"'' Algonkian" and "Archrean," it becomes necessary to put the exceedingly thick 
Albert Canyon sediments and the exceedingly thick Shuswap ser,ies all in the" Alg<m­
kian." The "Algonkian period" thus come5 to include the long interval represented 
in the unconformity at the hase of the Albert Canyon stvata. Yet this Ulllconformity 
represents one of the most signal breaks in sedimentation which are registered in the 
Cordillera. The case is analogous to that in the east, where the " Algonkian" is 
made to include Keweenawan and Animikie and the underlying, spectacularly uncon­
formable (lower) Huroniian. Several influential authors have already .placed the 
"Beltian" in the Algonkian; they must logically include in it a15o the huge Shus­
wap series. Is there any essential gain in thus throwing overboard " ordinary 
stratigraphic methods" in making stratigraphic classification~ The writer believes 
that there is no gain in such procedure, but, on the other hand, that it would entail 
the certainty of serious, quite unnecessary confuaion for future workers in Cordi1-
leran geology . 

.SOURCE OF 0LASTIC M ATERIAL IN THE ROCKY MOUNTAIN GEOSYNCLINAL. 

During the survey of the Oordilleran belt along the InternatiOlllal Boundary, 
the writer came to the conclusion that the very thick Beltian-Cambrian fragmentai 
rocks (Rocky Mountain geosynclinal) of the Selkirk, Purcell, and Rocky Mountain 
systems were chiefly derived from a great lan:d-area lying west of the Columbia river 
at the 49th parallel. During last summer, strong evidence was secured that this 
ancient terrane was the aouthern continuation of the actual basal complex (Shuswap 
sediments and granitic intrusives) of the Shuswap Lakes region. The abundant 
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large grams of microcline and microperthite in the Rocky Mountain geosynclinal 
are identical in microscopic habit with the feldspars of the extremely numerous, 
thick sills and dykes of coarse pegmatites cutting the Shuswap c;eries. Most of the 
quartzites of the geosynclinal are not true sandstones, for their average grain is 
incomparably smaller than even the finest-grained sand, strictly so called. The geo­
synclinal quartzites are really consolidated quartz muds, with which essential amounts 
of minute microperthite and other alkaline feldspars are often mixed. The original 
quartz grains of these quartzites can be traced to the weathering of just such metar- · 
gillites, phyllites, and greenstone schists as form colossal masses in the basal com­
plex at the Shuswap lakes. In the thorough weathering of such rocks, the more 
soluble, £nely-divided chlorite, uralite, talc, etc., are carried away in solution, while 
the relatively imsoluble quartz is concentrated and washed into the sea as a highly 
siliceous mud. The minute particles of alkaline feldspar, also comparatively stable 
and in.soluble, may be considered as having been derived from the simultaneous 
weathering of sill, dyke, and batholith in the Shuswap-orthog.neiss terrane. 

Though additional microscopic study of thi,s problem is planned, the writer £nds 
the foregoimg explanation of these hitherto puzzling quartzites to be the best yet 
suggested by the facts. The question lis important, as it relates to the origin of at_ 
kast 20,000 feet of quartzites in the Rocky Mountain geosynclinal. Great as their 
volume is, there seems to have been amp.le areal extent and thickness in the older 
terrane to furnish the requisite amount of siliceous mud. 

CARBONIFEROUS FoRMATIOKs. 

In the Shuswap Lakes area there seems to be lllO rock formation representative 
of the "Beltian," Cambrian, Ordovician, Silurian, or Devonian periods; that is, of 
the long interval during which the Rocky Mounta in geosynclinal prism was being 
deposited. For mo8t of that time the zone of shore-lines may have lai1I1 near the 
present divide of the Columbia Mountain ra.nge, west of Revelstoke. In that case, 
the absence of "Beltian" and older Palaeozoic sediments in the Shuswap region 
would be explained by failure of deposition. Yet it is quite possible that one or 
more of the periods menti01I1ed .saw deposition in the r egion and that erosion has 
since destro~·ed the sedimentary rocks so formed. Whatever the explan,a tion, the 
Carb01I1iferom (Pennsylvanian) is the n ext period known to be actually represented 
in the rocks of the Shuswap area, after the pre-Beltian granites were intruded into 

. the Shuswap series. 
The Carboniferous rocks have been described in detail by Dawson, especially 

in his Geological Survey report on the Kamloops sheet (1896). In 1911, the present 
writer began a revision of the complex structural geology of these rocks where 
mapped in the western part of the Shuswap sheet and the adjacent part of the Karn­
loops sheet area. Several collections of fossils were made from the thick limestones 
north of the Thompson river and east of Kamloops. ·The other chief rock-types of 
this rock series are noted in the foregoing general table of formations. The lith­
ology and succession were found to be essentially as described by Dawson. The 
youngest member exposed (Marble Canyon limestone) is capped by an erosion surface, 
and the base of the Carboniferous is not exposed in any section traversed this season. 
Hence the whole thickness is unknown, but it is certainly great, and probably well 
over 10,000 feet. 

NICOLA SERIES. 

In all, about 25 miles of the railway section was run through the strongly 
deformed basaltic lavas (porphyrites) and subordinate sediments which Dawson 
grouped under the name "Nicola series." His description. of the general lithology 
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was, here too, found to be admirable; the account given in the Kamloops Sheet 
report applies well to the Nicola as it outcrops in the area of the Shuswap sheet. 
The lavas are extraordinarily massive and it is extremely difficult to read out the 
structure. So far, the writer has been baffled in the attempt to deitermine the total 
thickness or the exact succes:>ion. It is known, however, that the maximum thickness 
i:; greater than 4,000 feet. 

The Nicola lavas rest unconformably on the Carboniferous limestone. They are 
overlain by at least 1,000 feet of hard sandstones and argillites, which are unfos­
siliferou.;; and are pos.sibly of Jurassic date. Where observed on the South Thompson 
river, these sediments are truncated by a Mesozoic granite batholith, so that their 
whole thickness is unknown. 

Where discoverable, the dips of the Nicola rocks vary from 30° to 90° and, in 
this region, probably average more than 50°. The series has been deformed almost 
ss much a.;; the Carboniferous beds. 

The writer was much struck with the close similarity of the Nicola rocks to the 
great mass of the complex Ro.ssland group to the south. It would not be surprising 
if at least a large part of the latter group should some day be definitely referable to 
the Triassic. 

MESOZOIC BATHOLITHS. 

Several large mas:>es of biotite granite and hornblende-biotite granite cut the 
Triassic lavas or the Carboniferous sediments in the vicinity of the Shu.swap lakes. 
These granites are generally somewhat strained but are seldom gneissic. Their field 
rela-tions, field ha.bit, and petrographic characters auggest that they were intruded 
at the same time as the great batholiths of the Lnternational Boundary belt, which 
are covered by lower Cretaceous sediments unconformably and are to be referred to 
the later Jurassic time of batholithic intrusion. It is possible that some of the granitic 
bodies cutting the Shuswap sedimellits are of the same age, but the evidence is clear 
as to the Pre-Cambrian date for 1I1early all of those intrusions where traversed l@'t 
season. 

OLIGOCENE FORMATIONS. 

A beginning has been made on the petrographic . and structural geology of the 
Tertiary lavas and interbedded fresh-water sediments, which cover such large areaa 
in the area of the Kamloops and fi:ihuswap sheets. The reader is referred to Dawson's 
Kamloopa report for details. However, it should be pointed out that both the 
"upper Volcanic group" and the "lower Volcanic group" of D11ws>on's Kamloops 
sheet are very probably not MiocenB in age, as there coloured, but Oligocene. In 
the field, the writer came to suspect that these thick basaltic formations were pre­
Miocene, the chief rea.son being the strong upturning which the lavas have 
suffered. On hi1s return to the east he found corroboration for this view 
in the palreontological studies of Lambe and Penhallow, who had published 
m.aterial dealing with the Trrunquille beds, separating the upper Volcanic and lo~er 
Volcanic groups. Their results agreed in showing that the Tranquille beds are 
Oligocene. The field relatiom strongly uphold the view that the basalts of both the 
named groups, which are conformable to, and partly interbedded with, the Tranquille 
tuffs and sandstones, also date from the Oligocene. 

GLACIATION. 

Routine observations were ma:de on the geology of the Pleistocene formations. 
The results are essentially like those published by Dawson in his Kamloops report 
and elsewhere. The imposing silt terraces' of the South Thompson river early 

• 
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claimed attention, and the recent observations confirm Dawson's explanation of cer­
tain of the silts as deposits in temporary, ice-dammed lak~. The lake in the valley 
of the South Thompson must have been considerably more than 500 feet deep and at 
least 20 miles in length. The valley seems to have been dammed above by a large 
glacier terminating near Shuswap village, and below by a yet .greater glacier coming 
out of the wide valley of the North Thompson. Remarkable deformation of similar 
silt-beds on the southern shore of Kamloops lake has been produced by an ice-sheet, 
which occupied that basin in late Pleistocene time and may have been the lower con­
tinuation of the North Thompson glacier itself. 

Adams lake and, a;p;parently, each of the larger divisions of Shuswap lake, are 
true rock basins, though Mar.a arm and Little .Sihuswap lake have become nearly 
barred off from the main Shuswap lake by the growing deltas of Eagle river and 
Adams river respectively. These valleys are fiord-like and the rock-basins doubtless 
originated in differential glacial . erosion . 
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GEOLOGY OF FIELD MAP-AREA, YOHO PARK, B.C. 

(John A. Allan.) 

INTRODUCTION. 

The £elJ season of l!fll was spent in contiinuing the section begun last season 
in the Ice River district across the Rocky mountains, along the main line of the 
Canadian Pacific ra.ilway. The topographical map used was that issued in 1909 by 
the Department of the Interior on that portion of the Rocky moum,tains. It was 
enlarged to a scale of 1 mile to 1 inch for field use. The area mapped was about 300 
square miles, including that portion examined in 1910. Only a few days were spent 
in the Ice River district in order to clear up some points of doubt. The whole area 
thus covered extends from the Continental divide west to Palliser, a distance of 
about 2'0 miles, and from the railway at the ·divide south 24 miles. It lies almost 
entirely within the Yoho Park. A section has been made across the area along the 
railway. 

The last week of the season was spent in the Van Horne range as far as Mt. 
Hunter and Mt. King. A recorunaisrnnce trip was made into the Beaverfoot range 
which is the most western raiilge of the Rockies south of the railway. As it was not 
possible to use horses in much of the area, travel was necessarily slow. 

A close study was made of all the deposits and occurrences of metalliferous and 
non-metalliferous products within the area. In this work I was most heartily 
assisted by those interested. 

I am particularly grateful to Mr. H. H. Lavery, superiintendent, and Mr. J. A, 
Thomson, manager, Mt. Stephen Mining Syndicate; Mr. R. Kidney; Mr. Geo. 
Hunter, Park superintendent; Mr. W. T. Oke, Mr. W. Raygarth, and Mr. M. Dain­
ard; to Mr. Kilpatrick, superintendent, a111d others of the Canadian Pacific railway 
for their information, assistance, and courtesy during the two seasons spent there. 

Satisfactory and efficient assistance was rendered by Mr. Fred. J. Barlow. His 
previous acquaintance with the region was a material benefit in the technical work. 

SUMMARY AND CONCLUSIONS. 

The area includes a very thick series of s«dimentary rocks which ranges in age 
from lower Cambrian to Silurian. The Cambrian formations and, at least, the basal 
beds of the Ordovician are conformable .upon one another. The softer and moi;e 
thinly-bedded sediments have boon folded iand at a later period strongly sheared. so 
that the .cleavage planes cut across the previously formed folds. An irregular mass 
of alkaline magma has been intruded across and between the sediments. The main 
type of rock is nephelite syenite. The exact age of intrusion cannot be determined., 
but it is believed to be later than the folding 1a11Jcli prior to the final movements which 
highly sheared the sediments. 

Mineralization is wide-spread but the individual occurrences of ore are on a 
small filcale. These small deposits can onli,y be worked profitably when the cost of 
production and extraction can be reduced to a minimum. 
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GENERAL CHARACTER OF THE DISTRICT. 

The area is extremely rugged and mountaim.-0us. The greatest average elevation, 
which is over 10,000 feet, is reached in the Bow range which forms the Continental 
watershed. There is a gradual downward slope in the whole system to the Columbia 
valley, with the exception of a few peaks in the Ottertail range,' of which Mt. Good­
sir (11,676 feet) is the highest in thi;i part of the Rocky mountains. The general 
appearance of the Bow range is quite distinct from those to the southwest. It is 
made up chiefly of heavy-bedded quartzites, limestones, and dolomites, mainly of 
lower and middle Cambrian age. The beds .are lying nearly horizontal, and weather, 
in large part, into precipitous castellated cliffs which show up an "alcove" form of 
ercsion in certail!li cliff-forming limestones and dolomites. 

In ' contradt with the general appearance of the Bow range, there is the broad 
drainage area of the Ottertail valley to the southwest, which is floored by slates, 
shales, and argillites, all soft, highly cleaved, and weathering readily into rounded­
topped ridges and broad talus slopes. 

The Ottertail range contains a massive band of limestone which forms a pre­
cipitous cliff, frequently 2,000 feet high, along the southeast edge of the Ottertail 
valley. The broad Beaverfoot valley with a N.W.-S.E. trend, underlain by soft slates 
and argillites, separates the Beaverfoot range, which is the last range to the west, 
from the rest of the Mountairu system. The Beaverfoot range has a very irregular 
zigzag summit made up of harder Ordovician and Silurian sediments. 

The Van Horne range is the northwest continuation of the Beaverfoot and Otter­
tnil ranges across the Kicking Horse valley. 

The Kicking Horse river (W apta') forms the main traverse westward drain­
age of this portion of the Rocky mountains. It has its source in a broad saddle of 
the Kicking Horse pass; with an elevation of 5,329 feet. The westward slope from 
the pass is much steeper than that to the east. In a distance of about 8 miles the 
river drops 1,300 feet to an elevation of 4,064 feet at Field, and 1,100 feet of this 
dro11 occurs within 5 miles. The river is about 42 miles long and has a total fall of 
2,750 feet. This valley in pre-Glacial time was drained to the southeast. The general 
character and uniformity E>f direction of the main tributaries were described in 
1910.• 

There is one main north and south depression in the area which is now occupied 
by Cataract Brook, McArthur Creek, and Moose Creek valleys. 

GENERAL GEOLOGY. 

The thick sedimentary series in the area has been subdimded into various forma­
tions largely on fossil evidence, and in part on a lithological basis. 

The beds below the graptolite shales, which are definitely Ordovician in age, 
were formerly divided into the Bow River group at the baise and the Castle Moun­
tain group al;ove.4 

These have been subdi vi·ded into formations by Walcott on purely fossil evidence 
and fully described in his Mt. Bosworth section.' The following local n1ames were 
firnt given to various formations in this section-Sherbrooke, Paget, Bosworth, 
Eldon, Stephen, Cathedral, Mt. Whyte, St. Piran, Lake Louise, and Fairview.° 

1 Summary Report, 1910, Geol. Survey, Canada, p. 136. 
'Originally called ' Wapta' by the Stoney Indians. 
• J. A. Allan. Geology of Ice Diver :t>istrict: Summary Report, 1910, Geol. Survey, Can­

ada, p. 136. 
• R. G. McConnell. Ann. Rep. Part D, Geol. Survey, Canada, 1886, · p. 15 D. 
• C. D. Walcott. Cambrian Sections of the Cordilleran Area. Smithsonian Misc. Coll. 

Vol. 53, No. 5, 1908, p. 204. 
• C. D. Walcott. Nomenclature of some Cambrian Cordilleran Formations. Smithsonian 

Misc. Coll. Vol. liii, No. 1, 1908, pp. 1-5. 
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The sedimentary series in the Ottertail range can be readily separated i111to three 
distinct formations, and since it has not been possible to correlate them with any 
others already recognized, they have been named by the writer in order to facilitate 
the description of each. The names are local am,d are taken from localities in which 
the beds are best exposed. 

In the table the approximate thicknesd of each formation is given. There is a 
minimum thickness of 24,433 feet represented in this area. The thickmesS€'d of the 
Halysites and Graptolite beds are those g iven by McConnell; the lower throo forma­
tio.ns have been measured and estimated by the writer; the remaining formations 
have been measured and estimated by Walcott and are well exposed in Mt. Bos,worth.1 

The igneous rocks have been described in summary for 1910,' but several types 
have since been determined. 

1 In Mt. Bosworth, upper Middle and lower Cambrian beds a r e exposed in a section. C. 
D. Walcott. Cambrian Section;; of the Cordilleran area. Smithsonian Misc. Coll. Vol. li ii , 
No. 5, 1908, p . 201. 

2 J. A. Allan. Geology of the Ice River District. Summary R eport, 1910, p. 139. 
21.il- 12 
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Lithological characters. 

I ·------
F1uviatne ... ....... .......... . .. Gravel, sand. 
Lacustrine ... . ... .. ............ Gravel, sand, clay, silt, conglomerate 

] · .. .. .. . .. .. . . · \Glacial.. ...... · I· .. . ......... · ITAi~ratified). Pleistocene 
and 

Recent. 

Erosion Surface. 

Silurian .. . .... Halysites beds .. Halys1tes beds .. 

Ordovician ..... Graptolit'l shales Graptolite shales 

(Goodsir for. 
mation. 

Upper Cambrian . .... . . . ...... . 

Middle Cam­
brian. 

Castle Mt. Group 

Lower Cambrian ............... . 

Bow River 
Base not exposed Group. 

I Otte.rt!"il f o r -
mat1on. 

I Chancellor for-
1 mation. 

I 
I 
i Sherbrooke1 ... 

I I Paget .. . .• ... 

~ , Bosworth ... .. 

I 
I Eldon ..... .. . 

I 
I Stephen .... . . 

I 
I I Cathedral. ... . 

lMt. Whyte .. . 

St . .Piran . .... . 

Total thickness. .. . . .. . . .......... 

1,300+ 

1,500+ 

6,040+ 

1,725+ 

2,500+ 

1,3752 

360+ 

1,855+ 

2,728 

640+ 

1,595+ 

390 

2,600+• 

24, 608 feet. 

GreyiRh dolomites, white and brown 
quartzites. 

Black and dark brown fissile shales. 

Cherts, cherty limestones, thin-bed­
ded siliceouR dolomites, grey dolo­
mitic limestones, siliceous and cal­
careous slates and shales; weather .. 
ing brown, purplish grey,lightgrey, 
light yellow, buff. 

Massive blue limestone with shaly 
bands. 

Thin-bedded grey argillaceous anri 
calcareous slates, weathering red­
dish, yellowish, and fawn ; under­
lain by greyish calcareous meta­
argillites, •hales, and argillites 
highly cleaved and phyllitic ; 
weathering greeniRh, greyish, red­
dish, yellowish, and buff. 

Grey, thin-bedded, cherty, oolitic 
limestones and arenaceous dolo­
mitic limestones. 

Massive bluish grey l'mestone with 
bands of oolitic dolomitic lime­
stones. 

Massive grey, arenaceous, dolomitic 
limestone ; weathering yellowish 
buff; underlain by thin-bedded do­
lomitic limestone with interbedded 
grt:enish siliceous shale weathering 
buff; arenaceous shale weathering 
buff, greenish, yellowish, deep red, 
and purplish. 

Thin-bedded siliceous and dolomitic 
limestones, underlain by massive 
bedded arenaceous limestones, cliff­
forming, weathering light grey to 
buff. 

Thin-bedded dark and bluish grey 
limestone interbedded with shale ; 
with 150 feet of Ogygopsis shale in 
Mt. Stephen and 'Burgess shale' 
in Mt. Field. 

Arenaceous dolomitic limestones ; 
weathering grey and buff. 

Siliceous shale, sandstone, and thin­
bedded limestone. 

Ferruginous quartzitic sandstone. 
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Table of Formations-Concluded. 

IGNEOUS ROCKS. 

Post-Cretaceous? .... Dyke intrusions . . ... Camptonite, ti11guaite, phonolite, ouachitite, etc. 
Alk ... !ine intrusion ... Nephelite syenite, sodalite syenite, foyaite, urtite, jolite, 

theralite, essexite, jaclipirangite, etc. 

NoTE--ColourR in this table refer to the fresh rock unless specified. 
1 The remaining formations first named by: C. D. Walcott-Nomenclature of some Cambrian Cor­

dilleran Formations. 8mithsonian Misc. Coll. Vol. 53, No. 1; 1908, pp. 2-4. 
• Thickness of formations determined by C. D. Wnlcott in Mt. Bosworth section-Smithsonian 

Misc. C0II. Vol. 53, No. 5 ; 1908, p. 216. 
3 Exposed above talus south of Lake O'Hara. 

DESCRIPTION OF FORMATIONS. 

gt. Piran and Mt. Whyte Formations. 

These formations consist essentially of quartzitic sandstones and siliceolis shales. 
Some beds contain ma~y annelid borings. There is a maximum thickness of almost 
3,000 feet of these beds exposed in the Bow range above Lake O'Hara, but a much 
greater thickness has been examined by Walcott on the east side of the rainge at Lake 
Louise. 

At the base of the north slope of Mt. Stephen about 600 feet ©f lower C!imbrian 
quartizitic beds are exposed in a small anticline on both sides of the Kicking Horse 
valley. 

Cathedral, Stephen, and Bldon Formations. 

These occur only in the northeastern portion of the area mapped this summer, 
and consist largely of calcareous and dolomitic beds as shown in the table. They 
are characteristically developed in Mts. Stephen, Cathedral, Odaray and in the 
Bow range. The Eldon in particular forms steep castellated crags on the erosion 
surface which make the formatiO!n readily recognizable. Many of these beds are 
fossiliferous ian:d it is in the Stephen formation that the "fossil bed," Ogygopsis 
shale of Mt. Stephen occurs, and the recently discovered fossil bed in the BurgeSd 
shale on Mt. Field.' . · 

Bosworth.,, Paget, and Sherbrooke Formations. 

These are ·best exposed in the Mt. Bosworth section, referred to above. It 
has not been possible to trace these formations to the southwest owing to a fault 
which crosses between Mt. Stephen and Mt. Dennis. The downthrow is on the 
southwest side, and beyond this break the beds are tightly folded and greatly 
metamorphosed so that fossils could not be found in them. This zone of highly 
sheared rocks occupies the great part of the Ottertail valley. The bedding of these 
rocks has become subordinate to the cleavage which has a general N.W.-iS.E. trend. 
The beds are sometimes tightly folded and in other placei! iare lyiing almost flat so 
that it is not possible to estimate the thickness represernted in this zone. The 
folding is prior to the shearing. 

Chancellor Formation. 

This formation is well exposed in the Ice River valley and especially in the 
base of Chancellor peak. It consists of a thick series of grey meta-argillites, well cleaved 
along the bedding 1plane, weathering reddish, yellowish, and fawn. This series con-

1 C. D. Walcott. Smithsonian Misc. Coll. Vol. 57, No. 3, 1911, p. 51 
26-1~ 
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tains upper Cambrian fossils. It is the lowest formation exposed in the Ice River 
valley, where it has a measured thickne3S of 1,660 feet,1 but on the northeast side 
of the Ottertail range it has an estimated thickness of over 2,500 feet exposed. In 
the Ottertail valley this formation can be traced down into highly sheared phyllitic 
slates and soft, calcareom1 argillites2 in which the bedJimg becomes subordinate to 
the cleavage. This sheared zone which includes the whole of the Ottertail valley 
has been mentioned above. Fossils could not survive this intense alteration. Less 
altered rocks corresponding to this zone may be found to the northwest, but until 
such are examined it will not be possible to correlate these badly sheared rocks with 
those upper Cambrian formations to the northeast. 

The Chancellor formation floors a part of the broad Beav~rfoot valley, but becomes 
faulted off in the side of the Beaverfoot range. It also forms the lower end of the Van 
Horne range towards Mt. King and Mt. Hunter. The reddish weathering character 
of these beds in the range is typical of the fo rmation. The top of the ridge on which 
Mt. Hunter is situated is composed of a band of massiV'e bluish limestone with thin­
bedded layers.• This· band pitches to the southeast aind disappears below the till­
covered floor of the' Beaverfoot valley about 2 miles above W apta falls. Walcott 
found upper Cambrian fossils in this limestone at this point. 

Ottertail Formation. 

This formation consists almost entirely of blue limestone, mass ive towards the 
top and rather thinly bedded towards the base. It has a measured thickness of 1,550 
feet in the I ce River valley: and in the Ottertail mountains overlooking the Ottertail· 
va lley it measured about 1,600 feet. In Limestone peak to the east of Mo0«e Crreek 
valley this formation is over 1,725 feet thick. Since this formation is especially well 
developed throughout the Ottertail range, fo rming a precipitous escarpment along the 
ea.st side, and since it cannot be correlated with any of those previously named, it 
has been given a name. 

A few foss ils were collected from these beds but no good species have yet been 
determimed which would defill\itely fix the age as upper Cambrian. 

Goodsir Formation. 

This formation is best exposed in the upper part of Mt. Goodsir where it has a 
measured and estimated thickness of 6,040 feet.' It lies conformably on the Otter­
tail limestone and consists at the base of almost 3,000 feet of alternating hard and 
soft bands of argillaceous, calcareous, and siliceous bands of slate which weather light 
yellowish grey and buff. These beds are especially well exposed on the east side of 
Moose creek where they give a striped appearance to the mountain. In Mt. Goodsir 
they are more massive in composition. In the summary for 1910 this well banded 
series with a thicknes9 of 2,975 feet was added to total thickness of sediment:;, but 
this series is only the more highly cleaved and metamorphosed beds of the Goodsir 
formation.• 

The upper part of this formation cons ists of banded cherts, cherty limestones 
and dolomites, thin-bedded and very dense siliceous beds weathering into angular 
fr agments. 

Fossils have been found in the lower half of the formation. These have been 
determined by ,Walcott. He recognizes four new specie:; which would place these 
beds in the Ordovician.' On both palreontologie anc1 lithologic evidence the boundary 

1 J. A. Allan. Summary Report, 1910. Geol. Survey, Canada, p. 137. 
2 R . G. McConnell. Ann. Rept .. Part D, Geo!. Survey, Canada, 1886, p . 25 D. 
3 R. G. McConnell. Ann. Rept., P art D, Geo!. Survey, Canada, 1886, p . 39 D. 
• J. A. Allan. Summary Report. 1910, Geol. Survey, Canada, p. 137 (No. 2 in table). 
• J. A. Allan. Summary Report, 1910, Geol. Survey, Canada, p. 137 (No. 3 in t able). 
• J. A. Allan. Summary Report, 1910, Geo!. Survey, Canada, p. 138 (No. 4 in table). 
1 C. D. Walcott. Cambro-Ordovician Boundary in British Columbia, etc.: Smith-

sonian Miso. Coll., Vol. 57, No. 7, 1912, p . 229. 
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between the Cambrian and the Ordovician in this district is placeJ at the top of the· 
Ottertail limestone and at the base of the Goodsjir formation. 

No fossils have been found in the upper hali of this formation although the beds.. 
have been examined to their highest horizon in the top of Mt. Goodsir. 

Graptolite Shales.' 

These shales occur in the Beaverfoot r ange and are rich in graptolites. They are 
well exposed in a creek a few yards west of Glenogle station. The same band was 
found 15 miles to the southeast on the same range, with the beds dipping ver,y steeply 
to northeast. They consist chiefly of very black fissile shales which weather into thin 
angular fragments. These Ordovician beds a.re faulted against the soft highly 
cleaved phyllitic slates which underlie the Beaverfoot valley. 

Halysites Beds.' 

These beds consist of white and brown quartzites, broW!Il siliceous shale, and grey 
dolomite. On account of the hardness of these bed.;; they form the top of the Beaver­
foot range. Certain beds are rich in corals, especially Halysites, which make them of 
Silurian age. The section through the Beaverfoot range has not yet been completed, 
so that the relatiO!Il. of these uppermost beds to one another has not been determined. 

Pleistocene and Recent. 

The deposits of glacio-lacustrine origin may be noted here. On the retreat of 
the g lacier from the Beaverfoot and Kicking Horse valleys a lake filled both of these 
depressions, into which the glacial detritos from the surrounding slopes was washed, 
together with material carried down by the remnant tongues of ice. This stratified 
gravel, sand, and silt form d,istinct terraces to an elevation of 4,650 feet. At Emerald, 
3 miles below Field, there are £.ve terraces noti ceable. 

In the upper part of Porcupine creek the gravels and sands have been cemented 
to a conglomerate. The present stream in one place has cut its course through the 
slates at the side of the old valley on account of the hardness of the conglomerate. 

Fluviatile deposits cover the broad portions of the valley floors. In the Kicking 
Horse valley they form a flood plain 2 miles wide and in several places ha"l"e 
aggraded the depressions left in the floor of the valley by the melting out of the ice. 

STRUCTUR,AL GEOLOGY. 

There is a large fault with a north-south trend between Cathedral mountain 
and Mt. Stephen, with the downthrow irn the latter. The displacement, which 
is over 1,500 feet, brings the lower Cambrian beds up against the middle Cambrian. 
This break continues to the south, passing between Mt. Duchesnay and Mt. Odaray. 
Another break with N.-S. trend cuts acros•s the shoulder of Mt. Bosworth aind follows 
south along Catar act valley. 

At the south end of Lake McArthur the lower Cambrian beds to the east are 
faulted up against the middle Cambrian to the west. The displacement is over 
800 feet. 

A large break with N.W.~S.E. trend passes between Mt. Stephen and Mt. Dennis, 
the beds in the latter having slipped down. This break in Mt. Odaray has been 
offset by the Stephen-Cathedral fault which shows that there were at least two 
periods of faulting. 

1 R. G. McConnell. Ann. Rep. Geol. Sun-ey, Canada, 1886, Part D, ],). 22. 
2 R. G. McConnell. Ann. Rep. Geo!. Surrny, Canada, 1886, Part D, p. 21. 
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In the Van Horne range the southwest side of the Mt. Hunter ridge is bounded 
by a fault. Another break follows along the northeast side of the Beaverfoot range. 
There are several small faults, especially in the vicinity of the igneous mass. 

All the main valleys are of pre-Glacial age widened and deepened by the action 
of the ice. 

ECONOMIC GEOLOGY. 

There are several occurrences of ore in this part of the Rockies, but 
little developm€!Ilt has been done on any of them. The Monarch mine on Mt. Stephen 
is the only one being operated at present. Most of the important prospects in the 
area have been examined and will be mentioned in this chapter. Other prospects 
and certain building and ornamental stones were described in the Summary for 
191Q.1 

Argentiferous galena, sphalerite, and copper sulphides are the principal metalli­
ferous ores. 

The following table gives the results of assays made from some of the ores by 
Mr. H. A. Leverin, chemist for Mines Branch. 

- Gold Silver Lead Zinc Copper Iron 
oz. oz. % % % % 

---------- --- --- ----------

(1) Black Prince Mining claim {Mt. Field) . .. . ..... non fl. o·s2 16'9 21·5 
(2) Wat~rloo Mining claim {Moose creek) ........ . . 0·5 2·90 3"69 16'10 1·59 27·30 
(3) Hercules Mining claim {Silver Slope creek) ... . . trace. 4·50 15·33 6'87 0·035 
(4) Sunday Mining claim (Ottertail river) . .. .... .. . " 5·12 15'66 31'68 a·25 

MONARCH MINE, 

The location and general description of the mine were given m the Summary 
Report for 1910, page 142. 

The mine is owned and operated by the Mt. Stephen Mining Syndicate of which 
Mr. J. A. Thomsan is managing director, with office in Vancouver. 

Mr. Harry Lavery id superintendent and has been empfoyed by the Syndicat;e 
to erect a concentrating mill suitable for the treatment of the ore, and to develop 
the mine so that the ore can be produced economically. The location of the ore 
body in the precipitous cliff of the mountain, over 1,000 feet above the railway, and 
the old method of getting the ore down, made the cost of production very high. 

On June 25, Mr. Lavery began work on the construction of a mill, which is 
lccated on the side of the railway at the base of the mountain. The mill and aerial 
tramway were completed in J anaury, 1912, and operations continued aft.er that date. 

It is a gravity concentrating mill 110 x 60 feet iin 5 bents with room for enlarge­
ment. It has a capacity of 50 tons per day. The machinery used is a Blake crusher, 
2 sets of rolls, trommels, Tamarack classifiers, Harz jigs, and Deister tables. 

The power is supplied by a P elton wheeJ. under a head of 280 feet which will 
generate HO H.P. The pipe lime is 1,706 feet long and the pipe at the head is 12 
inches in diameter, being gradually reduced to 8 inches at the wheel. The water is 
taken from . the stream coming down between Mt. Stephen and Cathedral mountain. 

The flre will be brought down from the mine by an aerial tram from an upper 
terminal in the face of the mou.nrtatn above the mill. From this terminal a drift 
will b« run for about 180 feet and a raise of 147 feet will conRect with main tunnel 
of the mine, about 180 feet from its mouth. 

The following mill-run was made: jig-aup !'rbducers gave 67 per cent lead, al!ld 
4 per crmt zinc; table products ran ·52 per ~t zinc andi 3.5 per coot lead; lead con-

1 J. A. Allan, Ice River District, Sammary Report, 1910, p. 141. 
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centrate gave 76 ·per cent lead and 4 per cent zinc; tailings· ran 0-6 per cent lead 
and 0·9 per cent zinc. 

The accompanying plan shows the workings in the mine. The main tunnel is 
about 380 feet long and follows along a vertical fissure. There are several cross 
fissures, some of which are followed by drifts. The ore is always in or along the 
fissures. In some , places the siliceous dolomitic limestone is highly fractured and 
crusted material is partly replaced by and cemented together with the lead and zinc 
ores. Pockets of almost pure galena or sometimes sphalerite are found along the 
cross fissures. The ore body is irregular and at the inner end. of the workings is 
bending round to the south, following the fissure. 

BLACK PRINCE MINING CLAIM. 

This claim is situated at an elevation of 5,050 feet on the south slope of Mt. Field. 
The mode of occurrence is quite similar to that in the Mona.rch m,ine on Mt. Stephen. 
The ore body lies along a fractured zoue in a siliceous dolomite, and varies in width 
from a few inches to 6 feet. The ore minerals are galena, sphalerite with some 
pyrite and a very small amom1t of reddi sh coating on weathered surfaces which 
suggests mimetite. The ore solutions have replaced some of the country rock and 
have cemented the broken fragments together in the shear zone. The development, 
which has been done by W. T. Oke, :>hows that the ore body is somewhat irregular 
along the fissure, which contains a gouge clay,' but the latest work shows up another 
pocket of galena ore in the end of the tunnel. An assay of the ore is given in the 
table, but is uindoubtedly too high in zinc for llln average sample. 

Prospects in the Ottertail Valley. 

There are several small prospects in the valley of the Ottertail and its tributaries, 
Frenchman, Haskins, and Silver Slope creeks, which are the first three large creeks 
antering the Ottertail from the west side. Some development work has been done 
en thest. within the last decade. All tht!' l•l'ospects occur in the highly cleaved slates 
of tht- Chancellor formation. 

There is nothing being done with these various prospects at present. The 
Canadian Pacific railway crosses the mouth of the valley and a good trail extends 
5 miles up Ottertail river. 

Each of these prospects will be mentioned briefly. 

SILVER SLOPE CREEK GROUP. 

This group consists of three claims, the Hercul&>, Phoenix, and the Tamarack 
mining claims. They are s~tuated at the head of the southeast branch of Silver 
Slope creek. The workings are at elevation of 6,800 feet, which is the border of timber 
line. On the Hercules claim a tunnel 200 feet long crosse3 the beds which strike 
S. 65° E . and 'dip 40° to 45° S. These beds, dipping into the mountain, consist of 
reddish weathering slates of the Chancellor formation. The ore occurs as small 
lenses in a bed of limestone 6 feet thick, interbeded with the slates, partly re­
crystallized, and seamed with calcite string·ers. On account of its hardness, this 
band stands out on the weathered surface. The ore minerals impregnating the 
limestone in irregular lenses and frequently in calcite stringers, are galena, 
sphale:r;ite, and pyrite, with .a. small amount of chalcopyrite and probably argentite. 

The tunnel was started 75 feet 'down the slope in order to strike the mineralized 
band at greater depth, but the end of the tunnel is still a few yards from where the 
ore should be reached. These claim,; were originally staked out and aasessment work 
done by Mei!.srs. W. T. Oke, T. Hebson, and Adams. Very large assay values have 
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been reported from picked samples. An average sample, which the writer collected 
from the mineraliwd band of limestone, gave the result:> of No. 3 in the table of 
assays. 

HASKINS CREEK PHOSPECT. 

A prospect at the head of this creek wa8' first workedJ several years ago by Mes>irs. 
Summers an·d Bullard. The workings have become filled up. The ore is largely 
chalcopyrite and pyrite associated with quartz as veins in slates. 

QUFIBEC MINING CLAIM. 

This claim is situated in Frenchma.ru creek which is the first large creek entering 
the Ottertail ri ver from the west and about 3 mil.es from the railway. This claim, 
together with the Ontario and the Empire, formed a group controlled by a syndicate. 
The workings on the Quebec are at elevation 4,625 feet or 900 feet above the r ailway. 
There are two tunnnels; the lower one is 1a.bout 200 feet long and has a shaft about 60 
feet deep at the inner end, the outer one is 175 feet long. The country rock is red 
weathering calcareous ~!ates highly cleaved and cut by quartz-calcite veinlets. In 
the3e veimlets the ore minerals are galena, tetrahedrite, azurite, malachite, py.rite, and 
some arsenopyrite. No work has been done on the property for over twenty years, 
but when in operation, a tramway, with wooden rails, about 2 miles long was built 
fr om the workings down to near the railway, where it was intended that a spur should 
recAive the ore. The ore was taken down in a car by gravity and the empty car 
hauled back by a mule. Only about 20 tons of ore were brought down when a forest 
fire destroyed a large part of the tramway, and development on the property wa~ dis­
continued. 

A lari::e boulder very rich in similar ore mineral s has been found on this slope 
in the woods which sugge:;ts some other occurrence of the ore in this slope of the 
range. 

ONTAHIO MINIKG CLAIM. 

This claim lies partly on the north s ide of the Ottertail river. A tunnel has 
been driven into the ~oft gree~ish slates and argill ites on the north bank of the river. 
but has since been coYered ·by talus. 

EMPIRE :MINING CLAJM, 

Very little development has been done on this claim. The exposure is about half 
a mile up the Otter tail river from the railway. The ma.in tunnel has become closed 
up, but t wo small prospect holes show the greenish soft argillites rund calcareous 
slates &sured, and these breaks filled with quartz calcite sericite which carry chal­
copyrite, tetrahedrite, galena, and some bornite. The ore minerals sometimes occur 
in small pocl;ets along fracture or between the veins and the highly cleaved slates. 
A vein 1 to 3 inches wide of pure galena was noted along a joint fr acture, i1n which 
the galena showed evidences of having been intensely squeezed. 

SUNDAY MININ G CLAIM. 

This clain1 with two others, the Monday fraction and another fraction, form 
aJJother group. 0£ these only the Sunday will be mentioned. The workings are 
situated opposite th-0se of the Empire and consist of a shaft 100 feet deep, but now 
fill ed with water. The main tunnel is about 75 feet long and cuts across the strike 
of the soft greenish calcareous slates and argillites. The ore minerals are sphalerite, 
galena, pyrite, chalcopyrite, with a little tetrahedrite. The gangue minerah are 
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fluorite au-d calcite, occu;rring as veins along and across the bedding of the slate and 
also in pockets along fractures or small faults. The fluorite varies from white to 
greenish blue colour; one pooket of this mine11aJ. is 1 foot in diameter. There is not 
enough of this mim.eral to give it an economic value. Sphalerite is frequently associ­
ated with the fluorite. Ore mineral's can be readily separated from the gangue. A 
small amount of develo:;;iment work was done during the paBt summer. Assay No. 
(4) in the table was made from an average sample collected from the veins contain­
ing the ore. 

WATERLOO MINING CLAIM. 

This prospect iB situated at an elevation of 7,100 feet, near the head of Moose 
Creek v<111ley, alild was described in Summary Report for 1910.1 The ore minerals are 
sphalerite, galena, chalco;pyrite, pyrrhotite, arsenopyrite, and pyrite in a gangue of 
quartz and calcite, which occur as segregations in or along fault planes in a mica 
porphyry sheet lying almost conformable with the bedding of the siliceous limestones. 

A representative ore sample taken from this prospect by the writer gave assaJ. 
No. (2) in the table of assays. 

Other Prospects. 

In Porcupine creek con;:;iderable prospecting has been done. About 3 miles up 
tht3 valley at an elevation of 4,300 feet small fracture.:; in a dolomitic slate are filled 
with vein material, 1 to 6 inches wide, consistinig of :fluorite, :£erruginous dolomite 
(ankerite), muscovite, and some lepidomelane. The ore minerals are argentiferous 
galena and pyri'tes; these occur segregated in the gangue. 

In Mt. Field a short tunnel has be8111 ·driven along a quartz vein 2 to 4 feet wide, 
which follows the strike of the ferruginous quartz interbedded with soft, chloritic 
slates. The ore minerals are chalcopyrite, tetrahedrite, malachite, and azurite. 
These minerals @ccur both in the v~in and along its sides. 

On the south slope of Mt. Stephen at an elevation of 7,200 feet mirt1ing locationa 
have been made on quartz veins along fissures in dolomitic limestone. Chalcopyrite 
and the carbonates .are the essential ore minerals. 

MERCURY. 

Native quicksilver is reported t o have been found in the gravels of the Kicking 
Horse valley in the vicinity of Field. This metal was first found by Mr. Flindt in 
a water pipe in the Mount Stephen Hotel, which must have come from the source 
of the water ~upply . in the southwest slope of '.Mt. Stephen. Some of this material 
was sent to the Survey office. At a later date five s·amples of gravel were collected 
by Mr. C. E. Cartwright, consulting engineer, Vancouver, from the flood gravels 
within 2 miles of Field, and were :panned by Mr. C. M. Bryant, Vancouver, with 
the result that a trace of quicksilver was found in three out of the five samples. 
Mr. Busteed, general su~erintendent Canadian Pacific Railway Company in Van­
couver, also stated that be obtained quicksilver oy panning the gravels "from the 
edge of the river a few hundred feet below the bridge," 0pposite Field station, from 
a depth of about 2 feet bel(!)w the surface, "where the high water had cut down 
about that t'!epth." 

These facts seem to show that the quicksilver does occur disseminated through 
even the surface gravels in the floor of the Kicking Horse valley and that its source 
must be in some of the surrounding mountains. Two claims have been staked out 

1 J. A. Allan, Summary Report, 1910, Geol. Survey, Canada, p. 141. 
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on the talus on the southwest slope of Mt. •Stephen about the intake of the water 
supply for the hotel. A considerable amount of work was done in an attempt to 
locate the source of the mercury, but without results. 

Some time was spent by the writer at the beginning of the £eld season in 
exami1I1ing the rocks in Mt. Stephen, Cathedral, Field, and the Yoho valley. The 
most likely rock was assayed for mercury, but no trace 9f this mineral was found. 
Nevertheless, it seems possible that some compounids of this metal may occur even 
withiin these mountains which may have given rise to the native quicksilver n-0w 
found in the gravels of the Kiaking Horse valley. 

Cinnabar is reported to have been found several years ago in a massive lime­
stone ridge on the north side of the valley between Emerald creek and the Amiskwi 
river. It was also found! in a calcite vein close to Glenogle station in the lower 
Kicking H-0rse canyon.1 

MARBLE. 

Within the past year claims have been staked for marble in the Yoho valley. 
A cross-section of this band of marble is exposed at the switchh1.1Ck on the Yoho road, 
2 miles :from the mouth of that river. At this point it has a thickness between 
350 and 400 feet. The rock is a dolomitic marble and varies largely in both colour 
and texture. In colour it is dark grey, mottled grey with white spots or vice versa, 
light grey, white with greyish bands a fraction of an inch in width, and pure white. 
These last two types e>ccur towards the top of the band and are of the most economic 
importance. The rock takes a smooth polish, the grained material can be readily 
carved and will take a shal.1p edge. This band -0f marble extends along the eastward 
slope of Mt. Ogden which makes the quantity very large. 

The exposed surface of the marble is badly fractured so that it would be hard 
to get large blocks of the material, but this fractured zone may not be very deep. 
The presence of small cavities in certain layers is also detrimental to the value of 
the marble. Py.rite is only sparsely scattered through certain layers "which might be 
avoided in quarrying. 

No development has yet been done on the property. The beds are lying almost 
horizontal with a maximum dip of 12 degrees. The railway is less than 2 miles 
distant and on the same elevation. 

GRAVEL. 

There is an extensive deposit of stratified glacial gravels more than 100 feet 
thick in the valley of the Kicking Horse river between Field and Ottertail. At 
Emerald, 3 miies below Field, the Canadian Pacific Railway Company have installed 
a washing plant in which the clayey material is washed from the gravels, giving a 
clean product which is used for ballast. 

CLAY. 

A small deposit of clay of glacio-lacustrine or1gm occurs in the Yoho valley 
about 3 miles from its mouth. It is yellowish in colour when wet and much lighter 
in colour when dry. The lime content is high in it and the £nest powder is gritty. 
This material might be manufactured into an earthenware or a variety of pottery. 

At the town of Field there is a colluvial clay- of indefinite extent, washed down 
from•·the talus slope of shales and argillites between Mt. Stephen, and Mt. Denni:S. 

Another small lake deposit of glacial clay or silt occurs near the head of Ice 
River valley at the l5ase of Chrunoollor .~k. The clay is light buff in colour and 
highly calcareous. Tests on this silt prove it to be of very low grade and of little 
or no economic importance. 

1 R G. McConnell. Annual Report, 1886, Part D, p. 41. 
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CAMBRIAN OF THE KICKING HORSE VALLEY, B.C. 

(Charles D. Walcott.) 

In conti·nuation uf the field work of the season of 1910, a camp was established 
on the north side of Burgess pass, 3,000 feet above Field, a trail was built up to the 
fossil bed on the west slope of the ridge between Mount W apta and Mount Field, 
and the systematic quarrying and collecting of fossils continued from July 20 until 
September 9. A section of the Burge:;s forma.tion in which the now celebrated fossil 
bed occurs, wa~ measured as follows:-

SECTION OF BURGESS SHALE OF THE STEPHEN FORMATION. 

Typical Locality.- East side of Bmgess pass on west slope of Moun t Field, 
facing towards Mount Burgess and Emerald lake, B.C., Canada. 

The Burgess' t>hale is overlain by massive bedded arenaceous limestones of the 
Eldon formation.' 

a. Greenish coloured argillaceous shales ........ .. ....... . ....... . 
Annelid trails. 

b. Grey arenaceous limestone .............................. . ........ . 
c. Bluish-black and grey finely arenaceous shale a.nd thin layers of 

grey, rough sandstone in massive layers ................... . 
d. Grey arenaceous magnesium limestone in massive bbds, that 

break up into thin irregular layers. Some of the thin layers 
'veather buff and others dirty-grey, passing gradually into 
more and more shaly beds of bluish-grey colour and buff 

Feet. 
6 

3·6 

24-6 

weathering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Fauna.-Fragments of fossils and trails. 

e. Coarse highly arenaceous limestone . ............. . ........ ...... . 
f. Grey siliceous shale in beds 2 to 4 feet thick, weathering greyish-

4 

buff, and banded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Fauna.-Fragments of trilobites. 

g. Finer grained shales than in f , and with thin layer s of grey 
siliceous, slightly calcareous, shale . . . . . . . . . . . . . . . . . . . . . . . . . . 80 

Fauna.-Large and varied. Locality <35 k) 
10 

Among the species identified are the following:­

Sponges-
Vauxia gracilenta, n. g. and n. sp. 

Annelida-
Banffia con;stricta Walcott. 
Pollingeria grandis Walcott. 
Ottoia prolifica Walcott . 

Brachiopoda-
M icromitra (JphideUa) pannula (White) . 
Nisusia alberta Walcott. 

Pteropoda-
Hwolithes carinatus Matthew. 

1 Smithsonian Misc. Coll., Vol. 'ii, JDJJ, p. 51. 
• Idem, Vol. 53, 1908, p. 3. Idem, 1910, µ. ~OS. 

Inches. 
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Crustacea-

Opabinia ? media Walcott. 
Y ohoia plena Walcott. 
Burgessia bella Walcott. 
B identw diffecilis Walcott. 
Carnarvorijia venJosa Walcott. 

Feet. 
h . Bluish-grey, fine, strong, arenaceous and siliceous shale. About 

90 feet down the shales became thinner and da1ker .. ...... 228 
Fauna.- Between 30 and 40 feet from the base the Phyllopod 

fauna occurs in great abundance. The described species 
a r e listed on page 190. 

Total thickness of Burgess shale................ . . ......... . 420 

189 

Below, the Stephen1 formation conti:nues downward as a thin-bedded bluish 
limes to mi. 

D etaifod section of the Phyllopod beiA that occurs between 30 and 40 feet from the 
base in the lower part of h. 

The Phyllopod bed is overlain by a bed of slightly arenaceo us shale of a bluish­
dirty-grey colour. This :ihale weathers on exposed edges to a yellowish ochre-brown 
colour, and ~erves to mark the upper horizon of the Phyllopod becC · At the fossil 
quarry i t has a thickness of 19 inches. 

1. Bluish-grey shale with partings of dirty brownish-grey shale ..... . 
2. Dirty-grey earthy shale . . . . . . . . . . . . . . . . . . . .. ... . . .. ... . ...... . ..... . . 
3. Thick layers 3 to 4 inches in thickness, of bluish-grey very compact 

hard siliceous sh ale. ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . 
4. Dirty-grey shale... ..... ... . . . .... . . . . . . . . . . . . . . . .............. . ..... . 
5. Bluish-grey~ tough, brittle layer of siliceous shale .... ....... . ....... . 

Fauna.- t11edusre, Holothurians, Annelids, Crustaceans. 
6. Bluish-gr ey compact shale tha t splits on partings, finally on lines of 

bedding . ... . .. .. . . . .. ....... .... .. ...... . . .. . ..... . . .. .. . .... .. . . 
7. Alternating dirty-grey and bluish-grey shale . . ... . .. ... ... ....... .. . 

Fauna.-Th is i s the great Hymenocaris perfecta bed, and also con­
tains many Annelids, Sponges, and Crustaceans. 

8. Same as 6. 
9. Dirty-grey earthy shale . . . . . . . . . . . . . . . . . . . . . . . . ...... .. ... . ....... .. . 

10. Solid bed of bluish-grey hard compact shale that splits more or 
less evenly parallel with the bedding of the layers ; ... ... . .... . . 

Fauna.-Spgnges, Annelids, Pteropods, Crustaceans. 
11. Dirty grey earthy shale......... . .. . . ...... ... ...... .. . . . .... ....... . 
12. Very fine bluish-grey compact shale ........... ... ...... .. ..... .. . . .. . 

Fauna.-Marrella splendens layer . 

In ches. 
21 
8 

12 
2 
2 

8 
9 

2 

16 

1 ·5 
1-5 

Total thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... 7 feet 7 inches. 

Below 12 the shales are more or less irregular, arenaceous, and not favourable for 
the preservation of fo~sils. 

The layers at the fossil bed have a very gentle clip to the eastward. A short 
di stance to the westward they dip abruptly downward and dioappear beneath the 
debris slope. 

The fossil bed is limited in extent by a fault on the nor th that has brought the 
Eldon limestone down against them, and by shearing and breaking a short distance 
to the south. The fossil quarry is n ow 65 feet in length on the 5teep slope of the 
ridge, with a floor extending back into the ridge 10 feet, and ·a vertical wan on the 
back side of from lO to 12 feet. About 150 cubic yards of the shale h ave been quarried 

1 Smithsonian Misc. Coll. Vol. 53, 1908, p. 3. Idem, 1910, p. 209. 
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BIIld s,plit up. The fossils are scattered more or less irregularly, and are rarely very 
abundant, with the exception of a few species. 

The fauna thus far deacribed_ from this remarkable deposit is as follows:-

BURGESS SHALE FAUNA. 

Annelida.' 

Amiskwia sagittifoT'mis. 
Miskoia preciosa. 
Aysheaia pedunculata. 
Canadia spinosa. 
Canadia setigera. 
Cana~a sparsa. 
OanaiN!a dubia. 
Canadia irregularis. 
Selkirkia major (Walcott). 
Selkirkia fragilis. 
Selkirkia gracilis. 
Wiwaxia corrugata ('.Matthew) . ·~ 
Poilinger'ia grandis. 
W orthenella cambr'ia. 
Ottoia prolifica. 
Ottoia minor. 
Ottoia tenuis. 
Banffia constricta. 
Pikaia gracilens. 
rEsia disjuncta. 

Holothurians.2 

Eldonia ludwigi. 
Laggama •cambria. 
L'ouiJsella peduncuki,ta. 
M ackenzia costalis. 

Medusre2 (Scyphomedusre). 

Peytoia nathorsti. 

·, 

Crustacea (Brianchiop0da1
). 

Opabinia regalis. 
Opabima ? media. 
Leanchoilia 18uperlata. 
H abelia optata. 
Emeraldella brocki. 
Y ohoia tenuis. 
Bidentia diffi,cilis. 
Malaria spinifera. 
N athorstia transitans. 
N araoia cornpacta. 
Marrella <splenflens. 
Burgessia bella. 
Anomalocaris gigantea. 

Crustacea (Malacostraca). 

W aptia fieldensis. 
Hymenocaris perfecta. 
Hymenocaris ? circularis. 
Hymenocaris obliqua. 
Hymenocaris ovalis. 
H ym·enocaris ? parva. 
Hurdia victoria. 
H urdia tr'iangulata. 
Fieldia 'lanceolata. 
Carnarvonia venosa. 
Tuzoia retif era. 
Odaraia alata. 

Crustacea (Trilobita'). 

M ollisonia symmetrica. 
M ollisonia gracili.s. 
M ollisoma ? rara. 
TonfJoia kwaguntensis. 

Crustacea (Mero:ltomata"). 
Sidneyia inexpectans. 
A mieUa ornata. 

The Burgess shale undulates with more or less aharp anticlines and synclines 
across the broad pa.ss and disappears beneath the mass of limestones of Mount Bur­
gess. With the exception of the localities on the weatern slope of Mount Field and 

'Smithsonian Misc. Coll. Vol. 57, No. 5. 
2 Idem, No. 3. 
1 Idem, No. 6. 
•Smithsonian Misc. Coll. Vol. 57, No. 6. 
•Idem, No. 2. 
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its north ridge, no distinguishable fossils were found in the shale. The Burgess 
shale is a part of the Stephen formation which is exposed CJ1I1 the northwest slope of 
Mount Stephen, above Field. 

Van Horne Range.-A reconnaissance made in the vicinity of Leanchoi1 station, 
about 18 miles southwest of Field, resulted in the discovery of Cambrian fossils in 
the railway cut just east of Leancholil station; also at W apta falls, southwest of 
Leanchoil. The finding of these fossils in eastward dippimg be<M is important, as it 
.proves that Mr. McConnell's impression of the structure of the Van Horne range 
anJ the Ottertail range just to the south of the Oanadian Pacific Railway track, as a 
broad synclinal, was essentially correct. 

From the northern slope of Mowat Vaux the synclinal nature of the Van Horne 
range was very clear. 

The limestoneS< of the southwest ridge of Mount Hunter strike to the northwest 
and appear to be above the fossil-bearing rock just east of Leanchoil. 

Traces of fossils of apparently Cambrian age were found in Hoodoo canyon, 
between Chancellor peak and MoU111t Vaux. I noted in this canyon large light­
grey quartzite sarn<lstorn~ boulder;;, with many verticai annelid (Scolithus) borings 
filled with white quartz. The borings were more irregular than those of Scolithus 
linearis, and are from ·5 to 1-0 millimetres ia diameter. The only other recognizable 
fossil is a small species of Acrotreta that occurs in a dark bluish-grey limestene. 

On September 14 I camped on Amiskwi pass and found in the nearly liorizontal 
limestone layers on the northwest side of the pass, traces of upper c~mbr.ian trilo­
bites that probably belonged to the lower thin-bedded limestones of the Bosworth 
formation. 

All field work was suspended after Septembe): 20, owing to a heavy fall of snow. 
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GEOLOGY OF BLAIR!MORiE MAP AREA, ALBERTA. 

(W. W. Leach.) 

During the season of 1911 only two months, September and October, were spent 
m the field. · 

LoCATION AND AREA. 

The district under examination is situated in the eastern or Alberta entrance 
to the Crowsnest pass amd is one of great importance on account of the extensive 
coal mining operations being there carried on. The map, now being compiled, will 
cover an area 17 by rn miles in extent and! will be published on a scale of 1 mile 
to 1 inch. The towns of Blairmore and Frank on the Crows Nest branch of the 
Canadian Pacific railway are situated near the centre of the map area sheet. 

PREVIOUS WORK. 

Dr. Dawson in 1883-4 travened the Crowsnest pass and in a general way out­
lined the chief geological features (see Report on the Bow amd Belly Rivers reg,ion 
1882-3, and Report on a portion of the Rocky mountains, Vol. I, 1885) . In the 
year 1902 the writer spent the summer in this district, the results obtained, together 
with a sketch map, being publisheP. in the Summary Report for 1902. In 1903 
Messrs. Brock and McConnell wrote a special report on "The Great Landslide at 
Frank, Alberta," issued by the Department of the Interior, Part VIII, Annual Report 
1903. 

SUJ\DL\RY AND CONCLUSIONS. 

As the time available for fi eld work was very limited it was considered advisable 
to devote the greater part of it to measuring as accurately as· possible a section 
across the whole of the strata represented in the area so that the relative pos itions 
of any characteristic beds, which might be used as horizon markers, could be deter­
mined. As several faults of great throw are present and the rocks are often severely 
folded it will be seen that thi s is a matter of much importance in determining the 
available amount of coal present. 

The main structural features of the district to the west of Blairmore are a 
"number of great step faults with persistent easterly downthrow, which bring the 

coal-bearing horizon to the surface at several places. The line of faulting in nearly 
all cases follows closely the strike of the beds. To the east of Blairmore the strata 
have been subjected to much folding, complicated by a number of faults. 

The strike of the beds is approximately north and south so that the railway 
crosses it nearly at right angles and many active mining camps have sprung up in 
the vicinity of the various outcrops of the coal-bearing strata. 

The class of the coal produced here is essentially of the steaming and coking 
variety and is much used for railway purpooes, while a large nmnber of coke ovens 
are either in commission or under construction. 

Near Burmis station, at the eastern edge of the map sheet, a very extensive 
fault with easterly downthrow cuts off the Kootenay coal-bearing formation, the 
Burmis outcrop being the last one to the east. 

The most prominent horJzcm markers noted in the field are : a ma 0 ive, very 
lrnrd cherty conglomerate at the base of the Dakota formation and immediatel:v 
overly ing the coal-bearing beds ; a thin bed of bluish, shaly lime3tone, associated 
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with seal-brown weathering calcareous sandstones, and occupying a middle position 
in the Dakota formation; the volcanic breccias and ash beds overlying the Dakota 
and overlaiin, by the Benton shales, and a bed of very ha.rd, siliceous light-weathering 
sandstone, about 20 feet thick, which occurs about 500 feet above the base of the 
Benton shales. 

The similarity in general appearance of the Benton and the Fernie shales is 
apt to lead to confusion when, by faulting, they are brought into juxtaposition. 

TOPOGRAPHY. 

The Orowsnest river cro3ses the map sheet diagonally with a couree approxi­
mately northwest and southeast and occupies a wide terraced valley with a com­
paratively light gi-add.ent, thus affording an easy route for the railway to the summit 
of the Crow.snest pass in which it takes its rise. 

In the area to the west of Blairmore, to which last season's operations were 
confined, all the principal streams entering the river with the exception of York 
creek follow generally the strike of the rockii> and have, in consequence, nor·th and 
south course3; York creek, however, cuts across the str,ike nearly at right angles. The 
crests of the ridges, intervening between the streams, as a rule follow the outcrop 
of some of the harder beds, while tl}.e valleys in many cases are underlain by the 
softer shales. The higher points of the ~idges rarely exceed 7,000 feet in elevation 
while the river valley is comparatively high, the elevation of Blairmore station being 
4,226, ;;o that the maximum Jifferenrce of relief seldom reaches 3,00'0 feet. 

GENERAL GEOLOGY. 

TABLE OF FORMATIONS • 

Quaternary. . . . . . . . . . . . . .. . . ..... . . . . . . Glacial and river drift. 
((1) Allison Creek Sandstone (Belly River?) 
I (2) Benton-Niobrara . 

Cretaceous ... . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . -{ (3) Crowsnest Volcanics. 

Jurassic . .. . ......... . 
Devono-Carboniferom. 

I (4) Dakota(?) 
l! 5) Kootenay . 

. . . . . . . . . . . . . . . . . . . Fernie Shales. 

DESCRIPTIOK OF FORMATJOX:-: . 

Devono-Carboniferous.-The Palrnozoic rocks included in this area consist almost 
entirely of maissive limestone with some thin beds of quartzite and calcareous sand­
stone towards the top. They form the backbone of the Livi;gstone range and of 
Bluff and Turtle mountains, but have not as yet been studied in detail and no attempt 
has been made to ascertain the total thickness of these rocks represented here. 

Fernie Shales.-These rocks overlie the Palrnozoic limestones apparently con­
formably and as their name implies, consist largely of very fissile shales, usually 
dark grey in colour, but also contain a few thin arenaceous bands and some more 
massive beds of clay shale. The line of demarcation between these shales and the 
overlying Kootenay formation ~s not very sharply drawn, but may be assumed to be 
at the base of the lowest heavy bed of sandstone underlying the coal seams. 

Owing to the soft character of these beds very few natural exposures are to be 
seen. Almost invariably they occupy valleys or depressions and are heavily drift-

26-13 
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.covered; the harder sandstones of the Kootenay and the massive Carboniferous 
limestone usually forming the ridges on either side. 

South of the railway opposite Blairmore, the Fernie shales are exposed in two 
pits which have been opened for the purpose of obtaining shale which is used in the 
manufacture of cement nearby. A section measured there from the topmost 
exposure of the Pa1reozoic rocks to the base of the lowes·t outcrop of Kooteruay sand­
stone showed a maximum thickness of Fernie shales of 750 feet. A great part of 
the ground at that point is covered so that it is possible that this thickness is too 
great. 

On York creek, a short way below the fan-house of the Interruationa1 Coal Com­
pany, the F ernie shales are again exposed to some extent. There, however, the base 
of the beds is not seen, being cut off by a great fault, and the shales· themselves are 
tremendously crumpled rendering it impossible ·to obtain even an approximate idea 
of their thickness. N o fossils were foUiild in these rocks in thi1s district, but from 
fossil evidence gathered elsewhere they have been determined to be of Jurassic age. 

K o•otenay.-This formation is of the greatest commercial importance containing, 
as it does, all the coal seams now being exploited in this district. It is composed 
of an uppermost bed of hard cherty conglomerate in a siliceous matrix, massive, 
moderately hard, dark-coloured s.andstones, thin-bedded dark sandstones, grey, black, 
and carbonaceous shales and a number of coal seams. The following section was 
measured on York creek near the fan -house of the International Coal and Coke 
Company:- (Descendring order. ) 

1. Hard, siliceous, ch er_ty conglomerate ...... . . .. .... ...... ... .... . .. ... . 
2. H ard, dark grey, thm-bedded sanddtone ...... . .. . ... . ... . . . ... . . .. .. . 
3. Partly cover ed, sh aly sandstone and dark shale . ... . .... . ... .. ...... . 
4. Coai . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... ... ..... . 
5. Carbonaceous shale, thin beds of shaly sandstone and two thin c:oal 

seams (8 inches and 14 inches) ....... .... ...... ... . . .. .. .. .... ... . 
6. Coai . . .. .. ... .. ..... . ..... .. ...... ... ........... .... ................. . 
7. Thin-bedded sh aly sandstone and grey and carbonaceous shale ... .. . 
8. Grey and brown shale . . . . . . . . . . . . . . . . . . . . . . . . . .............. . ....... . 
9. Hard. siliceous dark grey sandstone ...... .. ..... ... ..... . ... . ....... . 

10. Partly covered, carbonaceous shale, t hin beds of shaly sandstone, 
and thin seams of coal (a 3 foot seam 50 feet from top} . .. . .. .... . . 

11. Coal .. ... ...... .... . ... . ... ... . .. ... ........ ........ .... .. ... ..... ... . 
12. Mn ssive, rather coar se, greenish sandston e .. . . .. ..... . .. . .. ... . .. . 
13. Covered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .... . 
14. Gr eenish, 01·umbly, thin-bedded sandstont:' . . . .. .... .. ... .. .... .. ... . 

Feet. 
19 
12 
36 
16 

30 
10 
55 
20 
38 

165 
8 

41 
40 
75 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 565 
Total coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. 38 feet 10 inches. 

The last sandstone bed is underlain conformably by, the Fernie shale. This 
section is not complete and as the beds are in places locally crumpled may be con­
sidered as subject to revision. 

Elsewhere in the field a coal seam was noted underlying the hard, thin-bedded 
sandstone imme.diately below the conglomerate (No. 2 of section); it was not seen 
at this point but the outcrop may be drift covered. It is generally rather irregular 
in character and is locally known as No. 1 seam. 

A large proportion· of the coal mined at Coleman and Blairmore is from the 
16 foot seam (No. 4 of section) , known as No. 2. . 

From Turtle mountain westward along the valley of Crowsnest river, the 
Kootena.y r ocks outcrop in three roughly parallel 'b ands due to two large faults. The 
most easterly outcrop i<s at Blairmore, the second about three-fourths of a mile 
fa rther west, .and the third at the westel1ll end of the town of Coleman. 

A section of part of the Kootenay formation, including the principal coal seams, 
compiled by the West Canadian Collieries from information obtained in a short 
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tunnel and a number of open-cuts in the first, or Blairmore outcrop, about 1! miiles 
north of that town, is as follows :-(Descending order.) 

1. Conglomerate .. ." .... .................... . 
2. Coal. . ... .. .. .. . . ........... .. . .. . . . 
3. Sandston e and shale ............... . . . ... . 
4. Conglomerate . . . . . . . . . . . . . . . . . . . . . . . . 
5. Coal. . ....... .... ................. . .. .. . 
6. Shale ...... .... ........... . . ........ ... . . 
7. Coal. . .. . ... ........... ..... .. .. . . . . . ........ . 
8. Sandstone.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9. Coal. . . ... .... ..... . .. . . ........... ....... ... . 

JO. Sandstone .. . . . . . . . . . . . . . . . . . . . . . . ... ... .. . . 
11 . Coal. . . . . . ...... . . . ........ .. . ........ . .... . 
12. Sandstone and shale . . . . . . . . . . . . . . . . . . . . . . . . . . 
13 . Coal. . .................... . .... ..... . ...... . 
14. Shale .... ... . .. . . .... ...... . ............. ... . 

Total.. . . . .... . ..... .. ..... .. 
Total coal .. ...... . .... . . . .. ... . . . 

Feet. Inches. 
27 
10 
53 
8 

17 
1 6 
3 6 

24 
3 6 

42 
17 
65 

6 

277 
57 

6 
0 

The 17 foot Eeam or No. 2 (No. 5 of section) is probably the same as that now 
being mined by the West 'Canadian Collieries at Blairmore on the south side of the 
river. 

An incomplete section measured near the Blairmore mine showed a total thick­
ness of Kootenay rocks of about 610 feet. 

On the second1 outcrop (three-fourths of a mile west of Blairmore) , but li t tle work 
has been done and that merely surface prospecting, No. 1 seam underlying the con­
glomerat e ha.ving been stripped at one point just south of the railway. The fault 
which briings the Kootenay rocks to the surface here apparently lies very close to the 
east of the conglomerate outcrop, and it is po;;sible that the lower seams are cut off 
and never reach the surface here. 

To the north of the railway along the strike of the str ata the Kootenay rocks 
are not seen, the fault evidently cutting the strike of the beds at a narrow angle 
in such a manner that the overlying Dakota beds outcrop on either side of it. 

The third or Coleman outcrop is very persistent and regular and has been 
t race®, and · the coal seams uncovered, for long distances both to the north and south 
of the railway. The McGillivray Creek .Coal and Coke Company and the Inter­
natiomal Coa.1 and Coke Company are operating mines on this outcrop on the north 
and south sides of the valley respectively. The York Creek section given above was 
measured on the Coleman outcrop where cut by York creek about 2 miles south of 
t he town of Coleman. 

The age of the Kootenay formation has been determined by fossil evidence 
(chiefly plants), to be lower Cretaceous with the possibility that some of the lower 
beds should be included in the J urassic. No fossils have been as yet determined 
from the area under consideration ; the nearest locality where any have been obtained 
being the South Fork of the Oldman river (about 10 miiles ·southeast of Blairmore), 
where .Dr. Dawson collected some fossi l plants among which .Sir J. W. Dawson 
recognized PoJozamites lanceolatus (Linde) and Zamites Montana (Dn.). (See 
Annual Report, Vol. I , p. 58 B ) . 

Dakota (?).-This formation overlies the Kootenay without any evidence of uncom­
'formity ·unless the conglomerate at the top of the Kootenay should mark a short 
cessation of depos·ition at that period. 

The Dakota consists essentially of sandstones, varying greatly in colour and 
texture, with one thin bed of bluish shaly limestone towards the middle of the series, 
which, on account of its persistent nature, serves as a most usefml horizon-marker. 

The formation as a whole appears to show marked differences in total thickness 
within comparatively short distances, as the following measured sections wiill indicate . . 

26-13!-
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(1.) Section measured from top of K ootenay conglomerate at second outcrop, 
three-fouTths of a mile west of Blairrnore station to first outcrop of volcanics on 
Y ork creek near dam site =2,.200 feet. 

(2.) From top of Kootenay conglomerate near fan-house on York creek to base 
of volcanics at Forks of York creek = 2,500 feet .. 

(3.) From top of Kootenay conglomer ate on north end of l\foGillivray ridge to 
base of volcanics on l\fa butte= 2,865 feet. 

(4.) From top of E:ootenay beds at Coleman along road to base of volcanics in 
ra1ilway cut = 2,8'10 feet. 

The most complete section was that measured near Ma butte and is as follows:­
(Ascending oTdeT.) 

1. Yellowish-weathering, soft sb aly light-greenish sandstone with 
some irregular, t hin, harder beds ........ . ... . ..... .... .. ..... . 

2. Moderately b ard greenish sandstone .. .. ...... . ....... . .. ........ . 
3. Shaly light-jl'reenish SlJ:ndstone ...... . . .. .. .. ....... . .... . . . .... . . .. . 
4. Moderately nard ~reemsh sandston e . ... . . . . . ...... . .. .... ........ . . 
5. Shaly, hght-greemsh sandstone . . . . . . . . . . . . . . . . . . . .......... . ..... . 
6. Massive, hard, coarse-grained, light-grey sandstone ..... . .. ... . . .. . 
7. Sbaly light-greeni sh sandston e . . . . . . . . . . . . . . . . .. ... . .. . ......... . .. . 
8. Bluish shaly limeston e . . . . . . . . . . . . . . . . . . . . . . . ...... .. ...... . . ..... . 
9. Cover ed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . .... .. .... . .... . 

10. Mass ive, seal-brown-weathering calcareous sandstone, darii: greenish 
grey on fr esh fracture, alternating with shaly, dark green 
sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ... .. . .. ·. 

11. H ard, r ather thin-bedded, coarse-grained, greenish sandstone with 
obscu re plant impression s . . ... .. ... .... .. ..... . ....... . .. . .... . 

12. Mostly covered, a few exposures dark-greenish, shaly sandstone 
and some thin beds of seal-brown-weathering calcareous sand-
stone ... .. . .... .... ... .. .. . .. .. . .... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

13. Generally dark, bottle-green, very crumbly, shaly sandstone with 
irregular pat ch es of cla r et-coloured argillaceous sandstone a nd 
a few thin beds' of seal-brown-weathering calcareous sandstone. 

14. Dark, fine-grained cb erty conglomerate . . ..... ..... ... . ..... . .. . .. . 
15. Dark, bottle-gr een crumbly san dstone with ir regular claret-

coloured pat ches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... ... . . 
16. Hard-massive, light-grey sandston e . . . . . . . . . . . . . . . . . . .. ...... ... . . . 
17. Dark green, crumbly sandstone with irregula r dark red patches . . 

Total. .. . . ... . .. . 

Feet. 

550 
15 
35 
12 

340 
16 

190 
14 
20 

226 

40 

370 

510 
8 

370 
65 
84 

2,865 

Generally speaking the lower beds up to the limes.tone are light in colour, usually 
greenish in tint and weatheTing yellowish. These are followed by several hundred 
feet of strata in which calcareous beds predominate, while the upper members are 
dark in colour, green being the pTeva iling tint although the irregular dark red 
patches are very noticeable. They are almost always soft and readily-weathering, 
breaking up into small angular fragments. 

The conglomerate noted here is not very persistent, being missing in the other 
measured sections, although on York creek a prominent outcrop of conglomerate was 
seen, but relatively much lower down in the section. On the e11>st flank of McGil­
livray ridge a thin bed of volcanic material was noticed, consisting of a.sh rock a.nd 
agglomer ate about 1'2 feet in thickness and occupying a position about 250 feet above 
the limestone bed. This was not seen elsewhere. 

N o recognizable fossil forms were observed fill. these r ocks, but obscure plant 
impressions are frequent, and on York creek, near the top of the formation, two 
small streaks of coaly material were seen. Dr. Dawson collected a number of fossil 
plants from .similar beds on the northwest branch of the Oldman river. He esti­
mated the zone at which they occurred to be about 400 feet below the Crowsnest 
volcanics. 

The following species were recognized by Sir Wm. Dawson:-
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Alnite& ins,ignis ?, Dn. 
Platanus affinis, Lesq. 
Macclintoclcia Cretacea, Heer. 
Lauroph.yUum debi le, Dn . 
• A ralia, sp. 
Paliurus montanus, Dn. 
Juglandifos Cretacea, Dn. 

(See Annual Report, Vol. I, page 88 B.) 
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Crowsne.st Volcanics.-These rocks consist of an important intercalation of vol­
canic breccias, tuffs, andi flows, .varyiing in colour from purplish to greenish-grey, .and 
in texture from coarse agglomerates t o fine-grained ash beds. These r ock;; were in 
1905 microscopically and chemically examined by Mr. C. W. Knight, am<l from about 
sixty specimens he distinguished four predominant rock types, viz : aug~te-trachyte 
breccia, tinguaite, andesite tuff, and analcite-trachyte tuff.1 

At one point where these rocks cros,:; the Crowsnest valley near Coleman, Dr. 
Dawson noted "small segregations of copi:;er pyrites forming scattered granules in 
some of the agglomerates.'" 

These rocks oross the valley of the Crowsnest river at two points, the most 
easterly bei:ng about ~ miles west of Blairmore, a.nd the second about 1 mile west of 
Coleman. ·At the first of these outcrops a total thickness of 440 feet was measured, 
while to the west of Coleman they reach a thickness of 1,150 feet. 

It appears that the volcanics reach their greatest thickness about 2 miles te the 
east of Crowsnest mountaitn, thinniing out rapidly to the eastward. They have 
been traced in a north and south direction for over 45 miles, but at both extremities 
are only a few feet thick. 

0111 account of their superior hardness and homogeneity these rocks usually out­
crop on the crests of comparatively high north and south ridges, and have been found 
especially usefu1 m work ing out the structural features of the area. 

B enton Niobrara.-The volcanics are overlain conformably by a great 
thickness of shale;;. It .seems probable that thooe are referable to the 
Benton formation, possibly ineluding rocks of Niobrara age towards the 
top. Th,is series consists almost entirely of shales, but includes at least 
two sandstone beds. The lower of theoo occurs about 250 feet above the 
volcanics, is about 12 feet thick, dia rk-coloured, thin-bedded, and often ~how.;; 
'l:ipple markings, and secondary quartz developed along jointage planes. The upper 
sandstone bed is found a•bout 220 feet above the :first; it is a notable horizon-marker, 
being apparently very persistent throughout the area, and by reao>on of its superior 
hardness is often foUIIld outcropping when the softer shales on either side are com­
pletely drift-covered. This bed is usually from 15 to 20 feet thick, is very siliceous 
and hard, and, although generally dark grey on fresh fractures, weathers to light­
whitish tints. 

From the volcanics to the :first sandstone the b.eds are composed of :fissile, dark 
grey shales with a few thin dark arenaceous beds. Between the sandstones the shales 
are generally somewhat ;;andy, often rusty-weathering and showing sparsely scattered 
clay ironstone nodules. The upper sandstone bed is overlaid by dark sandy shales 
and shaly sandstones for 1·50 feet, which are succeeded by dark rusty-weathering 
sandy shales and grey nodular clay shales. 

On account of their soft, readily weatherim.g nature the;;e rocks are seldom well 
exposed, and where seen frequently show considerab1e minor folding and crumpling; 

1 See "Analcite-trachyte Tuffs and Breccias from Southwest Alberta": C. W. Kni ght, 
Canadian Itecord of Science, Vol. IX, No. 5. 

2 See Annu al Report, Vol. I, page 69 B . 
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in consequenC€ any estimate of their thickness must necessarily be approximate 
only. It seems .proba:ble, however, that they are at least 2,750 feet thick amd possibly 
several hundred feet more. 

The best section available of these beds is seen on York creek, but even there 
exposures are few especially towards the top of the formation. On Pelletier creek 
the lower members of the series are well seen in ma.ny places. 

A number of fossils were found at various exposures on York and Pelletier 
creeks; of these Dr. Raymond has identified:-

Scwphites ventricosus, Meek and Ha;rdien. 
Inoceramus labiatus, Schlotheim. 

On the northwest branch of the Oldman river, Dr. Dawson collected a number 
of fossils from this formation, the following of which were identified by Dr. Whit· 
eaves:-

Pholadorn.rya papyracea. 
Scaphites W arreni. 
Scaphites vermiformis ?.1 

Allis'on Creek Sandstones.-A se1~ies of sandstones succeeded the dark shales 
apparently conformably; they are generally ;;oft, of pale greenish to yellowish shades, 
weather to hlght colours, and are rather coar•Se in texture. The lower beds of this 
series are well s~ on York creek, ~bout half a mile below the fan-house, where 
about 250 feet are exposed; above this point they are cut off by a lal'ge fault. 

On McGillivray ridge a measured section showed 1,900 feet of these rocks, when 
they are again interrupted by faulting. 

The sandstones are somewhat similar in appearance to the lower members of the 
Dakota, but differ from the latter by being usually of lighter colours, more massive, 
and in not so readily disintegrating into crumbly angular fragments. 

It is pos;;•ible that these beds are equivalent to the Belly River ser.ies, but as no 
fossils have as yet been found it was decided to use the above name provisionally. 

STRUCTURAL GEOLOGY. 

From Turtle mountain westward the rocks almost everywhere dip to the west, 
at angles varying from 30 to 70 degrees, except in a few instances where the soft 
shales of t he Kootenay and Benton formations were seen locally crumpled. As 
before mentioned the coal measures, and the other formations in part, have been 
repeated three times between Turtle mountain and the western boundary of the area. 
The repetition is due to two very extensive faults, the most easterly, which may be 
termed the Blairmore fault, crosses the valley about half a mile west of Blairmore 
station while the second or Coleman fault passes through the town of that n ame. 

The strike of both faults follows that of the rocks closely, although at times 
cutting the latter at very small angles. The dip of the fault plane has in neither 
c ase been clearly seen; at several points on the Blairmore fault it seemed to be nearly 
vertical and similar conditions were noted in several ·minor faults. Assuming that 
the dip of the fault planes in both the large faults is vertical the throw of the Blair­
more fault must be close to 2,000 feet and that of the 'Coleman fault over 8,000 feet; 
the downthrow being in each case to the east. 

The topography of the country does not appear to be materially affected by the 
faulting, but depends on the nature of the rocks, the alternating ridges and valleys 
following approximately the strike of the harder and softer rocks respectively. In 
many cases the crests of the higher ridges are composed of either the volcanic rocks 

1 See Annual Report, Vol. I, page 89 B. 

• 
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or the hard cherty conglomerate forming the upper bed of the Kootenay formation, 
while some of the valleys, notably the upper end of Blairmore Oreek valley, follow 
the strike of the soft Benton shales. 

RcoNoMrc GEOLOGY. 

Coal mmmg is by far the most importaint industry in this district, but until 
the map is completed and the structure more fully worked out, it is impossible to 
eve.n approximately estimate the amount of ava ilable coal. Three companies are 
operating to the west of Turtle mountain. The West Canadian Collieries at Blair­
more, and the McGillivray Creek Coal and Coke Company and the International 
Coal and Coke Company at Coleman, while considerable prospecting has been under­
taken. by the Head syndicate on the Coleman outcrop where it crosses the headwaters 
of the South fork of the Oldman river. 

At Blairmore the Rocky Mountain Cement Oompaniy is utilizing the Carb01I1i­
ferous limestone and the Fernie ahales in the manufacture of cement; both materia1s 
are quarried in ·open pits and transp9rted to the plant by aerial trams. During WlO 
the output of cement from this· plant exceeded 60,000 barrels, the daily capacity being 
about 500 barrels. 

BURMIS IRON ORE. 

At the end of the season a hurried visit was made to a number of iron claims 
in the vicinity of Burmis station, about 11 miles east of Blairmore. These claiillil 
have been prospected by means of open-cut:; and! a short tunnel a.long a li:ne extending 
for about 8 miles northwards from a point near Burmis station; most of the 
prospecting, however, having been done near the northern extremity of this lime on 
the headwaters of Cow creek. 

The iron-bearing beds occur interbedded with a series of soft, rather coarse, 
light-coloured sandstorues which outcrop along the foothills 2- or 3 miles east 
of the Livingstone range. This range is composed of Palreozoic limestone with a 
narrow belt of the coal-bearing Kootenay formation, evidently with a faulted con­
tact, lying along its eastern flanks. The sandstone series containing the iron-bearing 
beds apparently: forms part of the upper Cretaceous group which extends eastward 
towards the prairie, but as no fossils were found and its stratigraphical relations not 
seen, its proper horizon is not known. It is evident, however, that the great fault 
noticed in the Orowsnest valley near Burmis must extend northward, a short dis­
tance east of the Livingstone rang·e, and with its eastern downthrow brings together 
the Kootenay rocks ~d the upper Cretaceous. 

On the most northerly claims, where most work has been done, there are at least 
three iron-bearing beds contained in a thiclmess of not more than 250 feet of strata; 
the rocks here, however, are rather severely folded, causing difficulty in identifying 
the beds on which the various openings have been made. 

In the valley of a small creek, rising in the Livingstone range, three distinct beds 
were seen, on the middle one of which a tunnel about 100 feet in length has been 
driv~ with a cross-cut 34 feet long, driven to the we.:;t, at the tnd. The tunnel and 
the first 20 feet of the cross-cut are in ore, but unfortunately this work was done on 
the axis of a synclinal fold with gentle dip on its easterly limb and slightly over­
turned to the west, the result being that at the tunnel entrance the ore is lying 
almost flat while at the end of the cross-cut it is standing vertical. The ore is also 
somewhat fractured, is much slickensided, and shows considerable calcite developed 
along fracture planes. It is impossible at this point to gain a fair idea of the size 
or quality of the deposit. About 200 yards to the south of the tunnel an open-cut 
on the same bed also near the axis of the syncline shows i t to be 8! feet thick and 
fairly uniform in character. 
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Another open-cut about one-half mile south of the tunnel exposes a second bed 
which is probably below the fir st and· is here 101 feet thick. The strnta at this point 
are nearly horizontal, dippi1I1g from 5 to 8 degrees to the west; and the ore appeprs to 
be of a very uniform nature. A sample taken aeross the bed in this cut was an:llysed 
by the Mines Branch with the following results:-

Fe (metallic).. . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . ... 
SiO,.. . . . . . . . . . . . . . . . . . . . . . . . ...... . 
CaO ......... . ... . 
MgO.. .. .. .. ... .. .. .. . . ·· ·· ·· ·· ·· ·· ·· 
TiO, .... . .... . ....... . ...... . .. . . .. .. .. . 
P ..................................... . 
s ... . ....................................... . 

39·80 per cent. 
18·33 " 
2·21 
2·25 
5·56 
0·073 

trace. 

The writer was informed that there are a number of other opening~ hoth to the 
north and south of this point, but none of these were e.."\":amined with the exception 
o.f a couple of small cuts, about 1 mile north of Burmis, where two beds of ir~n 
ore were seen. The ore, where stripped, was found to be dipping with practically 
the same angle as the slope of the hill so ·that it was difficult to measure the thick­
ness of the beds, the larger bed showing about 5 feet and the ;;maller 3 feet of ore 
with the top in neither case clearly defined. 

A sample of the smaller and richer-looking bed was taken and analysed by 
the Mines Branch, the results being as follows:-

Fe (metallic).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55·50 per cent. 
SiO, ........ . . . .. .... . .. ... . 
Cao ........ . ..... . .. . ...... . . ·· ·· ·· 

12·53 " 
2-78 

MgO.. .. . . .. .. .. .. .. . ...... . 0·52 
TiO, ... .. . . . . . . . .. . ........ . 5.74 
P ......... . .. . .... . 0 10 
S ............ . .... . trace. 

It would appear that this deposit consists of a number of beds of indurated black 
magnetic sand, probably in the form of an ancient shore concentration. Under 
the microscope the ore was seen to be composed of more or less rounded particles of 
magnetite, quartz, and augite with a little secondary calcite, apparently derived from 
plagioclase, the whole being cemented with iron oxide. It is possible that the 
titanium dioxide shown in the above analyses may be due, at least in part, to the 
presence of sphene or rutile; if this is the case a product might be obtained by some 
method of magnetic ccmcentration, sufficiently free from titanium to be of commercial 
value. Experiments are now being conducted in order to ascertain the nature of the 
titaniferous minerals present in the ore. 
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I. 

GEOLOGY OF ROCHE MIETTE MAP-AREA, JASPER PARK, ALBERTA. 

(D. B. Dowling.) 

INTRODUCTION. 

The activity in prospecting for coal in the Yellow Head Pass region, noted in 
the Summary R eport for 1910, was continued during the past summer and has 
resulted in the establishment of a shipping mine-the Jasper Park collieries. Coal 
seams were also found east of Brule lake at no great distance from the Grand Trunk 
P acific, so that when there is a railway on ea.ch ba'Ilk of the Athabaska four coal­
mining centres will probably be actively engaged in producing coal. That is, a mine 
or mines on each side of Brule lake and others farther westward on either bank of 
the Athabaska, above Fiddle creek, will furnish coal to the Canadian Northern and 
the Grand Trunk P acific railways. 

The energies of the party during 1911 were expended mainly on the mapping of 
the abo, e-mentioned areas of economic importance. The previous season having been 
devoted, in the main, to mapping the southern portion of the coal area west of Fiddle 
creek, therefore the continuation of this area north of the Athabaska and those areas 
to the east of the first range received more particular attention this season. 

The topographic details secured, consist of various traver<>es of roads and streams 
made to supplement the photogmphic records obtained while extending the triangula­
t ion inaugurated last year. The photographic work was carried out by L. H. Gass 
and A. J . Merrill, and the triangulat ion and angular measurements were by S. E. 
Slipper and E. H. Orser. Traverses were made by all the members of the party as 
opportun1ity arose, and it i,.; a pleasure to record the cheerful Rn<l energetic assistance 
rendered. 

SUMMARY AND C ONCLUSIONS. 

The coal-bearing Kootanie formation, of lower Cretaceous age, forms two coal 
areas, each of which extends in a general N.W.-S.E. direction on both sides of the 
valley of the Athabaska. One of these coal areas is situated east" of the first range 
of the Rockies and crosses the Athabaska in the neighbourhood of Brule lake. The 
second lies to the west of the first, inside of the first range of the Rockies. 

The lower Cretaceous rocks brought up in the eastern coal area, east of the first 
range of the · Rocky mountains, form .an an>ticlinal ridge. There is evidence that 
DevonO-:Carboliliferous rocks were overthrust from the west for a short distance nn 
these Cretaceous beds. The anticline reached its maximum uplift in the hill knowrn 
as Folding mountain, and the denuded northern end of the hill shows that the Car­
boniferous limestones form its axi3, while overlying coal-bearing Cretaceous beds are 
present only as an encircling band. A part of the eastern limb of the anticline is av·ailable 
·as a coal-mining area, and probably also a part of the western which, however, may 
be either much crumpled or overridden by the Devono-Carboniferous. South from 
this point of maximum upthrust, the elevation of the outer range decreases and it 
seems probable that the Kootanie rocks will be found exposed in several of the ridges 
which form the continuation of the Folding Mountain anticline, Northward the 
a.nticline is very hard to follow since, where it cro::>ses the Athabaska valley, erosion 
has been heavy and the strata are largely hidden by detrital matter. In the hil1s to 
the north and west of Brule lake, the anticlinal axis, along which outcrop the coal-
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bearing beds of the upper part of the Kootaruie, is seen in close proximity to the £rat 
range where it is very evident that the western limb of the Cretaceous antic1iill.e 
passes beneath the Devono-Oarboniferous lim6'>tones of the £rst range. These Cre­
taceous beds may also be seen beneath the same limestones on the south side of the 
river in Drystone creek. 

The coal area inis ide the first range crosses the Athabaska from the valley of 
Moose creek on the north and follows south along the east face of the range which ter­
minates at the river in Roche Miette. The southern .part is divided along its length 
by a brok~ anticline which shows in places older strata. The eastern portion 
is probably a narrow basin in which only the low~st seams are likely present . . _The 
western part, which is a monoclinal block for part of its length, presents more favour­
able coruditions for mining from the edge of the valley by tunnels along the seams. 
Three workable seams of steam coal in beds of 5, 10, and l3 feet, respectively, have 
been prospected at the Jasper Park collieries situated in this western portion. 

North of the Athabaska the eastern trough narrowe, finally disappears, and at 
about 4 miles from the river the basin ma.y be said to be unbroken except for folds 
in the measures toward the western edge. At the cany;on on Moose creek, half a mile 
below the crossing of the 6th principal meridian, a small seam of coal is found below 
a conglomerate band. Above the canyon, at a point 3 miles up stream, five workable 
seams have been discovered, for which details are given later. 

TOPOGRAPHY. 

The general structure of the Rocky mountains from the International Boundar* 
north to the Saskatchewan river is that of a series of westerly dipping fault block~ 
of similar strata restimg agaim;t each other. A repetition of form and of strata, and 
a continuity in the ranges, therefore, obtains., but in going northward, more diversity 
in the form of the blocks is noticeable. The uniform westerly dip and the regular 
repetiticm of beds is to a great extent replaced by folding of the strata, while a greater 
variety in the outline of ridge:; is apparent. This departure from the regularity of 
form that holds in the south, is exemplified in the district visited this 1mmmer. This 
district forms a part of the. outer ranges of the Rocky mountains, and is crossed in 
an east-west direction by the deeply- eroded valley ·Of the Athabaska river, into which 
drain several streams fl.owing between the tilted and folded blocb of strata that form 
the rnnges. 

One mounitain chain occurring in the southwestern part of the district, seems to 
be quite persistent although its general direction is deflected at the Athabaska. A 
flat-topped, cliff-sided point on thls range, south of the Athabaska, has long borne 
the name Roche Miette and forms one of the most striking features in the land­
scape. Betwetin this range and the foothills, the mountains, largely owing to their 
geological structures, are more irregular. 

In the northern portion of the map-area, the outer ridges are the upturned edges 
of the harder beds of a wide fault block. At the Athabaska river, this block shows 
signs of longitud'inal folds and breaks, which, farther south, have prevented any 
continuity of the ranges. One short ridge south of the Athabaska, occupying a posi­
tion in advance of the mountains, is plainly caused by a simple fold, and the arch 
so formed-a short ridge of limestone exposed by the erosion of the softer rocks of 
the original surface-bears the descriptive name, Folding mountain. 

The foothills near the Athabaska valley are not prominent and to the south 
are somewhat irregular especially near the mountains ; to the north the ridges have 
steep faces towards the mountains and long easy slopes northeastward. 

The dTainage channels that are cut through the mountains or foothills in many 
instances seem to owe their origin to breaks in the upthrusted blocks. 
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The stream occupying the Ath!lbaska valley above Brule lake is, for some dis­
tance, depositingi coooiderable fine-grained material along its bed, and its present 
meandering course by many channels, through a swampy fl.at with the evidence of 
discarded channels, seems to indicate that it has partially filled a former lake which 
extended from Brule lake to Jasper lake, and that possibly the present shallo_~ 
basins may eventually become silted up. The presenc~ at Brule lake of lake 
deposits at elevations of 100 feet above the present water level tends to show that 
probably the outlet has been lowered. 

Gravel terraces similar to those in the -Saskatchewan and Bow valleys are found 
at elevations up to 300 feet above the present river. These probably belong to the 
same period as the transported deposits known as the ,Saskatchewan gravels. 

The tributary streams entering on each side are moving a large amount of gravel 
into the Athabaska valley and in almost every case show a steady growth of fan 
deposit near the mouth. Thus at the mouth of Fiddle creek, the steeper grade of 

. the tributary stream has enabled it to move material toward the Athabaska river that 
could not be removed by the current of that stream. Consequently the river has 
been forced over against the rocky walls of the ridges on the north sid-e. At the 
mouth of Moose creek a smaJ:ler collection of river-borne material forms a fl.at fan, 
which occupies a part of the river fl.at. Thi:; appears to be due to the activity of the 
current of Moose creek and its growth shows a corresponding influence in deflecting 
the course of the river away from the north bank. The large tributaries, such as 
Rocky and Stone Indian rivers, which enter the Athabaska from both north and 
south, may have been the cause of the formation of Jasper lake, by moving material 
into the valley and thus forming an obstruction partially damming back the water. 
Brule lake, although it seems to be silting up, has no doubt also been lower·ed by the 
erosion of the barrier at the outlet. This barrier consists of tilted beds of Cre­
taceous sandstone that, separated by shale, form a succession of hard ribs. The 
channel which is being cut through them from Brule lake t o the mouth of Prairie 
creek, although it has a fairly uniform and heavy gradient, is still in process of 
erosion where it crosses each of the ribs. The gradient of the channel through this 
barrier steepens perceptibly a short distance below the lake, and there are several 
rapids. None of them, however, are at the outlet, so that the erosion, still going 
on, does not immediately threaten the existence of the lake. 

F OREST. 

The largest extent of green forest, containing t imber of marketable size, occupies 
a triangular area of country lying to the east of Brule lake. Other fairly large areas 
of unburned timber are found within the mountains, on the fl.at lands through which 
wind the many channels of the Athabaska river. Another area of green forest extends 
in patches from the head of Drystone and Prairie creeks to the western sources of 
McLeod river. Although throughout the district there are, here and there, small 
patches of living t rees, the greater part of the original forest has been burnt. This 
burnt forest , however, remains standing, or when fallen, decays very slowly and is 
!ree from borers. There is thus a large quantity of material in a dry state that 
should not be allowed to rot or by subsequent burning further destroy the soil and 
seedlings already springing up. The measures to be taken to remove this material which 
is an eyesore and an obstacle to travel through the country may be successfully arrived 
at. In the vicinity of the mines, much of it can be used as lagging and in timbering. 

NATIONAL PARK. 

The facility with which the mountains can be reached s1nce the construction 
of the Grand Trunk Pacific railway to the mouth of Miette river, offers great induce­
ment to those seeking change for health or recreation, and the adaptability of this 
area for health and pleasure resorts may be noticed. The scenery of Jasper pa rk is 
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plea,sing, since the valley of the Athabaska which is wide and well furnished with 
lake-like stretches of water, forms a contrasting foreground to the mountain peaks 
and ranges on either side. The outer ranges, while not grand masses, are sufficierutly 
high to afford difficulties in mountai.rl! climbing, beside:>' which they offer in their 
folded strata, studies in the great processes of mountain building and evidences of 
the mighty forces of nature. The approach to the mountains by way of the Atha­
baska valley offers ever-changing scenic views of river stretches and wooded hilli, 
above which can be seen the rugged ridges of the outer range. The upper waters 
of the Athabaska have their origin in the main range and in this, at no great distance 
from the railway, some of the highest peaks in the Canadian Rockies are to be found. 

A new town, Fitzhugh, is now being laid out at the mouth of Miette river, a few 
miles above the site of Wm. Henry's old trading post, and from it the adventurous 
have choice of many high peaks. The picturesque Maligne lake, the description of 
which is from the pen of Mrs. Schaffer, the first lady, and possibly the first explorer, 
to describe its valley,1 is withi1I1 a distanice of less than two days' travel from the t own .. 
A survey of its waters was made thi,,; season by Mrs. Schaffer, and will n o doubt 
appear in one of the geographical magazines. 

Another townsite is being surveyed at Fiddle creek, and it is also the location 
for a large hotel selected by the Grand Trunk P acific Railway Company under the 
shoulder of Roche Perdrix, commonly called Fiddle mounrtaitn. From thi s point it 
is proposed to construct a road to the hot springs, a dist ance of about 7 mile:> up 
Fiddle creek, passing through a very rough ca:n~on. The waters of the springs, of 
which there are several in a group, vary in temperature-the highest observed being 
127 F .-and give off a decided sulphurous smell. The medicinal value of the springs 
has been tested by the workmen on the railway colllstructionr with favourable results 
to alleviate rheumatic attacks induced by exposure and hard labour. 

TRANSPORTATIO::-< . 

Traina on the Grand Trunk Pacific railway are run west as far as Fitzhugh, 
near the mouth of Miette creek and the site of Henry House. Progress is being made 
on the construction. of the lilll.e through the pass, but on Miette creek this is retarded 
by considerable rock-cutting. The difficulty in the construction of the piers for the 
bl'idge across the Athabaska camed considerable delay and a temporary structure was 
ultimately used. The Canadian Northern Railway Company is also actively engaged 
in the constructioo of a through lin~ to the Pacific coast, and the section from Edmon­
ton to the mountains will probably be completed during 1912. This road passes 
through the park on the northern and western side of the Athaba:>ka. The coal areas 
on both sides of the river have thus excellent :>hipping facilities in two directions­
eastward to the network of railways traversil!lg Alberta and Saskatchewan, and west­
ward through British Columbia to possible smelters requiring coke. 

GENERAL GEOLOGY. 

The section of the consolidated rocks of this district includes a sequence of beds 
from the middle Cretaceous downward to and including argillites, sandstones, and 
limestones of Cambrian age. The crests of mountain ridges are almost wholly of the 
harder members of this series, namely the heavy limestone beds referred to the Car­
boniferou:> and Devonian. Among the formations so far recognized are certain thin­
bedded, shaly sandstones found between the red beds of the Triassic and the lime­
stones of the Carboniferous, to which in the absence of fossils , either a Permian or 
upper Carboniferous age might be assigned. There is also a series of :>hales between 
the Devonian and Cambrian rocks in which no fossilis have been found. These are 
provisionally referred to the Silurian but may be lower Devonialll.. 

'Bull. Geo!. Soc. Phila. Vol. VII, No. 3, 1909. 
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TABLJ~ OF FORMA'l'IO X:S. 

Recent . ..... .. . . . . . ... . .............. . . ... . .... ... . .. . .... River deposits. 
Pleistocene . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . Boulder clays. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... Cemented gravels (simibr to 
Saskatchewn.n gravels). 

Cretaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . In the disturbed area. of the foot­
hills, beds of the Edmonton 
series are found. In the 
mountains the lower part of 
the Cretaceous is exposed. 

Jurassic . . . . . . . . . .. . . . ..... . . , . ..... ......... .... ........ . . Shales and sandstones. 
'l.'riassic and Permian..... .. .. . .... .. .... . . .. . ... .. .. ....... Red and yellow sn.ndy shn.les 

and ybllowish sandy dolom­
ites . 

Carboniferous .. ....... . ........ ... ... . . . . . . . . . . . Limestones and shales in thick 
beds . 

Devonian . ............... ... ... .. . .. . . . . .. . . . . . . . . . . . Heavy bedded limestones. 
Silurian (?) .. . ..... . ........ . . . . . .. . .... . 
Cambrian ....... . .. .. .. . .. ......... . . .. . ... ... . .. . . . . . .... . 

CRETACEOUS. 

Kootanie Formation. 

Shaly limestones. 
Yellow sandy limestones n.nd 

reddish argil ites. 

The beds of this formation are the highest of the Cretaceous exposed within the 
mountains at this latitude and are the coal-bearing beds of the foothilla and moun­
tain. areas. They are of fresh-water origin, though salt water deposits are not entirely 
.absent . Plant remains are to be fo und throughout the whole thickness of the 
measures. A small collection of plants was brought from these beds on one of the 
branches of McLeod river from the Nikanaasin basin. The species represented as 
-determined by Dr. Knowlton include the following:-

Podozamites Lanceolatus, (L. and R.) Nahorat. 
Sequoia Reichenbachii, (Geinitz) Heer. 
Sequoia Smittiana ?, Heer. 
Oleandra gramnirefolia, Knowlton. 
Zamites acutipennis, Heer. 
Aspleni1im Diclcsonianum, H eer (of Dawson). 

From the shales above a coal ·seam at Folding mountai'll!, Mr. W. J . Wilson and 
Dr. Knowlton recognize the following forms:-

Sequoia Reichenbach ii, (Geinitz) Heer, and Sphenolipidum K urrianum, 
Heer. 

The sections as found south of the Athabaska, when compared with those of the 
Bighorn basin, are found to be somewhat similar, having in each a conglomerate 
'band beneath the productive part of the coal measures. North and east the princi­
·pal apparent change is the introduction of beds of conglomerate in the upper or coal­
'bearing portioniS. 

A varying amount of the Cretaceous is exposed within the mountains. Since it 
is not certain that the top of the Koot~nie io present, an estimate of the total thick­
nes.s is not possible. 

JURASSIC. 

Fernie Shales. 

The best exposures of the:>e beds occur on Fiddle creek below the mouth of Sul­
a:>hur creek, and consist of black shales, among which sandatone beds are distributed. 
These sandstone beds contain marine shells. Ln the first rib of sand~tone below the 
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plant-bea ring beds of the Cretaceous, and separated from them by 100 feet of shales, 
forms similar to Arctica (Oyprina) occidentalis and N emodon suZcatinus were found. 
The first of these is recorded by Dr. Whiteaves from the lower shales of Queen Char­
lotte islands, and regarded as Jurassic. The seccxnd is probably one of the forms 
from the same horizon described under the name Arca (Nemodon). 

Below and separated from these sandstones by approximately 100 feet of dark 
shales, lies a ·econd sandstone rib. In this, specimens of Gryphaea planoconvexa, 
Ostrea strigicula, and a species of Terebratulina were found. Of these Mr. Raymond 
says: "The fossils and their mode of occurrence strongly suggest the Ellis forma­
tion of Montana and the Yellowstone National park." The Ellis formation has been 
ccnaidered as Jurassic, and this, therefore, furnishes the :first correlation between the 
Fer.n.ie shale horizon and the Jurassic of Montana, although previous to this the 
Jurassic age of the Fernie shale and the lower shales of Queen Chariotte islands has 
been admitted. 

TRIASSIC AND PERMIAN. 

In the Cascade basin the beds included in the above were the Upper Banff shale 
and the Rocky 'Mountain quartzite. Here a subdivision has not as yet been made. 
The series consist of reddish shales and dolomites resting on yellow to brown shales 
and sandstones or quartzites. No fossils have been collected from any of the beds, 
but the presence of Triassic rocks in the mountains along the Brazeau has been 
established by the :finding of fossils of the Monotis type. The Monotis beds on Peace 
river to the 111orth are also included in the TriaS8ic. 

PALiEOZOJC. 

Oarbonif erous. 

Immediately beneath the thin bedded brownish quartzites and shale:; there are 
two heavy limestone formations separated by thinner bedded limestones and dark 
shales, which occupy positions similar to the Upper and: Lower Banff limestones. 
The Lower Banff shale, which in the south separates these limestones, is here of some­
what similar character, but occupies a much greater thickness in the section. From 
the upper limestone band a few fos~ils were collected, but their determination is only 
provisional, and detailed study and comparison with those fro~ Ban:ff may alter the 
list considerably. · 

The thickness of the two limesto111.e bands, with intervening shales, approximates 
only about 3,000 feet, which even with the addition of the shales below would be 
thinner than the Banff section. 

Devonian. 

The rocks of Roche Miette show a heavy limestone bed of a somewhat yellowish 
weathering appearance superimposed on shales and sandy limestones, the lowest of 
which represent horizons below the Devonian. It is probable that the same heavy 
limestone is repeated in the cliffs on the west side of Brule lake. The Roche Miette 
limestone is thus similar to the Intermediate beds of the Bow River section. From 
the lowest part of thi,;; limestone Mr. McEvoy collected the following':-

A tryp'a reticularis, (Linne). 
Dyphyphyllum, sp. 
Oyrtina, sp. 
Spirifer (or Spiriferina), sp. 
Casts of elongated spiral gasteropod. 

'Ann. Rep. Geo!. Survey, Vol. XI, p. 29 D. 
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Our collection from Mr. Raymond's list includes:­

Syringopora, sp. 
Favosites cf. F. digitalus, Rominger. 

These are from the loose material on the face of the limestone. 

207 

From the summit a.nd in thinner beds than the mass of the heavy limestone 
band, t4e forms found are :-

?roetus, sp. ind. 
Schucheriella, sp. ind. 
Oyrtina, sp. ind. 
Atrypa reticularis (Linne) var. 
Gypidula cf. G. comis, Ha11. 
Fish tooth. 

Mr. L. M. Lambe has furnished the following description of the fish tooth men­
tioned in the above list:-

"The small, anterior, detached fish tooth, labelled 'summit of Roche Miette, 
Alberta, D. B. Dowling, 1911,' is apparently referable to .the , genus Helodus, Agassiz, 
of the Palreozoic selachian family Cochliodootidae. 

"The specimen was embedded in bluish-grey limestooe holding many fragments 
of crinoid stems. It is tmnsversely elongated and arched, and rises in the centre to 
a roundedi prominence. Its measurements are: diameters, 12·7 mm. by 4·6 mm., 
max. ·height, 4 mm. The surface of the crown is smooth and exhibits . numerous 
minute punctre. 

• "Detached teeth which have been refer red to this genus occur in· the Chemung 
(upper Devonian) of Pennsylvania. Over a dozen species have been described from 
the Subcarboniferous of the central States (Iowa, Indiana, etc.), and the genus is 
spariing]y repiresented in the Coal Measures of Illinois. The Carboniferous Limestone 
series of Great Britain has furni shed material for a ·number of specific forms. 

"As the fish tooth from the summit of Roch e Miette is not apparently referable 
to any knowtn species of the genus to which it is considered to belong, and as this 
gt;nus ranges from the Chemung up into the Coal Measures, there is no evidence sup­
plied by the tooth in question as to the exact age of the limestone beds in which it 
was found, whether they are uppermost D evonian or belong to a rather higher 
horizon. 

"A portion, of another fish tooth, labelled 'Falls, north side of Athabaska river, 
Brule lake, Dowling, 1911,' is preserved in a piece of limestone similar to that from 
Roche Miette, and also holding numerous remains of crinoid rings in a like state of 
preservation. This locality is within 6 miles of Roche Miette. 

"The second specimen is incomplete and con.;;i sts of a portion of a flat-pnvemnnt 
tooth. The part preserved is four-sided with two rounded angles, one of the sides 
heing the line of fracture. It measures 9 mm. in length and breadth. The surface is 
smooth and polished, and, as in the Roche Miette tooth, punctre are present. At the 
unbroken end the bony base projects beyond the margin of the upper polished surface. 

" Traquair has ,;hown that in a connected dental series of the Cochliodont sharks 
there is a great variation, accordi:ng to location, in individual teeth, in both shape 
amd size. It is, therefore, probable that this second specimen belongs to the species 
represented by the Roche Miette tooth." · 

The limits of the Devonian can scarcely be defined as yet without further col­
lection of fossils and study, but it seems to include the shale band above the lime­
Rtone as well as the thin-bedded limestone beneath. An approximate thickness of 
3,000 feet will probably include all that is definitely Devonian. 
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Silurian (?). 

A.s there is no marked unconformity in the series down to the lowest rocks 
found, namely, the middle Cambrian, there is, therefore, a series of shaly beds which 
inay be grouped under the above head. The Olllly fossils found were in beds 200 feet 
above the Cambrian, and of these Dr. Shimer says:-

Upper 'Part of Yellow Be~, Roche Miette.-Stromatopora (Syring•ostroma ) sp. 
(Genus characteristic of the Devonian). "From the known distribution of lhe 
npecies . . the age of the beds containing these form:; should be lowest Devonian 
or possibly Silurian." 

Cambrian. 

Near the base of the series which forms the mass of Roche Miette a distinct 
yellow band is exposed near the fault line which separates the lower rocks from the 
Cretaceous. Along the range to the south, a few hundred feet of lower beds inter­
vene, but this yellow band is very near the base of the limestone series as exposed iu 
the outer range:>. The ev~denoo of age .is given by Mr. Raymond as:-

Grepicephalus cf. G. iowensis, (Owen) . 
Ptychoparia affi,nis, Walcott. 
Ptychoparia cf. P. wisconsonensis, Owen. 
Dicellomus, sp. ind. 

"These species indicate a horizon about the same as the upper part of the Gal­
latin limestone of Montana which Dr. Walcott has referred to the upper part of the 
middle Cambrian. The fauna is also s imilar to that of the upper middle Cambrian 
of the upper Mississippi valley, and not of the s.ame type as the middle Cambriaµ at 
Mount Stephen and elsewhere." 

Ec0No11uc GEOLOGY. 

CEMENT AND LIME. 

The wide use of cement in the building industry in Alberta, has led to the con­
struction of cement works on both branches of the Canadian Pacific railway near the 
mountains, since the necessary calcareous material is found only in very small 
amounts in the rocks of the plains. Calcareous deposits in the form of marl beds 
have been found in the vicinity of the Grand Trunk Pacific railway west of Edso:n. 
The foundations of cement works in the vicinity have already been laid and it is 
probable that the manufacture of . cement will be assured in a few yeara. 

It is abo probable that the limestOllle and shale of the outer ranges of the moun­
tains may be used for a similar purpose. 

Locatiollls for the quarrying of limestone, presumably for lime manufacture, have 
been applied for on both sides of the Athabaska valley-on the western slope of Roche 
Miette and the same beds 9n the slope of Roche Ronde. 

IRON ORE. 

Some of the shale bands which separate the limestone formations contaill a small 
amount of iron oxide. The greatest impregnation .noticed is to be found in a series 
of siliceous shales between the limestone and the overlying coal-bearing rocks. As 
red bainds, these rocks have been · traced northward from the Kananaskis river, and 
their increased thickness and extent increases the probability of finding in them 
mineable bodies of iron ore, though, as a rule, these would be ot low grade. Samples 
of thin beds of richly impregnated rocks which looked promising were brought in by 
assistants on the party from the slopes of the hills east of Moose creek. These appear 
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to have been obtained from. rocks just below the red band and may be the result of 
infiltration from the beJs above. 

COAL. 

The rocks of the Kootanie, which i:> in general a sandstone and shale formati001, 
contain coal seams. These rocks, previous to the formation of the Rocky mountains, 
were deeply buried, but are now found outcropping in the valleys of the outer ranges, 
having been elevated along with the great blocks of the underlying limestones. In 
the foothills, they are occasionally found in advance of the first range. The uplift 
necessary to bring these beds to the present surface was accompanied by the forma­
tion, to the east, of a wide syncline in the rocks of the plains. This basin, at the 
latitude of Edmont001, is wide, but farther south narrows, and the dip of the beds on 
either limb of the syncline steepens perceptibly. Near the Athabaska an anticline 
or elliptical dome, showing by denudation a central axis of limestone, has formed in 
front of the first range. Beds of coal and the lower part of the coal-bearing series 
thus outcrop iin elliptical form round the exposed limestone mass (Folding mountain), 
but portions on the west side may be entirely over-ridden by the limestone of the first 
range. North of Brule lake, the anticline in the Kootanie beds appears to be a con­
tinuation from Folding mountain, and coal seams have been exposed by prospecting 
on both sides of the axis. 

Coal Areas. 

Scovil Oreelc.-Mention was made last year of the fi.n'ding of coal on this· creek. 
The claim known as the Keywood location covers a width of a mile on the creek. 
The original outcrop of coal was near the summit of the anticline, so that the seam 
ha" an exposure of a short distance only on the side of the valley. The part on the 
eastern slope of the anticline is the most promising for mining, as the thickness is 
9 feet 6 inches and the dip is only 25° northeast. Some prospectimg has been done 
on the slope of the bills toward Brule lake. One bole was found in which a 12 foot 
seam had been uncovered. The outcrop sbowo; many dirty streaks in the coal and a 
portion only may be good mining coal. This porticm is .an upper seam and is separ­
ated apparently from the one on the gully by a band of conglomerate. On this o::ime 
creek, but above the apex of the ·anticline, some prospecting bas been done on the 
westerly-dipping beds by Mr. Bartholemew, who has secured a lease on, property west 
of the Keywood claim. Two seams showing cross-faulting have beern located. The 
upper one is very dirty and has hardly enough coal to mine. The lower one is about 
5 feet in width and is of a very fair grade of coal. Mr. Bartbolemew's sample ana­
lysed! by Mr. J. O'Sullivan, V amcouver, June 20, 1911, gives:-

Moisture .... . .. ..... ... ... · .. . . . . . . . . . . . . . . . . . . . . . . . . . . 0·5 
Volatile matter.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19·0 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73.5 
Ash.. . . . . .. . . .. . . . . . . . . . . .. . . . . . . .. . . . . .. . . . . . . . . . . 6·0 
Sulphur.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·0 

100·0 

This shows the result of greater pressure on the beds in that it has more fi..'red 
carbon than the Keywood 9~ foot seam. No prospecting has been done between thi" 
5 foot seam and the one down stream on the Keywood claim on account of the 
indefinite nature of the boundary between the claims. Northward, several leases have 
been applied for, and there is every prospect that mineable seams will be found, 
sin'Ce the foothills on the west side of Solomon creek, which comes from the north­
west in a large valley, are comp0»ed of the Kootanie rocks. 

26-14 
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North End of Folcling Mountain.-Prospecting on the lower be<l.3 of the coal­
bearing Kootanie rocks, lying on the east flank of Folding mountain, was inaugll­
r ated in 1910 by Mr. McEvoy for the Northern Alberta Coal Syndicate. The opera­
tions during the past season have proved the presence of a seam of coal about 11 feet 
in thickness crossing the aouthem part of section 29 and the northern part of section 
21, township 29, range 27, west of 5th. It was discovered on the east flank of Folding 
mountain in a gully near the eastern edge of northwest quarter, section 21, and traced 
for a fourth of a mile to the illorthern slope. At a distance of about a mile and at a 
much lower elevation, or near the foot of the slope of Folding mountain, a si~ilar 
seam, believed by Mr. McEvoy to be above the first, was found by trenching acros;; the 
measures. The s~ction or the distances between the seams thus found in the vicinity 
of the boundary between the southeast and southwest quarters of section 29, ending 
at the southern boundary of the section, is given in the following in deacending 
order:-

Sa.ndsl-One. 
Highest coal seam-Coal.. . . . . . . . . . .... . 

Clay . . ............. . 
Sandstone. 

Trenching showing shale and sandstone.. . . . . 
Coal .. ............................ .. 
Trenching showing shale and sandstone .. 
Coal. . ......... . ...... . ............ . 
Trenching showing shale and sandstone.. . . . . . . . . . . . . 
Wedge of coal 6 feet at surface pinching out with depth .. 
Partl:v trenched, shale, etc .... .... .............. .. 

Small showing of coal dust. 
Sandstones in heavy bed forming rib on side of mountain .. 

2 feet 
4 " 

153 " 
4 " 

258 " 
11 feet 3 inches 

340 " 
6 " 

460 " 

.50 " 

1,288 feet. 

In this section, the rocks strjlrn N . 69° W. astronomic and dip S. 65° to 80°. The 
dip will probably increase with depth and change to the northward. Of the two 
:;earns with 11 and 4 feet of coal, respectively, the prospecting has been confined to a 
small shaft on the 4 foot seam and a tunnel run from a suitable tipple level on• the 
strike of the 11 foot :ieam. The tunnel had reached a distance of 100 feet from the 
entry where the seam was of fairly solid coal with a few dirty streaks which raised 
the ash of the sample taken across the seam. The analysfa shows this coal to be 
slightly softer, containing about 3 per cent more volatile matter than that of the 
turmel ,;earn at the Jasper collieries. It is,, however, not quite as bituminous as the 
upper seam at the above locality .by about 3 per cent less volatile matter, but has 
strongly marked coking qualities•. 

Attempts have been made at tracing the measures westward toward Brule lake, 
but the surface deposits proved very thick and of a sandy nature, thus allowing the 
contained water to accumulate in the pits. The addition of pumpin'g appliances ia 
required. 

West Fork McLeod.-South of Folding moumtain the Kootanie measures are 
exposed in frolilt of the first range. Considerable prospecting has been done in this area 
on the exposed coal seams, but its development must await the building of railway con­
nexion with the main lines to the north. This amounts to a .probable distance of 25 
miles. The locality was not visited, but the following information ia given by Mr. 
J as. McEvoy, a former member of the staff, who was in charge of the prospecting 
work. 

The section on the south branch of this stream shows beds dipping IIX)rth 20° 
P-ast at Ml angle of 70°. The section there shown in decending order is:-
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Sh ale ... . ........................... . ..... . 
Sandstone .... . ......... . ............. .. ... . . . 
Coal. . .. .. ...... . ... •. ............ .... ...... 
Sandstone and sh ale ............ . .... ..... .. 
Coal ............ ....................... . 
Sandstone and shale . .. .................... . 
Coal. . ...... .. ... . ................... .. . 
Shale . . .... .. ............ . ..... .. .. .. ... . 
Coal .. . ..... ... . ... ....... ..... ........ . 

200 feet. 
120 " 

2 to 3 " 
75 " 
8 " 6 inch es. 

115 " 
4 " 
7 " 

28 

211. 

The two lower seams from the prospecting samples taken across the seama show the· 
customary amount of ash for surface samples, which is principally in the broken 
arud softer parts of the seam and is attributable partly to impurities filtered from the 
surface. A specimen of lump coal from the 8~. foot seam, assased as follows (Tho;;. 
H eys and Son, of Toronto, assayers) :-

Moisture ......................... · . · · · · · · · 
Volatile ......... . ..... ...... . . . .. .... · · · · · · 
Fixed carbon . ..... .... ........ .... ... ...... . . 
Ash . .. ..... ... ................ . ·· ·· · · ·· ·· ·· ·· ·· 

0·54 
25·28 
69·95 
4·23 

100·00 

It is predicted that an · average of 600 feet vertically may be mined above the 
entry on the coal seams in the valley of the creeks. 

The Mountain Coal Basins. 

Within the outer rangea strips of the lower Cretaceous rocks have 
been preserved on the lower edges of some of the fault blocks and form 
the rocks through which some of the lateral streams have eroded channels. 
There are several valleys in which pos.sibly the lower part of the Cretaceous may atill 
remain, but as a coal formation the most important is the Cretaceous block which is 
found in the valley of Moose creek and southward in front or to the northeast of 
Roche Miette, along the west side of the valley of Fiddle creek. The coal-bearimg 
beds are in the upper part of the Kootanie series, and remnanta of this part are 
found both in the centre of the valley and in contact with the next succeeding fault 
block. The fault line, which is the western boundary of the coal area, is generally 
concealeJ by detritus, but its approximate position is indicated by changes in the 
dip of the beds ·and by local folding. 

Owing to a differential uplift of the western edge of the coal measures, and t<> 
a deformation of the block by ant icI:nal foldiing, the southern end of the block is 
rai:ied and the beds containing the workable seams have been erodeJ. Continuing 
south this elevation results in the cutting away almost entirely of the rocks of the­
lower part or non-productive portion of the Kootanie formation, so that only a very 
narrow banJ, if ainy, remains to form a connexion with the Nikanassin basin to the 
south. The measures containing mineable coal seams extend south from the Atha­
baska to about Sulphur creek. Northward they extend up the valley of Moose creek,. 
and are reported as continuous to the headwaters of streams running to Smoky river,. 
thus forming a trough that exteruds some considerable Jistance north. 

The southern part of this basin is divided into two parts by an anticlinal fold 
aloing its length. At the south end, the coal areas are separated by faulting as well, 
but this gradually disappears northward. The eao;;tern part is mainly in trough form, 
while the western, although composed of westerly dipping beds, may, in, the vicinity 
of the major fault, which t erminates the western extension of the measures, be 
greatly moJified by foldings from the monoclinal form. It is a wedge-shaped block, 
narrow to the south but broadeni:Ilg northward, the rocks dipping toward the south­
west at fairly constant angles which vary from 50° to 70° iru different parts of the 

26--14~ . 
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field. This part occupies the western edge of the fault block of which it is an upper 
member and i::i partly overridden by rocks of the next range. 

The measures near the western fault are sometimes upturned and folded back, 
especially the highest beds at the fault contact. Those near the fault and lower in 
the series, and coillSequently <5een at lower elevations, are overridden by the limestone 
and show less folding. The strong ribs of sandstone .and the rib of conglomerate near 
the base of the productive coal measures form prominent ridges that show a con­
tinuity arguing well for the condition of the coal in their proximity; thti lower 
seams, therefore, at least for this block, should be mineable S'outhward to Villeneuve 
creek. Northward the block appears to widen, and should be from that fact of greater 
value as a coal :field, since higher beds may be exposed arid a greater number of seams 
found. 

The eastern part of the coal :field i.s in the form of a trough, the southern end of 
which is elevated and south of Villeneuve creek eroded away. On that creek the 
trough is too shallow to warrant the expectation of :finding in it mineable coal seams, 
but on Morris creek it is much wider and the beds of the eastern limb of the syncline 
are IIlot so much disturbed as those of the western limb. The inference from the 
exposed part of the section is that the upturn on the west was accompanied by fault­
irug and that this fault line which 'Oeparated the two coal areas reached nearly to the 
Athabaska valley. The section on Villeneuve creek shows an upturn of the beds on 
the western limb of the syncline, but after a short ililterval of concealed beds, lower 
sandstones are found dipping to the west in conformity with those of the block next 
the mountains. This indicates a displacement by faulting. On Morris creek there 
is an apparent trough, but at the point of reversal of dip, which should be the centre 
of the trough, the beds on the east belong at lea.st 1,200 feet higher in the section 
than those on the west. There is here probably a break in the western limb and a 
push up of the block on the west; the amount of displacement is evidently greater 
than 1,200 feet. 

The •mrface drainage north of Morris creek rUIIls to the Athabaska, and the rocks 
exposed are lower down in the series than those of Morris creek. The only exposure 
there along the eastern edge of the western block is on Mountain creek, quite near 
the probable line of break, and shows sands.tones containing a 9 foot seam of coal 
lying almost horizontal, and evidently from the attitude of the neighbouring beds 
forming the centre of a syncline. Near the Athabaska, the ea::itern block is traced 
only by the sandstom.e ridges of its eastern mar.gin which are almost vertical. The 
outcrop of the rocks on the western side is concealed so that the structure is inferred 
from the outcrops on the opposite side of the river. The western block i-a traced by 
sarudstone ridges almost to the Athabaska, where two coal seams are being mined at 
present. The conglomerate bed is exposed in Mountain creek, alll.d is crossed by the 
stream near the edge of the terrace where the erosion of the softer beds above it has 
formed a fall into a narrow canyon. The erosive action of the water on the face of 
the conglomerate wall has hollowed out a basin at its foot and local usage has given 
it the descriptive .ruame P=chbowl fall. 

North of the Athabaska, the break in the centre of the eastern basin is not very 
evident, and the anticline on the eastern edge of the western block is plainly seen 
on the side of the valley, where the conglomerate stamda out prominently. The double 
fold that is thus shown narrows down in going northward and disappears on Moose 
creek within 5 miles of the Athabaska valley. North of this the :field is practically a 
continuation of the western block, and is a modified monoclilile. The modification is 
in the introduction of a second anticlinal fold which is found to the west of the first 
and near the fault line that limits the :field in that direction. The effect of this 
second fold is not noticed in the beds 6 miles north but may be present on the western 
side of the valley. 
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Western Block. 

Villeneuve Oreelc.-The lower shales and sandstones of the · Kootanie appear by 
the sectiom on this creek to contain very little coal, thin streaks only being observed 
from the bottom sandstone almost up to the conglomerate bed. Some coal Just1 

occurring below this coruglomerate, may indicate a small seam but its thickness cannot 
be very great. Above the conglomerate, the beds show the following section:-

Measures. I Feet. Remarh. 

------- ---- ,-------- - - ---- -

Coal clear se;i,m . . . . . . . . . . . . . ... · 1 10 
Sandstones. . . . . . . . . . . . . . 250 

~~~~~k;~e~,' ~om~ ~l;~l~: . : ... : . : .. : . . : . . . 3~~ Sample and analysi8. 

Coal thin streaks . 
Sandstones. 

Coal ..... . 

Sandstones and shales 
Conglomerate . . . . . 

100 
(Analysi s by .F. G. Wait. 
I Moisture 2 · 37 

5 ~ Volatile 22 · 38 
I Fixed car lion 60 · 58 
l Ash 6·67 

250 
30 

ioo·oo 

Morris Oreek.-On Morris creek, the first western branch of Fiddle creek, the 
following section is given but it is only approximate, the distances being estimated 
by pacing. 

H eavy sandstone bed-
Coal. . . . . . . . . . . . . . . . . . . . . . 3 feet 10 inches. } · 
Shale...... . . . . . . . . . . . 0 " 6 " Coal 10 feet 11 inches sample and ana.Jysis. 
Coal .... . ........ .. .... . .. 7 .. 1" · 
Sandstoue . . . . . ........ . 150 " 0 
Sandstone and shale ...... .. 100 " 0 

(Analysis by F. G. Wait. 
I Moisture 1·3! 

Coal. . . . . . • . . . . . . . . . . . . . . . . . !) feet 7 inches. ~ Volatile 22 · fJl 

Sa.ndstone . . . . . . . . . . . . . . 330 feet 
Coal ........ . ...... • .... 5 " 
Sand•tone . . . 2 " 
Coal. . . . . . . . . 3 " 
Sandstone and shale . 3UO " 
Conglomerate. 

0 inches. 
6 
0 
0 
0 

I Fixed carbon. 68·51 
l Ash 7·24 

ioo·oo 

Mountain Oreelc.-Be1ow a point where several streams coming nom the eastern 
face of Roche Miette unite to form this . brook, an exposure of a seam in a shallow 
syncline shows 9 feet of coal. This may be in the bent-over eastern edge of the 
western block. In the gorge somewhat higher up the stream, the beds have a regular 
dip for a short di-;;tance of about 42° southwest. In these a seam showing 5 feet 7 
inches of coal has been uncovered. Neither of these seams has been traced toward 
the Athabaska. The sandstone ridge between them continues to the vicinity of the 
river, and the supposition is that the larger is one of the seams at the Jasper col­
lieries, which i.s found just below this sandstone ridge. This has been traced along 
the face of the ridge for about a mile, but not to Mountairu creek. The mining on 
this seam is by level entry near the Athabaska, at the surface level of the gravel ter­
race, and later from tipple level above the tracks of the Grand Trunk Pacific. The 
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seam dips 56° to the southwest anJ is here about 500 feet horizontally west of the 
conglomerate outcrop. This is a distance representing about 414 feet of beds. The 
section at the tunnel shows a slight thickening of the lower coal in going to the south­
east, but will average somewhat as follows:-

Coal.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 feet 6 inches. 
Sandstone . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 1 to 2 feet. 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 to 4 feet. 

Another seam apparently about 13 feet thick has been located 1,050 feet south­
'.West of the tunnel. It is an upper seam, apparently 870 feet above the tunnel seam. 

It is possible that other seams that are indicated in the sections on the creekis 
4;o the south may also occur here; if this is found to be so, it will add materially to 
tthe value of the mine. 

North Bank of the Athabaslca.-In the portion next the Athabaska river, the 
•exposures of sandstone and conglomerate are confined mostly to the lower part of the 
formation . On the western limb of the am.ticline, five seams of coal above the con­
glomerate have bee111 found. One which appears to be the continuation of one of the 
big seams at the Jasper Park collieries, has an outcrop exposure 0f 11 feet 7 inches of 

,<ioal, anJ below this and between it and the conglomerate a 5 foot seam is reported. 
Tin a gully which joins Moose creek :£rom the west near the 6th meridian, there 

·are several exposures of conglomerate, and it is suggested that these may not repre­
sent one bed, but three distinct horizons with 2,000 feet between the two lower and 
l,'000 between the upper ones. It is at present impo8'5ible to verify owing to portions 
being concealed, but that it is possible is proved by the section of Mac Vicar creek 
which shows three conglomerate beds. The section thus interpreted would give over 
3,00'0 feet of measures above the lowest conglomerate and would possibly contain 
t;everal coal seams. 

The section up this gully from the lowest conglomerate includes a trough one-fourth 
mile wide at Moose creek,, in which the conglomerate forms the east and west sided. 
The western side then turns abruiptly down to the west, and 3,000 feet up the gully a 10 
foot bed of congl-Omerate dips 67° S.W. At 4,300 feet an 18 foot bed of conglomerate 
dips 42° S.W. but comes up ag.ain at 4,500 feet dipping 64° S.E. This bed theru passes 
over an anticlinal fold anJ i& seen again at 5,600 feet, dipping 82° S.W. The beds 
above this conglomerate are exposed for 175 feet and contain at 103 feet from the 
conglomerate, the first exposed! seam of coal on the creek. The following section 
occurs there:-

f 'oal . . . . . . . . . . . . . . . . . . . .. . . .. ... • ... (\ feet 6 inches. 
Shale .... . . . . . . . . . . . . . .. . .. . . . . . . . 0 " 6 
S andstone ..... . . . .... .... . ... . . . . . 4 " 0 
Shale . . . . . . . . .. . . . . ........ . . .. . .. . ... . 3 " 0 
Coal .... . . . ... . . . . . .... . . . . .. . . . . .. . .. .. . 1 " 5 
Shale ......... .. . . ............ . . . . . .. . .... . 2 " 0 
Coal . ..... . .. . . .. . . . . . ... .. . . . . . . ... . .. .. . 5 " 6 
Sandstone . . . . . .. . . .. . ... . 4 " 0 
Coal . . ..... . . . . . .... . . . .. . ... . . .• . . . . (\ 

" 8 
Shale . . . ...... . . . .. . .. . .. . .. .... . ... . . . . 1 " 0 
Coal . . ...... . . . . .. . ........ • . .. . . .. ... • . . . 3 " 4 

J'vi easures to conglomerate 103 · 0. 

The upper part of the valley i.; eroded · diagonally across the measures and at a 
.distance of 6 miles above· the 6th meridian is in the upper measures. The only 
.exposure of coal on this part of the creek ii! of a seam which is above the lowest con­
·glomerate and near the northwest end of the eastern trough. It seems to be in a dis­
turbed portion of the area, but will probably be found in a less 'disturbed place. The 
-section here shows about 5 feet of clean coal as below:-
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Shale roof-
Clean coat . . . . . . . . . . ...... . .. . .. . .. . . . .. . . . . 
Dirty coal .. .. ... . ......... .... . ... . . . •. ... . 
Broken coal and shale. . . . . . . . . . . . . • . . . ..... . 
Shale .. . .. .... ... . .... . . . . . . .. .. .. .. . . .. . . . 
Coal .. ........ .... .. . .. ... ... ....•. . . ... .. . . 
Sandstone. . . . . . . . . . . . . .... . .. . .. .. .. .. . 
Shaly coal ................. . .. . ...... .. ... . 

2 feet .5 inches. 
1 II 0 
1 " 7 
0 " 7 
5 " 2 
0 " 6 
2 " 4 

13 feet 7 inches. 

215 

Sample;; from the top and middle portions, analysed by Mr. Wait of the Mines 
Branch, give the following resultd :-

Moisture.... . .. . .. .. ... . . . . . . . . . . . . . . . . . . . . . . 2·29 
Volatile combustible.. ...... . . .. . ... . . . . . . . . . . . . 19'63 
Fixed carbon........ . . . . . . . . . .. .... . . . . ... . fl6 ·os 
Ash ............ .. . . ....•. . . . · . . . . . . . • . . . . . 12 "00 

100· 00 

The upper part of the valley being eroded mostly in the upper beds of the 
Kootanie, the hills forming its northeastern sides are of the westward-dipping beds 
of the coal measures. Although little prospecting has been done, Mr. Mac Vicar h31S 
:furnished the following information relative to a section across this block in a gully 
from the east. Ascending this gully from Moose creek three bands of conglomerate 
are passed, .and except for minor variations, the strike of the beds i:> quite uniform. 
The dip increases in the lower members of the secticm or toward the eaot side of the 
valley. Exposures between the two lower conglomerate beds seem to be few and no 
coal seams are recorded. From Moose creek to the second conglomerate, a very good 
tiection showing all the changes in chairacter of the beds has been measured. A sum­
mary of this section is introduced here, beginniing at the first exposure from Moose 
c reek, the highest beds seen. 

Section on Mac V icar Creek- (In descending order.) 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 feet 0 inches 
Sandstone an i shale .. . .. . . . . . . .. . . . . 236 ,, 0 
Goal ::seam 1. . . . . . . . . . . . . . . . . . . . . . . . 5 ,, 9 
Shale and concealed. . . . . . . 85 " 0 
Coal and shale . .. . .. . . .. . . 5 ,, 0 
Coal . ..... . .......... . . . . . . . . . . . . 1 ,, 4 
Shale. . . . . . . . . . . . . . . . . . . . . . . . 101 " 6 
Coal seam 2... . . . . . . . . . . . . . . . . . . . . 6 ,, 10 '3trike N. 40° W. mag., dip 53° S. W. 
Shale. . .. . . . . . . . . . . . . . . . . . . . . . . . . . 69 " 3 
Coal seam C . . . . . . . . . . . . . . . . . . . . . . . 14 ,, S Strike N. 30° W". mag., dip 68° S. \ V. 
Concealed shale and sandstone. . . . . . . . 163 ,, 0 
Conglomerate . . . . . . . . . . . . . . . . . . . . 45 ,, 6 
Coal seam B. . .. . .. . . .. . . . . .. . . .. . 5 ,, 6 S trike N. 49° W., dip 69° S. \Y. 
Sandstone and shale. . . . . . . . . . . . . . . . . 333 ,, 6 
Coal seam A . . . . . . . . . .. . . . . • . . . . . 6 2 !S trike N. 34° \V. mag., dip 76° S.W. 
Shale and sandstone . . . 272 " 2 
Coal seam 3. . ... . . . . . . . . . . . . . . . . . . . 5 ,, S Strike N. 47° W. mag-. dip 77 to 89 S.W. 
Sandstone with 4 th in coal seam. . . . . . 92 ,, 6 
Sandstones. . . . . . . . . . . . . . . . . . . . . . . . .136 ,, 7 
Conglom~rate . . . . . . . . . . . . . . . . . . . . . . . 40 ,, 0 
Concealed measures est imated at . ... 2,000 " 0 
Tn conglomerate. 

3,878 n 

D.;tails of seams in above sect ion. 
Seam No. 1-

Sandstone h;mging wall. 
S nale .... . . . . .. ... . . ........ .. .. ..... .......... .. ..... . 
Coal . . . . ...... .. .... .. ...... ... .... . ............. . ... .. 
Shale ...... . .. .. .... . . . .. ... . . . .... .... . ...... . ......... . 
Coal .... ...... . . .... . .............. .. ..... .. 
Shale and coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Coal . .. . ...... . .. ...... .... . .. .. . ............. . .. .. . 

0 foot 
0 
0 
1 

4 inches. 
7 
4 
6 
9 0 

2 " 3 

5 feet !J inches. 
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Coal seam No. 12. 
Shale hanging wall.-
Coa l . ... . . . . ... ..... .. . . 
~hale ...... . .. . ..... .. . 
Coal .. ... . . . . - . . - . .. . .. . . . 
8 hale ..... . . ..... . 
Coal •........... . .•. . . . 

l feet 4 inches. 
0 " 9 
2 11 2 
0 11 3 
3 11 4 

6 " 10 
Coal. .. . . . .. . . .. . . .. .. . . . 5 " 10 

Coal scam C. 
Shale hanging wal l. -
Coal . . . . . . . . . . . . . 3 foet 6 inches. } 
Shale... 0 " 9 " Sample. Analysis by M r . W11it. 
Coal. . . . . . . .... . _ . . . 0 ,, il ,, · 

Coal . . ..... _ .... . . .. .... .... 0 ,, 3 · Volatile . .................... . ... . ..... . 
Shale _ . . . . . . . . . . . . . . . . 0 ,, 2 } Moisture . . 

Shale . . . . . . • . 0 ,, 4 l<'ixed carbon . ... . ... . ... . .. . .. . . .. . 
Coal .... . .. . . . . ... .... . . 4 ,, 0 Ash . . ......... .. ........... .. .... . . 
Shale .. . . . . . . . . 0 ,, 11 
Coal and shale.. . . . . . . . . . . . . . 2 ,, 3 
Coal ............. . . . .. . . . .. . 2 ,, 3 

Coal seam B . 
Conglomerat e hanging wall. -
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . 0 feet 5 inches. 
Shale . ......... .. .. ... _ ... . .. . . 0 ,, 3 

Sample from coal excluding shale. 
Analysis by .I<'. G. Wait.-

Co<tl .... . · .. . _ . . . . .•........ . . O ,, 6 Moisture .. . ....... ... . . . .. . . . . 
Shale ... ... . . .... . . _ . . ......... 0 ,, 5 Volatile. 
Coal ... ... . . . . . . . ... . . . ...... 0 .. 4 Fixed carbon . . . . . . . . . . . . . . . . .. . 
Shale ......... ... . ....... ...... 0 ,, 4 Ash ....... . . . .... • ...• ..•. . .... ... 
Coal . .. .. . ...... . ...... . ..... 1 " 7 
Shale ...... . _.. . . . . . . . . . . . . . . 0 ,, 5 
Coal ..... . . .. . . . • . .... . ..•.. . 1 ,, 3 

Coal seam A. 
t:landstone and shale roof-
Oocil (dirty) . .. . . ... . . .... . ..... .. . .. . 
Shale........ . . . . . . . . . . . . . . . . . . . . . . . . . 
Coal . . . . .. . . . .. . ... .. • . . .. ..... . ...... . .•..... .. ... 
Shale . . ........ . . . ... ....... . ......... . . ... .. . .. . . . 
Coal........... . .. .. ... .. . .... . . . . .. . .. ... . . .. 
Shale ..... . . .. . ....... . ......... . . ..... . . .. ... . . . 
Coal (dirty)... . ... . . . . . . . .. .. . ....... . ...... .. .... . . 
Coal (clean) ....... .. ... . . ... .. .... . ....... . .... . .... . . 
Goal (dirty ) ...... .. ..... .. .... .. ... ...... . . . . .. . . . . . 
Coal (clean).. . . .. .. . .... . .. . .. . . . . . . . . . . .. . . . ....... . 
Shale . .. . ..... .. . . ...•. . .. . .. ..•... .. . .... . • . 
Goal .. . ...... . .... . . . • . .• . . .. . . .. . ...... . . . • .. . . . .. 

0 feet 10 inches. 
0 2 
0 4 
0 2 
0 10 
0 3 
0 6 
0 5 
0 2 
0 11 
0 2 
1 5 

6 2 

Coal sample. probably from this seam, sent by l\fr. Mac Vicar. Analysis by F. G. ' Vait. 
Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4·10 
Volatile combustible .. . ............. .. ................... . .. 22 ·28 
Fixed carbon .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58'04 
Ash .. . .. . . . . .. ... . . . .. . . . .. .. .. . .... . . ... ...... , . . . .. .. ... . 15· 58 

Seam3-
Shale hanging wall-
Coal . . ... . . . ....... . ................ .•. . 
Clay.. . ......... . . 
Coal . . . . . , . • . . , ...•. . . .. . . . . . . . ... 
Clay . . . . .... .. .. . ............•...... . . . . . . 
Coal . .. . . . . 
Clay ...... ... . . 

100·00 

1 foot 
O feet 
4 
0 
0 
0 

1 inch 
O:l: inches. 
3 

o" 2-
2 

5 feet 8)/: inches. 

8•78 
:n·83 
47 ·16 
12·23 

100·00 

2·G7 
21 ·05 
72·~2 
3'86 

100·00 
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Eastern Trough. 

·"The southern limit of the eastern t rough, cornsidered from the point of view of 
iw value as a coal-mining area, will be found to be between Morris and Villeneuve 
creeks, since, on the latter, only the lower part of the coal-bearing beds remain, the 
bottom of the t rough passing probably less than 800 fe :t below the . trench cut by the 
creek. On Morri.s creek, the trough is much deeper, and the measures, consequerutly, 
in greater thickness, so that the coal seams near the conglomerate, although probably 
folded at the bottom of the trough or near the fault line, may prove of vafoe. On 
this creek in the same t rough, and on the ea;stern side, a seam was observed standing 
a~ a high angle and having ·a thickness of 13 feet 6 inches. Th~s thickness includes 
many parti:ngs of clay 1and shale which may render a part of the seam unfit for 
mmmg. On the western side of the basin, a small seam was also noted but it did 
not appear to be important. 

N orthwe,;t toward the Athabaska there are exposures of the sandstones and of 
the conglomer ate ridge of the eastern edge of this t rough only, so that its depth or 
western edge can only be i1I1ferred by comiParing the sections on Morris creek with 
those on the north bank of the river. One coal seam, at some distance above the 
conglomerate, has been) found on a small eastern branch of Mountain creek, and 
although nearly vertical seems to belang to the eastern limb of the syncline. Its 
thickness is about 5 feet 2 inches. 

North of the Athabaska, the trough narrows and it is probable that the seams 
above the conglomerate may prove to be of little value. There are also probabilities 
that below the conglomerate some of the indications of coal seen farther south may 
here develop .sufficient thickness to be mirueabie. One such exposure is noted up 
Moose creek where the stream breaks through the conglomerate ridge. A small seam 
of coal 2 feet thick is found · just below the bed of c01Dglomerate, and at a point 40 
feet below this another measuring 4 feet in thickness is found. This .contains the 
hardest coal in the district A sample of the whole seam, as analysed by Mr. Wait, 
shows the following:-

Moisture .......... ........ ...... · . . . . .. .. .. .. . . . . .. 0·71 
Volatile combustible.. .. .. .. . . . . . . .. .. . . .. .. .. .. .. .. 15·92 
Fixed carbon.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71·07 
Ash.. . . . . .. .. . . . . .. .. . . . . . . .. .. . . . . . . . . . . .. . . . . . . 12·30 

100·0 

In the laboratory it gives a firm coke, so that this is still a coal of the bituminous 
class. 

Character of Coal. 

The resemblance and behaviour of the coal of this district to that from the Orows­
nest pass has been remarked and confirmed by the mechan:ical department of the 
G11and Trunk P acific railway. It is slower-buming than the Ohio coals used in the 
eastern section of the railway, and its use requires different methods of firing. 
Experiments ihi a small w1ay show that it is practically all coking, so that when a 
demand for coke in northern British Columbia is made the supply may be drawn not 
only from this district but from the nearby fields on the eastern slope of the Rocky 
mountains. As was expected, variatio!lJS have been found in the coals of the different 
seams showing .a slight incTease in fixed carbon in the lower .seams, and iu. the areas 
within the mountains a slightly higher fixed carbon percentage over coals from outside. 
Thus, in the area inside the mountain, three examples show this general rule. 
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13 foot seam at collieries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .... . . 
Tunnel seam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... . .... . . 
4 foot seam below conglomerate . . .. .. .. . ...... . . ... ... . .. .... .. . .. . · J 
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For dry and clean coal. 

Fixed carbon. Vola tile. 

74 ·21 
78"46 
81"69 

25·79 
21' 3-l 
18'31 

Comparison between seams in the foothill areas and those within the mountains 
is difficult, but it may be •assumed that the seams already discovered outside the first 
range are as low in the formation ai::J those inside, and the am.alyses show this coal to 
contain about the same volatile combustible matter as the higher seams in the western 
fields. 

Samples from the outcrop e:xiposures are sure to give misleading analyses, since 
the alteration by exposure seems here to be greater than farther .;outh. Thus the out­
crop sample of the seam at Jasper collierie3 would indicate a coal bordering on the 
sub-bituminous class. Reference to this is made in the Summary Report for 1910, and 
analyses were given. A summary of these for the tunnel seam is interesting, as the 
workings are now far in from the surface. 

Thirty feet from surface. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . . 
Surface outcrop. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... · 1 

Nineteen hundred feet on en try, 250 feet from surface. . . . . .... . . .. . .. . . . 

' 

For clean dry coal. 

Fixed carbon. Volatile. 

6S·G6 
78'46 
78 ' 83 

31'34 
21·34 
21·17 

In several seams there is a streak of dark soft coal and shale that is high in ash 
and requires to be mined out. In the tunnel seam the upper part coo.taino; the most 
ash, but by careful mining and picking this ca'Il! be reduced in the commercial product 
and need not exceed about 7 per cent, though in practice it probably runs to 10. The 
samples from the seam at Folding moU1I1tain and from the Jasper collieries give the 
same ash content, and it is quite probable that if a streak is wasted in each a clean 
coal will result. 

DEVELOPMENT WORK. 

The prospecting which was noted la.8t year was continued during the past season 
with renewed vigour. On the west of Brule lake, little was done in development work, 
hut ~evcral parties were engaged in tr;wing the measures northwestward to streams 
flowing to Solomon creek, and it seems probable that the northern extension of the 
Scovil Creek measures will become utilized after the Canadian Northern railway is 
built. A large party was employed south of Brule lake tracing seams and testing 
them by t~nels near Folding mountain:. On Moose creek, the seams on the head­
waters were found and sampled, but little development work was done. 

The greatest activity was confined to the south side of the river, where at the 
Jasper collieries every effort was ma-de to be readyi to ship some coal as soon as the 
railway could be connected by a spur with the temporary tipple. The first carloa:d 
was delivered to the railway company in the last week of September. By November 
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13 the output was 130 tons per day, aJ1d this was increased by December 16 to 275 
tons. The latest returns, to March, 1912, give 400 tons per day with a maximum of 
490. All the works and shipping facilities are temporary, the permanent tipple and 
main entry requiring to be· located after careful survey. In the meantime, the tem­
porary works do not interfere with this installation, and the present entry 240 feet 
above the permanent entry will be required for ventilation., timber, etc. The situation 
at the mine at present is as follows: the line of the Grand Trunk Pacific, on the 
south side of the Athabaska, skirts the foot of a gravel-faced terrace rising about 270 
feet above the trackd. From the brow of the terrace there is a gemtle rise to the foot 
-0£ a sandstone ridge up which the stope steepens. Along the eastern face of the ridge 
a coal seam has been traced. An entry on this coal seam, with only grade enough 
for drainage, has heen effected by a tunnel along its strike from the terrace level. 
This has been extended into the 'Jiill somewhat over 2,000 feet, obtaining a vertical 
-depth of over 200 feet. Mining above the entry has been starte·d at this point, and 
a ;;mall output to the amount stated above has been made from this block of coal. 
The cars are loaded in the tunnel at chutes and drawn by hori!e to the top of the ter­
race and then lowered by cable and hoistirng engine on an outside slope to a tem­
porary tipple at the siding. An inside slope on the seam is in progress to reach the 
1evel of the permanent entry, which will be about 24-0' feet below the present one, and 
will enter the hill from a point near the permanent tipple. The seam dips at about 
56° from the horizontal. The system of mining will depend greatly on local condi­
tions. There should be for some time a large supply of coal above this entry and the 
mining and haulage should be done at low cost. 

II 

NOTES ON COAL OCCURRENCES AND THE PROGRESS OF DEVELOP­
MENT WORK IN ALBERTA AND SASKATCHEWAN. 

COAL AREA WEST OF BRAZEAU RANGE. 

Notice of the discovery of this area of coal-bearing rocks was published in the 
:Summary Report of this department for 1909, page 147. No .prospecting had apparently 
been done toward the discovery of workable seams of coal until the summer of 1911, 
when a party under the direction of Mr. Norman Fraser spent a short time in the 
,search. Three seams were uncovered, one of which is of workable thickness, being 
reported as having nearly 14 feet of coal. This has been traced southeastward from 
Mire creek, over a ridge, having an elevation of 1,500 feet almost to the Saskatchewan. 
As the dip of the beds is not at a high angle, there will be a large tonnage of coal 
.above the entry level, which may be made from either the Mire creek or Saskatche­
vmn valleys. The character of the coal as reported from analyses will be slightly 
lower in fixed carbon than that of the Bighorn basin, but one having good coking 
·qualitiea. 

On the main Brazeau river, the continuation of the measures of the Bighorn 
basin have been found, and several seams opened. The priincipal one is reported as 
'having <1bout 20 feet of coal. As the locality was not visited by any of our parties, 
:more definite information cannot be given. 

KANANASKIS RIVER, BRANCH OF LUSK CREEK. 

Development work on the continuation of the measures of the Cascade basin 
,southward on Kananaskis river, h~ not been very actively prosecuted this year, ~ 
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t.he building of a railway is necessary before mining operations can be resumed. On 
the head-waters of this stream and east of Tombstone mountain, a narrow strip of 
the coal-bearing rocks is found high above the Kananaskis valley. Some claims or 
leases have been applied for but access to the area may be difficult. 

In the foothills east of Kananaskis river, the crest of an anticline running north­
west from :Moose mountain is dissected by streams draining east to J umpingpound 
creek and west to Lusk creek, a branch of Kananaskis river. At the apex of this 
anticline some of the dissecting streams have cut through the soft beds of the 
Colorado group of the Cretaceous, and one or two through to the heavy conglomerate. 
b.:d at the top of the Kootanie. The nearest of these exposure3 to the existing rail­
way lines is on an east branch of Lusk creek. A prospecting party located a camp in 
this valley, and by means of a hand diamond drill was piercing the upper part of the 
Kootanie. That this method was inadequate is shown by the fact that the drill hole 
reachl3d a depth of only 175 feet and went through the upper part of the aandstone. 
As the hole was 111ear a fault or break which runs along the valley, the water forced 
downward through the drill did not return, so that though small seams of fractured 
coal may have- been pierced in that distance, the existen-ce of such was not proved. 
It is probable that better facilities for testing the measures will be installed. 

EDMONTON COALS, WEST OF EDMONTON. 

The coal horizon which underlie:> the city of Edmonton is being mined only Diil 

the outskirts of the town since the possible damage to property by the sinking of the 
surface is becoming t oo great. Attempts ·at reaching the horizon at points available 
for shipment are being made. Progress has been made on the sinking of shafts, at 
Saint Albert, on the Canadian Northern railway, about 6 miles northwest, and the 
coal will be raised about 250 feet to the surface. The seam, as tested by boring, is 
reported to be 7 feet. Farther west, t he coal of the top of the Edmonton formation 
outcrop:> at the surface near W abamun lake, a:rud mining on it has been commenced 
in the vicinity of the Grand Trunk P acific raJway. A shaft !1,t Gainsford had .this 
summer about reached a seam which is stated to be 10 feet in thiclmess. Near Pembina 
river, several shafts have been put down to the seams that are found in the banks 
of the river, amd it is expected that coal will be mined there shortl y. Farther west 
the coal horizons are again brought t o the surface in the edge of the disturbed belt 
0£ the foothills, and from the thickness and number of the seams it is probable that 
the coal seams represent the same horizon as that of the upper part of the Edmonton 
formation. An uplifted block of these rocks is found on the head-waters of the 
Embarras river and southeast to the P embina. On the Embarras head-waters, the 
Yellowhead Pass Coal and Coke Company is preparing to mine from several seams as 
soon as the railway branch is completed from the Grand Trunk Pacific. This is 
reported as being constructed at the present t ime a distance south of 30 miles. 
This line will also pass near mines operated by the Pacific Pass Coal Fields, Limited, 
whose holdings extend to the P embina river. 

EASTERN OUTCROP OF EDMONTON COAL FORMATION. 

The report on the Edmonton coal-:field (No. 1115) contains notes on localities 
south and east of Edmonton, at which the same coal horizon has been discovered and 
in mamy places mined. These include Tofield, Round Hill, Bawlf, Camrose, Battl13 
River, R ed Willow Creek, Paint Earth Creek, and the Kneehill country west of 
Red Deer riv'3r. 

... 
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GRAND TRUNK RAILWAY EAST FROM EDMONTON. 

TO FIELD. 

The expooures of the Edmonton coal measures on the Grand Trunk Pacific 
extend eastward past Beaver lake. In this vicinity coal is being mined and quarried. 
Just south of the town of Tofield, a flat-lyimg seam about 9 feet in thickness is found 
having from 15 to 20 feet of cover, consisting mostly of sandy shales with a few 
streaks of hardened sand approaching sandstone. This is now being mined by strip­
ping (two companies oper ating steam excavators), and the exposed coal quarried rund 
loaded either on railway cars or on wagons. Drilling at the town, which is below the 
level of the coal seam, has resulted in the finding of another seam at a horizon 
approximately 200 feet below the surface seam. This would appear to be the lowest 
seam in the Edmonton measures. An analysis of both seams shows them to be excel­
lent fuels of the sub-bituminous class. The surface seam does not appear to have 
suffered to as great extent as has been reported from weathering due to its thin 
covering. Small areas of the exposed coal show the upper surface somewhat decom­
posed, but the main part of the bed may be taken as having the following characters. 
Analysii; of sample from 9 foot seam, Tofield Coal Company :-

Moisture.. . . . . . . . . . . . . . . . . . . . . . . · · · 
Volatile hydrocarbons .. .. .... . ... ....... . ...... .. 
Fixed carbon ... .. .... ......... ... . ...... ... . 
Ash ....... . . . .. .. . .. ....... ·· .. ·· · · ·· ·· ·· ·· 

15·55 
35·09 
44·30 
5·06 

100.00 

The sample reported to have come from the bore-hole 20'0 feet below is slightly 
more compact, but is apparently of much the same grade of fuel as that at the sur­
face. Analysis :-

Moisture ... ... . ... . ... .. .... .. ........ ... .. .. . 
Volatile hydrocarbon ... ... ..... ............. . ... .. 
Fixed car bon ..... ... ......... . .. ............ .. 
Ash ............. . . . .. .. .. .. .. .. . . .... ·· ·· · · ·· 

CANADIAN PACIFIC RAILWAY BRANCHES. 

11·1 2 
37·88 
42·81 
8·19 

The various eastern branches from the Calg0ary and Edmonton line cross the 
eastern part of the coal field underlain by the Edmonton formation. On the Wetaski­
win branch, coal mines have bean opened near Camrose and another near Bawlf. 

THE BAWLF COLLIERIES. 

This is on sec. 10, tp. 46, R. 18, west of the 4th meridian. The coal is under 
a thick cover of sandstone and should be easily mined on account of the solid nature 
of the roof. At a depth of 140 feet, a seam of 10 feet is found . Beneath this, separ­
ated by 10 to 15 feet of sandsfone, lies another seam of 6 feet. Shafts were com­
pleted and hoisting machinery imtalled and the mine opened in 1910. 

The extension of the Canadian Pacific Railway branch east from Lacombe has 
opened for settlement a large area east of Sullivan lake, mnd a prosperous town, 
Castor, is now built at the crossing of ·Beaverdam creek. ·The influx of settlers and 
the establishment of a town at this point have created a demand for coal, and the coal 
seam that here underlies the town at a depth of only a few feet, is being mined h;v 
two comprunies operating on either side of the t own. 
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CASTOR COAL COMPANY. 

Sec. 3, tp. 38, R. 14, west of the 4th meridian. 
At the outcrop of the seam in a small coulee on legal subdivision 2, near the rail­

way, some coal is being mined by stripping, but aa the cover is increasing by a west­
ward dip in the coal, mining by tunnel will follow shortly. The seam is 6 feet 2 
inches with a partimg of 1 inch clay, 29 inches below the top. A sample from the­
tunnel r57 feet from the outcrop givea the following analysis, according to Mr. Waii :-

Moisture ........................... . · · . .. · · · ·· · · 
Volatile ..... . ... ... ...... ... .. . · · . . · · · · · · · · · · · · 
Fixed carbon ..... ... ..... .... . . .. . ..... . ....... . 
Ash ...... ... . .. ...... ·· · · ·· ·· · · ·· · · · · ·· ·· ·· ·· ·· 

25·89 
34°13 
35·31 
4·67 

100·00 

On subdivision 9, the first opening or mine was made on this seam. The coal 
shows a thickness of 6 feet 6 inches at the eastern part of the mine, and imcreases 
westward to 7 feet 6 inches. This part of the property has a cover above the coal of 
6 to 9 feet, and it is proposed to strip this for about 30 acres. The coal under this 
light cover shows a slight deterioration in the upper part of the seam, but samples 
from the lower part show very little, and the coal is in fact of the same grade as that 
of the former sampl e from the tunnel. Analysis of sample :from old mine by F. G. 
Wait, Mines Branch :-

Moisture.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24·75 
Volatile.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33.94 
Fixed carbon.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36·33 
Ash.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4·98 

100.00 

On subdivirsion 8 and 9, the cover runs to 30 feet and the coal seam from 8 to 9 
feet, as reported from borings. 

A spur from the railwa;v is graded through the western and northern part of the 
property, and two entries will be run north and south through from subdivision 9 to 
entry No. 1 on subdivision 2. The western part of the property will probably be 
mined by shaft at the railway. 

THE BATTLE AXE MINE. 

Southeast i .sec. 26, tp. 37, R. 14, west of the 4th meridiam. 
The seam on this area variea from 6 feet to 4 feet, with considerable less cover 

than on the proper ty to the north of the town. It is quite probable that this could be 
more economically stripped than mined. 

This coal horizon bas been traced southward by tlie settlers for 60 miles from 
Castor, and at the following localTties the thickness and cover over the coal is given 
as reported below:-

At Garden Pla.ins on sec. 1, tp. 34, R. 14, west of the 4th meridian, the seam is 
4 .feet, with cover ranging from 5 to 10 feet, It has also been found on sec. 8, tp. 32, 
R. 13, but thicknes:i is not known. Colonel Walker's mine on Berry creek, or between 
Berry creek and Bull Pound creek, seems to be on the top of a hill. The coal may 
thus be restricted to a)ll irregular oval-shaped area, but should be repeated west. The 
locality is southeast :i, sec. 19, tp. 29, R. 12, west of the 4th meridian. The south half 
of this i section id under lease to W. Osca.r. The seam is reported at 11 feet with 
8 or 10 feet of cover. 
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In the same locality, 8 miles south on sec. 12, tp. 29, R. 13, west of the 4th 
meridian, 8 feet of coal is :reported with light cover, and another report is to the 
effect that mid.way between these above exposures, the seam has been found. 

What might be termed a stripping area is thus pretty well defined along the east­
ern outcrop of the Edmonton measures reaching from Tofield in township 50 to the 
Berry Creek locality in township 29, a distance of 132 miles, with a seam havil!llg a 
maximum thickness of 11 feet and a general average of 8 feet, but in p1aces as thin 
as 4 feet. The amount of domestic fuel easily obtained in large measure by stripping 
j;; thus seen to be enormous. 

NORTHERN EXTENSION OF MEDICINE HAT AREA. 

On the Rtld Deer river, the Lethbridge seam was mapped by G. M. Dawson as 
outcropping on the banks for many miles below the mouth of Bull Pound creek. 
Last year, a mine was opened at Fieldholme, on secs. 6 and 7, tp. 23, R. 14, west of 
the 4th meridian, with a coal seam of 5 feet 6 inches. 

MANNVILLE. 

The northern portion of the exposed coal-bearing rocks belonging to the Belly 
River formation, or the continuation of the coal-bearing beds of Medicine Hat and 
Lethbridge, is exposed northward to the valley of Vermilion river north of Marun­
ville, Alta., a station on the Canadian Northern railway. Small seams of coal are 
reported at several localities. A few iinches of coal occur on sec. 13, tp. 52, R. 1'0, 
west of the 4th meridian, and probably the same seam reappears at Spruce Bridge, a 
point about 2 miles upstream. 

An occurrence most likely to be a mineable seam is found in the valley of Ver­
milion river, on the farm of W. H. W arwoo'd, on sec. 16, tp. 51, R. 9, wedt of the 4th 
meridian about 6 miles from Mannville. A well .at Mr. Warwood's house went through 
a seam of coal at a depth of 17 feet, which, by general report, had a thickness of 5 feet. 
An abundant flow of water which occurred at a depth of 14 feet from the surf.ace would 
make mining 'difficult, but if the seam were persistent, points farther from the creek 
might be found that would not be .so troubled by the drainage. Samples of the coal 
were picked out of the excavated material and show that it is a lignite holding a 
large percentage of water. Analysis made by Mr. F . G. Wait, Mines Branch, of 
loose pieces from well, ·give:-

Moisture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27·47 
Volatile combustible .. .. .. . . . . . . . . . . . . . . . . . . .. . . .. . . 30·26 
Fixed carbon .. . . .. .. . . .. . . . . . . .. . . . . . . . . . . .. .. .. .. 28·98 
Ash.. .. . . . . .. .. .. .. .. .. .. .. .. .. . . . . .. .. .. . . .. . . .. 13·29 

100.00 

BROCK, SASKATCHEWAN. 

Another locality in the northern extension of the Belly River beds at which coal 
is found, is in the vicinity of Brock, about 100 miles southwest of Saskatoon. This 
is a station on the Calgary-Saskatoon branch of the Canadian Northern railway, and 
is the nearest p.resent exposure of coal to this important Saskatchewan town. The 
discovery was made while drilling a well 0[1 sec. 22, tp. 28, R. 20, we.;;t of the 3rd 
meridian. The 'district is rolling, and the well which was put down on the top of a hill 
pierced the coal seam at a depth of 130 feet. To the northwest a dry coulee crosses the 
section and it is probable that the seam lies beneath the bed of this valley, and could be 
reached at a much less depth. An open shaft 6 feet :Square was dug on the hilltop to 
a depth of 140 feet and stood untimbered 8Jnd dry. Last winter several tons of the 
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coal were l'aised by block and tackle, but at the time of my visit, July 19, 1911, some 
of the wall of the shaft bad fallen in, concealing the greater part of the seam. 
Information given by Mr. McKay, manager, Northern Crown Bank, is to the effect 
that the seam is nearly 10 feet thick on one side, but can be averaged ·as having about 
7 feet of coal. 

The upper part of the seam is mostly dust and black dirt, but 2 feet in the middle 
is 3olid coal. From a sackful of the extracted ~oal, samples that would be repre­
sentative of the mass, including the dirty part as well, were taken and gave the fol­
lowing analysis :-

Moisture.. .. . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 25·70 
Volatile.. . . .. .. . . .. . . .. .. . . . . . . . . .. .. .. .. .. .. . . 26·95 
Fixed carbon.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28·42 
Ash.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 18·93 

100.00 

It is quite evident that if only samples of the solid coal were taken the ash con~ 
tent would be much reduced. The fooality is. in the unforested area, and this £eld, 
although of about the grade of the .Souris coal, would be valuable to the surrounding 
district. Mining would be expensive on account of lack of timber, but as the country 
is ·dry there seems to be no great need for expanse in drainage, and the roof, although 
of clay, stands up well. The untimbered pit had no water in it and the walls stood 
remarkably well; but without a casing of boards it would seem to be a menace to 
.those attempting further development. 

BORING AT EGG LAKE, NEAR MORINVILLE. 

The operations of the American Canadian Oil and Gas Company have been con­
centrated in an effort to pierce the Cretaceous beds to the depth of the tar-bearing 
sands. This has been a work of patient drilling, and a depth of 3,340 feet is now 
reported to have been reached (December, 1911) . The well was visited September 
30, and operations were suspended long enough to have the depth of the well measured 
and samples of the sludge examined. At that date, the depth from the floor of the 
drilling-shed was ascertained to be 3,305 feet 7~ inches. 

The drill wai,; in very hard sandstone, but the casing was .not down to this hard 
reek, consequently some of the shale from the walls wa.s found ,in the sludge. Besides 
very £nely pulverized shale, the sludge contained small particles of sandstone and a 
few pieces of coal, which would tend to establish the Dakota age of this sandstone. 
When the water was· removed from the material broug·ht up, the whole mass bubbled 
up like yeast, and ·a. large number of bubbles showed the iridescence, called by the 
·drillers, " colours of oil." A few small specks of brown oily matter were found in 
the washed material. This gives great hope to the drillers that the top of the tar 
sands has been reached. 

In the Athabaska valley, the tar sands are re~ting on the Devonian, the sup­
posed source of the oil. In the foothills other formations, not of ·ain absorbent nature, 
intervene, so that there is a limit to the western extension of the productive part of 
the Dakota. The presence of even a small amount of oily matter in what seems here 
to be the Dakota formation, shows that the western limit htv,; hardly yet been reached, 
and there is great hope of ultimate success in the boring ope!'lations. The indications 
of oil are reported as becoming more promising. Some delay caused by caving· in 
the lower part of the hole is reported, and the casing will necessarily have to be put 
down to the top of the sandstone. 
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I. 

REPORT ON PROGRESS OF INVESTIGATION OF CLAY RESOURCES. 

Heinrich Ries. 

INTRODUCTOR Y. 

During the summer of 1911 I spent about three months in the field. Up to 
the middle of July, Mr. Joseph Keele was associated with me, but from that 
time 001, with the exception of a few days in .September, we were working separately 
in order to cover more ground. 

The main object of this year's work was to fill out the gapi! left in last season's 
work in the western provinces, in the region we3t of Winnipeg. 

Most of the localities visited, therefore, had not been heretofore examined. In 
a few cases certain districts were revisited illl order to find out what developments had 
taken place in the intervening twelve months. 

A summary of the past season's work must, therefore, be a somewhat detached set 
of statements. 

GREAT PLAINS REGION. 

In our report for la:;t year particular attention was called to the shale deposits 
of the Great Plains region. These included the Pierre, Niobrara, Belly River, Laramie, 
Edmonton, aind Tertiary. Of these the Pierre and the Niobrara shales are each 
worked only at one locality. 

PIERRE SHALES. 

The gener:al character of these was referred to in last year's report, and their 
rather low plasticity in the unweathered condition was referred to. They also burn 
tn a rather porous body. The area around LaRiviere was visited this year, and this 
is the only point at which the Pierre shale::; are worked, there being abUllldant 
exposures of the material. 

The plant in operation there was erected for making pressed brick, and was first 
equipped with a dry-press machine; but this being unsatisfactory, a semi-plastic 
process was employed. The :plant i::; still in the experimental stage. It is probable 
that better results will be obtained by mixing some surface clay with the shale, and 
our tests of last winter demonstrated this. 

NIOBRARA SHALES. 

These are worked at Leary, Man., and were described in last year's report. N o 
deposits of this age were visited by myself this season, but Mr. Keele examined some 
north of Regina. They are more promising than the Pierre shales, being more plas­
tic and burning to a denser body. These show an extraordinary tensile strength. 

BELLY RIVER SHALES. 

This represents, perhaps, the most extensive series of shale deposits in the Grea1l 
Plains area, and a number of samples of these were- tested for last year's report. 

26- 15 
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A. ttention was also called to their use by the sewer-pipe worfos of the Alberta Clay 
Products Company of Me.dicine Rat, and the Red Cliff Brick Works. The supply 
for the former was being obtained from a ridge along Bullshead creek, near Cole­
ridge, and, a1though only a small excavation had been made, the opinion was then 
expressed that the different types of shale found there occurred in lense.>. A re-ex­
amination this year, when more extemive quarrying had been done, showed that thi.s 
theory was correct. One bed for example, as the so-called fireclay seam, which 
showed up last year with a thickness of about 6 feet, has thinned out to a few inches 
iu less than 50 feet. The shales now being obtained at Coleridge appear to work 
well for £repro£ng and pressed brick, but they cause considerable trouble by crack­
ing when worked up for sewer-pipe. Efforts are, therefore, being maJe to .obtain a pipe-

. clay from some other locality, and at the time of our visit favourable preliminary 
tests had been made with a clay from west of Calgary. 

We also made an ex·amination of the Bullshead Creek valley for a distance of 
several miles up stream, and beginning at a point about 4 miles above the Cole1{clge 
bank. 

Both sides of the valley here showed aiumerous shale exposures, interbedded with 
sandstone beds. The shales varied from very sandy to smooth fine-grained ones, and 
some of the lenses showed a maximum thickness of 30 feet. To the southward, or 
up the valley, the shales appeared to pass into sandstones. 

The tests on the samples from this valley are now in progress and will soon be 
available. 

R eference wa.> made last year to the exposure of Belly River shales, along the 
Belly river near Lethbridge, but there are a number of other points along the stream 
where these are exposed, although many of them are at present located too far from 
t.he railway to be of commercial value. 

A new district visited this season was that north of Taber, Alberta, where the 
Belly river flows .about 2 miles north of the town. 

An opportunity of examining the shales is afforded by the •numerous small lignite 
mines which are in operation and have openings on the side slopes of the river valley. 

The shales of this locality are similarly variable to those near Coleridge, but 
gypsiferou8 ones appear to be more ·abundamt. However, a moderate amount of~ 
sum grains need not necessarily interfere with their workability. 

Only one attempt has been made to work the shales near Taber , and this wa;; 
d<me in the crudest way at a small yard located on the river bank. The poor results 
obtained were due to the methods rather tham to the material. 

Samples were taken for testing from several points along the river, and of the 
shale from above and below the coal in the shaft of the Rock Springs mine of the 
Superior Coal Company, northwest of Taber. The following two analyses were sup­
plied by the Company, No. 1 being the top clay and No. 2 the bottom clay. 

Silica .............. ... . .. . ... . . ... . 
Alumina ....... .. ......... . . ....... . 
Ferric oxide.. . . . . . . . . . . . . . . . . . . . . . . 
Lime . • .. •.. . . ..................... 
Magnesia.. .. .. .. .. . . .. . . . . .. . . . ...... ... . . . 
Loss on ignition.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I. 
63·2 
19·2 
5·4 
0·6 
1·2 
9·0 

98·6 

II. 
68-4 
18·0 
4·0 
0-4 
l·O 
7.7 

99.5 

A well was beimg sunk at Taber in the summer of 1911 with the hope of striking 
gas, and at the time of my visit had reached a ·depth of 1,500 feet. The cores showed 
a series of shale beds, some of them quite smooth, and occasional layers of c:;andstone. 
A 4 foot layer of coal was struck at 70 feet , and a 2 foot 8 inch bed at 3'70 feet. 
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At 670 feet the drillers struck ·a strong flow of water, yielding 950 gallons per 
hour. At 620 feet there was a slight flow of gas. 

Shale exposure:; are also to be found on the banks of the Belly river near Bow 
island. It was hoped that shale beJs might be found in the horseshoe bend of the 
river south of Bassano, but the cutting, though deeip, is in glacial drift. 

LARAMIE. 

Several days were given to an examination of the district ·along the new branch 
of the Canadian Pacific railway from Weyburn to Forward and. Ogema. It was 
hoped that we might find a southern extension of the white-clay formation of the 
Dirt hills, but owing to the heavy mantle of Pleistocene clas,s, no Laramie material 
was found. 

Twelve miles south of Forward, at Stowe on the Souris river, there are small 
exposures of greyish-white plastic clay, and brown and. bluish smooth shales, all pro­
bably of Cretaceous age. 

Since a branch line of the Canadiam Northern passes this point, these shales are 
worth looking imto in greater detail. There is the possibility, however, that they 
may contain too frequently interbedded sandstones, although it is not safe to say 
this without further prospecting. 

The Pleistocene surface loams and. stony clays form a •Somewhat heavy mantle 
throughout this region. 

It is interesting to note that the refractory clays of the Dirt H ills region, which 
have remained so long unnoticed, are beginning to excite considerable interest, due, 
in .part, to the attention given them in the Geological Survey work. Oine plant will 
shortly be established there, and two others are contemplated. 

EDMONTON l•'ORMATION. 

This formation was referred to in last year's report, and attention called to the 
fact that the shales of the upper beds of Edmonton might be developed for brick 
manufacture. A plant has since ·been started near Strathcona .and is employing 
these shales for dry-press brick manufacture. The shale being used underlies those 
which we sampled and tested last year. It is red-burning, but further tests are not 
yet available. 

One of the best series of shale ex.posures found in Alberta, is that seen along 
the Pembina and Lobstick rivers west and northwest of Entwhistle on the Grand 
Trunk Pacific. These outcrop in considerable thickness, are favourably located. for 
working, and some of them, at least, appear to be favourably constituted for making 
vitrified structural wares. 

Since coal has been found in borings at no great distance below the surface, the 
necessary fuel for burning these shales could be easily obtained. The shale formation 
extends east of Entwhistle, but no shale outcrops are visible along the railway. 

TERTIARY SHALES. 

Those near Brickburn, west of Calgary, were referred to in last year's report, 
and the suggestion made that further prospecting to the eastward of the brick pits 
might show other beds containing fewer sandstone layers. Developments made at this 
point since then have demonstrated the presence of some very> promising shale beds in 
the escarpment east of the brickyard, and some of the material bas been shipped to 
Medicine Hat for sewer-pipe manufacture. The shale that has been shipped from 
here to Mediicine Rat, is fr-0m a lower bed than that used for brick at the Hrickbmn 

'yard' and is of appreciably higher refractoriness, standing cone 3 to 4. 
A more careful examimation was made of the shale sections along the Bow river 

between Morley and Cochrane, which resulted in the collection of samples for test­
ing from the section west of Mitford. The shales occurring there appear to be 
promising. 

26-15i 
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·when a branch line of the Canadian Pacific rai lway from Langdon, on the 
mai'll line east of Calgary, is extended to Carbon, the shale deposits exposed along the 
Hed Deer river will become available, but there are no shale exposures along the 
present line from Langdon northward. 

OTHER LOCALITIES. 

At Red Deer two y·ards manufacturing common brick were. in operation last 
year, both of them using surface clays. One of these has recently been reorganized 
and it is pr~osed to use a mixture of local surface clay and the shale which outcrops 
along the river just above the railway bridge. This was tested last winter. A search 
was made along the Red Deer river south of Red Deer, but only glac ial clays were 
found. 

At Medicine Hat the stiff-mud yard of Purmal and Pruitt, which had been 
destroyed by fire, is again in operation, but Hofmann's yard, 2 miles east of town, 
is not runnirng. 

The Acme Brick Company, 7 miles north of Edmonton, has been remodeling its 
plant and introducing a patent system of drying and burnilllg. 

The clay pit at these works presents a rather unique section. 
The upper clay is a tough laminated material, and is underlain by 12 to 15 feet 

of a dense sandy clay cootaining layers of gypsum rosettes. 

MOUNTAIN REGION. 

Shale exposures are abundant in the valley between Fernie and Coal Creek mines, 
as well as in the valley in which Morrissey lies, but they are all too hard and siliceous 
to work up into a plastic mass. Those near Morrissey are slightly less siliceous than 
those near Coal creek. 

This then still leaves the shales Dear Blairmore and Coleman as the most promis­
ing thus far tried along the Crow.s Nest Pass line. Those at Blairmore are still 
being worked for dry-press brick, but give some trouble in burning. They are not 
adapted to a stiff-mud process because of their low pla;;ticity. 

Attempts are still being made to exploit as a fireclay proposition some streaks of 
talcose o;chist in quartzite, which occur about 9 miles south of Elko along the Great 
Northern railway. Tests made by us on this show that it is not even refractory. 

An examination was also made this year of clays in the Columbia River valley 
north and south of Golden. There is no reason why deposits of clay should not be 
found underlying the flood plain of Columbia river. Near Golden there is a con­
siderable area .underlain by this clay, which may be of value for brick manufacture. 
It is very plastic in the field. 

Pockets of tough silty clay are also found in the glacial drift bordering the 
va1ley, but little can be expected of them. 

In the Nicola valley there was found a most extensive deposit of plastic lamin­
ated clay, evidently a lake deposit, which may prove useful for brick and tile-making. 
It can be traced almost continuously from Merritt to Nicola. 

The Tertiary coals of the Nicola valley, which are being worked at Merritt, are 
interbedded with sandstones and siliceous shales. The latter are !Dot very promising, 
but some are being tried. West of Quilchena the coaly shales are overlain by that 
peculiar type of clay known as Bentonite, which is found in such abundance in the 
state of Wyoming. The Bentonite bed is at least 6 feet in thickness. 

VANCOUVER ISLAND. 

The shales of the N anaimo coal Lasin were a1so examined this year. Most of 
them appear rather siliceous, but some near East Wellington have given satisfactory 
rernlts in a preliminary trial on the stiff-mud machine. 
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ONTARIO Ai'ID QUEBEC. 

Towards the end of the season some Jays were spent in examining certain feldspar 
deposits. Those visited were in the Parry Sound 'district, near Verona and Godfrey, 
Ont., and the Lievre River district of Quebec. 

The Parry Sound deposits consist of veins or lenses of a coarse-grained mixture 
of ,plagioclase a1J1d orthoclase, with numerous large flakes of biotite and some quartz. 
These veins are abundant in this region, but as it is impossible to separate the biotite 
by any economical methods, they are of no v.alue as a source of spar. 

The quarries near Verona and Godfrey are worked for both quartz and feldspar, 
the two occurring in the same vein, but in large masses, so that no difficulty is experi­
enced in separating them. The wall-rock is a gr·ey biotite gneiss. 

Much of the spar obtained from this region is shipped to the United Statesi, 
and on account of its high ;purity finds a ready market in the pottery trade. 

A visit was also made to the kaolin deposits located 7 miles west of Huberdeau, 
Que., and controlled by the St. James Construction Company of Montreal. . 

These are all the more interesting because of their occurrence in a glaciated 
region, but the reason for this soon becomes evident. The kaolin has been formed 
by the weathering of pegmatite , 81ns, which have been injected along joint planes of 
the Pre-Cambrian quartzite. The veins seem to be numerous, but the largest seen 
was 20 feet in thickness, and this, at the time of our visit had not been uncovered for 
m.ore than 8 feet . A washing plant is also being erected. The development of the 
deposit will be watched with interest. 

II. 

WHITEW .ARE MATERIALS IN ONTARIO AND QUEBEC, 
KAOLIN NEAR HUBERDEAU, QUEBEC. 

Deposits of kaolin or white residual clay have always been regarded as rare in 
the glaciated region of North America, for the reason that even though the decay 
of feldspathic rocks may have yielded such depositil in pre-glacial times, they have 
been removed by g~acial erosion. 

It is conceivable, however, that if such deposits occupied depressions in a h ard 
and comparatively resistant rock they might have been so protected as to remain more 
or less uninjured. · 

The upper part of such a deposit occurring in the glaciated area, is likely to be 
somewhat impure, due to the incorporation of glacial drift in its mass. Such a 
structural feature should not, however, be confus~d with an impure iron-stained 
residual clay. In the former case, we find lumps and patches of glacial material mixed 
up in irregular fashion with the white kaolin. In the latter the entire clay mass 
would be more or less discoloured and free from boulders, pebbles, or other material of 
distinctly glacial origin. 

Since kaolin deposits are so rare in the glaciated region, it was with some sur­
prise that I received the announcement of a deposit in Quebec. 

The one referred to in this paper lies about 7 miles from Huberdeau, on the roa'd 
to St. Remi d' Amherst. The former town is a station on the Canadian N ortheim, 
about 70 miles northwest of Montreal. 

The clay has been encountered in some test pits in a ridge lying on the east side 
of the wagon road. 

This ridge is formed of quartzite, which is covered by a mantle of glacial drift, 
ranging from 2 to 15 feet in thickness, so far as my observation.s went. It may be 
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thicker in places, but the :figures named represent the thickness observed at the time 
of my visit in September, 1911. 

The quartzite, which belongs to the Grenville series, i;i cut by two sets of joints, 
the one striking N . 70° E . ·and the other set striking N . 40° W. 

Sevel'al test pits have been .put down by different parties, and it is claimed that 
these encountered kaolin. This fact has led some to a.;;sume that the entire ridge 
was underlaid by a blanket of the white residual clay, a conclusion that is wholly 
unwarranted on the basis of present evidence. 

One cut was excavated from the wagon road eastward into the hill, and encoun­
tered a vein of kaolin that was perhaps l!5 feet wide, and strikes approximately N. 
20° w. 

P1ate I 1shows a view of this cut, which was driven about 250 feet before 
encountering the white clay. It has been uncovered for a distancti of perhaps 60 
feet, and it was stated that a boring 80 feet deep has been made in it without strik­
ing the bottom. 

The dip of the vein appears to be very steep. 
About 10 feet to the north of the cut :referred to, and about 15'0 feet west of the 

main road a short vein 4 feet wide was struck. 
A second cut was run into the hilloide about 300 feet south of the main one. 

This cut was 8 feet wide and about 100 feet long. At the end, there was exposed in 
the bottom of the cut a vein of kaolin 4 feet wide, and striking N. 10° W. This, it 
is claimed, was bored to a depth of 30 feet without striking bottom. 

There were also two veiinlets 5 inches and 2 inches wide, respectively, which had 
a strike of N. 40° W., but they pinched out rapidly. 

The mode of occurrence is unique, as kaolin deposits in quartzite ~.re compara­
tively rare. Much careful prospecting will have to be done in order to determine 
whether there is a large amount of kaolin present in this ridge. 

On the west side of the road the rocks are limestone and granite, and show no 
evidence of kaolin veins. 

There is no way of prophesying how deep the kaolin veins are likely to exten9, 
and it would not surprise me to learn tha.t the veins were abundant in this ridge. 
Their depth will depend on the depth to which the weathering agenbd have penetrated 
the pegmatite. 

At the time of my visit preparations were under way to erect a washi•ng plant 
for treating the crude clay. 

PROPERTIES OF THE KAOLIN. 

The crude clay is a mixture of fine-grained white clay particles and angular 
fragments of quartz, mostly under one-fourth or one-eighth of an inch in size. A 
little tourmaline is occasionally present. In some parts of the vein the material is 
almost free from quartz, but i1n most portions of the deposit this mineral forms about 
50 per cent of the mass. 

When put through a washing test in troughing and settling tanks it yielded 
about 40 per cent of washed product. 

A sample of the latter analysed by G. E. F . Lundell gave:-

SiO,.... .. .. .. . . .. . ... . . . .. . ................ .. .. ... .. 

~~:&· .· .. : : : : .. : .. '. : : .. : : : .. : . : : : : : . : : : : : ·.:. ":::: . : ·."::: : : : : : 
Cao . .. ... .. . . . . ... . .. . . . .. ... . ......... .. .. . .. . ... . .. .. . 
MgO ............ . .......... . ..... . .. . ...... ... . . . . ... .. . . 
K,O ........ .. ... ... ........ .. . .. .... . . ..... . .... . . . .. . .. . . . 

~~~~ ~~ · ig1;itio~'. . ·. '. · .. ·::: .' . .' . .' .'.' .':::: · .. : '. .: :::'::: .:::: 

46• 13 
39·45 
0·72 

None 
None 
0·20 
0·09 

13'81 

100 ·40 
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This analysis shows the material to be of high purity. 
The was·hed material worked up with water to a fairly pla.atic mass, but one of 

low tensile strength; the latter being characteristic of kaolins. 
The washed clay burns white, and is quite refractory, being unaffected by a tem­

perature of cone 33. 
The material is no doubt adapted· for use as a paper clay on account of its fineness 

of grain, and whiteness in the unburned condi<tion. 
Whether it will also satisfy the requirements of white ware and porcelain manu­

facture can only be told by actually making up a mixture of the kaolin with ball 
clay, flint, and feldspar, and then burning it with a colourless transpare.'lt glaze. 

POTTERY MATERIALS IN CANADA. 

The interesting -0ccurrence of the Huberdeau kaolin, bri1ngs up the consider.ation 
of a pottery industry based on domestic materials. 

Let us take the case of whiteware for example. This is made up of the following 
four ingredient;!: Kaolin to give whiteness and refractoriness; ball clay to give 
plasticity and bond., but which does not always burn as white 1as the kaolin, and hence 
cannot be used in too great quantity; ground quartz (called flint) to reduC€ the 
shrinkage and give the body stiffness; feldspar to serve as a flux. 

Whiteware is manufactured to some erlent in the Dominion, but the kaolin and 
ball clay come either from England or the United States, or both. 

Up to the present time no true baU clay has been discovered in Canada. 
It is possible that the clay over the 13 foot seam at Inverness, C.B., or the washeJ 

stoneware clay from Shubenacadie, N.S., could be mixed with kaolin for some sani­
tary ware bodies, but they are not sufficiently white-burning for whiteware. 

Quartz can be obtained from veins, or quartzite free from iron, and there would 
probably be no difficulty in obtaining this from some of the Ontario localities. 

Feldspar has been reported from the several localities in Ontario, and is being 
w-0rked in the region north of Ki1ngston, indeed, some of the spar mined in the 
vicinity of Verona and Godfrey is of high grade, and is exported in large quantities 
to the United States where it is purchased by the manuf.acturers of whiteware. 

The deposits around Verona are worked as open-cuts : one of the most important 
being <the Card mine, 2~ miles west of Verona. 

The country rock is a grey gneiss, which strikes N. 30° W. and dips 45° S.E. 
The veilil. strikes N. 10° E. and then swings to N . 20° E. at the north end -0f the cut. 

The deposit which has been opened up for about 2-0'0 feet, has been traced 600 
feet farther, but ~.t the south end of the cut it appears to be pinching out. 

Both pink and grey spar are found, intermixed with quartz and occasional tour­
maline, Jtlld the last two have to be separated by hand picking. 

While some of the quartz is intergrown with the feldspar, much of it is of later 
age, so that veins of the former cut .across the latter. 

The product from this quarry has to be hauled to the railway for shipment. 
The largest feldspar mine in Ontario is the Richardson mine, which is located 7 

miles east of Godfrey. This is a large -Opening of considerable depth. The wall rock 
is a dark grey gneiss, and the boundary between the feldspar anJ gneiss varies in 
its degree of sharpness. The spar is· mostly orthoclase, with occasional veins of 
plagioclase, and some veins of later quartz, but the main body of the latter is in a 
large somewhat flattened mass, which is in the central part of the vein. In this 
quart21 'mass· there are cavities with crystals of quartz, mica, and pyrite. Occasional 
blotches of pyrite occur in the feloopar, and at one place on the northwest wall there 
are dark vein-like streaks of pyrite. 

The feldspar vein forks at both enJs of the pit. Patches of tourmaline are found 
here and there im. the feldspar, and one large clump of tourmaline crystals is to be 
seen close to the hanging wall. 
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The quartz i,s used for ferrosilicon and the spar is sent chiefly to potteries Jn 
the United States. 

The two following analyses indicate the high purity of the feldspar :-

SiO, . . ....... .. .. . .... . . . ... ... .. . . ..... . 
Al,03 . •••.•.•.. . .••• • •.. . • • . •·•• • • · • • ·• ·· 
Fe,03 .•••. •••••••• . •• • . ..•• . .•..• • •.•. . .•• 

K,O . .... ... ... . . . . . · · ·· · · · · · · · · ·· · · · ····· 
Na.,O ..... • ... . . . .... . . . . .. . . .......... . . . . .... 
Cao . ... . . .. . . .. . . . . . . . ..... . . . . .. ... . 

~~~i~~::: ·:: : :: ·:.: ::. :::: :::: :: :: .: : . : ... .... . 

66•23 
1s· 77 
trace 
12· 09 

3· 11 
0·31 

N"one 
N one 

1(\0• 51 

65 ' 40 
1s ·so 
t race 
13·!Ju 

1'95 
None 
N one 
o.co 

100' 65 

There are a numl:er ·of other feldspar veins in this district, but many of those 
exposed or exploited show considerable admixture of quartz, or lie so that economical 
working is difficult. 

An example of some of the difficulties encountered is seen at the McDonald mine, 
about 1~ miles north of Verona. 

Here the vein which strikes N. 40° E., dips northwest under a hanging wall of 
gneiss. The spar under the hanging is purer., but to follow it far in that directiQ.n 
means the removal of a heavy overburden of gneiss. Towards the foot-wall the feld­
spar becomes mixed with quartz, blotches of hornblende, and some biotite. The quartz 
in many cases is later than the spar and forms irregular vein-like masses of it. 

Even a hasty examination of the spar deposits in this region emphasizes the fact 
that although the veins may be abundant, comparatively few are apt to be of com-
mercial value. · 

. Spar must be cleaned before shipment by hand-picking, as c001centrating 
machines such as could be used to separate ore from gangue 1are not applicable. 

A vein of spar may be large, the quality of the material excellent, and the per­
centage of impurities comparatively small, but if they are uniformly distributed 
throughout the entire vein, the cleansing of the spar becomes a matter of great dif­
ficulty, if not an impossibility. 

A case which is !Somewhat of this character was seen an Ross island in Parry 
Sound. Strong rumours existed to the effect that feldspar veins of commercial value 
were 'said to exist in this vicinity. and consequently a visit was made to this locality. 

The shores of Parry Sound consist largely of biotite schist cut by numerous peg­
matite veins, some of them 20 feet in diameter. They are coarse-grained, and con­
tain both orthoclase and plagioclase, feldspar, as well as quartz and biotite. The 
quartz and feldspar are intergrown, although in some cases veins of the latter age 
cut the pegmatite. The pegmatite vein;; pinch and swell and branch, ~ut the 
boundaries are usually sharp. 

Inclusions of the country rock were noticed, and there has apparently been fold­
ing after the intrusion of the veins. 

The vein on Ross island is probably 30 feet wide, and strikes a little south of 
east. It is very coarse-grained, and containiS large pieces of orthoclase, plagioclase, 
biotite, and scattered quartz. But while the lumps of spar are individually clean 
nnd often several inches or more in diameter, they are so surrounded by leaves of 
biotite as to render the mass unworkable. 

If feldspar is to be used for pottery purposes it should be free from iron. 



SDMJIARY REPORT 233 

SESSIONAL PAPER No. 26 

I .. 

NOTES ON TESTS OF CLAY SAMPLES. 

Jos.eph K eele. 

The following notes give the results of tests on clay samples, which have been 
sent in at various times for examination. 

The samples generally submitted are in too small amounts. Not less than 4 or 
5 p-0unds should be sent by mail. Then, if the clay deserves a more extended 
examination, a larger sample may afterwards be forwarded either by freight or 
express. 

There are also included in these criotes preli.minary tests on samples collected 
from certain scattered deposits, of which special examinations were made by request, 
or on material outside the area covered by the field work of the season. 

GRAHAM, ONTARIO. 

On line of Grand Trunk Pacific railway. Sample submitted by Professor Macoun. 
This was a very smooth, non-calcareoU!:l clay which, mixed with 30 per cent of 

water, formed a highly plastic mass that was stiff and hard to work. 
The tensile strength of the raw clay was 430 poUJnds· per square inch and the air 

shrinkage 9 per cent. A good hard red body was produced on burning to cone 010. 
Owing to the high shrinkage and difficulty of working, this clay cannot be used 

nlone, but a good common brick may be manufactured by the addition of about one­
third sand. 

This clay gives a g-0od ·dry-press brick of red colour, and low absorption when 
]:,urned to cone 05. 

Bricklets made from this clay and burned to cone 03, are deformed and show tl:!,e 
effects of ornrfiring, and are completely fused at cone 1. 

ST. JOSEPH, BEAUCE CO., QUEBEC. 

A clay deposi t in the Chaudiere valley, about 2~ miles south of St. Joseph, has 
attracte<l attention at var ious times, and an examination was made of it by request. 

The deposit is a river terrace, composed of stratified Pleistocene clay, about 35 
feet in thickness and of considerable extent. 

The clay is r ather silty in character throughout, but the upper part of the ter­
race contains more plastic material than the lower portion. 

A good common brick can be made by the soft-mud process from this clay, but 
it does not ap,pear to be suitable for any higher gr.ade wares. 

It would be unsafe to attempt the manufacture of vitrified wares here, as the 
clay ·show·s warping and unduly high fire shrinkage when raised to a temperature a 
little higher than that at which common brick is generally burned. 

This deposit was supposed to contain beds of stoneware and fireclays, but ther~ 
are no such clays in this terrace. 

MON TMORENCY, QUEBEC. 

A sample of weathe:-ed shale, collected by Mr. Percy Raymond, from the escarp­
ment at Montmorency falls. 

This is a highly calcareous grey shale which, mixed with 22 pe;r cent of water, 
gives a mass of fair plasticity, but gritty. It has a tensile strength of 66 pounds per 
square inch, and air shrinkage of. 4 per cent. 
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It makes a gooJ common brick by either the stiff-mud or soft-mud proce;:;s, and 
by dry-pressing will make face brick. The fusing point of the clay is low, and i t 
camnot be used for making vitrified wares. Notwithstanding its high calcareous con­
tent, the clay is red-burning. 

SUSSEX, N.B. 

A• small sample of smooth, black clay was sent in by :Miss Berry from the above 
locality. 

This is a highly carbonaceous clay, and evidently a swamp deposit. 
On firing the moulded test ,pieces, a considerable loss of volume results, owing 

to the burning out of the carbonaceous matefi.al. It burns to a porous red body a t 
cone 03, with the extraordinary high total shrinkage of 29 per cent, so that i t is of 
no possible value in the clay working industry. 

MINTO, N.B. 

Samples of shales above and below the coal scam at W el tons mine. 
These shales were mixed in the proportions of two parts of the upper beds to one 

of the lower. This mixture was ground and teIIJJJered with water to a plast ic mru>s, 
from which short sections of tile, 3 inches in diameter, were made in a hard press. 
These tiles were fired in a sewer-pipe kiln at a temperature of 2,200° F . The results 
showed that the tile burned to a good hard body, with perfect salt glazing. This mix­
ture is recommended for sewer-pipe. These shales will also produce good common 
and red dry-pressed bricks or fireproofing. 

STONEHAVEN, N.B. 

Average sample of top of cliff at shoreline, .about 25 feet in thickness of red and 
greenish weathered shales, without overburden. 

These shales when ground and tempered with water worked up into a mass of 
good plasticity, having a tensile strength when dry of 139 pounds per square inch, am;f 
air shrinkage of 5 per cent. Short sections of 3 inch tile made from this shale, and 
burned in a .sewer-pid>e kiln ·at a temperature of 2,200° F., showed a vitrified body 
with good salt glazing. Good common brick and very fiine red dry-pressed bricks can 
be made from these shales. · 

They would also appear to be suitable for £reproofing and electric conduits. 

CLIFTON. N.B. 

Two beds of grey shales, about 4 feet each in thickness, interbedded with ~and­
i;tones,. and very thin ooal seams. 

These are smooth, very plastic shales, somewhat calcareous, and buff burning. 
They are not fueclaiys, but are sufficiently refractory to be made into blocks fo r 
boiler-settings, and will make good facing brick of buff colour, when dry-pres.:led. but 
must be burned to cone 03 or higher for this purpose. 

II 

REPORT ON PR.OGRESS OF INVESTIGATION OF CLAY RESOUR.OF:S. 

OFFICE w ORK. 

The laboratory work on the samples of clays and shales collectoo in the western 
.provinces last season (1910) was not finished until June. About 125 sampleil were 
submitted to a complete series of physical t ests. In addition to the regular test~ 



SUMMARY REPORT 235 

SESSIONAL PAPER No. 26 

several special tests were ·designed and carried out for the purpose of devising a 
method to cure drying defects in some of the clays. The results of these tests, with 
very full information on the working qualities, and behaviour under firing, for the 
different materials, · together with a description of the deposits, are inclmlP.d in a 
report to be published in the near future. 

FIELD WORK. 

The field work for the season of 1911 consisted of an examination of scattered 
:deposits of clays and shales in various parts of Canada, and will be only briefly 
referred to in this report. A very comp'ete series of laboratory tests on the samplr.io 
collected this season is in progre:>s. The results of these, and a detailed <lescription 
of the deposits, will be i'Ilcluded in the final report. 

WESTERN CANADA. 

A d assification of the rock formations in which materials of value to the clay 
worker are likely to be found, and their distribution in western Canada, was given in 
the Summary Report for 1910, by Dr. Heinrich Ries, so that it will not be neces·sary 
to repeat it here. 

The work in the west was begun by an examination of the region traversed by 
the Pembina branch of the Canadian Pacific railway-which includes portions of 
southern Manitoba and Saskatchewan-between Winnipeg and Esteva'Il. 

Bricks a:re made at four points on this line, Morris, LaRiviere, Darlingford, 
and Estevan. 

The material med at Morris i.s the Red River Valley surface clay,. which makes a 
good, hard, buff-coloured brick, that always finds a ready market in Win'Ilipeg. 

The Pierre shale which occurs so abundantly in the P embina mountains, is 
used at LaRiviere for maki'Il(g dry-pressed bricks. The chief objection to the use of 
thi·s shale is that it cannot be bur:ned to a dense body at the ordinary temperatures 
of burning. the brick produced being generally too soft and porous. On the other 
hand, if the bricks are burned to a dense body, the shrinkage is excessive, and tho 
operation costly. 

Turtle mountain, which lie;; south of the railway line, between Boissevain and 
Deloraine, is chiefly built of sandstone, ·and does not appear to contain any shale 
beds which could be used for brickmaking. 

Except in the Red River valley, clays that could be used in brickmaking are not 
abundant on this line. The greater part of the surface deposits consists of boulder 
clay, clay loam, or sandy clay; all of which usually carry pebbles and fragments of 
limestone. Some shallow deposits of clay fairly free from pebbles have been laid 
down over small areas in flats or hollows. A quantity of common brick made from 
a deposit of this kind was burned this season at Darlingford stati n to supply a local 
demand. 

The Estevan Coal and Brick Company at Estevan, Saskat9hewan, is making red, 
dry-presaed, and buff, wire-cut bricks from shales which lie both above a'Ild below a 
thick seam of lignite. The results of tests of these materials are given in the full 
report on last season's work. A change has recently been made in this plant by the 
installation of the Boss forced-draft system for burning. By this means the impure, 
upper portion of the li~nite, hitherto regarded as waste, is now used in firing the 
kilns. 

Two new plants for brickmaking, it is reported, are to be shortly erected at 
Pinto and Douglas, . on the Portal branch of the C anadian P acific railway. The clays 
and shales at these points are similar t o those at E dtevan. None of the clays or 
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shales sampled from along this portion of the Souris valley were found to be refrae­
tcry or even semi-refractory, and it would be unsafe to attempt the manufacture of 
vitrified wares from them. 

A new brick plant has been erected at W eyburn, Sask., consisting of a ·dry-prcsil 
brick machine, and two circular down-draft kilns. A red-burnfo1g surface clay from 
the vicinity of the plant is used. This surface clay is found at intervals along the 
new branch line of the Canadian Pacific railway, which extends westward from Wey­
burn. 

No surface cl.ays ·suitable for brickmakfo1g were found near Maple creek, on the 
main line of the Canadian Pacific railway; the material underlying this vicinity iii 
princ~ally boulder clay. No clays or shales were found on the southern escarpment 
of the Cypress hills, but on the summit and a few miles north of Belanger post-office 
some very sandy, white clay was seen, which resembled some of the :fireclay beds of 
th" Dirt hills. · 

Extensive deposits of white clay are reported to occur on the Whitemud or 
Frenchman river, about 315 t o 40 miles south of Maple creek. These clays are at 
present inaccessible, but will be reached later on when the Weyburn-Lethbridge sec­
tion of the Canadian Pacific railway is completed. A boring, for natural gas was 
made near Maple creek a few ;rears ago; a depth of 2,200 feet was reached but no fl.ow 
of gas was obtaiined. No record was kept of the meaomres passed through in this 
boring. 

The region in the immediate neighbourhood of Regina is underlain by clay to 
lln unknown depth. The t rench recently dug for the trunk sewer exposes a section 
from the surface downward of 4 feet of dark loamy clay, 15 feet of dark, stiff joint 
clay, and 3 to 6 feet of yellow, silty cl ay. The latter could be used for brickmaking 
if found near enough to the surface, but the joiwt clay would be too hard to work 
up, nnd would check in air-drying. ' 

Shales which appear to belong to the Niobrara subdivision of the· Cretaceous 
were found in the ·cuttings between Valeport and Regin11 beach, on the newly con­
structed Craven-Colonsay branch of the Canadian Pacific r ailway. These shales °ll"Ould 
probably make a good quality of red dry-pressed brick, but owing to extr eme tough­
ness when wetted, it is doubtful if they can be used iin any of the wet moulded pro­
cesses. 

A company formed in Regina has recently acquired sec. 24, tp. 12, R. 24, west of 
the 2nd meridian, for the purpose of mining coal and clay, and operations w.:re begun 
on a seam of lignite this seawn. The lignite outcrops on the eastern portion of the 
section in ·a coulee at the base of the Dirt hills. It is overlain by grey or white sandr 
clay, which is a :fireclay, and overlying the :fireclay . is grey, rusty, easily fusible shale. 
Higher up on the foothills and at the west of the section art: small knolls of brown 
sandy shales. which are practically useless for brickmaking on account of high shrink­
age and cracking while drying. It is the intention• of this Oompany to erect a plant 
for the manufacture of structural clay wares. The succession of clays and shales 
found here is very similar to that which occurs a few miles west of this locality, and 
which was examined nnd reported on during last season's work. 

The clay deposit of the Alberta Clay Products Company at Coleridge is being 
opened up to better advantage this year, and material for making :fireproofing and 
dry-pressed brick is shipped to their works at Medicine Hat. This Company is bring­
ing shale from Calgary for the manufacture of sewer-pipe, as none of the beds at 
Coleridge were found sui table for this purpose. 

The clay ·and shale exposures in the valley of Bullshead creek were examined for 
several miles south of Coleridge. Some thick beds of soft, yellowish shale which 
could be easily worked were sampled. On going farther southward it was found that 
the shales beds were largely replac-ed by sands, and soft sandstone. 
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The wide valley in the vicinity of Walsh, on the malll line of the Canadian 
Pacific railway, contains exposures of shales, clays, and lignite seams. These clays 
were found to be heavily iro.p·regnated with gypsum, and resemble those which occur 
at Irvine. The clay beds at the latter point ware sam.pleJ la, t season; they were 
found to be of poor quality, and not to be reco=ended for brickmaking purposes. 

The Red Cliff brickworks, situated 6 miles west of Medicine Hat, are producing 
wire-cut and dry-pressed bricks, from a series of clay and shale beds which occur on 
the bank of the Saskatchewan river. The dry-pressed bricks are made from a single 
bed of soft, yellowish shale, which is mined by drifting. These are burned in down­
draft kilns, and a good, hard, red face-brick is produced. 

The Purmal Brick Company of Medicine Hat is making dry-pre:>sed bricks this 
season, using a silty surface clay which is exposed in a high bank at the rear of the 
works. There are five up-draft kilns af this plant, and the burning is done with 
natural gas. The clay, however, is unsuited to the dry-press process·, a:> the brick 
made from it is too porous and soft. A Whittikar repress machine, having a capacity 
of 18,000 a day, is being erected, and it is also the intention of the Company to install 
a stiff-mud brick machine. The clay, when worked by these proce:>ses, will undoubt­
edly give better r esults than with the dry-press. 

The Wetaskiwin Brick Comp!l!Ilty has commenced operations this year, making 
stiff-mud bricks, about 1 mile south of the town. The deposit used is a surface clay, 
about 14 feet in thickness, overlying boulder clay. The upper 4 feet of the deposit 
is a rather sandy and loamy clay, the under portion being stiff, str·atified clay. The · 
upper portion alone is used in brickmaking, as the underclay is too hard to work, 
and cannot be dried without cracking. The underclay could be used by the addition 
of sufficient sand, but there does not appear to be any sand available in the neigh­
bourhood. 

Borings for gas and water at Wetaskiwin show about 90 feet of drift, overlying 
sandstones and shales. Water is obtained at a depth of 200 feet in a series of sandy 
shale and sandstone beds. Gas is found at a depth of about 950 feet, and a flow 
having a pressure of 25 pounds is obtained. The natural gas is used to supplement the 
producer gas used in the power plant of the town. 

Thick outcrops of . shales and sandstone:> occur 5 miles east of W etaskiwin, in. 
tht: cuttings on the line of the Canadian Pacific railway, the exposures continuing 
for a distance of 3 miles. Farther east,, in the vicinity of Camrose, especially on 
the Canadian Northe1n Railway Hue in Stony Creek valley, an abundance of clay 
and shale beds occur either exposed in· natural sections on the sides of the valley 
or in railway cuttings. The clay and shale is also found in the town of Camrose 
when digging pits or trenches. Among the beds thus exposed is a remarkable yellow 
clay, which turns whitish on exposure to the air. It is exceedingly smooth and soap­
like in character, and indeed possesses marked detergent properties. The clay, when 
dried, will absorb its own weight in water and works up into a paste, with a great 
increase i'n volume. The shrinkage and cracking on drying is inordinate, so that it 
is not suitable for any burned clay products, but a use may be found for it in the 
raw state. 

The te:>ts made on the salllPles of clays and shales collected in the Camrose dis­
trict liave progressed far enough to show that most of these have low-fusing points, 
and nearly all of them crack and warp in drying. These defects are unfortunate, as 
the deposits are well situated for working, and shipping facilities of :finished pro­
ducts are excellent, since the three principal railway companies' lines imersect at 
this point. The lignite seams which occur i.nterbedded with the shales to the south 
of Camrose have been mined for some years past; and, although thin, would yie'd 
enough fuel for manufacturing. 

A brick plant for the manufacture of wire-cut brick was in operation at Cam­
rose for a few years, but is now closed, as the surface clay which wa;; used contained 
too many pebbles. 
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Arn examination of the Grand Trunk Pacific line between Edmonton and Saska­
toon shows brick clays occurring at intervals in the fiat-lying land. between Edmonton 
and Viking. The rolling country between Viking and Wainwright consists of ridges 
and mounds, which are either sand dunes or silt and gravel ridge5 with some clay 
pockets of small extent. For a long distance east of Wainwright there is a monoton­
ous succession of boulder clay ridges, but some of this clay, which is fairly free from 
pebbles, occurs between Mead and Kinley, and might be u;;ed for brickmaking. The 
flat deyression in the neighbourltood of Scott may also contain some brick clays. 
Shales are exposed at two points on the line, at Tofield and on the west bank of the 
Battle river. 

The shale at Tofield underlies a coal seam and crops out at the surface. It is 
fa irly refractory, and burns to a good, dense body, but cannot be worked for 5ewer­
pipe or brickmaking as it cracks too readily while drying. The shales at Battle river 
occur interbedded with sandstones and are exposed in the railway cuttings. 

Arn attempt was made during the season of 1910 to make bricks at Wainwright. 
The deposit worked consisted of silt and sand, with a few pockets of stiff clay. The 
bricks when burned were too weak and .porous to be of any value as their sand con­
tent was too great. Messrs. Taylor and Clark have begun making wire-cut brick 
this season, at a point a short distance west of the old locality. A few were burned 
in a test kiln, the reault being ·a good quality of hard red brick. The deposits of 
clay which occur among the sands and gravels are small and scattered, so that a lai;ge 

· area of ground will have to be utilized in order to assemble sufficient clay to keep a 
plant going. 

The brickyard at Saskatoon is owned and operated by Messrs. Elliott and Slack. 
The deposit worked consist;; mostly of silty clay, containing lenses of sand and stiff 
clay, the whole overlying boulder drift. There are also streaks and lumps of a hard 
clay resembling decomposed shale, which is very difficult to work up, and particles of 
it behave as pebbles in the burned brick. The whole deposit is worked, the silty clay 
portion being worked alone, and the stiff clay ·and sand mixed together. The capaci ty 
of the plant is 24,000 soft-mud bricks a day, all going to supply the local demand. 
Corusidering the unpromising nature of the deposit, a fairly good red brick is pro­
duced, the ha·rdest burned having a good ring. 

In addition to the above, some unworked deposits of lesser importance were 
visited before concluding the work in the west. These will be described in the full 
report, when the laboratory tests ·are finished. 

EASTERN CANADA. 

A special examinat ion was made of a clay deposit near St. J osepb, Beauce county, 
Quebec, which was supposed to cooutain beds of · fireclay and stoneware clay. The 
deposit, however, tProved to be the ordinary stratified estuarine clay which occur;; so 
widespread in eastern Canada. This clay occurs in great thickness in the Chaudiere 
valley, especially so about 2 miles south of St. Joseph. It is smooth and plastic, and 
will make good common brick or drain-tile. Its fusing point is so low, that vitrified 
wares cannot be safely made from it. This clay is similar in every respect to the 
deposit at Ascot, near Sherbrooke, where common red bricks of good quality arc 
made from it, but nothing more. 

The investigation of the clay and shale resources of New Brunswick begun two 
years ago was resumed late in the summer, but owing to lack of time, as the 
result of performing the large amount of sam,pling in the west, not much was accom­
plished in thj.s Province. A further examination was made of the Grand Lake coal 
district, where there is a considerable area of middle Carboniferous rocks containing 
shales and a bed of coal. This district is worth the attention of those intending to 
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erect <!layworking plants· in eastern Canada. · .At the numerous openings for coal 
there is an abundance of plastic shales already mined, a good supply of coal is at 
hand, and plenty of timber and water. The material that can be made here includes 
common and both red and buff dry1press bricks fo r boiler settings, sewer-pipe, :fire­
proofing and electrical conduits·. 

Shales somewhat similar to those of the Grand Lake area outcrop along the 
south shore of Chaleur bay, between Clifton and Stonehaven. These shales are of 
great thickness and have little or no overburden at these points. They overlie 
sandstones which are quarried fo r grindstones and building stone. Included in 
the san<lstone are twa 4 foot bed& of g rey shales, locally· referred to as :6.reclas s. 
They are not :6.reclays, but are sufficiently refractory for boiler settings or coke-oven 
blocks. They are also useful to mix with the upper and more easily fus ible shales 
for the ma'l1lufacture of vitrified wares. This series of shales and sandstones is of 
middle Carboniferous age; they include some thin seams of coal which are too small 
t o be of economic value. 

There are extensive exposures of felsitic rocks in the vicinity of Campbellton, 
which resemble the felsite at Coxheath, C.B., recently described as a refractory, but 
non-plastic material. The fclsito nt Cnmpbellton is not quite so refractory as that 
at Coxheath, but included in it are several seams and pockets of decomposed rock 
which are fa irly plastic. If a large enough deposit of the decomposed rock were 
known to exist, it might be valuable for many varieties of clay wares. 

Deposits of surface clay suitable for brickmaking occur in the vicinity of Chat­
ham and B athurst. These clays are of estuarine stratified type, and are worked at 
various points in the valleys and lowlands of the Maritime Provinces. The red sand­
moulded bricks produced from these clays in Loggie's two brickyards near Chatham 
are of exceptionally good quality. 
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THE ARCR1EAN ROOKS OF RAINY LAKE. 

Andrew C. Lawson. 

In my reports of 1885 and 1887, I showed that the Archrean of the Lake of the 
Woods am.d Rainy lake, in western Ontario, consists of two principal parts:-

(1) An upper division> of sediments and volcanic rocks which,, though often 
highly metamorphosed, were originally not essentially different from sedimentary 
and volcanic rocks that have accumulated at the earth's surface in later geologi­
cal periods. This division I later designated the Ontarian system.1 

(2 ) A lower division of granitoid gneisses, commonly called Laurentian, 
which up to that time had been regarded universally as metamorphic sediments, 
the oldest rocks in the Arcruean, and the basement upon which all other known. 
sedimentary rocks rested. For these rocks, in accordance with current usage, 
I retained the name Laurentian, but showed that they are !lllOt metamorphic 
sediments but are batholithic intrusions which had invaded the Ontarian rocks 
from below as igneom magmas, and in doing so had displaced the origin,al base­
ment or floor upon which those rocks were laid down. 
I'll/ the upper division, or Ontario system, there were reco;gnized two series:­

(1) The Coutchiching, a great volume of altered sediments free from vol­
canic admixture; and overlying these, 

(2) The Keewatin., consisting chiefly of volcanic accumulations, but inclu.il­
ing also sedimentary strata. 

This interpretation of the geology of the r egion established a new point of 
departure for the study of the Arch::.ean. The studies of the past twenty-five years in 
Canada and in the United States have confirmed the view first expres·sed by me that 
the common Laurentian granitoid gneisses are igneous rocks of later age than the 
metamorphic rocks which re::;t u,pon them, and the whole conception of the Archrean 
as held by geologists up to the late '80's has thus been changed. The Keewatin series 
has been widely recognized as a persistent and characteristic constituent of the 
Archrean complex quite distinct from the Huronian, with which it was formerly con-
~~ . 

The Coutchiching series, however, appears to be not so widely distributed and 
opportunities for its study are, therefore, more limited, so that the Rainy Lake sec­
tion remains the most convenient one for the study of the relations of this series to 
other members of the Arch::.ean complex. Officers of the United States Geological 
Survey, and later an International Committee -0f Geologists, having visited iIJortions 
of the field mapped by me in 1887 for the purpose of studying these relations, have 
stated that I was .in error in placing the Coutchiching below the Keewatin. In their 
view it overlies unconformably the Keewatin with a basal conglomerate .and is the 
correlative of the Huronian. The question raised by these gentlemen is one of 
peculiar importance in the geology of Canada, where ;;o vast a territ.ory is occupied 
by Archooan rocks; since the establishm.mt of the sequence of formations in any one 
section becomes very helpful in the unravelling of the complexities of others. T he 
question at issue is really whether, in general, the Keewatin, composed as it is chiefly 
of volcanic rocks, is the oldest ·Set of rocks in the Archrea'n, or whether there is an 

1 Bull. G.S.A., Vol. 1. 
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ol<ler set of wholly sedimentary rocks underlying it in some sections, and, therefore, 
to be expected in an,y complete series of the Archrean. 

· When the Director of the Survey invited me in th_e spring of 1911 tu revisi t 
Rainy lake and to review the geology of that field in the light of the work done in 
various parts of Canada and the UniteJ States in the past twenty-five years, I gladly 
embraced the opportunity to correct the error to which the United States Geological 
Survey and the Internation,al Committee had called attention. To do this I spent 
over four months in the field, and, assisted by Dr. J. D. Trueman, Dr. R. C. Wallace, 
an<l ::M:r. H. C. Cooke, matle a detailed geological survey of a selected .portion of 
Rafo:iy lake, and a reconnaissance of the country to the east of that lake along the 
Seine river, as far a:> Steeprock lake and Sabawe lake. The area surveyed is in\li­
cated on the accompanying index map. It was selected so as to embrace a field which 
would r eveal as much as possible of the relations of the Keewatin, Coutchiching, and 
Laurentian. A topographic survey was made on a fi eld scale of 2'0 chains to the inch, 
and it is proposed to use this as the basis of a geological map to be ,published oo the 
scale of 1 mile to 1 inch to accompany my report . The surveys have already been 
reduced and compiled. In the opportunity which was thus afforded for detailed 
study of the fie.Id, occasion was taken to greatly improve the matPping- of the geo­
logical t oundaries, and the new map is, therefore, more expressive of the structural 
relations ·than the old map of 1887. • 

The gen eral physiographic features of the area mapped were set forth in the 
report of 1887 and need not be rei::eated here. I n regard to the geological sequence 
I was gratified as my studies proceeded, t o fin d that these confirmed my ~on clusi ons 
of 1887. I failed to find the evidence wh'. ch would justify the staten:ent of the 
United States Geological Survey and the International Committee as to the super­
position of the Coutchiching upon the Keewatin. It is with great diffidence that I 
stimd thus opposed t o such eminent authorities, but until the latter set forth clearly 
an<l specifically the ev idence upon which their conclusions are based, a thing that 
they have not yet done, and how fur ther that that evid ence co ::n pletely nulli fi es the 
evidence which I shall assemble in my report, proving that the relations of the Kee­
watin and Coutchiching are as I stated them in 1887, there is no other course open to 
me. Some of the arguments sustaining my view of the matter are the same as those 
advanced a quarter of a century ago, but are more explicitly stated in the report 
which I am now preparing. Others are new ·and have to do with the conglomerate of 
Shoal lake and its equivalents. 

The Coutchiching of Rice bay occupies an anticlinal dome completely surrounded 
by the Keewatin. The Coutchiching of the Bear's passage is similarly anticlinally 
below the Keewatin, and in its extensfon to the west-southwest, this belt has in 
general the structure of all' anticline or ·series of anticlines dipping away from dome­
like intrusions of granite-gneiss and flanked on both sides by Keewatin belts which 
have a synclinal 1structure. The conglomerate of Shoal lake occupies a well-defined 
synclinal trough with a belt ·of Keewatin a mile wide on the south side of it ·at the 
east end of Shoali lake. It is the basal formation of a series of rocks which is neither 
Keewatin nor Coutchiching, but is later than both. To these rocks I have given the 
provisional name of Seine .series, from their. abundant and typical exposures .along 
the Seine river. South of the mile-wide belt of Keewatin greenstones, and green 
schists above referred to, there is another synclinal trough of Sei1ne strata consisting 
chiefly of pebbly quartzites, quartzites often cross-bedded, and slates, which are 
notably di:itinct from the nearby Coutchiching in their obvious elastic structure, 
feeble metamorphism, bedded structure, and their sup:erposition upon the Keewatin. 
These Seine strata do n ot come in contact with the typical Coutchiching mica schists, 
for to the south of Shoal lake, on the south flank of the syncline, another belt of 
Keewatin intervenes, and beyond that are the typical Coutchiching mica schists. 
The conglomerate at Rat Root bay has also been stated to be the ba:ial conglomerate 
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of the Coutchichi!Ilg resting upon the Keewatin; but, as a matter of fact, this con­
glomerate also occupies ,a ,synclinal trough almost wholly within the Keewatin area, 
and nowhere comes in contact with the mica schi1it s of the great southern belt of 
Coutchiching of the Minnesota shore of the lake. It contains large boulders of 
granite, which are with little doubt derived from an immediately adjacent granite 
mass intrusive in both Keewatin and Coutchiching; and many of the schist pebbles 
contained in the conglomerate have no resemblance to the focal Keewatin, but were 
probably derived from the Coutchiching. In the middle of the syncline, which 
extends from the east end of Dry W eed island to Rat Root bay, are quartzites which 
bear no resemblance to the Coutchiching mica schists observed in immediate contact 
with the Keewatin at many loca.lities. These and many other observations will be 
amplified in my re,port<, all tending to show that the Coutchiching lies below the 
Keewatin. 

The recognition of the Seine series as a new and distinct member of the Arch­
rean complex is an interesting result of the season's work. The contact of the Seine 
series with the Keewatin has been followed up the Seine river from Shoal lake to 
S,ahawe lake. The contact is characterized on the upper side by lenses of conglomer­
ate occurring at intervals, and on the lower side by abundant evidence of the deep 
weathering of the Keewatin surface prior to its burial by the Seine sediments. The 
Keew:rtin rocks are chiefly greenstones, and the weathering of these has charged them 
with carbonates and limonite . The carbonates include carbonate of iron. On this 
same line of contact are bodies of iron ore, the most notable being those now mined 
just to the east of Sabawe lake. It seems very probable that these workable deposits 
are the result of the concentration of the iron ores produced by oxidation in the 
weathered zone of the Keewatin in pre-Seine or early Seine time. It is certain that 
this cont act is a locus of iron-ore concentration, and that the careful mapping of the 
boundary between the Seine series and the Keewatin in other parts of this region 
would afford the prospector a valuable aid in his search for iron ore. 

Bersidies these iron ores at the upper surface of the Keewatin where the Seine 
rocks rest upon it, there are other iron ores, within the K eewatin of a quite differe_gt 
origin. These are titaniferou;; magnetites, probably the result of magmatic differ­
entiation of gabbros which occur in that seri es>. Ores of this kind are known at a 
number of loca lities in the Rainy Lake country, and prospecting is in active progress 
at some of these. 

Another interesting and importan t result of the season's work is simplification of 
the geology of Steeprock lake and the discovery of fossi ls in• t he limestones of the 
Steeprock series. This series has been an interrogation mark in the Archrean 
geology of Canada for the past twenty yea,r;;. I h ave been able to show that the 
greater iPart of the rocks origiuially included in the series is K eewatin, and that the 
remnant, or 8teeprock series proper, cons,isting chiefly of a basal conglomerate, 
several hundred feet of limestone and some volcanic rocks, r ests unconformably upon 
the Keewatin as well as upon the granite gneis;;. The series, although post-Keewatin 
in age, is deeply folded within the Archrean and appears to be unconformably below 
the Seine series. The foss ils which are abundant in the limestone ,are, so far as I 
am aware, the oldest well defined organic remains now known to science. 

Near Iron Spur, on the line of the Canadian Northern railway, the Seine series 
i s in irruptive contact with the northern edge of an exten;;ive batholith of granite­
gneiss which has been mapped as Laurentian ,on the Sei;ne River sheet. Inasmuch 
as the Seine conglomerate contains pebbles and boulders of granite-gneiss, it is evi­
dent that we have in the class of rocks usually included under the term Laurentian, 
batholithic intrusion;; widely spaced in t ime; and this opens up the question of the 
significance of the t erm Laurentian. I shall take occasion in my report to submit 
some considerations bearing on thils important question. 
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Finally, I may mention that I was fortunate enough to :find an outlier of Win­
nipeg limestone in the immediate vicinity of Fort Frances. A number of people iJi, 
Fort Frances were aware of the existence of the limestone and were interested in it 
as a posaible supply of lime. The outcrop, which is quite small, emerges from 
beneath the glacial d.rift. The rock is foss iliferous, and the fauna which it contains 
have been determined by Mr. Raymond to be of upper Ordovician (Richmond) age. 
The discovery of the outlier proves that this limestone once extended from its present 
east erly boundary i.n Manitoba as far east as Rainy lake. 

26 16! 
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GEOLOGY OF ONAPING SHEET, ONTARIO : PORTION OF MAP-AREA 
BETWEEN WEST SRININGTREE AND ON APING LAKES. 

(W. H. Collins.) 

INTRODUCTION. 

For pur,poaes of systematic exploration by the Geological Survey, northern 
Ontario is subdivided into rectangular arerus 72 miles long from east to west and 48 
miles wide. Maps of these rectangles, published on a scale of 4 miles to 1 inch, 
are known as sheets and are distinguished by numbers a:> well as by distinctive names. 
During the :field seasO'nls of 1910 and 1911, the writer and his assistants w~!:e 
making a detailed reconnaissance of a rectangle of this sort which constituted sheet 
No. 139. This hitherto imperfectly known area appears to possess economic possi­
bilities worthy of investigation. Keewatin iron formation was known to exist in it. 
Diabase sills, with associated silver-cobalt veins like those at Gowganda and Cobalt 
had been traced into it from the adjoining Timiskaming district. Recently, also, 
gold-bearing quartz veins have been found in the Keewatin schists. 

Sheet No. 139, or Onaping map-area as it may be called after its most important 
geographical feature, Onaping lake, includes 3,456 square miles of country lying 
between W. long. 80° 20' and W. long. 82° from N. lat. 46° 56' to N. lat. 47° 40'. Its 
centre is 50 miles north of the town of Sudbury. 

The adjacent country to the south and east has been mapped already; sheets 
130, 131, and 138. Within Onaping district itself, a strip about 2 mi1es wide, 
adjacent to the Nipissing-Sudbury boundary, was examined for the Ontario Bureau 
of Mines by Mr. E. M. Burwash' in 1898. In 1905 Mr. W. J. Wilson' began the 
exploratiO'Ill of this district by surveying such portions of W anapitei, Sturg.eon, 
and Montreal rivers as traverse it. Nine hundred :>quare miles in the northeastern 
corner off the rectan!gle were completed by the writer's party in 1910, and, ~hi§. year, 
an additional area of 1,000 square miles in the central part near the Canadian 
Northern Ontario railway and the Nipissing-Sudbury boundary was mapped. From 
preliminary explorations and .previous work by other investigators, the general char­
acter of the r emainder is already fairly well known. 

Much of the work accomplished this year is due to the asaistance given by Messrs. 
J. R. Marshall, N. B. Davis, T . L . Tanton, R. R. Watson, L. C. Prittie, E. P . 
Hodgins, A. E . Allin, F. J. Mulqueen, and G. M. Taylor. 

SUJILMARY. 

The area examined in 1911 proves to be a continuation qf a Pre-Cambrian 
geological sub-province, which,, so far as it has been traced, covers portions of Sud­
bury and Nipissing diistricts in Ontario and continue.> eastward into Quebec. No 
:field evidence of a westward or southward termination of this province was found, 
although in the Sudbury district, 50 miles to the south, a different and more com­
plicated succession exists.3 The whole province, including the present district, is 
stami;ed by a profound erosion interval which separates a peneplanated basement 

1 Bureau of Mines R eport (Ontario) 1898. 
2 Summary Report, G.S.C., 1905. 
•Coleman, A. P., Burea u of Mines Report, Ontario, 1905, P t. III. 
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consisting of a schist complex intruded by granite batholiths from an overlying 
cover of gently folded Huronian sediments and associated diabase intrusions. 

During August native gold was found in quartz veins in the Keewatin schists of 
West Shiningtree area, towmhips of Asquith, Churchill, and McMurchy. Gold also 
occurs in stratified glacial sand, which forms an extensive plain in the vicinity of 
Meteor, Shoofly, and Blue lakes, and the Canadian Northern railway, but attempts at 
placer mining have proved the gold content to be too low for profitable extraction. 
Silver-cobalt veins of the type found at Cobalt are associated with post-Huronian 
diabase sills almost as far west as these sills have been traced, but most of the dis­
coveries are of no importance. Those east of Shiningtree lake, in Leoward township, 
however, show considerable quantities of silver at the surface. An exploration shaft 
has been sunk 92 feet by Messrs. Caswel1 and Eplett, and surface exploration has 
been continued on several other properties. Exploration of the Keewatin iron 
formation near Shin!ingtree and Burwash lakes has not revealed ore-bodies of pre­
sent commercial value. 

GEN ERA L CJiHARACTER OF THE DISTRICT. 

TOPOGRAPHY. 

The area examined in 19110 like other neighbouring portions of the Pre-Cambrian 
region, is rocky and hilly, yet plain-like when only its broader topographic features 
are considered. It lies between 1,200 and 1,500 feet above sea-level. The Canadian 
Northern Ontario railway, which crosses it for 50 miles, varies in elevation above 
sea-level between 1,200 and 1,350 feet, and the rivers that traverse it in various 
directions have correspondingly small gradien.ts. 

The amount of relief depends to a nQtable extent upon the underlying Pre­
Cambrian rockis and upon the thickness of the soil-sheet. Huronian quartzite and the 
intrusive diabase sills give rise to large, often precipitous hills. Some of the quartz­
ite hills in Leask and adjoining toW111ships are 4'00 feet high. Granite and schist 
areas possess a much softer and less imposing appearance. The soil-sheet is deeper 
and more extensive in this area than in adjacent ones hitherto visited, and conse­
quently the harshness of the Pre-Cambrian rock surface is subdued to a greater 
degree. In the vicinity of Meteor and Shoofly lakes, ·also in the townships of Ogilvie, 
Browning, and Unwin there are extensive sand plains. 

DRAINAGE. 

The Height of Land divides the area into a northwestern part which feeds 
several tributaries of Mattagami river, flowing into James bay; and a larger sout4-
western part drained by Vermilion, W anapitei, and Montreal rivers, which eventu­
ally reach the St. Lawrence; so, near their sources, none of these streams are large. 
They receive a great number of small creeks that drain an even greater number of 
lakea. With the exception of Onaping lake, which is. 30 miles long, most of the lakes 
are small. The majority occupy rocky basins, but those in the sand plains fill pit­
like depressions in the sand and gravel. These kettle lakes contain remarkably clear 
wat er and are frequently without visible outlet. 

FLORA AND FAUNA. 

The area is entirely covered with the usual forest of mixed evergreen and 
deciduous trees common to all northern Ontario. The growth is unusually good, how­
ever, owing probably to the deep soil-sheet, and the occasional presence of cherry 
runrl hawthorne trees suggests slightly milder climatic condition.s than usually obtain 
in that region . Maples one foot in diameter are common near Gowganda .Tunction . . 
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Pine and spruce are first in commercial importance. Individual white pines. are 
found throughout th~ district, and on the deep .sandy soil near Onaping lake, Shinirug­
tree lake, and the headwaters of Vermilion river there are splendid forests of white 
and red pine from 12 to 40 inches irn diameter. · 

The country east of W anapitei and Opickinimika river lies within the Timagami 
forest reserve, but west and south of this timber berths are held by varioUJS lumber 
companies. From Oreelman town.ship southward large quantities of logs are floated 
down Vermilion river. :Mud1 timber has already been cut near Onaping 1ake and, 
though little actual lumbering is being done at present, preparations for future opera­
tions are under way. 

TRANSPORTATION. 

The Canadian Northern Ontario railway extends from Sudbury 65 miles north­
ward into the district under coI11Sideration. During the summer of 1911, an addi­
tional •section of 15 miles was constructed from the present terminus, Gowganda 
Junction, to Deschenes lake. A winter road built in 1909 connect.;; Gowganda J unc­
tion with Gowganda, 45 miles to the northeast. It is reported that a sleigh road will 
also be built, this winter, from the present end of steel ·at Deschenes lake to West 
Shiningtree lake, a distance of about 18 miles. 

GENERAL GEOLOGY. 

GENERAL STATEMENT. 

The geological succession and structure found in thi.;; area are common to at 
least 6,000 square miles of country in Sudbury and Ni.pissing districts. A schist 
complex known as Keewatin is the oldest group of rocks. This was intruded by 
granite batholith.;;, to which the name Laurentian in its broader sense is applied. 
Keewatin and Laurentian rocks were afterwards worn 'down to a peneplain and covered· 
unconformably during Huronian time by a series of elastic sedimentary formations. 
This unconformity is a pronounced structural feature, for Huronian beds are but 
gently folded and seldom schistose, while the underlying Keewatin rocks are highly 
schistose and dip steeply. Diabase, probably of Keweenawan age, was intruded into 
all the older formations, taking the form of vertical dykes in the Keewatin and 
Laurentian, and of approximately horizontal s'ills in or immediately underneath the 
Huronian. 

At the present time a large part of both sediments and diabase are completely 
eroded, expos ing portionsi .of the underlying schists and granites. Glacial boulder 
clay and imperfectly stratified sand cover much of the Pre-Cambrian rock surface 
whose exposed parts show the effects of Pleistocene glaciation. 

TABLE OF FORMATIONS. 

Recent and Pleistocen& .. . . . ... . ......... . ...... Boulder clay, stratified sands, etc. 
Great unconformity . 

Keweenawan (?) . ......... . . . .. . ... . . .... . .. .. Olivine diabase dykes, quartz diabase dykes and sills. 
Intrusive contact. 

Huronian . . .. . . .. . ............... . .. . . .. . .. Quartzite, quartz conglomerate, arkose and chert-

Laurentian 

Keewatin ..... . .. . . 

Lorraine series. 
Conglc.merate, greywacke and banded slate-Cobalt 

series. 
Unconformity. 

. . . . ... Biotite and hornblende granites and gneissic equiv:i.­
lents. 

Intrusive contact. 

. . . . . . Various extrusi ve and intrusive igneous rocks; iron 
formation, conglomerate. 
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DESCRlPTlON OF FORMATlONS. 

Keewatin. 

Only a few <;mall patches of Keewatin were found this year. West Shiningtree 
area, the most im,portant one, is the extreme southwestern lobe of a great Keewatin 
area that continues ·70 miles northward to Porcupine. A narrow outlier of this, 
separated fromJ it by a few miles of granite, extends southward through Sheard1, 
Amyot, and Hodgetts townships. A smaller patch occurs east of Meteor lake. 

The Keewatin group is principally volcanic in origin. Basalt, andesite, rhyolite, 
quartz porphyry, and ash rocks are Bili!. present. Banded iron formation is the chief 
sedimentary material. Most of these rocks, including the iron formation, are older 
than the granite batholiths and are greatly metamorphosed, becoming sheared to 
chlorite and sericite schists or, when near granite contacts, recrystallized into horn­
blende schis·ts. Some, however, are massive, and less closely folded and may be 
younger than the granite. 

West Shiningtree Area.-The Keewatin in West Shiningtree district is golc;l­
beari1Dg, and, therefore,, of special interest. Structurally it is separable into an older, 
closely-folded and highly metamorphosed portion; and a younger, less~folded one of 
massive rocks whiqh overlies the former. The older part consists largely of basic 
rocks .ranging from diabase to fine-grained decomposed greenstone. Mica andesite, 
decomposed porphyry containing feldspar crystals, and ash rock are also present but 
in small amount. The greenstone is also cut by quartz porphyry dykes. A single 
exposure of iron formation was found in the J.ake east or Saville lake. A rusty­
weathering green carbonate schist, closely resembling similar rocks found at Larder 
and Opasatika lakes, was seen at the north end of Stewart lake and on the Gosselin 
claim near the north boundary of Asquith. All these formations appear to have been 
closely folded for the iron formation stands on edge, striking 1Dearly north-south, and 
the igneous members have been sheared more or less to chloritic and sericitic schists. 
N ear the granite contact, in Asquith and Connaught townships, a glistening blaek 
hornblende gnei.ss has been developed from basic varieties by contact metamorphic 
action. 

A small amount of .sedimentary matter, other than iron formation, is associated 
with the igneous formations of this older, fokted group. Two exposures were found 
of a conglomerate which, so far as could be seen, dips steeply, forming a ,n,arrow north­
south band. It coillisists of &ubangular and rounded pebbles of grey porphyry and other 
igneous materials in a grey schistose cement. Contacts with adjac.ent igneous rocks 
were hidden by drift. On Michiwakenda lake several isolated exposures were seen 
of a black slate which is locally banded with magnetite. In one case at least, this 
slate stands on edge though it is not sohistose. It is possible th~t these sediments 
occur more extensively in the northern part of Churchill township and may belong to 
a Huronian series older than the Cobalt series. · 

These folded rocks are overlain near West Shiningtree and vV asabika lakes by 
a comparatively undisturbed :flow of hornblende andesite, the extrusive nature of 
which is abundantly indicated by an ellipsoidal structure, amygdaloidal cavities, :flow 
lines, and a notable variability in grain. A ·pale grey rhyolite ·associated with the 
andesite appears to bear a similar relation to the older schists. Both andesitt3 and 
rhyolite are, for the greater part, massive, and the areal distribution of the former 
indicates comparatively little folding. Nevertheless they contain local sheared zones, 
usually less than 1()0 feet across and from orthwest-southeast to east-west in course, 
in which the original massive andesite or rhyolite has been converted into a highl;y 
fissile chlorite or sericitic schist. These zones are of some interest, as they appear 
to have afforded easy circulation to slate and gold-bearing solutions. 
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Laurentian. 

The term Laurentian is applied here in its broad sense to all granites and gneisses 
which intrude the Keewatin, but are older than the Huronian Cob:;i.lt ,;eries. Such 
rocks form a much larger part of the pen~planated basement beneath the Cobalt 
serie3 than do the Keewatin schists. They underlie the Huronian near the Nipis­
sing-Sudbury boundary, appearmg through it in patches, and are exposed continu­
ously over 1,00'0 square miles between Opickinimika river and the western border 
of sheet No. 139. Such portions of this area as were examined. consist of hornblende, 
granite and gneiss, aplite and pegmatite, representing variations of one intrusive 
mass. 

Huronian. 

The sediments that overlie the Keewatin ·and Laurentian unconformably con­
sist of a lower series (Cobalt serie3) of conglomerate, gre_y wacke, quartzite, and 
banded slate of continental deposition and an upper series (Lorraine series) of 
quartzite, arkose, chert, and quartz conglomerate that were laid down under water. 
In their present eroded state they vary in total thickness from almost nothing to 
1,000 feet. The strata of both series are concordant, and only gently folded except 
in a few localities, notably along the Canadian Northern railway, where they .are 
greatly disturbed. 

Several contacts between the Lorraine quartzite and older greywacke were seen in 
Lampman township that show but faint evidence of unconformity. The quartzi te 
lies directly upon a .somewhat irregular greywacke surface. There is no basal con­
glomerate in the quartzite, but tongues and contorted pieces of greywacke project a 
few inches upward into it as if the greywacke had been plastic when the sand now 
repr.esented by the quartzite was :deposited upon it. 

Keweenawan (?). 

The Huronian and older groups are intruded by diaba.se dykes and sills similar 
to those in Timiskaming and Montreal River districts, and presumably of Keweena­
wan age. As in those districts, the dykes are confined largely to the Keewatin and 
Laurentian; the sills to the Huronian beneath which or along the bedding planes of 
which they have been injected. 

Pleistocen·e. 

Boulder clay overlies the Pre-Cambrian rocks over most of the district as a thin 
sheet, but in places forming ridges. In Ogilvie, Browning, and Unwin townships, 
also near Meteor, Shoofly, and Oshawong J.akes extensive plains of imperfectly strati­
fied sand replace the boulder clay. Tbe surface of these plains is even, but not level 
enough to imply lacustrine deposition. It is broken by occasional gravel ridges 
representing eskers, ·and is also pitted with kettle-holes, many of which now contain 
lakes. The sand, as revealed along the Canadian Northern Ontario railway, which 
cro,;;ses the second plain mentioned, is sti'ongly cross-bedded and convexly stratified, 
indicating stream deposition. Some temporary ponding of glacial streams probably 
occurred during the formation 0f these sand plains, but the streams themselves appear 
tt> have played the most important part in their deposition. 
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ECONOMIC GEOLOGY. 

Gold. 

. West Shin in gtree DisfJ"ict. 

Gold was found during June, 1911, in portions of Asqui th and adjoining town­
ships, or what is now better knQWn as . West Shiningtree district. For over a year 
past unusually active prospecting has beeru conducted in this and neighbouring Kee­
watin areas as a result of the encouraging developments in Porcupine district, which 
]ies 70 miles farther north. A ;party of prospectors from Sudbury visited West 
Shiningtree lake late in 1910, and, although no gold was found, the numerous quartz 
veins seen in the Keewatin schists were thought to be worthy of further examination. 
It was revisited for this purpose early in the spring of 1911. It is difficult to say 
when gold was fust found, for some of the earlier "discoveries" were premature 
efforts to arouse public interest. Probably some was obtained in' June, but high­
grade ore wa:> not found until early in August. This discovery was made near Mile­
post 3, on the north boundary of Asquith towI11Ship, by Messns. Gosselin, Speed, and 
Frith, and caused a rush of pro~pectors to West Shiningtree lake, from Sudbury, 
Gowganda, and other points. On August 19, Mr. L. Jefferson found free gold on 
Wasabika lake, thus extending, attention to McMurchy township. When the writer 
left this area on August 19, gold had been found in three places, and since then at 
]east three other discoveries have been made. Very little surface exploration had 
been performed upon any of the properties. 

The accompanying map of West Shiningtree district shows that district to be 
underlain principally by Keewatin rocks with intrusive gra.nites to the south. Also, 
as stated in the preceding geological description, the older Keewatin formations 
around West Shiningtree and Wasabika lakes are overlain by a volcanic sheet of 
hornblende a<ndesite. This andesite contains an unusual number of quartz veins, 
some of which carry native gold. Indeed, all the gold bearing veins known to the 
writer lie within this formation. 

There are two somewhat different modes of occurrence. In some cases gold 
occurs in quartz veins that occupy distinct fissures in the andesite. So very little 
work has been Jone toward tracing these veins that no true estimate can be made of 
their extent. However, they are nearly vertical, from a few inches to over 20 feet 
wide, and traceable for distances up to 200 feet. Some are irregular and short. They 
consist of white quartz containing occasional small patches of white carbonate, which 
weathers to a rusty limonite powder. Small aggregates of tourmaline occur in the 
quartz. Pyrite grains are disseminated through thiJS gangue material in varying 
amounts and are also present in the wall-rock. Flakes ·and irregular particles of gold 
~ of an inch or less in diameter occur abundantly in places, though other parts of 
the same veins show no visible gold. At the surface gold particles are occasionally 
found together with limonitic rust in small cavities produced apparently by the 
weathering out of pyrite grains. In other cases gold is found in vertical sheared 
zones in the andesite. These are from a few feet to 100 feet wide and strike between 
northwest-southeast and east-west. They consist of a highly schistose phase of the 
andesite through which are distributed a great number of small lenses and veinlets 
of bluish or white quartz that follow the planes of schistosity. Both schist and quartz 
are more heavily impregnated with pyrite than are the large veins. Gold in fine 
particles is obtained by crushing and panning this material, and is said to occur in 
the schist as well as in the quartz stringers. 

Gosselin Olaims.-This pruperty lies on either side of the Asquith-Churchill 
boundary, a few chains east of Milepost 3. The small area containing most of the 

• 
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veins is underlain chiefly by ande:;ite, though sheared rhyolite, g-reen carbonate schi:;t, 
an<l schistose greenstone are also present. Just east of the little stream which runs 
from the lakelet on the township line of S,peed lake, a large vein traceable through 
the drift-covering for 100 feet in a southeasterly direction has been stripped in one 
place for a width of 20 feet without discovering the west wall. Acro:;s the stream 
and 200 feet west of this vein is a second, apparently about 4 feet wide, which can 
be followed southwar<l· for 200 feet. A little south of this second vein there are 
several smaller ones who:;e arrangement and dimensions could not be determined 
owing to the drift-covering. So far as the scanty exposures indicate, the small veins 
are more richly mineralized with pyrite than the large ones. Good specimens of gold­
bearing quartz were obtained: from a 2 foot vein which had been exposed for a distance 
of 8 feet. Gold: was not visible in either of the large veins, though its presence wa:> 
indicated by assays. 

Jefferson Olaim.-This claim cover<> a high fire-swept knob of ande.>ite on the 
east shore of W asabika lake, McMurchy township. The andesite is massive amd cut 
by a number of smam quartz veins. In one 18 inch vein that could be traced north­
westwar·d for 40 feet particles of gold were found at the surface as well as in many· 
of the fragments of quartz that were broken off and examined. 

Moore and MacD1onald Claims.-Ju.it north of MacDonald lake, Messrs. H. 
Moore and H. MacDonald have staked claims on a sheared zone in the andesite 
formation. More work had been performed upon this property than any of the others 
examined, hence the schistose zone, which varies in width between 10 and 40 feet, 
could be traced for 550 feet from east to west. The schist iis traversed along its 
strike by an interrupted .ieries of small quartz stringers. Both quartz and :;chist are 
impregnated with pyrite. No gold could be seen in any of the samples examined, but 
by crushing and panning a mixed sample of quartz and schist a considerable " tail " 
of fine particles was collected. A sample collected by the writer and assayed by Mr. 
R. Leverin, of the Mines Branch, Department of Min~s, yielded a value of 40 cents 
per ton. 

Peterson Claim.-This property probably represents a westward continuation of 
the sheared zone in Moore and MacDonald's claiIDIS. 

A short distance south of here another shear zone of the same appearance was 
being opened by Mr. R. Cryderman, but so far as known no gold had been found. 

Magwire Claim.-The Maguire property, situated on the south side of West 
Shiningtree lake, was not discovered until th~ writer had left this district, and con­
sequently was not examined. From descriptions obtained, however, gold appears to 
occur in an east-west shear-zone similar to that seen in the claims jusi described. 

Considering the drift-covered nature of We:;t Shiningtree area and the limited 
amount of surface work already done, a surprising number of veins and mineralized 
zones have been found. It is to be expected, therefore, that other veins will be dis­
covered during the exploration of these now known. It is also likely that some which 
are already known to be wide or have been traced without perceptible diminution in 
width for 200 feet or more, will prove persistent in length. But, though t renching 
and stripping may J:eveal bodies of sufficient size to encourage underground explora­
tion, yet it will po3sibly prove them to be poorer in values than expected. Specimens 
carrying visible amounts of gold that have been taken from rich pockets have circu­
lated more readily; than specimens from lean portion'3 of the same veiILS. Assay 
returns from a number of samples range from 40 cents up to $15 per ton. The~e 
results are little more than qualitative, for, in the present u.nexplored state of the 
vein:;, only approximate average samples are obtainable; nevertheless, they· probably 
indicate within reasonable limits the general richness of mineralization in this area. 
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Meteor Lalce Area. 

&s early as 1897 placer gold was found in the stratified sand around Meteor lake, 
.and the headwaters of Wanapitei river. An UJIIBuccessful attempt to wash the sand 
and gravel on Meteor lake was made by the Ona.ping Mining Company. The gold 
values were found to be too low, the individual colours very fine ·and difficult to col­
lect, and the country too flat to afford naturaili wa5hing facilities, consequently the 
.camp buildings and machinery were abandoned. Gold is widely distributed in this 
.area and probably also in the sand plain that covers parts of Ogilvie, Browning, and 
Unwin townships, but not richly enough to be profitably extracted. 

Silver. 

Calcite veins of the same type as the silver-cobalt veins of Gowganda and Cobalt 
.districts are associated with remnantd of quartz diabase· sill'S that occur at intervals 
throughout the district. But, with few exceptions, they !).re too poorly mineralized 
to be economically important, and ·are interesting only in ahowing how persistently 
silver-cobalt deposits accompany the diabase. Most of the discoveries wero made in. 
1909, since which time prospecting !or ailver in this district has steadily declined and 
has now almost ceased, except near Shiningtree lake. 

Shiningtree Area. 

Shiningtree mineralized area lies east of Shim·ingtree lake in Leonard township. 
The known veins are confined to about 4 square miles of a diabase sill that overlies 
Keewatin and Huronian rocks. A considerable number occupy wide and persistent 
fissures, frequently in parallel N.-S. series, and a few contain silver. Silver was first 
·discovered in May 1909, since when exploration has continued steadily. At present 
it is known to occur on four different properties and underground exploration has 
been commenced upon one of these. 

N eelands Claim.-This property was described by the writer in the Summary 
Report of the Geological Survey for 1910. There has been no further development. 

Saville Exploration Companry's Claims.-An account of this property was al50 
g iven in the Summary Report for 1910. 

Archibald Claim.-The diabase underlying this property is traversed by a group 
-0£ three parallel north-south veins, the outermost of which are 80 feet apart. They 
vary in width from 1 to 3 inches and are stripped for distances varying from 60 to 
160 feet i•n length. Small fl.akes of silver can be seen at two points alo;ng the most 
.easterly one, and a little &pecularite, chalcopyrite, and cobalt bloom occur in all three. 

Caswell Claims.-A similar group of parallel, but less regular veins, striking N. 
15° E, intersect the diabase of this property. When visited in Allb~St a vertical shaft 
had been sunk 92 feet beside one of the veins, at the surface of which a litt le native 
·silver had been foµnd. It was proposed, when a depth of 108 feet had been reached, 
to drift east and west at the 100 foot level in search of the veins. The working ,plant 
·Consists of a small hoist and one steam-drill. 

Rosie Creek Area. 

R osie Creek area includes adjacent portions of U nwin and Browning townships 
-011 either side of Rosie creek, a small tributary of W anapitei river. It consists of 
a fl.at sand plain above which ri>;e occasional hills of Lorr·aine quartzite or of dia­
base. The diabase hills represent portion.s of a sill which rests upon nearly flat-lying 
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quartzite or upon Laurent ian granite. This area was prospected actively during 1909 
and the early part of 1910, but is now almost deserted. The veins that have been 
found, though of good size, are crooked and contam a somewhat atypical mineral 
assemblage. Silver has not been recorded except in traces determmed by assay~ . 
Smaltite and cobalt bloom occur, but chalcopyrite and galena are more common, and · 
slender prisms of stibnit.e are pre~ent in one vein. 

Other Localities. 

Numerous veins have been found in a diabase sill 250 feet thick whi ch overlies 
Keewatin and Huronian formations in the township of North Williams. Near the 
south end of this township a small quantity of silver was found at the surface of a 
vein on property owned by the Exploration Syndicate Company, but test pitting 
proved it to be discontinuous. 

An 18 inch vein carrying large masses of galena occurs in. diabase near the middle 
of Hodgetts township. 

The diabase forming one of the islands in Welcome lake contains a vein nf 
barite. 
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GEOLOGY OF LAKE SIMCOE AREA, ONTARIO, BRECHIN' ANDi KIRK­
FIELD' SHEETS. 

(W. A. Johnsto n.) 

INTRODUCTION' . 

The field work of the past season was a continuation of the topographical and 
geological mapping of a portion of the Lake Simcoe district, Ontario, on a scale of 
1 mile to 1 inch. Topographical relief is shown on the maps by contours at inter­
vals of 20 feet. Intermedia te contours, or 10 foot contour3, are also used in areas 
where there is very little relief or for the pur,pose of showing small features of special 
significa:s.ce, e.g., beach ridges, etc. 

Field work l asted from May 30 until November 10, in which work R. L. Junkin 
and C. Freeman assi,;ted and rendered efficient service. 

A few days in· August were spent by the writer in company with Mr. P. E. Ray­
mond, inYertebrate paJreontologist of this Survey, in an examination of some of the 
sectioll3 of the lower Ordovician in the Brechin and Kirkfield areas. Collections of 
fossils were made which have been determined by Mr. Raymond, and the partial 
results of hio> work are incorporated in this report . 

LOCATION AND AREA. 

The topographical field work of the past season consisted chiefly of the sketching 
of the Brechin and Kirkfield map-areas, both of which were completed. The Brechin 
map-area is l:;oun<led by latitudes 44° 30' and 44° 45' and longitudes. 79° 00' and 79° 
15', and includes a land area of about 19'0 square miles . The Kirkfield map-area is 
bounded by latitudes 44° 30' and 44° 45' and longitudes 78° 45' and 79° 00', and 
includes a land area of about 17'0 square miles. 

GENERAL CHARACTER OF THE DISTRICT. 

Within the limits of Brechin and Kirkfield areas the maximum relief is 
about 400 feet. Flat-lying Ordovician limestones occupy the greater portion of the 
district and are generally well exposed in the central and northern portions of the 
area. In the ·southern part the solid rock is in greater part concealed by drift. A 
strip along the northern border, having an area of about 40 square miles, is under­
lain by Pre-Cambrian rocks having comparatively little drift-covering. Near the con­
tact of the limestones and crystalline rocks an escarpment is generally well developed, 
which Yaries in height from a few feet to upwards of 100 feet. The limestones have a 
gentle dip Yarying from 1.5 to 30 feet per miie towards the southwest. They are 
rarely faulted, but the ·dip is sometimes varied by low undulations or folds . 

1 Formerly Mud Lake sheet . 
• Formerly Balsam Lake sheet. 
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GENERAL GEOLOGY. 

TABLE OF FORMATIONS. 

Recent .................. . .. ..... Humus, sand dunes, marls, etc. 

P leistocene .... . . .. .... .. .. .... .. Raised beaches, flu viatile and lacustrine sands, gravPls anrl clays. 
Glacial days, boulder clays and sands : fluvio-glacial sands and gravels. 
Boulder clay. 

Ord<?vician .. : . ... . . . . . . . . . . . (Upper member (unknow11). 
K1rkfield lnnest one . . . . . . . . Prasopora beds. 

(group)...... . ......... '\ Crinoid bed3. 
(Trenton) ? ...... . ......... . lDalmanella beds. 

Coboconk limestone, Columnaria beds. 
Black River........ . . . . .. Upper Lowville (Birdseye) limestone. 

(group) ? . . . . . . . . . . . . . . ..... Lower Lowville limestone, Beatricea beds. 
Basal series of sandstone, shales, etc. 

Pre-Cambrian ......... . . . 

DESCRIPTION OF FORMATIONS. 

Ordovician. 

Black Rivei· (group)-

1. Basal Series1 of sandstones, shales, etc.-
Resting unconformably on the Pre-Cambrian crystalline rocks in the Simcoe 

district, Ontario, as a basal ·Series consisting of coarse calcareous sandstone or arkose 
passing upward into reel and green shales with intercalated lenses or thin bed& of 
sandstone, am.cl occasionally thin beds of fine-grained limestone. The thickness of this 
series varie:> and the beds. are frequently absent on the sides and tops of ridges or 
domes of the crystalline rocks, where the limestones are seen to rest directly on the 
old floor. The sand&tone and .shales are best developed in basins between ridges of 
the crystalline rocks where they occasionaliy have a maximUillJ thickiness of about 40 
feet. They are local in character and derivation, and evidently represent the old soil 
covering of the Pre-Cambrian rocks somewhat sorted, rearranged, and recemented, 
and it seems probable that they represent the initial near-shore deposit of the next 
succeeding formati001. 

2. Lower Lowville (Beatricea becls).-The reel and green shales pass upwards into 
impure magnesian limestones which on fresh fracture are greenish-grey in colour 
and weather yellowish-brown. They are characterized by number.s of drusy cavities, 
occasional quartz grains and crystals of pyrite or limonite, and are generally barren of 
fossils. They are only a few feet i.n thickness, and are followed by 6 to 10 feet of 
fossiliferous blue-grey to clove-coloured limestone characterized by au abundance of 
a species of B eatricea. These beds somewhat resemble in physical character the 
tJ·pical fine-grained " Birdseye" limestone, but are less compact in texture and 
weather to a shaly mass. Th e.v are overlain by from 7 to. 10 feet of unfossiliferous 
magmesian limestone verJ' similar to the beds which immediately underl ie them. A 
small collect ion of foss ils from the Beatricea beds, as exposed on the west side of 
Lak.e Couchiching, Ont., was obtained last year, and the fossils were determined by 
Mr. E. 0. Ulrich, of the United States Geological Survey, as belonging to the lower 
middle Lowville. One of the best localities in the district where these beds are exposed 
is about 2 miles· south of Dartmoor post-office, on lots 16 and 17, con.cession I,, of 
Dalton township, and on lot 25, cO'I1ces.sion VI, of Carden township. A larger collection 
of fossils was made at this Jiocality the past .summer and they have been determined 

• 
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by Mr. P. E . Raymond of this Survey. Following is the list of foss ils, with Mr. Ray­
mond's comments on their occurrence:-

"Near lot 25, concession VI, Carden, Ont., vV. A. Johnston imd P . E. Raymond, 
collectors. 

Beatricea cf. B. gracilis, Ulrich. 
Beatricea, sp. ind. 
T etradium halysitoides. 
Cyclocystoides halli, Billings. 
Rafinesquina minneisotensis, Winchell. 
Strophomena incurvata (Shepard), small variety. 
Zygospira recurvirostris, Halt'IJ. 
Ctenodonta nasuta (Hall) . 
Cyrtodonta huronensis, Billings. · 
C. subtruncata, (Hall). 
Sphenolium, sp. ind. 
Raphistomina lapicida (SaltAr). 
Lophospira bic·incta (Hall) . 
L. perangulata (Hall) . 
Orthoceras amplicameratum, Hall. 
0. multicameratum, Hall. 
Loxoceras allumettense (Billings). 
lsotelus gig(J)8, Dekay. 
Onchometopus simp·lex, Raymond and N arrowa,v 
Bumastus indeterminatus (Walcott) . 
Bathywrus johwstoni, Raymond. 
Pterygometopus callicephalus (Hall) . 
.Leperditia fabulites, Conrad." 

"This fa una is peculiar in many ways, and, were its position not definitely fixed 
by the simple stratigraphy of the region, it would not be ea$y to place it. The facies 
i,; distinctly Lowvill~ although Orthoceras multicameratum is the onily typical Low­
ville fossil present. Qyclocystoides and Bumastus indeterminatus have not previously 
been found below the Leray-Black' River, while Onchometopus simplex, Bathyurus 
j'ohnstoni, the .small form of Strophom-ena incurvata, and several ostracods not 
enumerated above, occur at exactly this same horizon, just below the typical Low­
ville, near Clayton, New York, and at Ottawa. The Tetradium is not fasciculate like 
T . ce~lulosum, but grows in a loose form, very much like that of Halysit es. Some 
of the larger ma:>ses had, on weathered surfaces, much the same appearance as similar 
broken up colonie1:1 of T etradium syringoporoides." 

3. Upper Lowville (Birdseye) limesto.ne.-The Beatricea beds are overl'ain by 
about 20 feet of fine-grained even-bedded dove-coloured limestone characterized by 
Bathyu.rus extans and in the upper portion of a great abundance of Tetradium cel­
l~1losum. At the top are a few feet of coarser-grained dark coloured limestone, and 
in the section exposed in the quarry at Coboconk, Ont., Mr. Raymond considers that 
the liine between the Lowville formation and the next succeeding formation, which 
was named the ·Cobocouk formation and correlated with the Leray formatiolJl· of the 
New York State geologist;; in last year's Summary Report, dhould be drawn about 
9 feet above the fine-grained beds, as the T etradium oellulosum still appears in these 
beds. 

4. Cococonk limestone, Columnaria beds, correlated with the Leray limestone of 
New York State geologists. 

Good sections showing the total thickness of the Cobocoruk limestone are rare in 
the district. One of the best localities is about 2 miles south of Dalrymple post-office. 
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The beds consist of dark grey, generally coar,se-grained, rubbly limestone in thick 
beds having a total thickness of about 35 feet. The upper portion is characterized 
by a great abundance of chert, while the lower half contains comparatively little chert 
but the fossils a,re generally silicified throughout the formation where exposed on the 
surface. The following fos sils were collected from the upper cherty beds. 

"Lot 12, CO'Ilcession III, Carden, Ont. W. A. Johnston, collector. 

Stromatoc·erium rugosum, Hall. 
Stromatocerium, undescribed. 
Beatricea cf. B. gracilis, Ulrich. 
Beatricea, sp. ind. 
Receptaculites occidentalis, Salter. 
Oolumrza.ria halli, Nicholson. 
Oalapcecia canadensis, Billings. 
Streptelasma profundum (Owen) . 
Rhynchotrema inaJquivalve (Castelnau). 
Orthis tricenaria, Conrad. 
Rafinesquina alternata (Emmons) . 
Strophomena incurvata (Shepard). 
Bellerophon charon, Bflings. 
H olopea nereis, Billings. 
Maclurites logani, Salter. 
Hormotoma gracilis (Hall). 
H ormoceras tenuifilum, Hall. 

"This is a typical Leray-Black River assemblage, but the collection is so small 
that it probably does not properly represent the fauna. Oolumnaria halli, Oalapcecia 
canadensis, and the H ormoceras ar.e looked upon as the characteristic fossils, as all 
the others are found in later beds." 

On the IIlOrth end of Grand island in Balsam lake a few feet of coar,;e-grained, 
light grey limestone in thin beds are exposed which are very fossiliferous. On account 
of the isolated character of the exposure it is difficult to say what the stratigraphical 
relations of the beds are, but they would appear to underlie the Crinoid beds, as these 
beds are exposed on the west side of the island dipping slightly towards the southwest. 
The following collection of fossils was mad<il at this locality. 

"North end Grand island, Balsam lake, Ontario. W. A . .Tohnston, collector. 

Solenopora compacta (Billings). 
Orthis tricenaria, Conrad. 
Dalmanclla testudinaria (Dalman). 
Plectambonites sericeus (Sowerby) . 
Rhynchotrema inaJquivalve (Castelnau) . 
Ra.finesquina alternata (EmmO!ns). 
Olionychia, ,sp. ind. 
Oyrf:odonta obtusa (Hall). 
Otenodonta nasuta (Hall). 
Holopea nereis, Billings. 
H. exoelsa, Ulrich and Scofield. 
H. rotunda, Ulrich and Scofield. 
H. appressa, Ulrich and Scofield. 
B ellerophon charon, Billings. 
Salpingostoma, sp. ind. 
Eccyliomphalus und1ilatus (Ha !I) . 

Subulites elongatus, Conrad. 
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Cyrtospira parvula (Billings). 
Scenella, sp. ind. 
Liospira americana (Billings) . 
L. progne (Billings). 
Lophospira conradana, Ulrich and Scofield. 
L. bicincta (Hall). 
Oyclonema, sp. ind. 
Cycloceras lesueu-ri (Clarke). 
Bathyurus spiniper (Hall). 
Isot&lus gigas, Dekay. 
Bumashis milleri (Billings) . 
Pterygometopus callicephalus (Hall) . 
Ceraurus pleurexanthemus, Green." 
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" This fauna is totally unlike any other tha;t has been reported from thti district. 
Bathyurus spiniger is usually restricted to the Lowville and Leray-Black river, but 
the specimens from this locality differ from the typical form in having a much longer 
and straighter spinti on the pygidium, and it may prove to be a new species. The 
large gastropod element in the fauna also suggests the Leray-Black river, or the 
lower part of the Trenton, many of the species being common at Paquebte rapids 
on the Ottawa." 

Kirkfield limestone (group). (Trenton.)-

1. Dalmanella beds.-The thick cherty beds at the top of the Coboconk limestone 
are followed by about 20 feet of thinly bedded limestones characterized by an abun­
dance of a species of Dalmanella. Some of the beds in the upper portion have a 
peculiar yellowish or rusty weathering and are overlaid by about 8 feet of thicker­
bedJed, more compact, light grey limestone, which is folliowed by about 20 feet of 
thinly-bedded grey limestones with shaly partings. It is difficult to draw any sharp 
dividing line between these beds and the crinoid beds which immediately overlie them, 
and good exposures showing this portion of the section are rare. In the following 
list of fossils the first three lots are from the lower thinly-bedded limestones, and the 
latter, which were collected from the dumps along the Trent canal below the Kirk­
£eld lift-lock, are probably from the upper and middle portions of the Dalmanella 
beds. As stated in last year's Summary Report, these beds are considered by Mr. E. 
0. ffirich to be equivalent to the upper part of the Decorah shale of Iowa and Min­
nesota. 

"Lot 22, CO!llcession VIII, Carden., Ont. W. A. Johnston, collootor. 

Grirvanella, sp. ind. 
Receptaculites occidentalis, Salter. 
Streptelasma profundum (Owen). 
Dalmanella testudinaria (Dalma). 
Rafinesquina alternata (Emmons). 
Strophomena incurvata (Shepard). 
Plectambonites sericeus (Sowerby). 
Sinuites, sp. imd. 
H ormotoma gracilis (Hall). 
Bumastus milleri (B-illings). 

Lot 23, concession VIII, Carden, Ont.­
Solenopora compacta (Billings). 
Streptelasma profundum (Owen). 

26---17 
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Orthis tricenaria, Conrad. 
Strophomena, sp. ind. 
Hormotoma gracilis (Hall). 
Leperditia fabulites, Conrad. 

Lot 10. concession III, Carden, Ont­
Receptaculites occidentalis, Salter. 
Stenaster salteria, Billings. 
Orthis tric.enaria, Conrad. 
Dal,.,,,anella testudinaria (Dalma). 
Isotelus gigas, Dekay. 

2 GEORGE V., A. 1912 

Kirkfield lift-lock. Strata below lock. W. A. Johnston and P. E. Raymond, 
collectors. 

Receptaculites 'occidentalis, Salter. 
Oolwmnaria halli, Nicholson. 
Oarabocrinus vancortlandti, Billings. 
Stenaster salteri, Billings. 
Orthis tricenaria, Conrad. 
Dalmanella testudinaria (Dalma). 
Platystrophia lynx (Eichwald), uniplicate variety. 
Rafinesquina alternata (Emmons}. 
Strophomena incurvata (Shepard). 
Zygospira, sp. ind. 
'Pholidops trentonensis, Hall. 
Maclurites logani, Salter. 
Phragmolites, sp. ind. 
Bathyurus ingalli, Raymond. 
Thaleops ovata, Conrad. 
Bumastus milleri (Billing;;). 
Pterygonetopus,, sp. ind. 
Encrinurus vigilans, Hall. 
Leperditia fabulites, Conrad." 

" The first three lists indicate the fossils which are commonly found in the 
i;irata immediately above the cherty beds at the top of the Coboconk limestone. The 
fossils are usually silicified, and a variety of Dalmanella testudinaria is exceedingly 
abundant. The fossils from the Kirkfield lift-lock were collected from the dump at 
the sides of the canal, and there appears to be a mixture of the faunas of this lowest 
bed and the next younger strata." 

At Fenelon Falls, Ont., a very good section is exposed, showing at the base on 
the north side of the river below the locks 8 to 10 feet of thickly-bedded, compact, 
grey limestone followed. by about 25 feet of thinly-bedded limestone characterized on 
weathered surfaces by a great abundance of black silicified Dalmanellas. Along the 
south shore of Cameron, lake, about a mile west of the town, a few feet of similar beds 
are exposed in co:ntact with the )?re-Oambrian crystalline rocks. The following fossils 
were collected from these two localities:-

"Fenelon Falls, Ont. Lowest bed;i in section below locks. W. A: Johnston and 
P. E. Raymond, collectors. 

Solenopora compacta (Billings). 
Stromatocerium rugosum, Hall. 
Receptaculites occidentalis, Salter. 
Streptelasma profundum, Owen. 
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Orthis tricenaria, COOll'ad. 
Dalmanella testudinaria (Dalman). 
Rhynchotr-ema inwquivalve (Castelnau). 
Rafinesquina alternata (Emmons). 
Otenodonta nasuta (Hall). 
0. levata (Hall) . 
SubuJlites elongatus, Conrad. 
Hormofoma gracilis (Hall). 
Lophospira bicincta (Hall). 
lsotelus gigas, Dekay. 
Calymmena senaria, Conrad." 
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"This fauna indicates that the beds from which they came are those· immedi­
ately above the top of the Coboconk limestone. The species listed below were col­
lected above the locks, near the contact of the limestone with the granite. They 
indicate the same horizon, and the inference is that the Coboconk is abselil!t here. 

Receptaculites occidentalis, Salter. 
Strepr/;elasma profundum, Owen. 
Rafinesquina alternata (Emmons). 
Stroplvcmena incurmta (Shepard)." 

2. Crinoid beds.-Along the Trent canal above the Kirkfield lift-lock the Dal­
mariella beds are overlain by about 30 feet of grey limestones generally somewhat 
thicker bedded, with black shaly partings containing great numbers of crinoids and 
cystids. The contact between: the Dalmanella beds and the Crinoid beds is not well 
defined, and as most of the fossils from this locality have been collected from the 
Jumps beside the canal it is difficult to say from what beds they come. 

"Trent canal, 2 miles north of Kirkfie1d. W. A. Johnston and P. E. Raymond, 
collectors. 

Lingula canadensis, Billings. 
L. philomela, Billings. 
Glossina trentonensis, Hall. 
Trematis ottawaensis, Billings. 
Camarella volborthi, Billings. 
Orthis tricenaria, Conrad. 
Dalmanel~a testudinaria (Dalman). 
DinJ01·this pectinella (Emmons). 
Platystrophia lynx (Eichwald). 
Rhynchotrema inwquivalve (Casitelnau). 
Plectambonites sericeus (Sowerby). 
Strophomena incurvata (Shepard). 
Phragmolites compressus, Conrad. 
Oxydiscus, sp. ind. 
Subulites elongatus, Conrad. 
Hormotoma gracilis (Hall). 
Isotelus gigas, Dekay. 
I soteloides homalnotoides (Walcott). 
Bumastus be~levillensis, Raymond, and N arraway. 
Pterygometopus callicephalus (Hall)." 

"Nearly all the collectimg at this locality has been with the object of obtaining 
echino·derms, and the rest of the fauna is very imperfectly known. The echinoderms 
have been listed by Mr. Frank Spri.nger in Memoir 15-P, of the Geological Survey. 

26- 17i 



200 GEOLOGICAL SURVEY 

2 GEORGE V., A. 1912 

The fauna is very, similar to that found iin strata at the same horizon in the Trenton 
in Hull, Quebec, and in the Ourdsville limestone of Kentucky. The presence of 
Bathyurus, Bumastus, Oamarella ·volborthi, Orthis tricenaria, and Strophomena 
incurvata in this fauna indicate a relation to the Black River. 

At Fenelon Falls, Ont.,, in the section exposed on the north side of the river 
below the locks, the Dalmanella beds are overlain by about 30 feet of limestone closely 
resembling in physical character the crinoid beds along the Trent canal above the 
Kllkfield lift-lock. The top beds are exposed on the flat just in front of the Kawaitha 
House where they are followed by 3 feet of the Prasopera beds. The following 
fossils were collected from the crinoid beds at this locality:-

" Fenelon Falls, 01D;t. Just below the locks. P. E. Raymond, collector. 
Ouprulocrinus iewetti (Billings). 
Unidentified crinoids. 
Crania, sp. ind. 
Pholidops trentonensis, Hall. 
Dalmanella testudinaria (Dalman). 
Dinorthis needsi, Wiinchell and Schuchert. 
Plectamb'onites sericeus (Sowerby). 
Zygospira recurvirostris, Hall. 
Strophomena incurvata (Shepard). 
Subulites elongatus, Conrad. 
H ormotoma bellicinc'ta (Hall). 
lsotelus gigas, Dekay. 
Bumastus bellevillensis, Raymond and Narraway. 
Oeraurus pleurexanthemus, Green." 

" This fauna indicates the same horizon as the previous one." 

3. Prasopora beds.-At Fenelon Falls, Ont., the crinoid beds are followed by 
abuut 18 feet of thin shaly limestones characterized by a'IL abundance of Prasopora. 
Along the Trent canal above the Kirkfield lift-lock and near the stone-crusher a few 
feet of similar strata are exposed at the top of the crinoid beds. In a cutting on the 
Grand Trunk railway, 2~ miles south of Brechi1n:, Ont., about 8 feet of thinly-bedded 
limestone with clay partings is exposed. This outcrop is an isolated one, but, as 
calculated from the dips, the beds should be about from 25 to 35 feet above the base 
of ihe Prasopora beds. The following fossils were collected from these three 
localities :-

" Fenelon Falls, Ont. Thin, ohaly , strata above locks. P. E. Raymond, collector. 
Age/;acrinites billingsi, Chapman. 
Prasopora, 2 or 3 species. 
Dalmanella testudinMia (Dalman;). 
Hebertella bellarugosa (Conrad). 
Rhynchotrema· inwquivalva ( Castelnau). 
Plectambonites sericeus (Sowerby). 
Subulites elongatus, Conrad. 
Ceraurus pleure:vanthemus, Green." 

" Trent canal, 2 miles north of Kirkfield, Ont. Thin shaly layers near the stone-
crusher. W. A. Johnston and P. E. Raymond, collectors. 

Prasopora, several species. 
Dalmanella testudinaria (Dalmam). 
Platystrophia lynx (Eichwald). 
Rlvynchotrema inwquivalve (Castelnau)." 
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" Cutting on Grand Trunk railway, 2i miles south of Brechin, Ont. W. A.. 
J ohn;ston and P . E. Raymond, collectors. 

Licrophycus Ottawaensis, Billings. 
fschadites, sp. ind . 
Dendrocrinus acutidactylus, Billings. 
Lichenocrinus crateriformis, Hall. 
Agelacrinites billingsi, Chapman. 
Prasopora, several species. 
Dalmanella testudinaria (Dalman). 
Plectorthis plicatella, II.all. 
Dinorthis meedsi, Winchell and Schuchert. 
Strophomena emaciata, Wi[].chall and Schuchert. 
Rafinesquina alternata (Emmons). 
Rhynchoterma in(]Jquivalve (Castelnau). 
Ph'olidops trentonensis, Hall. 
Plectambonites seric·eus (Sowerby) . 
Fusispira angusta, Ulrich and Sco£eld. 
H ormotoma bellicincta (Hall). 
H. gracilis (Hall). 
Lophospira medialis, Ulrich and Scofield. 
Lioopira americana (Billing"). 
Raphistomina, sp. ind. 
Sinuites cancellatus (Hall). 
Pterotheca, sp. ind. 
Isoteliis gigas, Dekay. 
Pterygometopus callicephalus (Hall). 
Calymmene senaria, Conrad. 
Oeraurus pleurexanthemiis, Green." 

" The fossils enumerated in the first two of these lists came from the very base. 
of the shaly strata characterized by the abundance of Prasopora, with the exception 
of the specimens of Agelacrinites billingsi from Fenelon Falls. These specimens. 
came from a layer about 15 feet above the base. The exposure on the railway south. 
of Brechin is an isolated one, but the fauna indicates that the strata belong either 
to the Prasopora zone itself, or else low in the next zone. A very similar fauna ii! . 
found at Ottawa at the same horizon, a little below the middle of the Trenton." 

In the above table of formations the terms Kirkfield limestone group (Trenton) 
nnJ Black River groups are provisionally adopted, and the dividing line between the . 
two groups are put at the top of the Coboconk limestone on P. E . Raymond's recom­
mendation. Mr. Raymond proposes to take up the question of the nomenclature of" 
these formations in his report on the Ottawa-Cornwall map-area. 
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PLEISTOCENE DEPOSITS OF SOUTHWESTERN ONTARIO. 

(F. B. Taylor.) 

AREAS STUDIED. 

Work was begun at St. Catharines on August 26 anrl closed at Windsor on 
November 14, 1911. 

The work done this season was in four different areas: (1) In the e".lstern half . 
of the Niagara peninsula; (2) in the regiO!Il. of the escarpment northward from 
Orangeville to Georgiam: bay and thence southwest to the vicinity of Olifford :ind 
Harriston; (3) between Milton and Toronto, and (4) around Leamington arid 
Kingsville, in Essex county. 

NIAGARA PENINSULA. 

The work done in .previous years left the mapping of this peninsula incomplete. 
During the first half of the past season the writer was engaged in detailed work on 
the Niagara quadrangle in New York, where the topography and general character 
of the country is substantially the same w.; on the Canadian side. Certaiill: features 
found in New York were traced to the bank of the river and their relations afforded 
strong ground for expecting their continuation westward on the Can·adian side. Some 
of these features had not been observed before, and the three weeks given to this area 
during the past season were largely devoted to the search for them and to the study 
and mapping of those found. A little time was also taken for s.pirit-leveVing with a 
Tesdorpf German .pocket-level at four or five localities on the old beaches. At several 
places gaps in previous observations were filled in and the mapping made more com­
plete. 

MORAINES. 

The Crystal Beach moraine (the continuation in Canada of the Alden 
moraine of New York) was found on more detailed study to intersect the shore of 
Lake Erie at a point about a mile east of Crystal Beach. Thence westward it extends 
as a very distinct ridge, passing about three-fourth8 of a mile north of Crystal Beach, 
and having the mailll· highway on or near its crest through Sherks station and to 
within about a mile of Gasline. Its front or southward relief is 10 to 15 feet through 
most of this distance, the back or northward relief being half as much or less. Near 
Gasline the moraine enters a region of thin drift over limestone and was followed 
with difficulty, being distinguished chiefly as a belt bearing more crystalline boulders 
than the average for the surrounding region. The bouldery belt crosses the Welland 
canal at Humberstone, but ap.pears as a more definite till ridge about 3 miles north­
west of Port Colborne, where it rests on the top of the low escarpment of the Onon­
daga l imestone and continues in this relation along the south side of the W ainfleet 
marsh nearly to Lowbanks. There are no very good sections in Canada showing the 
composition of this ridge, but there are a number in New York and all show it to be 
eomposed of till, not of rock. 

The Fort Erie moraine (the continuation in Canail.a of the Buffalo mora.ine in 
New York) is a strong, well-defined till ridge for 7 or 8 miles west of Fort Erie, but 
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beyond that it is very faint in its continuation towards Welland. Its composition is 
well shown in several sections through it. On Niagara river the whole relief of the 
ridge above the surrounding plain i,; seen at Fort Erie and Fort Porter to be com­
posed entirely of till. The rock at both of these places is somewhat below the general 
level of the plain. Sections on the Welland river and the Welland canal, about 2 
miles north of Welland, show no rock in the broad, low ridge. Between Buffalo and 
Del)€w there are four or :five deep railway cuts through the moraine, where its relief 
is strong and no rock is disclosed. 

The Limdy or Niagara Falls moraine (the continuation in Canada of the Tona­
wanda moraine of New York) is strong and well defined for o>everal miles west froiµ 
Lundys L ane, but weakens toward Fonthill. It is also strong southeast to Chippawa, 
but is quite faint farther east and across Gra.nd island. A f ew miles east of Tona­
wanda it becomes quite strong and continues so to the hills south of Alabama vi,Uage, 
New York. The clayey composit ion of the ridge and the absence of rock is well 
shown where the Welland canal cuts thr·ough it a mile north of Port Robinson, at 
Chi'Ppawa, on both sides of Grand island and where it is breached by several small 
streams farther east. The best section, however, is at Niagara Falls, extending from 
Falls View to the bluff south of the Dufferin islands. In this interval the N iagara river 
has cut into the east side beyond the crest, J·eaving only a part of the front or western 
skpe standing. This i.s the case at Falls View and the Loretto convent. The <i nt 
here goes nearly to bed-rock, far below the base of the moraine, exposing a section of 
drift over 100 feet deep. 

The Stamford or Vinemount moraine (the continuation in Canada of the Lockport 
moraine of New York) is weak between Queenstcm Heights .and the gravel hilla north of 
Stamford, but from this point southwest and west nearly to De Gou falls it is a well­
defined feature. After a gap of about 3 miles at the great break in the escargment 
west of De Cou falls, the moraine resumes its strong expression about 2 milea north 
of Effingham and continuea in this character to the vicinity of Hamilton. Until this 
season the Lockport-:Stamford moraine had not been traced west of Lockport in New 
York n-0r east of Beamsville in Ontario. Heretofore it was supposed that the Lundy 
moraine found its westward continuation in the Stamford or Vinemount moraine 
on the escarpment south of Grimsby, but this is not the case. They. are independent 
throughout, the Stamford following the Lundy as the next later one in the series. 

The position and course of the Stamford moraine are quite remarkable. Most of 
its course is on the escarpment close to its edge, generally less than a mile back. This 
is the case from Lockport to Queenston and from Camden westward. The heavy 
beds of the Lockport limesto[le which form the escarpment dip gently to the south 
and at many places they rise to a ;;lightly higher level at the escarpment than the 
gtmeral surface of the plain to the south. From this it was thought by some that I the 
ridge standing a little back from the edge was merely a rock ridge veneered with :till. 
But there are several deep cuts through the ridge in New York and also in Ontario 
that show only glacial till with no bed-rock. The prominent gravel hills north of 
Stamford lie in the line of this moraine and from this point west -0f De Cou falls, 
and then again from Effingham to Camden, the moraine leaves the escarpment and 
crosses the plain 2 .or 3 miles south ·of it. East of Lockport this moraine leaves the 
escarpment entirely and runs far to the south of it. There is now no doubt as to its 
true character: it is a terminal moraine of the Ontario ice lobe, built when the ice 
barely overtopped the escarpment west of Lockport and rested its front just back of 
the edge. This, too, is a waterlaid moraine, but has an unusually sharp relief for 
such a feature. 

These four moraines have one rather exceptional characteristic: they are sub­
stantially horizontal throughout their extent on this peninsula, and they continue so 
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for some distance eaatward into New York. In general, terminal or marginal 
moraines show a distimct decline in altitude from points on the sides of lobes to their 
apexes. In this case, however, the basin of Lake Ontario is so deep and so close to 
the escarpment and to the Erie plain, and it presents such a wide, nearly 13traight front 
to the south that the ordinary conditions of an ice lobe did not exist. During the 
time of these moraines the deep ice mass in the lake basin to the north stood only a 
little above the level of the escarpment and hence only a relatively· thin sheet of ice 
moved out over the plain. Because the plain is flat aai:d nearly level, the ice found 
nearly equal facility for forward movement all along the front, and from this cir­
cumstance made a series of nearly straight and horizontal moraines. 

This fact has an important bearing on the glacial history of the peninsula, for 
in New York, a short di'3tance east of the Niagara quadrangle, two moraines have been 
found which are later than the Lockport. The first is the Albion moraine, traced by 
Mr. Leverett:' from Rochester to Medina many years ago. This i·s a strong moraine 
and extends in good strength to Gasport, but from this place westward the ice front 
at this time appears to have rested either at the base or agai!Ilst the face of the 
escarpment. It was traced somewhat doubtfully as far as Lockport, but it has not 
been identified with certainty in Ontario. 

The other was first traced this season and may be called the Carlton moraine. It 
was followed from Troutberg westward through Carlton, -and in this interval and for 
some distance west of Carlton is a splendid example of the waterlaid form of moraine. 
But it grows weak toward the west and is represented in the Niagara quadrangle 
and in Ontario by only a few very faint and fragmentary feature:>. In New York 
it lies 1 to 2 miles back from the Lake Ontario shore, but in the eastern half of the 
Niagara peninsula of Ontario the features that probably belong to it are 3 or 4 
miles back. This moraine is below the Iroquois beach and is the first one to be found 
in that relation. 

Both of these moraines are horizontal in the parts traced, and considering the 
horizontal attitude in this area of the four earlier moraines of this series, it is prac­
tically certain that these two are also horiz001tal in the parts whera they are too faint 
for continuous tracing. A moraine is usually formed at the edge of the ice at a 
time of halting, but it is not to be inferred from this that where a moraina becomes 
too faint in some intervals to be traced, the ice-front did not halt in those intervals. 
It is more probable iJn such casea that other influences caused the moraine to be faint 
or to become obscured. It is believed, therefore, that a complete inventory of the 
moraines of the eastern ha,1£ of the Niagara peninsula should include the four 
moraines observed and clearly traced, and also the two later moraines whose exist­
ence here is inferred mainly from observations in New York rather tha.n from the 
few faint evidences seen within this district. This makes si'.X moraines in all-six 
halts of the ice-front during the recession of the Ontario ice-lobe across the eastern 
half of the peninsula. 

In the western part of the peninsula three distinct moraines lying south of the 
Stamford diverge southeastward from the vicinity of Ancaster and are traceable 
quite clearly into the eastern .part of the township of Glanford. These seem to cor­
respond perfectly with the southern three beaches in the eastern half. The Crystal 
Beach moraine has not been traced between Lowbanks and Glanford, and the same is 
true of the Fort Erie and Lundy beaches between Fonthill and Glanford. Th_e topo­
graphic contour maps and also observations made at two or three points indicate that 
all these moraines in this interval lose their relief by broadening and :flattening to 
such an extent that they cease to be visible to the eye as ridges, but are low, nearly 
flat but continuous clay divides that control the drainage. Some further field work 
if'! needed in these intervals. In Ra.lidimand county, in the southwestern part of the 
peninsula, 001e or two earlier moraines may possibly be found lying south of the 
Crystal Beach moraine, but that area has not yet been fully studied. 
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BEACHES. 

Points on the Lundy beach were measured by spirit level near Stamford, Lundys 
Lane, Fort Erie, Port Colborne, and Low banks, and on the Fort. Erie beach at the last 
three places named. Only a little new mapping was done on these beaches. The 
det~ils of the Iroquois beach were studied between Queenston and Beamsville. A 
submerged and modified beach found north of Lockport, New York, 32 feet below 
the Iroquois, has not yet been identified in Ontario. 

DRUMLINS. 

Two rather small, low, but well-formed drumlins were found about 3 miles south 
of Chippawa and several other fainter, less perfect ones a little farther south near 
Black creek. Their axes all run northeast to southwest in harmony with others east 
of the Niagara river. 

THE ESCARPMENT .AREA. 

Earlier mapping had . been carried northward from Lake Erie and along the 
escarpment to the vicinity of Orangeville,-where the work was resumed on September 
15. The studies this year were carried northward along the escarpmtl'Ilt to the brow 
of "the mountain" 5 or 6 miles west of Collingwood and thence westward, first in a 
broader belt to the vicinity of Markdale and Durham and then southwestward in a 
narrower belt to the vicinity of Harriston and Clifford :Ln northwestern Wellington 
county. 

In this belt parts of three moraines were traced and a small fragment of a fourth 
was found. The associated lines of glacial drainage, as well as other features, and 
the general characters and qualities of the drift were also studied. The most remark­
able moraines and draim.age lines were found in the townships of Mono and Mnlmur 
in Du:fferin county, and these townships, so far as examined, were studied in rather 
more detail than the rest of the belt. 

:MORAINES ON THE EAST SIDE OF THE HIGHLANDS. 

Three strong moraines were traced across Mono and part way into Mulmur town­
ship. The earliest or wester.n ane .lies generally on or a little back (west) of the 
escarpment ; the second lies 2 or 3 miles farther east and down the ·slope, while the 
third lies about 2 miles east of the second and along the lower part of the slope. 
They run like steps along the slope, the second one being 150 to 200 feet below the 
first and the third the same distance below the second. The first one is the northward 
continuation of the Paris moraine, traced in the region south from Orangeville in 
1899, and the second one is the northward contimuation of the Galt moraine. The 
southward continuation or ~orrelative of the third moraine has not ;yet been deter­
mined with certainty. 

At the north end of the highland three strong aind weU developed moraines turn 
sharp angles north-northwestward to the southwestward courses on the mountain 
west and southwest of Collingwood. The P aris moraine was traced continuously 
from Orangeville to its angle 3 miles west of Sirnghampton. The Galt moraine was 
traced continuously to the n orth side of Mulmur township, but from this · point to 
Rob Roy it was seen only from the hill above. From Rob Roy to its very acute angle 
east and northeast of Gibraltar it was examined more closely. The third moraine 
was not traced between the south part of Mulmur township and the mountain we<>t 
of Collingwood, but its turning point is 1 ~ miles east of Banks. The turning points 
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·Of these three moraines were carefully mapped, for they mark the extreme re-entrant 
of the ice-front at three successive stages of retreat, and show where the great ice 
mass in the basin of Lake Huron united with the mass in the Lake Simcoe basin. 
This angle is quite acute, especially in the second and third morames. 

GLACIAL DRAINAGE ON THE EAST SIDE. 

The ice-border drainage channels and gravel terrace deposits associated with the 
moraines south of the amgles, especially with the first and second, are truly remark­
able. Their branchings and positions at successively lower levels are quite complex, 
but they connect perfectly with those previously mapped south of Orangeville. Some 
of the fluvial gravel terraces are up to or above the general crest of the second 
moraine, where the ice-front stood 'when they were being made. Chalmers, Spencer, 
Hunter, and other early students of this region mistook some of these terraces for 
-0ld marine or lake shores. In some places their exposed position suggests this origin, 
but close examination shows no wave-made features. Instead of these, there i; a 
ccmplete set of :fluvial forms due to large rivers flowing southward along the front 
·of the ice-mass, and alternating between erosioinal and depositional phases of action. 
All the features seen are fully explained by this agency. Some of the fluvial gravel 
i erraces in Mono and Mulmur townships are very strong, .bulky features. If it were 
permissible to attribute them to wave-action it is evident that only prolonged and 
very· powerful waves could have dolil.e such a work, and if this were the case strong 
·evidence of wave-action ought to be found on adjacent parts of the escarpment front 
-at or near the same levels. But instead of this, the gravels pass down stream (south­
ward) into large eroded channels in protected positions behind morainic ridges a'!ld 
knolls. These same ridges and knolls of easily eroded boulder clay stand i.!1 the same 
exposed position as the gravel terraces, and yet show no sign whatever of wave­
action. The whole set of phenomena are clear,ly products of large temporary rivers 
flowing along the edge of the ice-mass and ·are not shore-line forms . 

At one place, about 2 miles west of Elder, there is a "fossil cataract" of no 
mean sire. It is •about 70 feet high and the gorge below it is well defined and a 
fourth of a mile long. It recalls the larger features of the same ki1U:d associated 
with the great river channels on the hills south of Syracuse, New York. 

MORAINES ON THE WEST SIDE OF THE HIGHLANDS. 

From their tumung points on the mountain the three moraines take courses con­
·verging slightly toward the southwest. They keep these courses to the axis of the 
Beaver River vahley at Eugenia and Flesherton. This deep and beautiful valley, 
.opening into the highland from the north, produced a moderate lobation of the ice­
front at the time of the first or Paris moraine, a sharper lobe at the time of the second 
·Or Galt moraine, and a still more .pointed one at the time of the third . moraine. 
Moraine fragments near the valley bottom at Kimberly appear to belong to a fourth 
moraine and mark the terminus of a narrow ice-tongue. A few miles west of this 
valley a well-defined secondary re-entrant marks the union of this smaller lobe with 
t he main ice-lobe of the Lake Huron basin. The second and third moraines were not 
traced beyond this re-entrant this season, but the first or Paris moraine was traced 
from the amgle northeast of Irish lake directly southwest past Bunessan and Hol­
stein to the south fork of the S.augeen river at Glen Eden and thence westward to 
the vicinity of Clifford. Beyond this it appea.rs to turn southwest and probably, 

1though not yet certainly, finds continuation in a moraine which was previously 
t raced from the south up to Seaforth. 

GLACIAL DRAINAGE ON THE WEST SIDE. 

The border-drainage features associated with the ice-front at the time of these 
t hree moraines are very pronounced west of the main re-entrant as well as east of it. 
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The Beaver Valley ice-lobe was, of course, caused by the marked depression of thil? 
valley. At the time of the first moraine thi& valley was filled to ita southel'ln extremity 
by the ice. No lake or depression of any size remained south of the lobe-front. On 
this account the large river which flowed southwest along the front of the ice from 
the direction of Singhampton deposited only a moderate amount of gravel in passing 
the front of the Beaver Valley lobe south of Ceylon. But at the time of the second 
and third moraines there was 11. distinct basin in front of the lobe and it wail filled 
with a remarkable deposit of gravels. These lie chiefly between Flesherton and 
Eugenia, spreading both to the east and west from the axis of the valley. These 
gravels are the "Artemesia gravels" of the early investigators of this region. They 
were depoaited during the time of the second and perhaps partly of the third 
moraines by large, rapidly-flowing rivers which came from the northeast from the 
vicinities of Rob Roy, Gibraltar, and Banks. Their eroded beds are well defined and · 
easily followed. The small lake was entirely filled and obliterated by the gravels. 
Near the valley axis the deposit nppearod to be quite deep, and it is finer and more 
sandy on the west side. In the re-entrant west of Flesherton and ;;outhwestward from 
Irish lake the eroded glacial river channe,ls are well developed, but are gradually 
replaced toward the southwest by gravel deposits, which are quite extensive in front 
of the broad ice-lobe which had its apex near Glen Eden. Farther west eroded chan­
nels again take the place of gravel deposition. There are also great gravel terraces 
at Durham and eaot and south of this place. 

THE HIGHLAND PLAIN: DRUMLINS AND EsKERS. 

The Highland plain enclosed on the east, north, and west sides, between Orange­
ville and Glen Eden, by the first or Paris moraine, was not fully explored, but was 
found to be a gently-rolling plain, carrying many drumlins, mostly small and more 
or less imperfect in form. The ground between the drumlins is mostly swampy. 
Several remarkably long and well-developed eskers or hogback ridges also occur in 
this region. They run in more or '.less winding, serpentine courses from northwest 
to southeast, and the parts observed extend across the plain outside of the Paris 
moraine. One extends southeast from Glen Eden to Riverstown, but was lllot traced 
farther; another extends east from Glen Eden, passing 2 miles north of Mount 
Forest, and thence southeast to the central part of West Luther township, beyond 
which it has not yet been traced. This one is very large. Another appears :first in 
broken form at Priceville and 2 miles west of Ceylon, but ·about 4 miles south of 
Ceylon become$ a s ingle ridge and was traced southeast to Brice hill in central 
Protoo township. It is said to extend several miles farther. A fragment of another 
was observed near Shrigley, in the northern part of Melancthon township, with the 
same course, northwest to southeast. 

These ridges are composed of srund and gravel-usually horizontally bedded fine 
sand in the lower parts, with a thick capping of coarse gravel and pebbles on top. 
The top is usually narrow and the sides as steep as the material will stand. The 
ridges are usually more or less broken and discontinuous and sometimes show double 
or multiple ridges. Irregularities of form are thoroughly characteristic of them. 
They sometimes expand into a knot or cluster of karnes, or they terminate in such a 
clu.ster or in a delta fan. Knots most frequently occur where the eskers intersect 
moraines. The esker that passes .a little north of Mount Forest is the longest one so 
far found in this region. 

The eskers mentioned appear to mark the cour;;e of rivers flowing from north­
west to southeast through a thin and nearly stagnant ice-mass which covered the 
central highland at that stage of retreat which imme.diately preceded the Uillcovering 
of the central nunatak or island-in-ice described in the writer's summary report for 
mos. 
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The drumlins on the west side of the highland between Markdale and Durham 
are larger and higher than those of the central plain, and their axes trend from north­
~vest to southeast. 

AREA BETWEEN MILTON AND TORONTO. 

A few days near the close of the 1>eason were spent in studying the features 
around Milton and between there and Toronto. These included two waterlajd 
moraines of moderate strength, with a possible third fainter one. From a point 
about 3 miles west of Milton a well-defined moraine was traced northward, passing 
Just east of Stewartown and west of Norval. It seems probable tha.t this moraine 
extenck; on northeast so as to connect with the Oak Ridges moraine near Bond lake. 

Another somewhat fainter moraine was found at Ash, 6 or 7 miles southeast of 
Milton. It takes a course a little east of north to the valley of Credit river, just 
south of Meadowvale. Here it turns sharply to the east for about 4 miles and then 
as sharply to the north again, crossing the Etobicoke west of Elmbank. It is distinct 
and fairly strong to this point, but was not traced farther . 

Another moraine of this series, observed in 1899, r11ns north just east of Chel­
tenham and turns gradually to the northeast. These three moraines belong to a 
sy:>tem made by ice moving westward and northwestward out of the basin of Lake 
Ontario. 

AREA NEAR LEAMINGTON AND KINGSVILLE. 

The last few days were spent in studying the region around Leamington, especi­
ally between Leamington and Kingsville and northwest of Leamington. The only 
land in Essex col1llty that rises above an altitude of 640 feet above sea-level is a 
broad low hill lyiing west and northwest of Leamington. This hill is composed in 
part of i;tony till or boulder clay and largely also of gravel. Its summit rises to an 
altitude of about 740 feet above the sea. At this level it is crowned by a heavy beach 
ridge or bar of gravel-the Belmore or Whittlesey beach, being here in the area of 
horizontality and having the same altitude as in adjacent parts in Michigan and 
Ohio. Below this beach, at successivelyi lower levels, are the Arkona, Forest, or 
Warren, Grassmere, and Elkton: beaches, and all, excepting the last, forming con­
tours around this hill. The Grassmere beach forms a contour at a distance of 2 to 
3 miles from the top of the hill, but also sends out bars to the no:rtheast and north­
west, in. each case extending along the crest of ·a broad, low drift ridge which is pro­
.bably a waterlaid moraine. One of these, an irregular, sandy belt, was observed for 
2 or 3 miles lllortheast from Wigle, and the other, a much better formed gravel r idge, 
runs northwest through Cottam to Essex. 

The hill appears to have been morainic, for the till is quite bouldery, which is 
an unusual quality for this region. The western side of the hill was heavily cut by 
wave-action and presents a well-defined bluff or sea cliff at the back of the Arkona 
beach. The .top of the hill appears to have been cut away at the Whittlesey stage, 
and spits were then formed running southeast and northeast from the south and 
north ends respectively, while a depression along the east side was filled in by a deep 
deposit of gravel at the higher stages. The original shape of the hill was evidently 
greatly changed by wave-action, as the lake waters fell through their successirn stages. 

A bouldery belt with occasional low knolls runs west from this hill pas·t Kings­
ville and Harrow towards Amherstburg. This is probably a water-laid moraine. A 
broad, low clay ridge also runs northwoot to Windsor and is probably the southP.ast­
ward co.ntinuation of the Detroit interlobate moraine. The original morainic hill, 
lying mainly Ill-Orth of Ruthven, was probably somewhat of the nature of a water-lrud 
interlobate deposi.t. But the related morrunes are not yet fully made out. 
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THE DEVONIAN OF SOUTHWESTERN ONTARIO. 

(Clinton R. Stauffer.) 

GENERAL STATEMENT. 

Work on the Devonian o"f southwestern Ontario, which was definitelyi under­
taken in 1910, has been continued in more detail during the season just past (1911). 
A COillsiderable portion of the time was S·pent in collecting pal::eontological material 
and in making a careful stratigraphic study of the more important outcrops. Many 
of the corals contained in the Devonian formations are large am.d are firmly embedded 
in the rock; hence it is impo:Bible to form collections of good material from every 
locality where they occur. To make the identifications more certain, reference books 
on these organisms were carried into the field and determinations made on the spot. 
This method was supplemented by making collections of more fragmentary specimens 
which have been shipped to the Geological Laboratory of the School of Mining, 
Kingston, and will form the subject of a considerable portion of next summer';i 
investigation. 

FonMATIONAL DrvrnroNs. 

CLASSIFICATION. 

The classification adopted by Logan,1 and taken over by him from the New York 
State reports, is now pretty generally known by the inhabitants of the regions in 
which these formationiS outcrop and is firmly rooted in the geological literature of 
both the Domin.ion and Provincial surveys. It seems, therefore, that no radical 
changes should l::e made in the usage of these terms unless an increase in knowledge 
of the deposits should demand it. Logan's wisdom in adopting the classification 
becomes more and more apparent with increased study of the Canadian deposits. It 
is quite true, however, as pointed out by him, that the Ontario divisions are not the 
exact equivalenra of those bearing the same names in New York state, though the dif­
ferences are chiefly those incident to distance rather. than to the occurrence of 
marked unconformities. The aid of the drill has brought to light a very considerable 
amount of knowledge which was not available in 1863. Renee it is not a matter of 
surprise to find that the once supposed differences are growing const antly smaller, 
and, therefore, it has become necessary to introduce into the old classification the 
names of formations mot then known to exist in Canada. On the basis of present 
knowledge the classification of the Devonian, in the region here under discussi~n, 
stands as follows :-

( li ( Portage and Chemung beds. 

I 
pper · · · · · "· · · · · · · L Genesee shale. 

{

Hamilton beds. 
J . Marcellus shale. 

Devonian · · · · · · · · · · · · · I Middle · · · · · · · · · · · · · Onondaga limestone. 

I 
Oriskany sandstone. 

L . {'Vanting (possibly represented, in part, by the upper l owei .. " .... " .. .. Monroe). 

' Geology of Canada, 1863, p. 20. 
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:Beds of Doubtful Age. 

Owing to the interest which has recently been kindled in the deposits immedi­
ately UJilderlying the Onondaga limestone of extreme southwestern Ontario and. 
adjacent territory, it becomes nece:>sary to discuss these, to some extent, at this 
point. The Onondaga limestone is commonly the lowest recognized Devonian forma­
tion in Ontario, although considerable remnants of the Orisk!lllly sandstone are fre­
quent in Welland and Haldimand counties. Throughout the remainder of the 
Devonian-covered area of Ontario and portions of adjacent states, small quantities 
of sand are co=on at the base of the Onondaga limestone. This basal Onondaga 
shows further signs of the Devonian transgression in that it i$ frequently a distinct 
conglomerate. At Buffalo, where the merest trace occurs, this arenaceous material 
has long since been referred to the Oriskany sandstone. This is probabl.Y' the true 
horizon, since, when traced westward, it passes imto definite deposits of sandstone 
carrying the typical Oriskany fauna. Farther to the westward the Buffalo condition 
seems to be restored and to be maintained throughout the remainder of Ontario and 
continued into Michigain and Ohio. 

Near Fort Erie the Devonian deposits rest on the eroded surface of the Coble­
skill limestone. As this contact is followed westward the underlying beds vary in 
age from slightly younger to slightly old.er until, finally, the beds of this horizon. 
disappear entirely at a point about midway between: Springvale and Boston. At 
Beach ville, near Woodstock, where this contact next appear<>, a remarkable trans­
formation, in lithology at least, has taken place in the underlying strata. Instead of 
the argillaceous and dolomitic limestones, a very pure limestone occurs and in it is 
found a fauna of corals, brachiopods, pelecypods, and gastropod,; seemingly unlike 
anything found farther to the east. Thia is the fauna of the " Anderdon beds "1 of 
the Detroit River region, and is common at various places to the northward. This 
association of species is markedlyi Devonian in many of the aspect.:l. There are often 
present numerous corals belonging to the same genera as those which occur in the 
Onondaga limestone, while the brachiopods and even the Mollusca are remarkably 
similar to forms belonging in that same Devonian formation. In the quarries near 
.amherstburg the " Anderdon beds " are especially fossiliferous, while overlying them 
unconformably, and with traces of the Oriskany ( ?) band, are the massive layers of 
.limestone typical of the basal Onondaga of the Michigan ·and Ohio basins. Also, at 
the Stony Island "Dry Out" in the Detroit river there is another association of very 
similar species occurring s-0mewhat more than 10'0 feet below the highest rocks there 
exposed and----,since the Sylvania sandstone probably overlies all of these-as much 
as 400 feet below the UJilConformity at the base of the Onondaga limestone. A study 
of these lower faunas show,; that they are not Onondaga and resemble much less th~ 
Oriskany. Indeed they lie below the probable Oriskany horizon, while the top bedi 
of the " Anderdon " show the effects of the erosion which marks the lower Devonian 
interval over much of Ontario. A comparison of these faunas with the Helder·· 
bergian of New York shows that there is J1ittle in common between them-less, 
indeed, than they have in common with the Onondaga. It seems safe, therefore, to 
conclude that these lower faunas a.re not Helderbergian, as that series is at present 
known. But that they contain certain elements ancestral to portions of the Onondaga 
fauna, is quite certain. Perhaps they represent faunas contemporaneous with the 
Relderbergian,' which lived in an interior sea wholly separate from that to the east. 
Such a sea might have had an outlet to the northward along the same route by which 
certain elements of the Onondaga fauna later found entrance to the Ontario and 
Michigan regi-0ns. But it should also be kept in m:iind that there are certain Devonian 
characters detectable in the Cobleskill fauna and even in earlier formations. The 

1 Mich. Geol. and Biol. Surv. Pub. 2, Geol. Ser. 1, 1910, pp. 42-47. 
2See Ulrich, E. 0., Bull. Geol. Soc. Am. Vol. xxii, 1910, p. 28. 
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occurrence of some of the same brachiopods among the corals of the " Anderdon 
beds" at Amherstburg, Beachville, Kincardine, etc., as those which occur among pro­
bable Cobleskill corals in the upper Monroe ait Sandusky, Ohio, leads one to suspect 
that this fauna belongs properly in the Silurian, as at present constituted, and whp,re 
Grabau and Sherzer have placed it.1 Such, in the present study of the Devonia.D 
of Ontario, is the provisional disposition made of these fossiliferous deposits, lyi11~ 
below the Oriskazlly ( ?) horizon. 

Definitions of Devonian Formational Units. 

Ori.slcany Sandstone. 

The Oriskany sandstone is the lowest true Devonian formation in Ontario. It 
consists of heavily bedded, coarse-~aizlled, white to yellowish sandstones lying unc0zI1-
£ormably on the Silurian. In places absent, in others it varies in thickness from 
paper.thin to 25 feet and carries the pure Oriskany fauna Thllil1ingled with later forms. 
Evidences of this formation exist from Fort Erie westward nearly to Hagersville, 
but the arenaceous deposits and scattered bodies of infiltrated sand found beyonti< 
that point cannot be definitely assigned to the same formation. 

Onondaga Limestone. 

This is the " Corniferous " limestone of the older reporti!. The name " Cor­
niferous" refers to the cherty (flinty) character of the rock and was applied, in New 
York state, to 'deposits which later proved to be a portion of the same formation that 
had previously been called Onondaga Limestone. It seems better. therefore, to adopt 
the correct term in this work, and especially/ since it is more appropriate to the­
Canadian deposits. The Onondaga limestone is probably the most variable of all 
the Devonian deposits of the Proviii1,ce. The baisal portion, which rests unconform­
ably on either the Oriskany s·andstone or beds of greater age, is often conglomeratic. 
This conglomerate ii! made up of pebbles derivedi from the underlying limestone, andi 
mingled with them are sometimes considerable quantities of sand. This latter may 
have been derived from the destruction of areais of Oriskany sandstone during the 
advazllce of the Onondaga sea. In the vicinity of Springvale this sand becomes so 
abundant as to locally form a deposit resembling the true Oriskany sandstone, but 
is much younger in age as evidenced byi its Onondaga fauna. In the eastern and 
extreme northern outcrops the lower 30 feet or more of the Onondaga is a thin, 
unevenly bedded, cherty, grey limestone carrying a fauna composed largely of brachio­
pods. Overlying this is 15 feet, more or less, of a relatively Pure, thick-bedded., 
crystalline, grey limestone with partings of greenish shale and full of corals. This, in 
turn, is overlain by somewhat more than 10 feet of very cherty, dark bluish-black lime­
stone with numerous corals, and passing upward into about 30 feet of very cherty, 
thinly bedded, grey limestone poor in fossils of any kind. The outcrops of Welland 
county are not so connected that the entire thickness of the formation can be 
obtained, but the indications are that it is about 100 feet. To the westward the 
central purer portion of the formation increases m thickness, at the expense of both 
the lower and upper cherty parts, and thus passes into the typical O"nondaga of Michi­
gan and Ohio. At some of the northern outcrops of this formation, especially in 
Bruce county, the rock is a most astonishizllg mass of corals and hydrozoans unlik~ 
anything else in the Provizllee. 

Ma11cellus Shale. 

In western Norfolk and eastern E];gin counties well records show from 10 to 3{)1 
feet of a black bituminous shale immediately overlying the Onondaga limestone. 

2 Mich. Geo!, and Biol. Surv. Pub. 2, Geo!. Ser. 1, 1910, pp. 217-223. 
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This shale is covered by from 200 to 280 feet of glacial drift, so that it cainnot be 
definitely determined at the present time. However, its position iin the geological 
scale ;;trongly suggests its Marcellus age. And then in the high banks of drift at 
Port Stanley are good sized pieces of well-preserved black shale carrying the Marcel­
lus fauna. If these blocks of shale were derived from the bed-rock to the northeast, 
as is almost certain, there can be no further questiOUJ. as to the age of the deposit of 
black shale there reached by the drill. 

Hamilton Beds. 

The Hamilton beds are made up of grey limestones and soft, blue shales. There 
are commonly three persistent limestones-a lower, middle, and upper-recognized 
in well sections, and it is the lower limestone that comes in direct co.ntact with the 
Onondaga as the Marcellus shale pinches out to the westward. This lower limestone, 
as its fauna shows, is the northward extension of the Delaware limestone of Ohio, 
and hence may represent, in part, the Marcellus shale lying farther to the east. The 
total thickness of the Hamilton beds ranges about 300 feet, although greater thick­
nesses are sometimes encountered. 

Genesee Shale. 

This formation consi;;ts of a bituminous, fissile, black shale similar to that of thti 
same formation to the south and east. As an evidence of the life which existed dur­
ing the time of its deposition andi of the conditions under which deposition took 
place, this shale contains carbonized plant stems and leaves, an abundance of the 
spore ca;;es of certain plants, a Lingul1a., and the occasional bones of large fishes . 
The Genesee shale lies immediately on top of the upper limestone of the Hamilton 
beds, and forms a very good outcrop at Kettle point, where the most striking feature 
is the large spherical concretions projecting from the shale. The thickness of these 
shale~ is · not definitely known, but some well records indicate as much as 185 feet. 

Portage and Chemung Beds. 

fu a few of the well records, especially in Moore township, 20 to 50 feet of green­
ish shales and sandstones make their appearam.ce on top of the black shales of the 
Genesee, and sometimes even interstratified with the upper layers of that formation. 
The;;e cannot be definitely separated into two formations, nor have they been directly 
observed, but they probably belong to the horizon of the New York Portage and 
Chemung beds. 

NEW INDUSTRIES CONNECTED WITH THE DEVONIAN FORMATIONS. 

The economic importance of the Devonian has been indicated in a previous 
summary report.' However, the use of these formations, in a commercial way, is 
constantly incrnasing. New quarries, to obtain the limestOllle for crushing purposes, 
have been opened at one place and a large new cement mill has been recently installed 
at another. Moreover, the ;;andstone belolilging to the Oriskany is again receiving 
attention. A large, well-built mill has been located on the site of the DeCew quarry, 
where this rock will be crmihed for glass and sand-blast sand. This new industry 
promises to be an important one. 

'8ummary Report of the Geological Survey for the year 1910 (1911), p. 195. 
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KEW AGAMA LAKE MAP-AREA, PONTIAC AND ABITIBI, QUEBEC. 

(M·orley E. Wilson.) 

INTRODUCTORY . 

The past season was ;;pent by the writer in continuation of the geological investi­
gations commenced the previous year in the vicinity of Lake Abitibi, Pontiac 
county, Quebec. During the summer of 1910 an area to the south of Lake Abitibi 
and adjacent to the Interprovincial Boundary was examined and mapped.. During 
the summer of 1911 this work was continued to the eastward as far as the Kinojevis 
and N awapitechin rivers. The region thus investigated, in conjunction with the area 
to the south of the Kinojevis river, examined by Dr. J. A. Bancroft for the Quebec 
Department of Mines, will permit of the publication of a geological map extending 
from the Interprovincial Boundary to Kewagama lake and from the National Trans­
continental r ailway to the Rainboth-Blouin base-line, or expressed. in geographical 
terms from longitude 79° 30' 56" to longitude 78° 15', and latitude 48° 50' to latitude 
48° 8' 22". 

During the past season the writer was assisted in the field by Messrs. E. M. Bur­
wash, L. E. Dagenais, J. S. Stewart, and C. P. Sills, all of whom rendered efficient 
service in carrying on the work. 

PREVIOUS WORK. 

During the summer of 1901, Mr. J. F . E. Johnston made a geological recon­
naissance along some of the waterways of the 'region which he described in the Sum­
mary Report of the Survey for that year. The Jistrict was again visited in 1906 by 
Mr. W. J. Wilson in the course of a preliminary examination of the country along 
the N ationa1 Transcontinental r ailway. Mr. Wilson's observations were published 
in brief in the Summary Report for 1906 and again in greater detail in Memoir No. 
4, "A Geological Reconnaissance along the lime of the National Transcontinental 
railway in western Quebec." 

GENERAL CHARACTER OF THE DISTRICT. 

TOPOGRAPHY. 

Physiograpl1ica1ly this region belongs to the great Pre-Cambria:n plateau prov­
ince which occupies nearly the whole of the .northern part of the Province of Quebec. 
It has a general elevation ranging from 900 to 1,100 feet above sea-level, with hills 
and ridges rising here and there to heights of 500 to 700 feet above the surrounding 
country. As was pointed out in the Summary Report for 1910, these elevated dis­
tricts constitute what may be described as a rocky hill country in contrast with the 
clay flats which surround them. They present all the typical topographic features 
characteristic of rock surfaces which have suffered. continental glaciation. The clay 
belt on the other hand possesses a unifo=ly flat surface underlain by stratified clay, 
and might be described in physiographic terms as a structural plain i.n the incipient 
stages of dissection. 

Lakes .are genera11y very numerous throughout the Pre-Cambrian region of north­
ern Ontario and Quebec, and this district is no exception. They occur chiefly, how-

26-18 
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ever, in the rocky hill country. As a rule the lakes are not very large, although two 
of them, Lake Makamik and Lake of Islands, have areas of 18 and 14 square miles, 
respectively. Lake Lois, one of the most picturesque lakes in the region, is 12 miles 
long but is very narrow, its maximum width being less than 2 mile;;. There are 
three other lakes of the long, narrow ty;pe which are over 5 miles in length. These are 
Lakes Kajakanikamak, Kekeko, amJ Kinojevis . 

. The drainage of the region is about equally divided between the St. Lawrence 
and the James Bay basim,s, so that rthe height of land passes almost through the centre 
of the area examine·d, but with a much more sinuous course tha;n. is shown on existing 
maps. The streams on the south side of the St. Lawrence-Hudso:n Bay divide find 
their way into the Kinojevi·s river and thence to the upper Ottawa. The ·chainage 
on the James Baj' slope, with the exception of a few headiwater stream:> flowing into 
the Harricanaw river, is entirely into Lake Abitibi by way of the Whitefish (Ami­
katik) river a.nd its tributaries. 

MEANS OF ACCESS. 

The canoe routes along the upper Ottawa and its tributaries formerly afforded 
the sole means of acces:. to this r·('lgion, but the northern part of the district is now 
more easilY' acce~sible by railway from Cochrane, Ont., the junction point of the 
Timiskaming a'Il,d Northern Ontario with the National Transcontinental railways. 
For the southern portion of the r egion the waterways from Lac des Quinze are yet 
the best means of communication. There are two roads leading from Lake Timis­
kaming which may be followed in starting out on these routes; one which leads from 
Ville Marie to Gillies' farms at the south end of Lac des Quinze, and the other from 
North Timiskalll1 ing to Klock's farm, 15 miles farther north on the same lake. The Kino­
jevis river may be reached from Lac des Quinze either through Lake Expan<>e and 
the upper Ottawa, through Roger ' and Orooked lakes or through Barriere, Albee, 
and K ekeko lakes. The first route requires less portaging, but is more circuitous 
than the other two. 

GENERAL GEOLOGY. 

With the exception of unconsolidatecl glacial and post-glacial depooits, the rocks 
of the region are entirely of Pre-Cambrim1 age, and for the most part belong. to the 
most ancient subdivision of the Pre-Cambrian. In a structural way these Pre-Cam­
brian rocks divide themselves into two principal classes, to the first of which belongs 
a basal complex of sedimentary and igneous rocks which has been more or less highly 
metamorphosed and deformed. The rocks of the second class on the other hand are 
entirely of sedimentary origin, have been but little deformed, and except for ceme.nta­
tion have not been metamorphosed. 

In the southern part of the region the prevailing basal rock is a fine-grained 
mica schiat with which i.s associated some hornblende tlchist and amphibolite. This 
group of rocks• was formerly' called the Pontiac schist, but will now- be d~signated 
the Pontiac group. In the northern part of the region the rocks of the older complex 
consist largely of basic and acid volcauics which for purpose of description shall be 
called the Abitibi group. Both th~ Pontiac group and the Abitibi group are intruded 
by batholithic masses of granite and gneias f.!onstituting a third a111d younger sub­
division of the older complex. 

The second class of Pre-Cambrian rocks-the Cobalt series-consists of a succes­
i>ion o{ elastic sediments, conglomerates, greywackes, arkoses, and quartzites with inter-

1 Summary Report of Geol. Survey 1909, p. 175. 
"11P.ology and Economic Resources of the Larder Lake District, Ont., and adjoining 

portions of P onti ac county, Que., Memoir 17. 
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mediate variations which rest in striking structural and erosional unconformity on 
the denuded and 1almost baselevelled surface of the older complex. Erosion since Pre-­
Cambrian t imes, however, has stripped the greater part of the series from the surface 
of the ancient peneplane (paleoplane) upon which it was deposited so that it •now· 
occurs as small outcrops or as hill s and ridges scattered here and there throughout·. 
the region. 

The rocks thus far described are overlain by a thin mantle of glacial material-­
gravel, sand, boulders, and boulder clay-deposited from the last P leistocene ice-­
sheet. These deposits are in turn overlain by stratified clay laid down from a huge· 
lake which occupied the greater part of this region in post glacial times. 

'fABLE OF FORMATIONS. 

Pleistocene and RecE>nt. 
Post Glacial... . . . . . . . . . . . . . . . .......... . Stratified clay and sand. 
Glacial . . . . . . . . . . . . ... . . .. . .... ....... Gravel sand and boulder clay. 
Ni pissing diabase ( Keweenawan ?). 
Igneous contact. 
Cobalt series (Huronian). 
Granite md gneiss (Laurentian?). 
Igneous contact. 
Pontiac group (Huronian ?). 
Abitibi group * (Keewatin?). 

" Probatly composed of more than one series. 

It will be observed that in the above table of formations the various series of rocks 
have been given local names and that with the exception of the Cobalt series they have 
not been assigned. definitely to any of the major subdivisions of the Pre-Cambrian as 
defined in the Report of the I<n.ternationial Geological Committee for the Lake E)uperior 
region. This plan was· adopted because there was some doubt as to the place occupied 
by the different series in the general clas3ification. 

The fine grained mica schi sts of the Pontiac group which are probably metamor­
phosed quartzose sediments are very similar to rocks which elsewhere in the St. 
Lawrence basin have been called Ruronian, and may represent another Huronian 
series older than the Cobalt seri es. But, if the Pontiac group be Huronian then the 
granite and gneiss which intrudes the Pontiac group are also Huronian in age and can: 
no longer be classed as Lauren.tian. Furthermore, evidence is accumulating1 which 
indicates that a Huronian series older than the Cobalt series is present in the. region 
and that the volcanic rocks now called Keewatin may possibly belong in part to this 
older series. For these reasons it has been thought advisable to substitute local termi­
nology for the general nomenclature and thus avoid unnecessary assumptions and 
doubtful correlations. 

Pontiac Group. 

A series of fine grained mica schists occur at the north end of Lake Opasatika 
which has been previously described in reports on that district. During the past 
season these rocks were again encountered in the country farther to the east, and are 
now known to extend continuously in an east-west belt from 10 to 15 miles wide for a 
distance of at least 50 miles. They are delimited on the south by intrusive granite 
and gneiss and on the north pass with an apparent transition into sheared arkose and 
conglomerate. These rocks are in turn followed by the volcanics of the Abitibi 
group. 

1 Engineering a nd Mining Journa l, Vol. xcii, pp. 645 - 649. Geology of a portion of Fabre 
fowns h·ip, Pontiac county, Dept. of Colonization, ·Mines, and Fisheries, Que.bee 
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Throughout the belt just outlined the Pontiac group is composed almost entirely 
Qf a £.ne grained biotite schist, but in the region examined during the past summer 
some hornblende schist and amphibolite are also present. These amphibole rocks are 
~xceedingly variable l::oth in texture and composition which gives rise to a most peculiar 
irregular appearanctJ on the weathered surface. Both the hornblende and biotite 
schist have a strike trending approximately in an east-west direction, and in general 
dip steeply to the north away from the intrusive granite and gneiss. 

Sheared Conglomerate and Arkose.-If the Pontiac group be studied in transverse 
section, it may be observed that on passing northward away from the intrusive granite 
and gneiss the mica schist becomes more massive and that finally outcrops of sheared 
arkose and conglomerate containing pebbles of granite and rhyolite are reached. This 
arkose and conglomerate occurs continuously in an east-west belt north of Kinojevis 
and Kekeko lakes, and was also observed on Kiekkiek lake in the area examined by 
Bancroft, so that it probably extends along the whole northern border of the Pontiac 
series. It would, therefore, seem probable that the mica schist, the arkose, and the 
conglomerate, are in comformable succession, and that the mica schist is simply the 
metamorphic product resulting from the contact action of the granite and gneiss on 
the arkose. However, in a region where the rocks have suffered intense metamorphism 
and are not very well exposed, an unconformity might be present which was not 
-observed, or if observed, was not recognized because obscured by deformation; for 
this reason alternative possibilities should also be considered. 

If it be assumed that the sheared conglomerate and arkose rests unconformably 
on the Pontiac schist, then these rocks (the conglomerate and arkose) must be either 
·a locally deformed phase of the Cobalt series or a Huronian aeries older than the 
·Cobalt aeries infolded with the Pontiac schist. In opposition to the :first alternative 
it may be pointed out that the undisturbed Huronian belonging to the Cobalt series 

·occurs in the Kekeko hills, at .a distance of less than 2 miles from this highly sheared 
and steeply inclined conglomerate and arkose, and that it is improbable that such a 
change would take place so abruptly. Moreover, if an unconformity exists between 
the sheared conglomerate and the mica schist, the conglomerate would probably con­
tain fragments of the schist, but no such pebbles or boulders were observed. 

It is concluded, therefore, that while the evidence with regard to the stratigraphi­
·cal position of the sheared conglomerate and arkose is insllfficient for a final con­
·clusion, yet such evidence as has been obtained preponderates in favour of their con­
·formable relationship to the Pontiac schist and for this reason they have been placed 
1provisionally in the P.ontiac group. 

Abitibi Group (Keewatin?). 

Throughout the northern part of the region the predominating rocks are volcanic 
lavas ranging in composition from basalts to rhyolites. The acid and intermediate 
types are, however, most abundant. Unlike the Keewatin (?) green-stones which 
occur farther to the south, these rocks are commonly grey or greenish-grey in colour 
and might be more appropriately described as greystones. There are associated with 
these volcanics some ferrugi.nous dolomite and dolomitic sericite schist which arti 
also included in the Abitibi group. 

In a region where the rocks, on the whole, are not very well exposed, it is not 
always pos.siblti to ascertain the stratigraphical and structural relationoihip of the 
lava flows of the Abitibi group, but in places their attitude and trend can be recog­
nized .partly from their change in texture from centre to margin and partly from the 
occurrence of the spheroidal and amygda1oidal structures at their surface. When 
th~ spheroidal structure w.as present the spheroidal mas:;es of lava were observed in 
place to be :flattened on one side, giving rise to what the writer described in the field 
as a "bun" structure. This :flatterpng was, probably, caU3ed by the :flowage 
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of the spheroids of lava under their own weight. The flattening would, therefore,. 
occur on the under side of the oipheroid, and affords a criterion for diistinguishiilg 
the top and bottom of the lava flows. The volcanics of the Abitibi group have been 
generally folded into vertical or nearly vertical position, the strike varyiing from 
northwest aind southeast to east and west. 

Relationship to the Pontiac Group.-Since the Abitibi group and the Pontiac 
group are areallY' separate from one another, their relationship can only be iinferred 
from their general distribution or by comparia>on with other regions. If the Pontiac 
group be Huronian, older than the Cobalt series, and the Abitibi group be Keewatin­
a.s has been generally assumed-then the Abitibi group would be older thain the­
Pontiac group. On the other hand, the distribution of the Pontiac group in a nar­
row belt intervening for a distance of 5'0 miles between the Abitibi group and the· 
batholitbic granite and gneiss sugg&!ts that the occurrence of the oichist in this rela­
tionship is !Il.Ot a mere coincidence, but that the Pontiac group is stratigraphically below 
the Abitibi volcanics and bas been tilted up into its present attitude by the intrusion 
of the granite batboliths. This evidence, however, is insufficient to warrant a .posi­
tive conclusion, so that the relationship of the Pontiac group to the Abitibi group 
must for the present remain an unsettled problem. 

Granite and Gneiss. 

Both the ;;cbists of the Pontiac group and the volcanics of the Abitibi group are 
intruded by batholithic massed of granite and gneiss, ranging in size from small 
isolated intrusions 3 to 10 miles or less in diameter to a huge massive of which only 
a marginal portion intruding the Pontiac group on the south occurs· within the con­
fines of the region examined. The ;;maller batholithic masses occur in the northern 
part of the region and are in igneous contact with the Abitibi volcanics. Since there 
are probably granites of varying age present in the region it cannot be assumed that 
these masses are connected with the larger southern batholith, although such may be 
the case. Both hornblende and! biotite granites aind gneisses are represented in these 
intrusives, but the hornblende varieties are most common in the northern batholiths, 
whereas biotite grain.ite and gneiss predominate in the southern massive. 

The intrusion of the rocks of the Pontiac group and the volcanics of the Abitibi 
group by these batholiths was accompanied by the usual contact phenomena which 
characterize such magmatic invasio111s. The junction of the southern batholith and 
the Pontiac group is marked by a contact zone, several miles wide, on which dykes 
and inegular masses of granite, aplite, and pegmatite intrude the schist, increaaing 
in size and numbers towards the south until finally only isolated blocks of schist are 
observed. The blocks, however, with few exceptions, maintain the same attitude and 
strike as the schist farther north, showing that they have not been tilted from their 
original positions. The smaller batholiths are filled along their margin with angular, 
subangular, and rounded blocks of the Abitibi volcanics with which are aissociated 
hornblende rocks and " .scblieren" of hornblende granite, so that there appears to be 
a complete gradation from blocks which are undoubtedly greenstone or greystone 
of the Abitibi group to "schlieren" of hornblende gra'llite. It is, therefore, mor~ 
probable that the hornblende variations in the gra!llite have been formed by the 
assimilation of the Abitibi volcanics r ather than by differentiation from the granite 
magma. 

Cobalt Series. 

Huronian strata belonging to the Cobalt series was observed in this region in 
o·nl~· two or possibly three localities. As these rocks commonly occur, however, as. 
small remnants lying here and there on the truncated surface of the Abitibi volcanics, 
it is probable that there are other small occurrences in the region which were not 
observed. The Cobalt series has its greatest development in Boischatel township,. 
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-where conglomerate and arkose occur in the Kekeko hills, having a vertical thickness 
-of 700 feet. Conglomerate similar to that of the Cobalt series was also observed in 
·nexter township, about 3 miles north of Lake Kajakanikamak. On some of the 
'islanJs in Lake Kajakanikamak •a rock oc.curs associated with rhyolite and andesite 
·of the Abitibi group, which appears to pass gradationally into the volcanics and 
cannot be ·distinguished from them except for the presence of grains of quartz. This, 
when examined microscopically, was fou11d to be an arkose, but it is doubtful whether 
this arkose belongs to the Cobalt series, for unlike the typical arkose of that series 
its feldspar grains have been highly corroded and sericitized. 

Origin of the Cobalt Series.-The origin of the conglomerates, greywackes, and 
arkoses of the Cobalt serie;; was discussed at length in a recent report on the Larder 
Lake district, Ont., and adjoining portion of Pontiac county, Que., in which it was 
·concluded that the greater part of the conglomerate of the series was of glacial 
·Grigin, and that the stratified greywacke, arkose, and quartzite represented inter­
-glacial or post-glacial deposits of fl.uviatile or lacustrine origin. The strongest evi­
Jence in support of these conclusions was obtained during the past summer at the 

.east end of the Kekeko hills, where scratched and faceted pebbles were obtained from 
the conglomerate. 

N ipissina Diabase. 

The N ipissing diabase is not extensively developed in this region since it was 
-observed in only a few localities. It occurs as narrow dykes-mmally les.s than 
200 feet in width, intruding the rocks of the older basement complex. Its correlation 
with the Post Huronian Nipissing diabase is, therefore, based solely on its lithological 
similarity riot only in mineralogical composition but in its fresh UllJ.altered character 
to the diabase which in this district intrudes the Huronian. 

Pleistocene and Recent. 

The rock surfaces in this region where exposed to view present the usual smoothly 
eroded and striated appearence 'which results from glacial denudation. The greater 
part of the surface of Pre-Cambrian rocks of the region are, however, hidden beneath 
a thick mantle of glacial and post glacial deposits. 

The lowermost Pleis tocene deposits consist of sand, gravel, and boulders, which 
are partly glacial and partly fl.uvioglacial in origin. The fl.uvioglacial deposits are 
l'\oughly stratified and usually take the form of kames. In a few localities elongated, 
narrow ridges of a similar character occur which are probably eskers. 

Throughout the larger part of the region the older Pleistocene deposit:; are over­
fain by stratified clay and dand, sediments. which are evidently of lacustrine origin. 
The stratified clay is uniformly bedded in layers averaging about one-half inch in 
thickness, the beds being separated as a rule by a thin 1ayer of calcium carbonate. 
!Aically the stratified clay becomes arenaceous, and in these places a bed may contain 
two or three subsidiary layers due to 'an increase in sand aontent. The stratified 
sands never. exceed a few feet in thickness and always overlie the stratified clay. They 
.appear to be confined to the vicinity of glacial and fluvioglacial deposits in which sand 
is abundant. · 

It is believed that these uniformly stratified Pleistocene deposits were laid down 
from a huge lake which occupied this region in post-glacial times. This lake was 
evidently connected with the Timiskaming basin during a considerable part of its 
history, for the sti,atified clay was observed on the height of land in Launay and 
Trecesson townships, at an elevation of 1,074 feet above sea-level, and from that point 
has been traced coo,tinuously along the N awapitechi:n and Kinojevis r ivers and ·south­
ward to the stratified clay rnorth of Lake Timiskaming. 
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If it be assumed that each bed in the stratified clay represents the deposition of 
a single season, then by counting the number of beds an estimate of the length of 
time the lake occupied the district can be obtained. Since the maximum number of 
beds observed in the cuts along the National Transcontinental railway was only 250, 
the post-glacial lake-if each bed is an annual deposit-was of very temporary dura­
tion in this region . 

The surface of some of the Plei.stocene sand areas in Trecesson township has. been 
subject to wind action and presents a typical sand dune appearance. Some of these 
dunes have been very recently formed, for in one locality where a forest fire had 
removed the vegetation, several birch and banksian pine have been partly buried in 
sand. 

ECONOMIC GEOLOGY. 

Gold. 

Quartz veins are common everywhere in the region, but are most extensively 
developed in the rocks of the Abitibi group. 

On the north side of the Kinojevis river, nea.r the Cascade rapids (1Y.Iianueville 
township), an east-west belt of dolomitic sericite schist occurs which is intersected by 
numerous veinlets and veins of quartz. Some of the veins are from 4 to 10 feet in 
width and in one place a huge lens of quartz about 30 feet wide has been formed. 
The occurrence of these veins and irregular masses of quartz in dolomitic sericite 
schist is strikingly similar to the veins and quartz lenses of the Porcupine district, 
but assays of samples taken from all of the larger developments of quartz were made 
by Mr. Leverin of the Mines Branch of this department, and in every case returned 
no gold whatever. 

Some very irregular veins of quartz occur in a shear zone in greenstone on an 
island at the north end of Lake Agotawekami from which it was reported assays of 
$20 per ton had been obtained. An average sample of this quartz taken by the writer, 
and assayed by Mr. Leverin of the Mines Branch, however, was found to contain no 
gold. 

A large number of quartz veins cutting sericite schist, greenstone, and ferruginous 
dolomite have been staked in the vicinity of the National Transcontinental railway, 
but the assays of samples from these veins have never exceeded $1 or $2 per ton. 

While it is evident from the above results that an auriferous quartz deposit of 
commercial value has not, as yet, been discovered in this region, it must also be 
remembered that the country has not been prospected except in a very superficial way. 
Geologically the region is very similar to the Porcupine district, and with the trans­
portation facilities now afforded by the National Transcontinental railway, is probably 
one of the most promising fields for the prospector in northern Ontario and Quebec. 

Copper. 

A large number of the quartz veins of the region contain chalcopyrite, but no 
depo.;;it of this mineral was observed which was of sufficient dimensions for com­
mercial min.ing operations. 

]i[ oly bdenite. 

The pegmatite and aplite occurring in the contact zone between the Pontiac group 
and the granite and gneiss contains molybdenite in a number of localities in this 
region. These occurrences, however, are all small, and are not at all comparable in 
extent to the deposits of this mineral occuning in the vicinity of Kewagama lake. 
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CERTAIN MICA. GRAPHITE, AND APATITE DEPOSITS OF THE OTTAWA 
VALLEY, AND AN OCCURRENCE OF EOZOON CAN ADEN SE. 

(John Stansfield.) 

INTRODUCTORY. 

During the season of 1911, work was carried on in the region immediately· north 
of the Ottawa river, in the townships of Hull and Buckingham, and the Seignory 
of La Petite Nation. An e....:amination of certain typical mines of the region was 
undertaken, the Gemmill mine at Cantley being taken as an illustrative mica deposit, 
the Walker mine and Dominion Graphite Company's mine near Buckingham as 
illustrative of the occurrence of graphite, and the Emerald mine at Glen.almond of 
apatite. A small area at Cote St. Pierre illustrates the occurrence of Eozoon 
Canadense. 

Topographical and geological work was carried on simultaneously, no contour­
ing being done. Detailed large scale maps were made in each area. The methoJ 
employed was transit and stadia traversing, in some cases details being filled in by 
compass and tape traverses. At Cantley one area 330 x 400 yards, and another 400 
x 400 yards were mapped for publication on the scale of 200 feet= 1 inch, and the 
road running from Kirk Ferry through Cantley and back to Kirk Ferry, was sur­
veyed for publication on a scale of 2,000 feet= 1 inch. At the Walker mine ah area 
of about H square miles was mapped for publication on a scale of 400 feet= 1 inch. At 
the Dominion Graphite Company's mine an area of 800 x 800 yards, at the Emerald 
mine one of 970 x 1,100 yards, were mapped for publication on the scale of 200 
feet= 1 inch, and at Cote St. Pierre ranother area 490 x 800 yards was mapped for 
publication on a scale of 400 feet= 1 inch. In additiO'Il. telemeter traverses were run 
connecting the Walker and Emerald mines with the post-office at Buckingham, and 
connecting the Cote St. Pierre locality with the Ottawa river at Papineauvill.e . 

.Assistance was rendered by Messrs. C. C. Galloway in topography, and Mr. G. 
H. Gilchrist in topography and geology, the place of the Latter being taken by Mr. 
W. S. McCann, from the beginning of August to the end of the season. Great kind­
ness was shown to the party by the Dominion Graphite Company. 

HISTORY AND PREVIOUS EXPLORATION. 

In 1873, Mr. H. G. Vennor visited and reported 001 the graphite and apatite 
deposits. of the Lievre River valley, including the Emerald mine. In 1876, he sur­
veyed an area including the graphite and apatite deposits of Buckingham township. 

In 1877, Dr. J. B. Harrington visited several apatite and mica occurrences and 
reported on the minerals found in association with these deposits. 

In 1883, Mr. J. F. Torrance visited and reported on the apatite deposits of Que­
bec. including those of the Lievre River valley. 

In 1897. Mr. A. A. Cole surveyed the Walker mine and other graphite deposits 
in the township of Buckingham. 

In 1899, Dr. R. W. Ells reported on those parts of Ontario and Quebec included 
in the Grenville sheet, and in the same year Mr. A. Osann studied the geology of the 
ar~as surveyed thio> summer, with the exception of the Dominion Graphite Company's 
m1ne. 

That part of the Lievre River valley in which occur the graphite and apatite 
'deposits examined, was reported on in 1905 by Prof. E. B:aycock. 
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GENERAL GEOLOGY. 

TABLE OF FORMATIONS. 

The rock formations developed in the region have been subdivided in accordance 
with the following table:-

IL Quaternary.-Marine-glacial cley (Leda clay) and sands. 

I . Pre-Cambrian-

3. Igneous imtrusives-
3c. Trap dykes. 
3b. Gabbros and pegmatites of the mine1·al deposits. 
3a. Older pegmatite vems. 

2. GrenviHe series. 
1. Ottawa gneiss. 

The Ottawa gneis-s is seen at Cantley, at several points along the north road of 
the main traverse, and on the east hill of the Gemmill mine. It is a reddish gneiss of 
the composition of a granite, or in some cases of a syenite. Gneissic structure may 
be well developed or only broadly suggested. Syenitic gneiss is abundantly developed 
in the Walker Mine area; a dark-coloured biotite-gneiss occurs in the same area, and 
also on the road between the Walker mine and Buckingham. 

The Grenville series is more abundantly developed than the Ottawa gneiss in the 
area examined, constituting the major portions of the outcrops. It includes impure 
crystalline limestones, quartzites, garnet-gneisses, sillimanite-gneisses, and black­
weathering gneisses rich in pyrites whose exact inature is not yet determined. The 
graphite deposits examined are found closely associated with members of the Gren­
ville series, most often with limestones. 

Older Pegmatites.-The Ottawa gneiss and Grenville series in all areas visited 
are cut by very many pegmatite dykes, their development being not so marked i:n. the 
limestones as im. r ocks of other types. These pegmatites often carry tourmaline, as is 
especially the case in the Cantley. district. They are classified as of one gener al age, 
older than the gabbr os and associated pegmatites, because members of the gabbrc> 
group cut these pegmatites at Cantley, and because of the general absence of peg­
matites of this type cutting the gabbros and associated rock types. 

Gabbros and Pegmatites of the Mineral Deposits.-The gabbros have been 
described by Osann as being all hypersthene-gabbros, enstatite-gabbros, scapolite­
gabbros, or normal gabbros with the exception of the gabbro at the Dominion Graphite 
Company's mine. These rocks lack gneissic structures and form relatively small 
bodies. The pegmatites of this group are later than gabbros, since included blocks of 
the latter in the former are frequently met with at the Emerald mine. At the Domin­
ion Graphite Company's mine the "blue quartz veins" are the representatives of this 
group. 

In some rare cases these pegmatites are younger than the ore-deposits. 

Trap Dykes.-Two diabase dykes between 30 and 40 feet wide occur near the Buck­
ingham-Glenalmond road. One is found on the Emerald Mine hill, striking 86° E. 
of N. The other is about halfway between Buckingham and GlenalmO'Ild, and strikes 
71° E. of N. They dip vertically and belong to a family of dykes developed in the 
region of the Lievre and Gatineau rivers and which can often be traced across country 
for many miles. Others of these dykes occur iin and round the town of Buckingham, 
e.g., opposite the vicarage and just north of the Alexandra Hotel, and also just to the 
west of the bridge over the Lievre. ~ 



282 GEOLOGICAL SURVEY 

2 GEORGE V., A. 1912 

QUATERNARY: MARINE-GLACIAL CLAYS AND SANDS. 

The clays fill in the lower depressions between the hills of Pre-Cambrian rocks. 
The clay at a few points shows stratification, individual bands being, as a rule, i inch 
in · thickness. At one or two points marine fossils are met with in the clay. They 
are :-

Saxicava rugosia. 
Astarte cf. Laurentiana. 

Both forms are met with on the left bank of the Gatineau river, 400 yards below 
tbe falls at Kirk Ferry. The Astarte ia found at Gow's farm at the Gemmill mine, 
and also o:ri the road from Buckingham to the Walker mine, near the cheese-factory. 

The sands occur, covering a considerable area, as a thin capping above the clay, 
and are unfossiliferous. They are found at points all along the north bank of th~ 
Ottawa river, and in the valleys of its tributaries. 

Ecmw~nc GEOLOGY. 

M ICA. 

The Gemmill Mine. 

The deposits at . the Gemmill mine, situated on lot 10, range XII, of the township 
of Hull,, and also known as Gow's, the V avasour or N ellis's mine, occur on two hills, 
k'Mwn as the East and the West hills, which are separated by a clay-filled hollow. 
The mica occurs in veins which cut gabbro, gnei ·s, and pegmatite alike. The vein­
walls are clear-cut in the pegmatite and g'neiss, but wavy in the gabbro, constancy of 
thickness being associated with the former types of country rock and "bulging" with 
the latter. The veins constitute a system with a general parallel development. The 
"."hole of East hill is cut by veins, usually about 15 feet apart, whilst on West hill 
they are developed chiefly on the southern face, with a few at the northeast corner. 
The veins of East hill have a gentle curve, the strike varying from N. 68° E. at the 
northeast corner to N. 23° E. at the southwest corner. The dips vary between 37° and 
87° to the southeast, and are for the most part high (between 6'0° and 75°). On West 
frl.11 the strikes vary from N . 45° E. on the western face to N . 78° E. at the southwest 
corner, the majority being close to N . 65° E., whilst the dips are high, ramging from 
68° to the southeast to vertical. On the northeast corner of the hill a few veins 
occur, which have not been opened,, the strikes varying from N. 29° E. to N . 49° E.; 
the dip, obtained in only one case, was 75° to the southeast. The thickness of the 
veins varies from almost nothing up to 15 feet, a common width being about 6 feet. 
Veins very often pinch out to 1 foot or less ,at the surface, widening out a few feet 
below the surface. 

The chief minerals of the veins are, in the order of deposition, pyroxene, phlogo­
pite, apatite, and calcite. Parallel banding i.s well developed, the pyroxene occurring 
in a dark green c011IJJb on each wall, with bands of phlogopite, and in the centre a 
mixture of apatite and calcite in varying proportions. The calcite is best developed 
on East hill, being sparingly present or absent in the veins of West hill. The 
apatite is most commonl,Y' green, the red variety bei<ng occasionally seen on East hill, 
whilst it is more typical of West hill than the green variety. Other minerals found 
include fluorite, quartz, a;nd actinolite, but these are uncommon, at any rate ;;o far as 
prese11 t exposures are concerned. 

The phlogopite bands vary in width from 1 inch to 1 foot, or even more. As a 
rule the mica is arranged with the cleavage planes parallel to the walls of the vein. 
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~,,ie mica has a rough hexagonal shape in the case of the larger masses, the shape being 
more perfect in the case of the smaller forms, especially in those found completely 
embedded in calcite. The mica reaches 2~ and even 3 feet across in the rough state, 
such masses yielding large cuts. For the most part the mica yields cuts comparable 
in size with the original crystal, but occasionally it is found to be flawed and much 
cracked, having been subjected to movement or differential pressure subsequent to it>1 
formation. In such a case the mica is worthless for cuts of any size. 

In a few cases the veins occur on fault planes along which movement of a few 
feet took place before the formation of the veins. 

Actual mining is :not being carried on at present, but prospecting is being kept up. 
Several new veins have recently been found on West hill and openi'!lgs are usually 
made on them to a depth of a few feet only, but often yield large masses of mica for 
.a small expenditure of labour. The mica can be dug out nea'° the surface or loosened 
by small charges of dynamite. Only that mica close to the surface is useless, owing 
to the action of the weather. :For a considerable time no sales have been made, work­
'ing for stock being the present policy of the owner of the mine. As a result the ware­
house is filled with prepared mica, and picked phosphate is lying on the dumps. The. 
mine was first worked in 1878, and was formerly worked for phosphate. Mining was 
more actively carried on, several shafts being sunk on East hill. The shafts were 
sunk on the veins, the deepest one reaching a depth of 160 feet, a drift along the vein 
from it rettching u length of 190 feet. The shafts are now practically abandoned. 
When first operated the mica was dumped as waste, fortunately in one place, and free 
from other material, and is now being utilized for scra p mica. 

GRAPHITE 

In both the areas mapped and in several other occurrences of graphite visited 
the graphite deposits were found to be Closely connected with bodies of intrusive 
igneous rocks. In some cases the ore is found as a bland at the junction of the 
igneous intrusive with the intruded rock. in other cases as an imipregmation of the 
intruded rot'k close to the igneous contact, and in others as an impregnation of the 
igneous rock itself. This association of graphite ore and igneous rocks was found in 
all but a few small exposures, which owing to lack of time were not so thoroughly 
studied as the more important bodies· constituting the ore-shoots, and in all pro­
bability closer study of these few cases would disclose igneous rocks in close associa­
tion . The country rock is either a pyritic-micaceous gneiss, which previous obser­
vers have determined to be sillimanite-gneiss, or limestone. The types of ign eous 
rock with which the ore-bodies are as·sociated are two in number, a gabhro 
(hypersthene-gaibbro of Osann), and a pegmatitic representat ive of the gab bro. 

Walker Mirve. 

Lots 20 and .22, range VIII, township of Buckingham. 
At the Main pit the ore is an impregnation of gabbro, limestone, and gnej8:8, 

situated on the underside of an almost fl at sheet of igneous rock. The working i& 
now :filled with water and close examination of the ore-body is impossible. The mine 
was worked by underhand stoping from time to time between 1890 and 1896, when 
the mill was permanently closed down. The g1'.aphite was separated from the crushed 
ore by a wet process. 

The openings of the Nelly's Pit group and the openings between this po~nt and 
the Main pit are much overgrown and do not appear to have be.en carried beyond the 
shallow pits of the prospecting stage. These openings are on clean vei!lls of columnar 
g raphite, which vary in width from i inch to 4 inches. Examples occur of veins 
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cutting pegmatite, cutting giabbro, and limestone, and following a gabbro-pegmatite 
contact. Large sphenes about the size of a walmut are m>sociated with the ore in 
these pits. 

In addition, pegmatites are occasionallyi met with in other parts of the di.strict 
which carry graphite throughout their mass. 

Dominion Graphite Company's Mine. 

Lot 20, range V, township of Buckingham. 

Pit 1.-Here the ore-body has the form of a shoot whose dimensions at the sur­
face are 60 feet x 30 feet. The central mass of this ore-shoot is a mixture of 
graphite amd calcite, the edges consisting of impre,,onated gabbro. The ore-body 
splits to the south into four t(}[Jgues or veins of impregnated gabbro. On the 
east the mass is cut by a highly quart21ose vein, of the type locally called "blue 
quartz vein." This type of vein is probably an acid representative of the later stages 
of the gabbro intrUJSion. It is found to be composed of quartz with a very subordin­
ate amount of hornblende. The northern extension of the shoot was not exposed at 
the time the mine was examined. The ore-body is worked by underhand stoping. 
The graphite is usually amorphous, occasionally the columnar variety being met 
with in small amount. Apatite in nests up to the size of a hen's egg was found in 
the graphite ore. Pyrite veins cutting the ore are often met with, sometimes mas­
sive, sometimes with a honeycomb structure, with thf; development of crystal forms. 

Pit 2.-The ore-body is a very richly impregnattd band from 3 inches to 1 foot 
in thickness, on the upper side of a "blue quartz vein." The immediately adjacent 
coUIIltry rock is limestone above and gneiss below. This body app8ars to be small 
and was nearly worked out at the time of examination, though the same type of 
deposit is indicated im, small openings along the upper surface of the same dyke to 
the south: A small vein of gypsum was found associated with the ore-body. 

Pit 3 (Swamp Pit).-Rere rocks of the gabbro and pegmatite types occur. At 
the time of examination ore-bodies only a few inches thick on the west side of a 
gabbro dyke and om the west side of a pegmatite dyke were exposed. Development 
work has since been carried on at this pit and an ore-b"ody has been exposed which 
promises to be an important supply. 

Pit 4-Contains a small exposure of graphitic gneiss a few inches thick, over­
lain by a dark-coloured limestone bearing a striking resemblaJllce to a spheruliti<' 
rock. No important work had been carried on at this pit when visited. 

Work ha;; been carried on at this mine during the past summer. The mill was 
erected in the winter of 191'0-1. The mill, which is built on the slope of a hill to 
make use of gravity in the handling of the ore in the various stages of the extraction, 
is one of the most up-to-date in the country, and is designed to treat 200 tons of ore 
per day. The ore is roasted in kilns, passed through crushers, the graphite :flattened 
into :flalrns and separated in the dry way by means of revolving bolts. 

Employment is found for 80 to 100 men, some difficulty bei.ng experienced in 
obtaining sufficient labour. 

APATITE. 

Emerald Mine. 

Lots 18 and 19, ranges XI and XIL township of Buckingham. The occur­
rence of apatite at the Emerald mine is very similar to that at the Gemmill 
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mine, the two most striking differences being that at the Emerald mine mica is only 
met with iin veins round the rim of the hill, and sulphides are present in the ore. 
Pyrite is much the more common sulphide, PYTrhotite being a good deal rarer. Of 
other minerals found mention may be made of actinolite and tourmaline; the latter 
not beim.g found in situ its relation to the apatite is not clear. Pyroxen-es embedded 
in calcite are met with, sometimes with a rim of uralite round the pyroxene. 

In the centre of the hill the apatite occurs in large masses r.ather than veins. 
They are in reality widened veins and send off smaller veins into the country rock, 
which is here a gahbro. The main masa of the filling, now removed, was apatite; 
but from small patches left 01n the walls of the openings the green apatite and pink 
calcite are seen to occur in exactly the same way as at Cantley. The maximum 
width of the largest of these pockets is 50 feet. Instances of this pockety occmrence 
of the ore are known, as Murray?s., Watt's, and Boilleau pits. 

Veins cut gabbro, pegmatite, and gneiss indifferently, there being again a ten­
dency to departure from rectilinear bounding surfaces when gabbro is the country 
rock. Outside the gabbro area the veins are narrower and show good parallel band­
ing, often with excellent comb structure. A large number of openings have been 
made in the area included in the sheet and a number of shafts and winzes sunk, and 
several drifts have been i·un into the hill for the purpose of striking ore-bodies, or 
for draining the workings. In all cases the shafts appear to have been sunk to a 
shallow depth only, before beimg abandoned, 50 feet being about the maximum. The 
mine was moat actively operated in the early eighties, when it was one of the three 
largest producers of apatite in Quebec. 

AN OCOURRENCE OF EOZOON CANADENSE AT COTE ST. PIERRE. 

Subsequent to the discovery of Eozoon in specimens from Burgesa, Ont., and the 
£ndi.ng· in 1858 of other specimens at Grand Calumet, Que., by Mr. McMullen of the 
Geological Survey, Eozoon was reported from a number of Canadian localities. 
Mr. J. Lowe found it at Cote St. Pierre and made collections from this localities. 
between 1863 an:di 1866. In 1875 Mr. T. C. West001 made collections for Sir J. W. 
Dawson under the auspices of the Geological Survey. This locality has yielded some 
of the best specimens of Eozoon. 

The :area mapped is situated about 10 miles north of Papineauville. The south­
ern edge of a mass of gabbro is exposed, its margin being overlain by glacial clay 
and sand. A small area of limestone is included in the exposure, and a few minor 
outcrops of quartzitic gneiss also occur. 

The limestone is altered along its contact with the gabbro for ;a width of 150 to 
2'00 feet. The chief minerals produced are diopside and tremolite. The former is 
predominant close to the · contact and is developed to a far greater extent than the 
tremolite, which is found at a greater dist!llllce from the intrusion. Beyond the zo.ne 
where tremolite occus is the Eozoon band, consisting of serpentine and calcite 
with the well-known pseudo-ong.anic structure. The Eozoon was exposed at only one 
point and only a very small area was seen. It is at this point that small veins of 
asbestos cut the rock, which caused an opening to be made some thirty years ago in 
an attempt to work the asbestos. 

Exposures i11 the co1IJ.tact-metamorphic zone are not good, so that an attempt to 
map the extent and zones of the metamorphism met with small success. 
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GEOLOGY OF ORFORD MAP-AREA, QUEBEC, SOUTHERN PART OF 

"SERPENTINE BELT," BOLTON TOWNSHIP. 

(Ro bert Harvie.) 

INTRODUCTORY. 

In accordance with the instructions of the Director, the writer was occupied 
during the .paJSt field seas001, in the mapping and geological examination of the ser- · 
pentine belt of southel1Il Quebec, in continuation of the work which has been pro­
gressing for three seaSOillS under Mr. J. A. Dresser. 

As this mas the writer's first work with the unusual types of rocks here found, 
progress has naturally been slow, and this slight acquaintance has further limited 
his comparison of this district with other portions of the belt. For the same reason 
the generalized account of the geology given below is largely based on the work of 
Mr. Dresser. 

Before beginning the regular work and in order to become somewhat familiar 
with working conditions, two days were spent in studying the chrome iron and 
asbestos mines at Thetford and Black Lake. Work in the field was commenced at 
Eastman on June 8, and closed at Knowlton Landing on October 10. In order to 
estabh sh a proper connexion with Mr. Dre~serls work of the previous year, Mr. J. 
J. O'Neill, his ass istant on that occasion, was attached to the party for the first week. 
Mr. Alex. MacLean and Mr. A. Mailhiot acted as assistants until September 9, and _I 
am indebted to them for thoroughly efficient and enthusiastic services. Mr. Mac­
Lean's intimate knowledge of other parts of the belt, gained with Mr. Dresser, was 
especially helpful to the writer. I also wish to thank Mr. N. S. Parker, of Eastman, 
for placing '<lt our disposal his accurate and detailed information concerning the 
prospects, mineral locations, and other features of the district. 

LOCATION. 

The serpentine belt lies in that part of the Province of Quebec southeast of the 
River St. Lawrence, and runs in a northeasterly direction approximately parallel to 
that river from within Vermont to Gaspe. The portion examined in last season's 
work includes parts of Bolton and Brome townships of Brome county. This diiltri ct 
lies south of the Canadian Pacific Railway line from Montreal to Sherbrooke, north 
of the boundary of Vermont, and immediately west of Lake Memphremagog. 

PREVIOUS WORK. 

The first accounts of the general geology of the distr ict were by Sir Wm. Logan 
in the early reports of the Geological Survey, and the; e he later compiled and 
included in his Geology of Canada in 1863. Logan believed in the sedimentary 
origin of the serpentines, and his work and intended map on the scale of 4 miles to 
1 inch were prepared with that in mind. The publication of the map was, however, 
delayed (for one reason or another), and in the meantime Dr. Selwyn, who had suc­
oeeded Logan as Director of the Survey, qu·estioned this origin. Finally in 1882 it 
w.as proved by microscopic examination that the serpentines were of undoubted 
igneous orig in , and it was definitely decided to revise Logan's work before pubJica-
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tion. The revision wad entrUlSted to Dr. R. W. Ells, whose reports and maps· on the 
various districts traversed by the serpentine belt were issued in the Annual Volumes 
of the Geological Survey for the years 1886, 1887, and 1894. In order to meet 
economic n eeds, a special report on the copper-bearing rocks, by Mr. Dres.ser, was issued 
by the Geological Survey in 1907 ais Publication No. 974. 

OBJECT .AJ."\'D PROGRESS OF THE PRESENT INVESTIGATION'. 

Since the :first shipment, iabout 1876, the production of asbestos in Quebec has 
steadily increased until now it has a1n annual value of over two and a half million 
dollars, placing the Eastern Townships near the top in order of importance of the 
mi'Il,eral "d'.istricts of Oanada. In view of this economic importance of the .serpentine 
belt, with which :asbestos, copper, chrome iron, talc, aind other valuable minerals are 
associated, the present investigation wad commenced in order to obtain more com­
plete information concerning its real distribution, geological structure, and economic 
resources. The :field work was begun by· Mr. Dresser in 1907 aind continued in 1909 
and 1910, his reports of progress being included in the Summary Reports of the Geo­
logical Survey for those years. His report for 1'909 g ives briefly a vers satisfactory 
account of the princip:al geological features of the belt. A preliminary report on the 
district between the Chaudiere amd St. Francis rivers is now ready for the press. 

SUJ\UJARY AND CONCLUSIONS. 

The serpentine belt which Mr. D resser has been tracing and examrnrng in a 
general southwesterly direction from East Broughton, is found to continue through 
the district examined this year to the boundary line of Vermont. Although called 
the serpentine belt, the area occupied by serpentine is a relatively small proportion, 
but the predominant economic importance of these areas is sufficient reason for the 
application of this name to the belt as a whole. In Bolton and Potton townships the 
serpentine continues to be of minor areal importance, but on t he other hand, as con­
trasted with districts to the nor theast, its economic importance is reversed since the 
copper deposits associated with the other related tspes of rocks-diabase and porphy­
rite, have already given a large production in the past, while the asbestos deposits of 
the serpentine have not got beyond the early stages of prospecting. 

Trial shipments have been made of chrome iron, talc, and iron ores, but with 
unsatisfactory results. 

GENERAL CHARACTE R OJ<' THE DISTRICT. 

The di strict lies just within the border of the Appalachian mountain s_ystem, and 
the topography as a whole partakes of the features usually found to characterize that 
region . In general the country is traversed in a northeasterly direction by numerous 
parallel ridges and valleys. Locally the western border of the district is formed by 
t he mountains of the Sutton Mountain anticline, many of the peaks probably averag­
ing 1,800 feet above sea-level. Adjoining this range to the east is the strongly 
marked valles of the Missisquoi river, ranging in alt itude from 675 to 800 feet. The 
next ridge to the east is from 3 to 4 miles wide with an average elevation of 1,100 feet. 
The serpentine belt intrusions are found chiefly along th is ridge and compose the 
highest mountains of the immediate vicinity, three of them ri sing to over 2,000 feet. 
The next important depression is occupied by Lake Memphremagog with an elevation 
of 690 feet. The inflnence of the topographv is well shown b.v the location of the 
railways, a good example being the Canadian Pacific Railway's line from Montreal to 
Newpor t, the excessive detours shown thereon being simply an expression of the diffi­
culty of £nding a su itable grade in a direction across the trend of the hills and valleys. 



288 GEOLOGIOAL SURVEY 

2 GEORGE V., A. 1912 

GENERAL GEOLOGY. 

The outstanding feature of the geological structure of the Eastern Townships is 
the existence of three main anticlines composed of ancient sediments and volcanics, 
between which are synclinal troughs underlain by younger sediments. In a broad 
way the anticlines are expressed as ridges <md the Rynclines 'lS "alleys, the reason for 
this probably being found in the klin.d of underlyiaig rock. The anticlines, to a large 
extent at least, are composed of volcanics considered to be of Pre-Cambrian age. 
Flanking the volcanics are arranged various sedimentary formations in ascending 
geological order towards the axes of the synclines. In the succession are represented 
the Cambrian, Ordovician, Silurian, and Devonian. The serpentine belt includes a 
series of intrusives occurring chiefl y along the eastern slope of the Sutton Mountain 
-or westernmo3t anticline. 

TABLE OF FORMATIONS. 

Quaternary . . ......... .. ... . .... Sand, gravel, and clay. 

Dernnian ? ....• • ... . ...•..•• .. . . Shaly limestone, serpentine, peridotite, pyroxenite, gab bro, diabase, 
granite, aplite, alkaline rocks of the Monteregian type. 

'Silurian....... . . . . . . . ........ Shale and limestones. 

Drdovician- F arnham 'leries . .. . Graphitic argillite and limestone conglomerate. 

Cambrian .... .. .. .... . ......... Greywacke, purple and green slates ; red marble, schistose grey quartz· 
ites. 

Pre-Cambrian-Sutton Mountain 
seri es ... .. .... .......... . ..... Porphyries and greenstones. 

DESCRIPTION OF FORMA'l'IONS. 

Pre-Cambrian. 

Sutton Mountain Series.-The rocks of the porphyry-greenstone series are 
probably the only ones older than Cambrian. In the early geological work in the 
district the volcanics were mistaken for sediments owing to their being much squeezed 
and folded and thus having had the features commonly associated with igneous rocks 
almost entirely removed. The porphyries are well shown on the railway line between 
Eastman and South Stukely, while the greenstones are well exposed near Foster. 

Cambrian. 

The rocks belonging to this system comprise an extensive development of a grey 
usually schistose quartzite with smaller amounts of greywacke, green and purple slates, 
and a few bands of a red marble. These are found chiefly in the valley of the 
Missisquoi, the best exposed section being fou nd just south of Eastman. 

The correlation of the so-called Cambrian and Pre-Cambrian has never been 
de£nitely established. Apparently these terms were £rst of all given on the basis of 
broad generalizations, and have been accepted since simply for lack of more exact 
information. 

Ordovician. 

Farnham Series.-The black slates which are the principal rocks of this series 
have been correlated with the lower Trenton . ]n most places the entire formation 
has been metamorphosed to such an extent as to completely remove all signs of its 
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origjia:Lal bedding, a'n,d at the same time cause the production of secondary minerals. 
The correlation is made on the determination of fossils collected at Castle Brook west 
•A Magog, from which locality the formation has been traced laterally for many miles. 

S ilurian. 

The Silurian system is of relatively small extent in the district, but it furnishes 
impo:rlant evidence as to the age of the serpentine series. The northern half of Lake 
Memphremagog lies in a synclinal trough of Silurian measures whose age as previously 
.Ji;tcrmined has been chiefly based on a few species of not very characteristic corah. 
However, the discovery of a new fosisil locality at Knowlton Landing containing a 
1r,uch wider range of species has given an opportunity for a much more decisive 
determination. Mr. P. E. Raymond has kind1y made the following preliminary 
report on a collection of some 300 pounds of fossiliferous material. 

" The following species were determined:-

Dalmanites lunatus, Lambert ; abundant. 
Dalmanites, sp. ind.; probably new; common. 
fJalymene, sp. ind. ; r:ll'e. 
B ronteus pompilius, Billings; rare. 
Coratocephala, ef. C. goniata, Warder; rare. 
Chone·tes, ap. iwi. ; rare. 
Coelidliwrn, sp. ind.; r.are. 
Opcrculum of gastropod, like that referred to Oriostoma by Kindle. 
Orthoceraiites, indet erminable; common. 

"Trilobites form the most importamt part of this colleation. The specimens of 
cephala and pygidia are numerous, and though distorted, fairly well preserved. The 
most commoJJJ one is very similar to Dalmanites pleuroptyx, Green, but differs from that 
species in having fewer rings on the axial lobe of the pyigidium and fewer ribs on the 
pleural lobes. It is, therefore, ,referred to Lambert's species, described from the 
S:jlurian at Littleton, New Hampshire (Bull. Geol. Soc. America, Vol. XV, rp. 480, 
1904.) The other species of Dalmanites, represented only by pygidia, is character­
i.£ed by its roliinded outline, the absence of a caudal spine, and the few (about 10-13) 
rings and ribs (8-9) on the pygidium. The presence in this fauna of a Calymene 
and a Ceratocephala of the type of C. goniata indicate the middle Siluriap. age of the 
strata .at this locality. 

" The foss ils from a second locality, a little higher in the section, are mostly 
indeterminable. The pygidium of a species of Encriniirus was recognized, and some 
of the Orthoceratites are identical with those in the lower beds." 

"The strata at a third locality on the other limb of the syncline are full of 
badly squeezed brachiopods, none of which could be recognized with cer tainty. The 
most common shell is a rhynch onelloid, possibly a Wnsonia. Two or three specim1ms 
appeared to be Atrypa nodostriata, Hall, and another looked like L eptaena rhomboi­
dali,s. With these was a large and well-preserved specimen of Favosites gothlandicus, 
Lamarck." 

Devonian. 

T wo outliers of rocks which have been referred to the Devonian are found at 
K'n.G>wlton L aiading and Owls H ead on the west side of Lake Memphremagog, and as 
far as is kno"u1 rest conformably on thlil middle Silurian. The diabase which accom­
panied the intrusion of the serpentine alters the middle Silurian strata in the vicinity 
of Knowlton Landing, and since the outlier of Devonian rests conformably on the 

26-19 
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middle Silurian at that point, it is thus considered probable that the intrusion of the 
serpentine rocks in this vicinity took place after the depositi,on of this representative 
of the Devonian. The highly altered and squeezed character of the serpentine and, 
also to a limited extent, of the Monteregian rocks, observed chiefly in Sliefford and 
Brome mountaina to the west, indicates that they were intruded before the cessation 
of folding to which this, in common with other portions of the Appalachian system 
district, has been subjected. This movement is considered to have been complete in 
Carboniferous times, and thus gives a younger limit to the age of these sediments. 
It would seem very probable that they are late Devonian in . age si'Ilce this was a 
period of great igneomi activity in the Appalachian uplift, especially in the Hudson 
valley north of New York. 

The Serpentine Belt. 

The rocki:> of the serpen,tine belt are-serpentine, peridotite, PY'l"Oxenite, gabbro, 
diabase, grrunite, and aplite. The previous work of Mr. Dresser has indicated that 
these different rock types are, in the main, parts of one consanguineous intrusion, 
having separated from one another during the process of cooling. In the case of 
intruded sheets examples are commonly found showing peridotite in the lower portion 
and on ascending, a zone of pyroxenite, then gabbro, and finally diabase. Where the 
intrusions form stocks or plugs, the types are found to be arranged in the same order 
from the centre outwards, as is foU!Ild in the 1Sheeta from the base upwards. The 
granite and aplite, which represent the most extreme acid phases of the process of 
differentiation, have generally been intruded a little later than the other rocks. The 
.serpentine is an alteration phase of the peridotite and all gradations are found 
between a pure serpentine and only slightly altered peridotite. The district 
examined this year was noteworthy on account of the predominance of the diabase 
end of the series. 

.Alkaline Rocks. 

On the St. Lawrence plain to the west of this district there are a number of 
residual hills of intrusive igneous rocks which have received the name of Monte­
::egian hills from the be,;t kinown representative, Mount Royal, at Montreal. Dykes 
of rocks belonging to these intrulllions are found in many places quite distant from 
any of the large masses. They are readily recognized on account of being composed 
of minerals of an unusual alkaline composition. 

An exposure of these rocki> is found in a cutting on the Camadian Pacific rail­
way near Orford pond, about 2 miles from Ea;;tman. The rocks represented are 
camptonite, nordmarkite, and monzonite. At the Huntingdon miille a camptonite 
dyke cuts both the lllerpentine and the ore-bearing schistose diabase. In a cut on the 
railway, ! of a mile south of Bolton Centre, a deeply weathered dyke of tinguaite cuts 
the Cambriam.· schists. Numerous other dykes of this class have been found at Lake 
:Memphremagog and have been described in minute detail by Marster;;.' 

Quafornary. 

The superficial deposits, more especially in the valley of the Missisquoi, consist 
chiefly of sands .and gravels deposited on the retreat of the ice-sheet and almost 
unmodified since. On a small scale splendid examples may be found of outwash 
sand-plains, kames, and terminal and lateral moraines. Bolton pass, which cuts acl'oss 
the Sutton Mountain anticline, shows very evident glacial actioni, and what was pro­
b-ably a good-sized englacial stream discharged easterly through this pa;;s into the 
Missisquoi, building the sand-plain in the vicinity of South Bolton village. 

1
· V. F. Marsters. Amer. Geologist, July, 1895. 
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ECONOMIC GEOLOGY, 

COPPER. 

Huntingdon and Ives Mines. 

The copper mmmg industry in this district was in its most £.ourishing condi­
tion about 1870 while copper was sellimg at about 20 cents per pound, at which time 
both the Ives and Huntingdon mines near Eastman were vigorously worked, seem­
ingly at good profit. The extreme decline in the price of copper soon after this date 
caused the gradual ·abandonment of these mines as soon as the known bodies of ore 
had been worked out. The ore of the Huntingdon mine is ;;aid to have contained 
from 7 to 10 per cent of copper and that of the Ives mine from 10 to 14. While no 
specific informatioo can be found a:> to the output of these mines, it is known that 
for the three years 1869 to 1871 the total production of Quebec from five mines was 
27,082 tons of ore valued at $333,817. It is not improbable that half of this was 
from the Huntingdon and Ives mines. About 1890 the Nicols Chemical Company 
reopened the Huntingdon mine, ·but apparentl.Y' their prospecting wM unrewarded, 
since after having done a lot of expensive work they closed down again. During the 
past summer lfr. N . S. Parker, while prospecting on the surface at the Ives mine, 
uncovered a promisi1ng looking outcrop of ore, but the lateral extent has not been 
proved and it may be that in depth the ore was stoped out by the former workings. 
It may be mentioned here that there are large dumps containing low grade ore at 
both these mines, which under present improved conditions it might be profitable to 
concentrate, especially m view of their favourable situation. 

Lalce Memphremagog Mine. 

This is situated on the northwest slope of Hogsback mountain., not far from 
Knowlton Landing. Accordini' to the estimate of Dr. A. W. G. Wilson,' of the Mines 
Branch, the amoumt of ore as shown by the present working,s will not be more than 
20,000 tons, with a copper content probably less than 2 per cent. A quantity of ore 
reported to be as much as 500 tons, shipped in 1907, is the total production to date. 

On lot 1, range IX, of Bolton,, a t Eastman village, a shaft about 15 feet deep, 
on one wall shows a small V{lin with a lens of ore about 1 foot thick contaiming chil­
copyrite, sphalerite, and pyrite. Owing to a fault the vein i;; not continuous across 
the pit. 

Prospect .pits OiTu lots 24 and 2'5, of range VIJ, of Bolton, sunk recently, do not 
show any valuable ore-bodies. 

CHROME IRON ORE. 

Chrome iron ore has been found and prospected on lots 9 and 13, of range VII, 
and 2.6 of VI, of Bolton. All these showings are small, and the on,ly 1production has 
been one shipment of 27 to1I1;S i1I1 .1896 from lot 9, of range VII. 

IRON ORE. 

On lot 9, of range X, of Bolton, there is a series of lenses of hematite and quartz, 
occurring in a fine-grained basic igneous rock near its contact with quartzite. The 
largest body is about 40 feet long acrid 7 feet wide at the surface, but at the bottom of 
a pit 70 feet deep it is said to be 18 feet wide. The lenses outcrop for about 100 yards 
and are then covered by soil. In places the hematite is quite pure and of the specu­
lar variety, in other places it i·s intimately mixed with the quartz, a;n,d in some places, 

' Summary Report of the Mines Branch, Dept. of Mines, 1909, p. 71. 
26-19~ 
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chlorite. Copper stains are commonly fcnifrd in fissures in the ore. The mining 
rights belO!llg to John McDougall & Co., of Drummond ville (now included in the 
.Canada Iron Corporation, Ltd.), who mined a trial shipment of 2-00 tons in 1903. 

ASBESTOS. 

Althqugh a larg~ number of pits and other openi~gs ha.ve been made in search 
-of asbestos, nowhere h.as this b13en fo=d of gi;>od .enough gra'de to warrant serious 
mi~ing operations. The moat promising prospect is on lot 9, of range VII, of Bolton, 

. but even there the fibre is harsh and riot over half an inch :irrJ. lepgth, while the deposit 
ia of =known and possibly limited extent. The opep.ings already made are in a poor 

. location since they are clQSe to the upper contact of the serpentine body, which posi· 
tion has been shown by Mr. Dresser's previous work to be usually an unfavourable 
plac~ for the development of asbestos: .The owners or promoters of this property had 
-evidently once thought well -enough of it to 'start building a mill, but did not get 
far.ther thailll laying the ft;>Undations. 

.TALC. 

Deposits of talc are · found <Jn lots 26, range II, 24, range VI, ·and 24, range 
:VII, of Bolton, imcl oii! 28, range V, ' of Potton. - Excepting the first mentioned, 

· all of" these are very impure and . dark-coloured; containimg :numerous crystals of 
magnesium carbonate. :From lot 24i r.ange VI;:of Bolton, 300 . toris; valued at $1,800, 
were shipped in 1871. 

The depoait Oiili lot 2.6, -range .II, -of Bolton',' whi-ch was only recently discovered 
by the owner, Geo. R. Pibus, is the most promising of these prospects. A pit 15 feet 

r deep ·shows :schi~fose tl\lc-· 7 feet wide, flhd tho baitl<l 1s found Rlang -the strike in pits 
"75 'and: 375 feet . d·istant: · The: talc, althoUgh not perfoctl~· pU.re; appears to have a 
r·suffideritly ·good ciolom, and the body is probably Ia'.tgef;eflbilgh tci' he mined economi­
. 'cally. · Tli.e.:deptBit is 5 · mile3 ·fr:0m ,Sotttb r..Boltorir rstation;··.and connected therewith 
.cby r_ a' gococi :.ro~_d .wi't~ . favo1m1bl.e -·a;radi> [. ':.'. : .: · 

' . ' 
. ;. 
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BELCEIL AND ROUGEMONT :MOUNTAINS; .QUEBE0 . . 
. t .: ; . ~ 

· (J. J. O'Neill.) 
... 

INTRODUCTION:. 

The first two weeks of the· season were spent with Mr. R. Harvie in continuing 
Mr. Dresser's work on the serpentine belt. The remaining three and: a half months · 
were devoted to the studyi of the two mountainB, Belreil and Rougemon,t, with the 
purp:ise of completing the work on the Monteregian province. 

After the field work had been completed, a number of duplicate sets of the prin­
cipal rock types from Belreil1 Rougemont, and Mount Johnson were collected; to 
procure which it was found necessary to engage blasters to secure fresh· specime~. 

The contour map of this. district, lately issued by the Department of Militia, 
enlarged to a scale of ·4 inches to· 1 mile, was used .as a: basis for geology. 

The field-work was carri ed · on alone, 'except for temporary as.>istance in survey­
ing contact3. 

LOCATION AND SIZE. 

The Monteregian .province is made rup of eight volcanic intrusions of alkalic 
magma in the form of laecoliths ·or volcanic necks, situated in the southwestern part 
of the Province of Quebec, and extending from Mount Royal at Montreal, to Shef­
ford mountain, nearly 50 miles due east. 

Mount Royal, St. Bruno, Belreil, Rougemont, Yamaska, and Shefford mountains 
aM s·paced at from 5 to 1.5 miles apart along the west-east line; Mount Johnson is 6 
miles ilouth of RougemOTut; Brome mountain is 2 miles .south of Shefford .. 

The areas of these moUllltains range from 0-422 square miles in the case of 
Mount Johnson, t o 30 square miles, in the case of Brome, which .is more than three · 
times as large as Shefford, the next largest. 

TOPOGRAPHY~ 

The Monteregian hills stand up in striki.ng contrast to the low-lying plain of 
Palroozoic strata, known as the St. Lawrence lowlands, which extends from the 
Laurentian highlands on the northwest to the Appalachian province on the south- · 
east, with a width of about 80 miles at Montreal. 

The plain is deeply mantled, with glacial drift, and the subdued character of the 
hills, with their crag and tail profiles, points also to the profo=d glaciation which 
has affected the whole of eastern Canada. 

Terraces surrounding many of the hills are the result of the sea invasion fol· 
lowing the retreat of the ice, and sand and gravel deposits on Mount Royal show 
that the water rose relatively to 493 feet at least, and, not improbablyi, to 560 feet.• 

Most of the Monteregian hills enclose one or more lakes in basins gouged out by · 
the ice, and these form the natural reservoirs for the water-supply of the surround.-
ing villages. · 

The drainage of the Belreil-Rougemont region is effected by the rivers ~iche­
lieu and Yamaska, which :flow northward through the drift and are tributary to the 
St. Lawrence. 

'Goldthw,a,it, J. W., Raised &aches of 'Southern Quebec: 
Summary RePQrt. for 1910, Geological Survey, Hill, p. 226. 
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BELCEIL MOUNTAIN. 

Belalil mountain rises to a height of 1,375 feet above sea-level, or 1,275 feet 
above the plain. Nioar the south end of the mountain there is a lake about a fourth 
of a mile square, with a maximum depth of about 40 feet, at an elevation of 535 feet. 
This lake occupies the bottom of a wide basin gouged, out of the mountain by the ice. 

Belreil is the product of two intrusions, an earlier one of essexite which forms 
the W"~stern half of the mountain, followed byi nephelite-porphyry which contains 
fragments of the essexite and occupies the eastern: half of the mountain. There are 
also many dykes· of complementary nature representing at least two stages of 
intrusion. 

The dykes seem to radiate from the essexite magma and to cut through it in 
m any places. None were observed cutting the porphyry nor seeming to come fr@m it 
directly. Two sheets of tinguaite, 4 feet to 6 feet in thickness, come of£ from the 
eastern side of the mountai'n, presumably from the porphyry. 

The intrusions seem to have taken place without any disturbance in position of 
the sedimentary bedJ;, and the relation of the igneous rocks, together with the rela­
tively thick zone of rocks strongly altered by contact metamorphism, and the fact 
that the magma is coarse""bcrrained right to the contact, point to the intrusion as 
having been progressive through the same channel; in other words a volcanic neck. 

RouGEMONT MouNTAIN. 

Rougemont mountain rises to 1,27:5 feet above sea-level, or about 1,150 feet 
above the plain. It is heavily timbered, and the extensive covering of drift permits 
of few exposures of the underlying rock. The exposures are mostly decomposed to a 
depth varying from a few inches to several feet. 

There are two small lakes contained in this mountain, one at the north end at 
an elevation of 800 feet, and the other at an elevation of 500 feet, near the south end . 

.An essexite varying in texture, andt perhaps in composition, within short dis­
tam.ces, seems to be the only intrus ion forming the mountain. The rock is very high in 
ferro-magnesian miner als and in many places weathering produces a regular gossan. 
There are also a few dykes which indicate the latter phases of activity. 

The igneous rock at the borders of the intrusion is more or less fill ed with 
masses of homstone fragments for a width up to 200 feet in places. No disturbance 
of the surrounding sedimentary beds seems to have taken place, and the same con­
t act phenomena occur as at Belreil. It would seem then, that Roug·emont i,s also of 
the nature of a volcanic neck. 

E CONOMIC GEOLOGY. 

Enclo:sed within Belreil mountain are three areas of limestooe and marble. The 
two areas exposed on the hills to the east and north of the lake are coarsely crystal­
line and streaky marble, covering an area of about 4 acres. · The surface material 

. crumbles easilyi due to the action of weathering, but that lower down is probably 
more compact. 

At the third exposure, at the northeast end of the mountain, two old lime-kilns 
are situated which have been long out of use. The rock here seems to be on the 
margin of the intrusion with becLcling nearly vertical. It is exposed on both sides 
of a swampy depression, between the horns tone collar to the north and the porphyry 
hill to the south. It is about 500 feet in length and probably 150 feet in breadth. 
The portion exposed nearest the porphyry is a fine-grained, compact, whitish marble 
cc·ntaining dark streaks of impurities, but on the opposite side of the depression the 
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exposure seem;; to be a calcareous conglomerate in which the pebbles are rarely larger 
than peas, and there are thin shaly layers showing the bedding planes. 

·Ofose examination was made for fossils, but without succes.s. Dr, F . D. Adams 
has shown the author a memorandum from Dr. Elli! that fossils of the Devoniaru age 
have been found in this occurrence. ' 

It would seem that the marble present in the mountain is well wo.rth proving 
and testing for its value for d~orative purposes. 
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RECORDS OF POST-GLA.CIAL CH.A:NGES OF LEVEL IN QUEBEC A.ND 
NEW BRUNSWICK. 

(J. W. Goldthwait.) 

INTRODUCTORY. 

A.bout six weeks were spent in July and A.ugust, 1911, by the writer am.d two 
as:iistants, in southeastern Quebec and eastern New Brunswick. The investigation 
of raised beaches and other marine deposits of the post-glacial epoch, as reported a 
year ago, was coi!lJtinued, from Mata'Il.e on the lower St. Lawrence, eastward around 
the Gaspe peninsula to Chaleur bay, and thence southward down the coast of New 
Brunswick to A.mherst, Nova Scotia. Measurements of altitude of these elevated 
beaches were made at a number of localities. A. ::;pecial effort was made to trace the 
Micmac terrace and sea-cliff' outward from the lower St. Lawrence to the gulf, 
with a view to the correlation of the relatively recent uplift it records, with recent 
changes of level along the gulf coast. Special attention was placed, also, upon sup­
posed evidences of modern subsidence on the New Brunswick coast. In thi s con­
nexion ol::servations were made Oill the distribution of plants of fresh-wat~ and salt­
water typ 2s, in di stricts where progressive subsidence or elevation has been sus­
pected; and borings were made at many places to determine the depth of peat bogs 
and to gather other f acts which might aid in settling the disputed question of moderu 
stallility of the coast. 

Co-OPERATION WITH THE SHALER MEMORIAL lNvESTIGATION. 

A. few weeks befor e enter ing the field, and with the approval of the Director, 
the writer conferred with Professor Douglas Wilson J olmson, of Harvard Univer­
sity, and arranged the d~ta i ls of a plan for co-operation between the Geological Sur­
vey and the Shaler Memorial party, which was already engaged in a comprehensive 
stu<lY' of the evidences of modern subi;idence along the A.tlantic coast, both in this 
country and in Scandinavia. The advantages of this co-operation to the Survey are 
both direct and indirect. Professor Johnson will prepare for a forthcoming memoir 
a chapter on the modern stability or instability of the coast of Quebec, New Bruns-

• wick, and Prince Edward Island, in which his own observations and those of the 
present writer will be i;et forth and discussed, in the light of the newly collected 
evidence from the whole field. Indirectly, the Survey has gained, through the more 
critical and icntelligent search for evidences of modern subsidence which the writer 
has been enabled to make a,; a result of Professor Johnson's suggestions. The ques­
tion of present rii;ing or sinking of the coast has a peculiar interest, since it must 
take account of changes witnes'.sed by those who have dwelt lO'Ilg near the shore. In 
some localities the rights of property owners on the .;eaboard have rested upon the 
correct answer to the question, whether the coast, in the las t few centuries, has been" 
ri ,; ing or sinking, or per fectly stable. In view of these human aspects of the. ques­
tion , Professor J ohnwn's contribution to the subject will very distinctly add to the 
value of the forthcoming r eport. 

1 This name was given last year to a r emarkably strong and continuous terrace and sea­
cliff which stands about 20 feet above m ean sea-level, in the region between Quebec and 
Mata n.e. Se 0 • l'ne .twen ty..Joot t<.>nace a nd sea ·cliff o•± th ~ hwer St . Lawr enc·e '; America.n 
J ournal of S cience, Vol. xx·<ii, 1911, pp. 291 -317. 
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A second conference with Professo.r Johnson was held m Quebec, on November 
18 and 19, in order to discuss on the ground several questions raised by the strong 
development, uniform height, and fresh appearance of the Micmac shoreline, which 
forms a co!lJnecting link between the evidences of the early post-glacial uplifts of the 
coast and those of modern elevation or subsidence. The conference led also to a 
more definite conception of the origin of certain non-marine terrace,; which lie 
between the city of Quebec a'Il.d Ste. Anne-de-Beau•pre. 

RECORDS OF THE CHAMPLAIN SUBMERGENCE. 

In 1910, the upper limit of marine submergence was found to decline very 
stead ily from about 630 feet at Quebec to less than 20'0 feet at Matane. Observa­
tion~ during the present season in the same district, including old localities which 
were rcvi;ited and run examination of n ew ones, strengthen that correlation. In one 
instance only, has a correction of last season's data seemed necessary--namely, at 
Matane. There, although the highest d:stinct beach stands at 174 feet, as reported 
last year, the washed sands extend farther, to the foot of a rather persistent bluff, at 
218 feet, which harmonizes better with determinations of the upper marine limit at 
localities both to the east and to the west, than did the 174 foot mea.;;urement. As a 
supplement and amendment to the data given in last year's summary, therefore, the 
upper ma1ine limit at the following v1aces is here recorded:-

St. Joachim.-Rolled gravels up to 560-570 feet (aneroid). 
L'lslet.- Highest of a series of strong beaches, 520 feet --+- (a:neroid). 
Pr:ceville.-Delta of Grand Metis r lver, 270 feet --+-, 

Matane.-Upper limit of sands at foot of bluff, 218 feet. 

The observations of raised beaches from Matane eastward to Ste. A.n.ne-des­
Monts, including not only barometric measurements but the results of more precise 
levelling at several places, extend this water-p1a111e 50 miles farther east. It appear:> 
to continue the same uniform descent east of Matane which it holds to all the way 
from the city of Quebec, reaching an altitude of approximately 150 feet at Sainte 
Anne-des-Monts. The new data from this district are as follows :-

Ste. Felicite.-Wide, gravelly t errace, 204 feet. 
Grand-Mechin.-Top of extensive delta, 175 feet. 
Cape Ohat.- Short spit of shingle back of the mountain, 156 feet. 
·Ste. Anne-des-Monts.--Two miles west of village, pocket beach, highest of 

a group, 150 feet. 
Ste. Anne-des-Monts.-Two miles east of village. Gravelly beach, highest 

discovel'tld on favourable slope, 137 feet. 

The figures given above, unlike the other measurements, refer to the last high- . 
tide mark o.n the beach, instead of mean tide-level. They are, therefore, subject to 
a correction of a few feet. All are measurements made with German pocket-level and 
rod. 

An unlooked for feature which complicates the ta.3k of correlating the beaches 
of thio:; more easterly district with those west of Matane, is the presence along this 
north Gaspe shore of marine terraces and delta deposits at altitudes much higher 
than the water-plane referred to in the preced ing p aragraphs. The topographic 
strei!Jgth of these higher shorelines is extraordinary, and thus quite unlike the · 
beaches farther up the lower St. Lawrence, excepting, of cou rse, the Micmac shore­
line, which is alwaj'IS cono:;picuous. At one particularly exposed headland near 
Oa·pucins, the mo.st typical cobblestone beach which I have ·&een anywhere east of 
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Covey hill was found, at an altitude of 273 feet above 'high tide, or fully 100 feet 
above the water-plane which has been tractid down the estuary from Quebec. 

The reas0in for these higher marine terraces and beaches can at present only be 
conjectured. While a local bulge in the upwarped water-plane is not impossible, nu 
other facts have been found which mig'ht ·support that view; · moreover, as already 
stated, the highest shoreline from Quebec to Matane seems to be traceable all the 
way out to Ste. Arune, in terraces and deltas which 'harmonize with that plane. A 
more satisfactory theory is that the Gaspe peninsula bears a record of earlier and 
deeper submergence than the lower St. Lawrence coast possesses, because of an 
earlier disappearance of the ice-cap from it than from the latter shore. As Chal­
mers has said,' glacial drift covers the upland, near the ehore, as far east as Ste. 
Anne-des-Monts, although not fa r beyond there the presence of residual soils and 
certaim. details of topography indicate that the coast did '11ot suffer glaciation. Fur­
ther than this, little is known about the glaciation, and more especially the 
de-glaciation of the Gaspe coast. In view of the probability that the whole lower 
St. Lawrence region was glaciated :from the south, rather than from the Lauren­
tides, it seems not unlikely that thi s great peninsula had a glacial history somewhat 
independent of the region to the west. Whatever that history may be, it is still well 
concealed by a forested wilderness of mountains. With the few facts now available, 
the theory of a relatively early de-glaciation of the north Gaspe coast can only be 
regarded as a working hypothesis. 

As reported a year ago,' the elevated beaches between Quebec am:L Matane seem 
to be about alike in weakiness of topographic expression, at all levels except the Mic­
mac shoreline, 20 feet above the sea, which is a very conspicuous terrace and sea­
cliff. The conclusion that was drawn last year, that "the coast seems to have 
emerged steadily from the vers first," developing beaches among which none particu­
l arly excel in strength, seems to be contr adicted by facts from the Gaspe coast, east 
of Matane ; for there is at least one very strongly marked terrace and sea-cliff, 
intermed iate in height between the Micmac shoreline and the one which lies on the 
plane of the " highest" beach of the Quebec district. This shelf and cliff, while 
naturally less sharp and fresh than the later Micmac shore, closely rivals it as a 
record of long continued wave-work on a stationary or subsiding coast. An observer 
in this field would scarcely hesitate to conclude that the post-glacial emergence of 
the north Gaspe coast was not steady, but subject to one or two interruptions. 

It was my expectation, after reading the literature of the district, and following 
the r aised beaches down the lower St. Lawrence, that the coast of Chaleur hay 
would fur:n ish equally good records of wave-work and marine sed'imentation, and at 
altitudes not far different from those o:f' the neighbouring portion of the St. 
Lawrence, that is, from 1'50 to ZOO feet. It was, therefore, both a surprise and a dis­
app:iintment to find at all places visited between Campbellton and Gas.pe basin no 
acceptable evidence whatever of wave-work above the alti tude of 75 feet; and even 
below that, only faint records of it. At Gaspe basin, Port Daniel, and other places, 
there are gravel deposits with horizontal surfaces, which, while not records of wave­
work, appear to signify at least conditions of submergence of the coast by the sea, 
to the dep th of 50 to 75 feet, during which deltas formed at the mouths of the largest 
rivers, and some smoothing of the ·shallower portions of the shore topk place. At 
P ort Daniel the remnants of a delta depoait and faint beaches agree in fixing the 
upper m arine limit at about 70 feet . On the equally favo urable slopes above this 
altitude, only a sheet of the red boulder clay, containing striated ston es, covers the 
l edges. At Grand river, the limit of submergence, similarly marked, is close to 5'0 
foet. Dr. John ·:1iL Clarke, Director of the Geological Survey of N ew York state, has 

1 R. M. Chalmers. Surface geology of east ern Quebec; in Summary Report of the 
Director, Goological Survey, Canada, 1004, pp. 250-2'63. 

'GeologicaJ Survey, Canada, Summary Repor;t of the Director, 1910, p. 228. 
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kind.l,y furnished me with detailed information concerni·ng fossil-bearing beach 
deposits near New Richmond, which i1D.dicate former marine conditioI1S at levels well 
below the 70 foot mark. 

It is as difficult to account for the slight amount of post-glacial submergence 
-0f the east and south coasts of Gaspe a;:; it is to explain the extraordinarily deep 
submergence of the illorth coast. On the south side, as on the north, there is nothing, 
apparently, to support the theory of local departure from that regularity. in up­
warpimg which is clearly registered by the beaches between Quebec and Matane. On 
the other hand, the faint and uncertain records of the Chaleur Bay coast agree fairly 
well in fixing the upper limit at about 70 feet. It seems likely that the Chaleur Bay 
district was covered: bJ" ice longer than the lower St. Lawrence, so that by the time 
the ice-cap disappeared from it the coast had risen all but about 70 feet of the net 
amount. This hypothesis is supported by the occurrence of1many kames, especially 
near the mouths of the large ri vers, as :noted in detail by Chalmers.' These kames 
rise ordinarily to a height of 150 to 200 feet, and .possess steep ice-contact slopes, as 
if they had accumulated i-. recesses against tongues of ice which were tributary to 
a large glacier in Chaleur bay, for some time after the ice-cover had gone from ofi 
the lowland coast of the St. Lawrence. The exposure of these kames is such that 
their steep ice-contact slopes would have been greatly flattened byi the waves if the 
ice had not remained aroum.d them while the coast emerged from the sea. The satis­
factory .settlement of this questiO'Il, like that raised in the discussion of the :phe­
nomena of the north Gaspe coast, must await a very thorough exploration and investi­
gation of the glacial geology of the rugged wilderness from which the Restigouche, 
Cascapedia, and other glaciers seem to have issued. 

Near Bathurst a well-defined upper limit to beach deposits was found at the 
altitude noted by Chalmers-viz., 195 feet. At ·Caraquet, likewise, the figures 
.given for the upper marine limit, 138 feet, seem correct. Near Newcastle, search 
revealed no very strong mark of wave-work at the upper edge of the submerged zone; 
but the best one found, a gravelly spit at the mouth of the Bartibog, river, was 
found to be 152 feet above high tide, instead of 125 to 150 feet, as Chalmers has 
-put it.2 

South of Newcastle, no satisfactory evidences of submergence at altitudes com­
parable to those already noted couM be found, although localities described by Chal­
mers were visited, and an effort was made to determine the upper mariine limit. 
Near Berry Mills station, and a fow miles east of it, at the base of Indian moun­
tain, morainic hillocks and kames were seen, which seem to possess nothing unusual, 
either in form or in structure, to mark them as of marine -0rigin. The extensive 
sand-covered plain just west of Moncton, up to 100 feet or more, is probably a wave­
swept feature; but no good place at which to measure the upper limit of this was 
found . At Shediac, and at Amherst, Nova Scotia, the evidence of submergence, 
likew~se, was rather clear on the lower ground, where sands are extensive and deep ; 
but dist inct .s.horeline topography •Seems to be absent. Observations at St. John 
and Pennfield, New Brunswick, support Chalmers' statements concerning an upper 
marine limit there of about 225 f eet. 

THE MICi\IAC SHORELINE. 

The compicuous terrace and sea-cliff, reported a year ago as extending with 
little ii!l ,terru~)tion frolllJ the city of Quebec at least as far as Ste. Anne-de-Beaupre 
on the nvrth side, and from Levis at least as far as :Matane on the south side of the 

'R. M. Chalmers. Surface geology of northern New Brunswick and southeastern Que­
bett 10,oologic.al Survey, Gan.ad.a, A'nnual Report, 1886, Part 1M , pp. 22-27. 

2 R. M. Chalmers. Surface geology of eastern New Brunswick, northwestern Nova 
Scotia, and a portion of Prince Edward Island, Geological Survey, Canada, Annual Report. 
Vol. VII, 1895, p . 23, Part M. 
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St. Lawren.ce, was again studied, and was traced with ease from Matane to Ste. 
Anne-des-Monts. This carries the Micmac shoreline fully 275 miles down the estu­
ary. The same wonderful strength, and the same uniformity of altitude which char­
acterize the terrace and cliff west of Mntaue, characterize it here, on the north. 
<iaspe coJst. AlO'llg the 2'5 mile stretch of bold, almost mountainous coast between 
Grand-Mechin and Ste. Anne, where great headlands like Cape Chat alternate­
with gently concave re-entrants behind which the upland rises less precipitously, the 
Micmac shelf extends with remarkable persistency. At the capes, it becomes narrow, 
but seldom disappears. When one considers the steep declivity of this coast, and the 
vigorous wave .work which is going on there, it is surprising that a marrow shelf like 
this has not been completely cut away since its elevation from the sea. One is almost 
compelled to regard the emergence of the Micmac shelf as of very recent date. 
While the outer portion' of the shel£, which is still under water, is much narrower 
along this bold coast than off the gentler upla'Ild west of Matane, it is sufficient 
menace to navigation to discourage, if not to prevent small freight steamers from 
making landings at the docks. Freight and passengers are transferred to small sail 
boats, a hundred yards or so off- ·hore. The largest rivers, like the smallest, enter 
the sea across ledgelil MJd reefa of rocks, having entrenched themselves but imper­
-fectly bemath the .;;urface of the Micmac terrace s"ince its uplift. Still more striking· 
a.3 an indication of the r ecency of the post-Micmac uplift is the fact that the s.rnaU 
str2ams, wher.e they pass out through the Micmac sea-cliff to the terrace, come with 
abrupt desc2nt, over cascades or falls. The larger rivers, like the Rimouski, Matane, 
and Ste. Anne rivel"S, have wor.n back their over-steepen.el channels very CO'Il.Sider­
ably, yet they, too, retain enough of the heritage of this recent rejuvenation to yield 
wat3r-power for the great lumber mills around which the larger towns have grown 
up. 

After discovering that this shoreli!Ile extended without change of strength or 
altitude from Quebec to Ste. Anne-des;.Monts, 215 miles, I expected that it would 
bd found at Gaspe basin, only a little more than 100 miles farther east. Owing to 
lack of time for a continuous journey by carriage alonJ5 this difficu1t stretch of coa.st, 
and to the f act that the n ext steamer for Gaspe basi·n was mot to leave until a week 
later, we returned to Jviatane and proceeded by rail to Campbellton, N.B., and' t hence 
to Dalhousie, where we began a search for elevated beaches along the north side of 
Chaleur bay, with Gaspe basin as the final goal. No trace of the Micmac shelf 
and cliff was found at Campbellton, Dalhousie, Carleton, ·nor, in fact, at any point 
on Chaleur bay. High cliffs of fresh rock are everywhere being cut back by the 
s0a, and the platform below slopes off rapidly under water, allowing boats to come 
close in shor2. This condition becomes more impressive ea::;tward, as one passes out 
from Chaleur bay and around the east end of the Gaspe peninsula. A continuous 
wall of red and grey rocks, rising vertically from the water's edge, affords no hope of 
discovering any trace of a Micmac shelf and cliff. Even in the protected re-entrants, 
the cliffs are freshly cut and naked. The picturesque rock at Perce and the high 
capes beJ'O'Ild bear testimony onlyi to the incessant attack c! the ::>ea on a coast which 
has certainly not been rising :in recent times. While this coast may have been per­
fecfy stationary during the period when the Micmac terrace was rising from out of 
the lower St. Lawrence, one is constantly tempted to adopt the view that subsi­
dence, rather than stability has been the CO'l1dition here for a long time-the cliff 
recession is so impressive, where ' crags stand 500 feet above the water, and at the 
same time, because the depth of water on the submerged shelf beyood is considerable. 

To determine where the Micmac shelf disappears, in its course down the lower 
St. Lawrence, plaTuS for the fast week of the field season were changed, so as to 
allow the writer to take the trip from Gaspe basin, on the steamer " Gaspesien " around 
the cape, and along the north Gaspe shore, past Fox river, Grande-Vallee, --and 
Ste. A'Il.ne-des-.Monts. Fortunately, the trip was by daylight from Gaspe basin 
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·>l~ far ns Mont J.-0uis; and fine weather nl 1owod the boat to keep very close in-shore. 
'Thti details of cliff and beach could thus Ee seen almost as well as from a moving 
.carriage, though with the obvious disadvantage that no opportunity was given to set 
foot on the land-especially since the landings are accomplished by transfer to sail­
boats, as already mentioned. From Cape Gaspe as far a.s Pointe Seche not a sigm 
-of a dry shelf at the foot of the precipitous cliffs was seen. Here, however, the cliff 
was observed to be turf-covered, and on the beach at the base were seen many fish 
houses, reached byi long :flights of step,s from the houses which starnd perched on the 
-edge of the bluff. At Cloridorme, again, a line of fish houses was observed, strung 
Rlong the foot of turf-covered cliffs, apparently out of reach of the storm-waves. In 
this re-entrant there seems to be no active recession of the cliffs, although the shelf, 
a~ well as I could ; judge, stands but little above the level of the sea. Similar sug­
ge~tions of a low, narrow shelf appear at a number of points between here and Cape 
Magdalen. From the lighthouse at that point a very distinct terrace extends weSt­
ward along the shore for fully a mile-to all appearances like the Micmac terrace 
:along the coast west of S\;e. Anne-des-Monts. From this series of observations, 
I am inclined to believe that the Micmac shoreline descends to sea-level somewhere 
in the vicinity of Pointe Seche, and that everywhere east and south from there it is 
submerged and destroyed. That the old shorelirne should disappear, as it seems to 
do, within a distance of 75 miles from Ste. Anne, after continui•ng withou.t change 
of altitude for 275 mi'es, is certainly surprising; but ·possibly the change in direc­
tion of the coast ,beyond Ste. Anne swings the line of observation into an oblique 
poi!ition with respe{!t to isobases to which it has up to that point been parallel. If 
so, the isobases for the Micmac shoreline run almost at right angles tfi> the isobases 
for the " highest" beach of the lower St. Lawrence. 

MODERN INSTABILITY OF THE COAST. 

In the last two or three ye!J.rs, the question of preseat upward or downward 
movement of the coast has received renewed attention, chiefly as a result of studies 
of salt-marsh structure by plant physiologist s.' The discovery last year of the Mic­
mac terrace, but slightly, and apparently recently elevated from the sea, suggested 
the desirability of a closer study of the modern shoreline of the Maritime Provinces, 
in order to sift the so-called evidences of modern subsidence, both botanical and 
pliys;ogra:phic. As indicated in the opening paragraphs of this report, a considerable 
share of our time was devoted to this work, the results of which will be presented in 
detail in a later paper, and will be discussed by Professor D. W. Johnson, in their 
relation to his own reiiearches, both in North America and Europe. 

As regards the lower St. Lawrence, the physiographic and botanical evidence 
suggest that the Micmac terrace is still slowly rising from the sea. The marshy 
shore, hardly scarred by the waves, the slight amount of intrenchment of stream and 
river channels where they cross the t errace, and the shortness of the gorges which 
t hey have cut back from the face of the Micmac cliffs-all these convey the impres­
·sion that the elevation of the coast is still in progress. Ha:d it ceased even a few 
centu ries ago, one wou1ct expect to find the waves trimming back the shore more dis­
tinctly, and the streams better adjusted to the new base-level. If subsidence had set 
in :>ince the elevation of the Micmac terrace, and were now in progress, the wave­
·cutting should be even more distinct, and the streams should possess channels deep 
enough al! their mouths to admit small boats to enter without danger. The mixed 
salt and fresh water vegetation of the high-tide zone of the Micmac terrace supports 

1 C. A. Davis. Salt marsh formation near Boston, and its geological significance. Econo­
mic l\fpo]ogy, Vol. V, l!HO. 

W. F. Ganong. The vegetation of the Bay of Fundy salt and dyked marshes; an ecolo­
:Jiieal study . Botanica l Gaze t t e, Vol. XXXVJ, 1903, pp. 161-186, 28-0-302, 348-367, 429-4.55. 
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the view that emergence is s till going on. Convincimg proof of it, however, is yet to 
be found. 

A variet.Y1 of evidence has been adduced from New Brunswick to prove that 
the coast of that Province i's now s inking beneath the sea. So far ao;, I was able to 
£nd and test this evidence, it is questionable if not indeed £ctitious. While, locally, 
there are signs of an increase in the height of the high-tide surface, killing trees. 
which stand near the border of salt marshes, such cases are rare, and in some 
insta'!1 ces of uncertain value. The general absence of a dead fringe of forest trees 
around the edges of the o>alt marshes, in northeastern New Brunswick, is, indeed; 
rather an indicationi that no rap id subsidence is now in progress. Freshwater peat 
bogs reported to reach depths considerably below high-tide level, appear from sound­
ings made this season to go ·down no farther than mean low tide. If the close· 
approach t o that limit is as general ai,; the measurements i1I1 certain typical bogs 
suggest that it is, we have in. these peat . deposits reason for a belief in present 
stability rather than in present subsidence ; for sphagnum and other peat-building· 
plants might accumulate in basins whose floor s extended to mean-tide level, and 
whose waters, consequently, were fresh, while they might not, under ordinary con­
ditions, accumulate in deeper basins because of brackish or salty conditions. Modern, 
subsidence, if co111.tinued for several centuries, should have lowered such bog floors. 
to greater depths than that 'to which our borings indicate they extend. An instru­
mental survey of the beach&; of Grande Plaine, on Miscou island, which are known 
from tlae presence of walrus bones to be a few centuries old, supports the opinion. 
expressed some time ago by Chalmers, that these beaches record stable -conditions of 
land and sea at the present time. 
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PLACER GOLD ON MEULE CREEK, SEIGNIORY OF RIGAUD-VAUDREUIL, 
QUEBEC. 

(Joseph Keele.) 

I NTROD UCTION. 

P lacer gold mining was carried on in the Chaudiere River valley during many 
years, the most active period of mining operations bei.ng included between the years 
1863 to 1878. The Chaudiere river is a northwesterly-flowing: tributary of the St. 
I,awrence, heading near the Quebec-Maine boundary and join ing the St. Lawrence 
not far above Quebec city. The· gold-bearing territory, known as the Beauce gold 
district, borders the middle third of the river valley. Some of the ground was very 
rich, the Gilbert river, one of the principal tributaries of the Chaudiere, for example, 
yielded nearly $2,000,000 in coarse gold in a distance of 2 miles, the gold 
being taken ou t principa1ly by open-cut work. Much of the ground in the district 
though it carried good pay could not be profitably worked by. individual miners, on 
account of the great thickness of over-burden lying on bed-rock-where mostly all 
the gold was found-the presence of underground water, and the large size of the 
boulders frequently encounitered in the workings. Mining operations, however, were 
earried on until 1'896, but were mostly unprofitable during this later period. 

Recently a Montreal syndicate operating under the name of the Champs d'Or 
cie Rigaud-Vaudreuil,, have acquired the mining rights {);ll the territory known as 
the seigniory of Rigaud-Vaudreuil, comprising an area of 70,000 acres, and covering 
a great portion of the Chaudiere valleyi and its tributaries, including Gilbert river. 
Prospecting was begun early in 1910 cm Gilbert river, River des Plantes, Bras river, 
1md Meule crnek, using Keystone and Empire drills for piercing the gravels. As the 
prospects and water supply were favourable on Meule creek, the work of installing an 
hydraulic plant ·was begun there during the winter of 1910-11. 

Only a few days were spent by the writer in this field, so that the following 
descriptions are incomplete. 

A summary of the former mining operati{);lls carried on in this region was pub­
lished by the Geological Survey in 1898.' 

GEOGRAPHICAL AND GEOLOGICAL SKETCH. 

The region that includes the gold fields is a diissected plateau lying northeast of 
the more hilly portion of southern Quebec, and has a general elevation of 1,200 to 
1,500 feet above sea-level. -

The Chaudiere river traverses· the region, in a northwesterly direction; it occu­
pies a valley of considerable 'dimensiona, and carries the drainage of the gold district 
into the St. Lawrence river, its mouth being about 8 miles above the city of Quebec. 

The valley is underlain principally by grey and reddish Ordovician slates. These 
slates are penetrated by narrow bands of basic igneous rocks, which recur at inter­
vals of one-half to 1 mile. 

The wider parts of the valley occur where the comparatively :ioft slates have 
been eroded by the river, and the contractions are formed where the harder igneous 
bands project as spurs from each ·<ide of the va'lley walls. The valley is apparently 
an ancient one, as the river for the greater portion of its course flows without change 

'Chalmer s, R. Surface geology and aur iferous deposits of southeastern Quebec. 



304 GEOLOGIOA.L SURVEY 

2 GEORGE V., A. 1912 

in grade over hard and soft rocks alike. A mantle of unconsolidated material prin­
cipally of glacial origin, is nearly everywhere present. 

T he valley of the Chaudiere is rather thickly settled, and all the bottom lands and 
much of the side slope.; are cultivated. Fair'yi extensive tracts of mixed timber still 
exist in the small tributary valleys, and on the upland, a quantity of pulp wood being 
produced annually from them. 

The Quel:ec Central r ailway crosS€s the valley of the Chaudiere at Valley junc­
tion, situated 43 miles aoutheast of Levis, the railway's terminal point on the St. 
Lawrence. A branch line of this railway extends up the valley of the Chaudiere 
from Valley junction for a distance of 56 miles. 

The only mining now being done is on Meule creek, a tributary of Mill river, 
which enters the Chaudiere opposite the village of Beauceville, 12 miles south of 
Valley junction. 

The prevailing bed-rock seen in the creeks is composed of dark grey or red slates 
of Ordovician age. The cleavage of the slates is the most pronounced structure of 
these rocks, and is parallel to the bedding planes. The beds are also traversed, irregu­
larly, by numerous joint planes at various angles to the cleavage. On weathering, 
the rock breaks down into thil!l: slabs, wedge-shaped fragments, and splinters. 

The slates have been disturbed from their original attitude, and the beds are 
now in a vertical position. 

The slate bed-rock is penetrated at intervals by dyke-like sheets of diabase of 
100 fee t in width or more. These intruaive sheets may have originally been injected 
as sills between certain beds of the sediment3 while the latter were in their original 
horizontal position, the whole being suhs-equently dislocated until the formation 
stood on edge, and the intrusive sheets asumed the appearance of dykes. Enclosed 
within the diabase sheets are bands of quartz porphyry or porphyrite, of irregular 
width. Whether the porphyrite origi1I1ated from the same magma as the diabase, -or 
has subsequently eaten its way up through it, could not be determined without more 
extended observations. Both the diabase and porphyrite have schistose phases, and 
show considerable alteration in places. 

Veins, stringers, and kidneys of quartz are often locally almndant in the intru­
sive bodies, but are byi no means a persistent feature in them. In certain parts of 
the district, quartz veins are found traversing the slates and other sediments. 

A mantle of unconwlidated material, principally of glacial origin, is spread 
nearly continuously over the region. The thickest deposits of boulder c1ay appear to 
occur in the narrow valleys of the tributary streams, while terraces of alluvial sand, 
gravel, and clay border the main river. 

Pre-glacial deposits of sand, gravel, and clay overlying the bed-rock are still pre­
~erved on EtOme of the side streams. Theoe pre-glacial beds are of no great thickneds, 
they are overlain l:yi thick deposits of g1acial drift, and their presence is only revealed 
during mining operationa. 

MINING. 

Meule creek is a small stream flowing in a narrow valley of rather steep grade, 
with heavily timbered side slopes. The gold is mostly all fou~d on bed-r-0ck, so that 
mi1ning operations invo!ve the removal of the overlying materials, and the hydreulic 
method is here used for moving these all!Jyiums. 

The w-0rkings in August, 1e11, consisted of an open pit, made on the right limit 
of the creek, about half a mile above its junction with Mill river. At the time of the 
writer's visit, the ~perations preliminary to a clean up were bei:ng mi:de after a month 
of hydraulicking. The plant in use is the first of its kind to be installed in this gold 
fi~d, so that the r esults obtained from it are awaited with great interest. 
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Water for the monitor3 i3 obtained from Lake Fortin, a sheet of water which 
measures 1~ miles, by three-fourths of a mile in its extreme dimensions. A ditch 
nearly 7 miles lO'llg, of which distance about 4,500 feet is flumed, brings the water to a 
penstock, from which start:> a rivetted steel pipe 18 inches in diameter tapering to 15 
inches. At a distance of 1,400 feet from the .pen.stock this pipe branches' into two 10 
in.ch lines, each 500 feet long, terminating in monitors or giants. One of the3e gia'Il,ts 
is used for cutting down the bank of gravel, and the other for driving the gravel 
through the s luice to the elevator pit, the fall from the penstock to the monitors 
being 26'0 feet. 

The sluice leading fram the hydraulic pit is about 100 feet long, and about 3 
feet wide, and is floored with steel rails laid longitudinally. 

At the end! of the sluice a bucket elevator, equipped with a stacker, has been 
in stalled to handle the tailings and to .save whatever gold was not caught in the sluice. 

The ta]ings are raised 40 feet by the chain of buckets, each of which has a 
capacity of 1~ cubic feet. The buckets deliver the tailings into an elevated sluice, 
and the material is driven through it and stacked by a powerful stream of water 
supp)ied by a centrifugal pump electrically driven, having a capacity of 6,000 gallons 
a minute. Power is supplied from a steam-power house built near the railway sta­
tion at Beauceville; it is trarusmitted to the :field of operations by. a copper transmis­
~ion line, 8,000 feet long, at a voltage of 2,200, which is reduced by a tramformer to 
440 volts. 

Many l arge boulders, too heavy to be moved by the giant, become concentrated 
i.n the bottom of the pit as hydraulicking ·proceeds. These are moved to one side and 
piled with a derrick, the power for this purpose being supplied by a Pelton wheel 
driven by a water jet. 

The timbering of a shaft and drift ar e revealed at the bottom of the bank at the 
up :tream end of the hydraulic pit. These are the remains of the old workings of 
Coupal, who operated here on a small scale in 1896. 

The overburden is heavy on the south side of the pit as the bank ri se3 on this 
side a;nd forms the lower part of the valley slope. The section revealed in this bank 
consists of 1 to 4 feet of yellow gravel and clay lying on bed-rock; above this and 
showing a fa irly distinct unconformity with it, is 25 feet of blue boulder clay. Above 
the boulder cla~' is 10 feet or so of slide material, which is an unsor ted mass of loamy 
clay, gravel, and rock fragments which h as crept down the valley slopes. 

The yellow gravel ly ing on bed-rock is composed chiefly of fragments of slate 
and d iabase mostly angular, but with some well-rounded pebble;;; this material is all 
in small pieces, n one being over 6 to 8 inches in diameter, and all derived from the 
drainagie basin of the creek. The~e gravels are mixed with a highly ·plastic, .smooth, 
yellow clay, which is very different icri colour and texture to any other clay found in the 
vic :n:ty, either in the boulder c'ay or the later stratified clay of the river terraces. 

These yellow g ravels are probably remnants of pre-glacial or T er tiary accumula­
tions, which, owing to t heir protected position in the bottom of narrow stream 
channels, escaped total destruction by1 the advancing ice-sheet during glacial times. 

The b0ulder clay, which is the direct glacial contribution to the drift, is a mix­
ture of pebbles, chiefly well worn and smooth, of diabase, porphyry, slate, granite, 
gneiss, and occasiO'Ilal fragmen ts of serpcntine. Boulder.s and blocks up to 3 and 4 
feet in diameter are encountered in this deposit, the whole being bonded by a very 
compact gritty c~ay. P ortions of this deposit do not break down very readily under 
the stream from the giant and have to be blasted. 

The bed-rock surface exposed in the bottom of the pit shows the greater part to 
be dark grey slates of rather fresh api:earance, having their cleavage running in the same 
direction as the flow of the stream. The slate is well-jointed in a di rection across the 
flow of the stream, but the principal crevices are found in the cleavage planes. The 
gold is found wedged into these crevices to a depth of a foot or t wo. 

26- 20 
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There is a portion of a band of diabase and porphyrite, partly decomposed and 
crumbling, exposed along the north side of the pit; it forms a tighter bed-rock than 
the slate, and does not allow the gold t!'J .p€1Iletrate so far. 

The bed-rock surface where cleared up is very uneven, ridges of the harder parts 
standi~g up a foot or so above the more weathered portions. The yellow clay was 
found- to have been forced into the larger crevices and had to be removed by hand­
picking, as owi'Ilg to its smooth and sticky qualities the stream from the giant was 
unable to tear it out. 

The hydraulic pit measured about 2'00 feet long by 100 feet wide, and the area 
of bed-rock cleaned up after one month's hydraulicking, was about 17,000 square feet. 
Of this area about one-third was said to have been worked out by Coupal, leavipg 
an area of virgin ground amounting to 1'1,300 square feet,. 

The amoUIOt of gold recovered from this area is reported to be $7,500, or an equiva­
lent of about 70 cen.ts to the square foot of bed-rock. The amount of dirt moved 
amou:nted to 16,600 cubic yards, which would give 45 cents to the cubic yarJ. 

The yellow gravels are said to contain some gold, but there is no doubt that the 
greater portion is on bed-rock, so that it is obvious that the less overburden to be 
removed, the more profitable the mining operations. 

The black sand resulting from the final washing of the gold consists mostly of 
grains of magnetite. The quantity of fine gold carried over into these concentrates 
is so large that it might be worth while to install a small magnetic separator for it:; 
recovery. 

ORIGIN OF THE GOLD. 

The golJ so far found on Meule creek is all coarse, and varies in size from nug­
gets worth $150 to grains about the size of the head of a pin, but a considerable por­
tion is about the size of :flaxseed. 

The gold is very smooth, many of the particles are :flattened, and .ihow signs of 
wear by prolonged attrition. There are a few rough pieces of gold, some with quartz 
still adhering to them, but th€Se can be explained on the assumption that they had 
not been long enough released from a quartz fragment to become worn smooth. 

The well worn appearance of the gold is generally supposeJ to indicate that it 
had travelled from some far distant source, and had suffered much abrasion from 
being transported by water in company with the usual alluvial material, but this, 
however, is not always the case with placer gold, as it may have a local source and 
still present this worn appearance. 

The origin of the gold is obscure, as it seems to have no connexion with the bed­
rock on which it lie3. Locally the slates contain small cubes of iron pyrite, but no 
mineralization was observed in the intrusive portions. A large number of assays 
maJe from the quartz veins a'Ild i1I1tru.sive rocks of this district, in former years, gave 
only small quantities of gold or none at all. 

Various speculatiom have been made regarding the origin of the gold of the 
auriferous gravels. Logian and Hunt, the earliest investigators in the :field, believed 
the original source of the gold to have been the so-called Pre-Cambrian crystalline 
schists of the district, and that from there the gold was set free during processes of 
Jegradation and laid down with the Cambrian and Ordovician sediments to be after­
wards concentrated and eventually deposited with the gold-bearing gravels. Other 
investigators have endeavoured to connect the origin of the gold with that of the 
d~·ke-like igneous bodies found traversing the sedimentary strata of the region. 
Dresser has sug.gesteJ that the gold of the placer deposits may have been directly 
derived from the basic igneous rocks (the Pre-Cambrian of Logan and Hunt) with 
which are associated the numerous copper deposits of the region which carry small 
values in gold. 
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An alternative hypothesis is that the gold originally existed in rich bunches of 
quartz stringers or kidneys in the intrusive rocks, but at a much higher level than 
where it is now found. These rich quartz kidneys were eroded down, but their gold 
content was left behind and concentrated i'Il the drainage channels. 

Owing to its gravity, coarse gold soon drops out of the current, and remains 
behind, while every particle of the rocks which originally contained it is eventually 
carried away. 

The horizontal movement of gold lying in such a bed-rock as the creviced slates 
of Meule creek is vecy S1IDall, the vertical downward movement as erosion proceeds 
is the principal one. 

The gold while passing downward ·during the variou:> stages of erosion, becomes 
pinched and flattened in bed-rock cracks, is subjected to all manner of abra:>ion from 
the wash gravels, and is probably found now at not more than a few thousand feet 
in a horizontal direction from itil source. But during this time it may also have 
travelled 1,000 feet or more in a vertical direction, which would be the principal 
factor in giving the gold the well.worn appearance which it now presents. 

PROSPECTING. 

In future operations in thi,; field a considerable portion of the mining costs are 
to be charged up against prospecting, as the old reports on the district indicate that 
the ground is " spotted," or fa1 other words that the "leads" or paystreak<l are not 
continuous. 

If the gold originated in veins in the intrusive rock~ and if the rich veins were 
bunched in certain parts of the intrusive, while the greater part of it was barren, 
then the breaking down of such rocks would give rise to spotted ground. If the gold 
originated in these intrusive rocks, then the most probable places to repay prospect­
ing would! be on the downstream side of these rocks. 

The bottoms of the narrow valleys of the tributary :Streams generally contain the 
richest concentrations of gold -0n account of the resiricted area in which the gold 
accumulates. 

There is a prevalent opinion that the valley bottom of the Chaudiere must con­
tain considerable gold, but this has not been proven, as the few shafts sunk there did 
not reach becl...rock on account of too much underground water. 

The side streams do not contribute very much to the gold values in the main 
rivers, and in many cases the paystreaks on the tributaries do not reach down to the 
main valley at all. 

All the gold that is lia:ble to be in the main river valley may be restricted to 
whatever that stream itself has broken down from quartz veims which it traversed 
in its course. 

The amount of gold-bearing veins broken down would probably be much more 
than those of the side streams. but the area of bed-rock over which the gold would be 
distributed in the main valley would be large. 

Very little gold, only amounting to a few fine colours to the pan. is found im the 
boulder clay. The pa:ystreak in any stream in the district, if it existed, was alw~:ys 
found on bed-rock below a variable thickness of yellow gravel and clay, which are 
pre-glacial. 

The extent and distribution of the yellow gravels throughout the region is 
unknown. Since they are alwayil covered with a varying thicknes,; of loose over­
burden, of a widely different character, their presence is only revealed in mining 
oper.ations or by bori'llgs. So far; they have always been found resting on bed-rock, 
and in some cases they are actually composed of fragments of weathered and rotted 
bed-rock ini situ. 

26-20~ 
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They are generally regarded as being of pre-glacial age for the following reasons : 
(1) They contain no mater ial having a source out:i ide the drainage_ basin in which 
they occur; (2) no foreign material has been found underlying them; (3) they 
are overlain and sharply divided from deposits of glacial drift, or later stream gravels 
largely derived from the drift. 

During some of the earlier prospecting in this field, the glacial drift was found 
resting on bed-rock, and, when this occurred, the gold was either absent or did not 
occur in :paying quantities. 

Whenever prospecting is carried on by mea;ni; of the K eystone drill, the yellow 
gravels may be used as a gu ide. If hard rock is encountered, without having pierced 
the yellow gravels, it mayi probably prove to be a large boulder, and i t would then be 
advisable to move the drill a shor t distance away. 

No benches or rims ·of bed-rock at a higher elevation than the present streams, 
and carrying gold-bearing giravels have ever been located. Mr. Wm. P. Lockwood, 
who spent thirty year.5 in prospecting over a great portion of this district, is of the 
opinion that no high-level , gold-bearing gravels exist here. 

It may be noted in this connexion that remnants of old channels or terraces at 
high levels on the valley slopes would suffer greatly from erosion during glacia1 
times, .a!Ild that the gold in the boulder clay may be derived from that source. 

Dredging in the wide flats at the mouths of tributary streanJJ:> is propo5ed for 
this district. Before commencing operations of this kind, the ground should be 
thoroughly prospected with an Empire or other similar lllake of drill . The principal 
obstacles to the success of dredging here, will be the presence of large bou'ders, and 
the difficulty of recovering a great deal of the gold, if present, from the d eeply­
creviced bed-rock. 
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GEOLOGY OF THE MONCTON MAP-AREA, WESTMORLAND AND 
ALBERT COUNTIES, NEW BRUNSWICK. 

(G. A. Y•oung.) 

INTRODUCTORY. 

Because of the development taki:ng place in the Stony Creek gas and oil field, 
situated about 8 miles south of Moncton, N. B., the writer was instructed to com­
mence geological field work on an area embracing the petroleum field, and also the 
city of Moncton on the north, and, on the south, the gypsum quarries of Hill;;borough 
and the oil-shale ~m:;a of Albert 11£ines. In order that the origin of the important 
gypsum deposits of HilJ.sborough might be more fully treated from a chemical stand­
point, Mr. H. E. Kramm was a:ssociated with the writer and devoted considerable time 
to the study of the deposits in the field. During the progres;; of this special investi­
gation, it became apparent that for the proper solution of various problems raised, 
it would be desirable that Mr. Kra= visit some of the other gypsum deposits of the 
Maritime Provinces and, accordingly, with the sanction of the Director, he did. A 
summary report deali:ng with the results obtained by Mr. Kramm in his study of the 
gypsum deposits is .appended. The writer, under instructions from the Director, also 
extended his field of operations beyond the district primarily being studied, and 
visited a greater part of the area over which the Albert oil-shales are known to out­
crop. During the ·progress of field work, the writer wa;; ·ablyi assisted by Mr. M. F. 
Bancroft. 

While in the field, the party received favours from many persons. The writer · 
wishes to acknowledge his particular i:n<lebtedness to Mr. M. Lodge, of Moncton, and 
to Mr. 0. P. Boggs a:nd other officials of the Maritime Oilfields Company, and, on 
behalf of Mr. Kra=, to Mr. 0. J. Osman, managing director of the Albert Manu­
facturing Company. 

LOCATION AND AREA. 

The llfoncton map-area lies in southern New Brun:>wick; it ii! 81bout 18 miles · 
long in a north and south direction, about 12 miles broad in an east and west direc­
tion, and embr.aces a rectangular area of about 230 square miles. The northern 
boundary of the district lies just north of Moncton, while the southern passes about 
5 miles south of Hillsborough; the eastern boundary lies about 2 miles east of Hills­
borough, while the western passes just west of the upper waters of the west branch 
of Turtle creek. 

The map-area is traversed from north to south by the Petitcodiac river which 
empties into Shepody bay, one of the two northeasterly-extending prolongations of 
the Bay of Fundy. Moncton and Hillsborough, the two chief . centres of population 
of tlie district, are ;;ituated on the P etitcodiac; HiUsborough lying to the south 
almost in sight of the mouth of the river, while Moncton is situated to the north 
where the Petitcodiac, after flowing from its source in a general easterly direction, 
bends sharply and flows rnuthward to the Bay of Fundy. 

PREVIOUS WORK. 

The Monct on map-area includes part of two geological map-sheets-No. 1, N.E., 
Grand Lake Sheet, and ·No. 4, N.W., Cumberland Coal-field Sheet- both on a scale of 
4 miles to 1 inch. The geology of the area repre;;ented by the Grand Lake ShG1et is 
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described in a report by Messrs. Bailey, Matthew, and Ells in the Report of Progress 
of the Geological Survey for 1878-79; the geology of the Cumberland coal-field map­
area is described! in a report by R. W. Ells, forming part E of the Annual Report, 
Vol. I (new series), of the Geological Survey. Various phase,; of the geology of the 
Moncton ma:p-area are treated in Summary Reports of the Geological Survey, in 
Tiawson's Acadian Geology, and elsewhere. Two reports have been issued dealing 
with the oil-shales of the Moncton map-area and adjoiniing districts. The :first of 
these, by L. W. Bailey and R. W. Ells, appeared as part of the Report of Progress of 
the Geological Survey for 1876-77; the second, by the late R. W. Ells, was, in 1910, 
:issued jointly by the Mines Branch and Geological Survey. 

PHYSICAL FEATURES. 

As regards its physical features, the Moncton map-area presents a considerable 
diversity since within it are portion·s of two contrasting physiographical provinces. 
One of these, the Carboniferous Lowland, forms the greater part of the southeastern 
half of the Province of New BrUillilwick and exten,ds into Nova Scotia. Over this 
lowland area, the country seldom rises higher than from 20'0 to 300 feet above._the 
sea, and for the most part is only gently rolli:ng. The second physiographical prov­
ince is that which may be called the Caledonia Upland, an elevated tract of country 
fronting on the B ay of Fundy and stretchiing northeasterly from near St. John city 
almost to the mouth of Petitcod!iac river. Over considerable portions of this upland, 
the surface is comparatively level with general elevations of over 1,000 feet above 
sea-level. These tw-0 physiographical province;i were regarded by R. A. Daly as 
1·epresenting, in part, two peneplains: that of Caledonia mountain was supposed to be 
of Cretaceous age, while the. Carboniferous lowland was thoug.ht to be of Tertiary 
age.1 

In the Moncton map-area, the Carboniferous lowland is best exemplified in the 
neighbourhood of Moncton where the cou.n°try is low and broken by gentlJ"-rolling 
~lopes whose su=its rise from 100 to 300 feet above sea-level. On ·the other hand, 
in the extreme south of the ma•p.-area, the northern edge of the eastern end of the 
Caledonia upland is represented by an elevated tract of country whose summit levels 
rise between 1,000 and 1,300 feet above sea-level. This border portio:no of the upland 
is broken and trenched by water courses, and its northern boundary, at many points, 
is marked by a series of relatively deep, east and west trending valleys. 

Viewed from a co=anding situation either i:no the lowland or upland area, the 
two physiographical provinces seem to be sharply divided from one another. When 
the country is traversed, however, or when a topographical map of the area is 
examined, it is found that, in reality, the two types of country merge one into the 
other. For instance, proceedi:nig southwesterly from the Carboniferous lowland 
about Moncton, the summit levels of the country rise gr.adually higher and higher 
in the form of broad, relatively flat-topped hills penetrated and separated from one 
another by the valleys of minor streams, until, finally, about 15 miles south of Monc­
ton the rolling top of Caled01I1ia mountain is reached where the general level is about 
1,000 feet higher than that of the neighbourhood of Moncton. 

GENERAL GEOLOGY. 

GENERAL STATEMENT. 

The greater part of the Moncton map-area is floored by Carboniferous sediments 
ranging in age fr.om Millstone Grit or mid-Carboniferous, to very early Carbonifer-

'DaJy, R. A. The PhyGiography of Acadia; Harv. Coll ., Mus. Comp. Zoo.I., Bull., Vol. 
XXX, pp . 73-100, 1901. 
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ous as repre~ented by the Albert series. Some writers have preferred to place the 
Albert series i:n the Devonian, but the palooontological evidence1 favours the assump­
tion that the series is of very early Carbon,i£erous age rather than very late Devonian 
age. Of these Carboniferous measures, the younger stxata, as represented by the 
Millstone Grit and immediately underlying measures, occur in approximately hori­
zontal, unfaulted attitudes, while the older beds in many places, .are faulted !llild 
tilted at various angles. The (Jarboniferous strata comprise a wide range of sedi­
mentary types--conglomerates, sandstones, shales, lime.stones, a'Iid gypsum of varying 
compositions, colours, etc.-but all are relatively unaltered and in no instanice were 
the.Yi observed to be penetrated by igneous bodies. 

In the southwestern part of the map-area, over the included part of Caledonia 
mountain, an entirely different set of rocks outcrop. These appear to be largely of 
igneous origin, a:nd at many localities have a schistose structure and present other 
characteristics indicating that they have been greatly modified in attitude and appear­
ance. The original rock types appear to have been mainly volcanic varieties, both 
massive and fragmental, and both acid and basic, but dyke-like bodies of granite and 
diabase are also common. The plutonic rocks, as developed in the di.strict, form 
relatively small bodies, but, to the west of the map-area, within the limits of the 
Caledonia upland, plutonic rocks-granite, Jiorite, etc.-have been described as 
forming large bodies, and true sedimen.ts.-slates, crystalline limestones, etc.-have 
been noted at various places. 

For the present it is proposed to apply to the rock complex forming Caledonia 
mountain, the term, Caledonia group. The rock assemblage is undoubtedly older 
than Carboniferous, and the rocks were deformed before the deposition of the Car­
boniferous measures, si:nce representatives of the various rock types may be recog­
nized as making up the conglomerates and other coarse detrital rocks of the border­
ing, in part, overlapping Carboniferous strata. The Caledonia group, in various 
preceding reports has been classed as belonging to the Pre-Cambrian, but in the 
pre.sent report, it is proposed to return to an older usage and to refer to it as being 
pre-Carboniferous since i t seems not improbable that early Palooozoic ,;edimentary 
and igneous rockil may form an integral part of the rock complex. 

TABLE OF FORMATIONS. 

f 
l\11llstone Grit group 

(unconformity} 
C Intermediate group 

arboniJerous . .. . . . ... .. . . · · · · · · · l (unconformity} 
Al be rt series 

(unconformity} 
Pre-Carboniferous . .............. . .. Caledonia group. 

(The group names in the above table are provisional only.) 

SUMMARY DESCRIPTION OF FORMATIONS. 

For various reasons, i t seems inadvisable in the case of this report, to enter into 
a detailed description of the geology of the district except so far as is neceilsary to 
give some idea of the conditions under which petroleum and natural gas have been 
found. 

Caledonia Group. 

The modes of occurrence and distribution of the various members of the pre­
Carboniferous, Caledonia group, ~C?, not seem to have had any bearing on the occur-

1 Lambe, L. M. Palreoniscid Fishes from the Albert Shales of New Brunswick; Canada, 
Dept. of ,Mines, Gool. Surv., Memoir No. 3, 1910. 
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rence of crude oil and natural gas in the Carboniferous strata except, that since the 
rock complex forming Caledonia mountain may have acted as a unit block during 
periods of folding and faulting, it may thus, in part, have guided the actions of these 
deforming forces and so, indirectly, influenced the formation or accumulation of the 
hydro-carbons. The pre-Carboniferous complex of Ca1edonia mountain appears to 
r~present a part of the rim of the ancient basin in which were deposited the Car­
boniferous measures of New Brunswick. 

Albert S er·ies. 

The oldest member of the Carboniferous system in the district is the Albert 
seriEs, a group of thinly bedded, usually dark coloured slates, calcareous slates, lime­
stones, and sandstones. Enclosed in the above strata, whether or not at more tha'Il 
one general horizon has n ot yet been determined, are slate beds relatively rich in 
h;vdro•carbons and of a distinctive appearance. These, so-called, oil-shales when 
retorted y ield varying amounts of crude oil an<l nitrogen-about 27 to 56 imperial 
gallo.n·s of crude oil, and about 3'0 to 112 pounds of ammonium sulphate per ton.1 In 
these oil-shales and associatecL beds, in places, are numerous remains of fishes of the 
genus pala?oniscus.' The hydro-carbons of the shales or slates are present, at least 
partly, in a solid state; forming a subst ance that in appearance resembles albertite, 
but, whatever the present state of the hydro-carbons may be, there are grounds for 
believing that the;y are essential, original con stituents of the shales, that the oil­
sha1es do not represent beds that have been saturated with oil originating outside of 
the shales and absorbed by them. 

Former estimates of the total thickness of the Albert -series have given amounts 
in the neighbourhood of 850 feet or, if certain conglomerates are included in the 
series, of 1,"050 feet. This estimate seems to be too low, for wells lately drilled in 
this series, in the Stony Creek district, have penetrated a thickness of thi·s strata of 
1,800 feet without passing through the Albert measures which it is a.ssumed are 
there approximately horizontal. 

The Albert mea;;urns nr~ exposed in a few, relatively small, isolated nrea•s in the 
southern portion of the Moncton map-area. They outcrop along the flanks of Cale­
donia mountain in the southwestern corner of the district in the main and tributary 
valleys of the east and west branches of Turtle creek. The strata are exposed farther 
east over a small area about Albert Mines in the southeastern ·part of the map-area; 
they may also be seen farther north, just south of Stony Creek, for a limited distance 
along the wester:n bank of the Petitcodiac river; and again, to the southeast of that 
locality, on the east side of Petitcodiac river in the valley of Downing creek. 

The above-mentioned areas of the Albert series belong to a succession of similar 
areas occuning at intervals over a narrow zone of country, rarely more than 4 miles 
broad, that passes through the Moncton map-..area and extends in an east and west 
direction for at least 30 miles-from beyond E lgin on the west to pa,;t Taylorville 
on the east. To the west of Elgin, .strata occurring in rather widely separated areas 
have also been recorded at" belonging to the Albert series. 

The Albert series as exposed in the southwestern area about the head-waters of 
Turtle creek, has a general northerly dip at angles varying from 5 ° to 30°. 'I:n the 
Albert Mines area, the strata form a rather tightly compressed an.ticlinal fold, and 
in places, are vertical. As exposed along the shore of the Petitcodiac south of Stony 
Creek, the measures appear to be exposed along a section transverse to a flat anti­
cline. Over the area to the southeast, in Downing Creek valley, the structure is not 

1 Ells, R. W . Bituminous or oil-shales of New Brunswi ck and .Nova Scotia; Part I , p. 
17; Canada, Dept. Mines, 1910. 

2 Lambe, L. M. Pal(l)oni scid Fish es from the Albert Sh ales of New Brunswick; Canada 
Dept. Min es, Geo!. Surv., MPmoir No. 3, 1910. ' 
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so apparent; the outc ~ ops there seem to belong to a series of neighbouring, in part 
rnparate, areas found to the south and also to the east in the valley of Memram­
cook river, in which, though in i;ome places the measures form flat anticline$, in 
others they are faulted and tilted in various directions at comparatively> steep angle~. 
vVest of the Moncton map-area, the Albert series, as exposed at intervals as far west 
as Elgin, in some places has a gentle dip in a uniform direction while in oth~i·s, the 
effect> of powerful disturbing forces are apparent. 

In connexion with the description of the Albert ,;trata, mention may be made of 
the occurrence of the substance or mineral, albertite, as found in and adjacent to the 

1 limited area of the Albert .series exposed at Albert Mines. Albertite, by many 
authorities classed with the a'sphalts· and supposed to be a solidified form of petroleum, 
is a black substance, lrnving a co,nchoidal fracture and a hardness of about 2 on the 
ordinar:l scale of hardne~s . It is easily fusible and readily ignites in ·an ordinary 
fiame. It is E>3sentiary composed of hydrogen and carbon with about 3 per cent of 
nitrog . n , 2 per cent of oxygen-, and a trace of sulphur. The mineral occurs filling 
fi;osure~, usually narrow, not only in the All::ert series but in strata of the Millstone 
Grit and Intermediate grou'J)s. Most of the reported occurrences of such veins have 
been within a radius of a few miles from Albert Mines, but one occurrence, many 
miles to the westward, has been recorded. The only large vein of albertite ever dis­
covered 'Was found cutting the Albert s trata at Albert Mines and has been worked out 
long since. Th is vein, it is said, was mined over a distance of about half a mi'"e and 
to a depth of 1,100 feet or more, beyond which it became too narrow to be profitablyi 
worked. Thr vein wa,i;; 11e11rl~· n~rt. i cal nncl followed an almost .straight course along 
the general direction of an anticlinal axis i:n the country rock, but varied in widt.b 
U;J to 15 feet and sent apophyses in o the adjoining strata. 

Intermediate Group. 

In certain cases, at least, the areas of Albert series are bound~d by faul ts. In 
other cases, the strata of this series disappear beneath members of the younger Car­
boniferous divisions that for convenience in this report are referred to as forming 
the Intermediate group. This group may be defined as including all the Carbonifer­
om measure;; between the Albert ,series and the base of the Millstone Grit group. A 
fina1 decision concerning the succession and contents of the various divisions form­
ing the Intermediate group has not, as yet, been made. The following statemerns. 
therefore, are intrnded to be oin1y provisional. 

The strata of the Intermediate group together with those of the Albert series, 
floor the narrow zone of country alreadyi referred to as stretching for about 30 miles 
from Tayforville on the east to beyond Elgin on the west, these two points being 
si tuated, resr: ectively, east and west of the limits of the Moncton map-area. This 
zone is couJnded on th&'north and east by> the overlapping Millstone Grit group. The 
rnuthern boundary of the zone, over the greater part of its course, is formed by the 
pre-Carboniferous complex of Caledonia mountain, but in the east, the area of the 
Intermediate group is prolonged beyond the limits of the d<istrict, first southwii.rd 
and then westward, around the end of Caledonia mountain. 

What appears to be the lowest division of the Intermediate group holds as a 
cha.racteristic member, n considerable -thickness of red strata that in composition vary 
from an argillite to a limestone, are generally of bright brick-red colour but in m anY' 
places are splotched or banded green, and in many localities lack distinct sii.rns of 
bedding. With the.se rocks are associated reddish sand.stones and conglomerates 
3nd, perhaps, grey and dark grey limestones and :;iliceous beds. Strata. such as the 
above, are exposed on vVe'don creek and its tributai-y, Peck creek. 

A second division of the Intennediate group, ;younger than• the above, consists 
oi coar se, heavily-bedded conglomerates and sandstones overlain by dark grey, thinly. 
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bedded limestones which in places, as near Hillsborough, are capped by a considerable 
volume of anhydrite and gypsum. 

A third, still younger member of the Iintermediate group, is made up essentially 
of red conglomerates and sandstones suoceeded by red and green argillites and argil~ 
laceous limestones. 

The total thickness of these three di visions must surpass several thousand feet, 
but at present it seems inadvisable to attempt to give a definite statement regarding 
their thickmess, especiallY' as there is good ground for believing that the various 
series are only partially represented in the Moncton map-area. 

The strata of the Intermediate group, like those of the older Albert series, in 
places lie with high angles of dip; in other localities they are nearly horizontal, and 
in such cases different divisions may appear to succeed one another co:nformably, as 
if without a break, although there is indirect evidence to indicate that prior to the 
deposition of each .succeeding division. the strata of the immediately underlying 
division had been eroded in no inconsiderable degree. 

Millstone Gr·it Group. 

Younger than the Intermediate group, is an assemblage of strata usually classed 
as forming the Millstone Grit formation, but which in this report is provisionally 
considered as forming a group. These measures have already been de:0cribed as 
forming the northern and eastern boundary of the zone of the Intermediate group 
and the Albert series that laps around the pre-Carboniferous rock complex of Cale­
donia mountain. The Millstone Grit rocks floor the greater part of the Moncton 
map-area a.n<l extend continuously over a large part of New Brunswick. 

Unlike either the Intermediate group or the Albert series, the MillstO!lle Grit 
group seems to represent a period of continuous deposition and, in a striking fashion, 
the strata seem to have escaped the action of any pronounced earth movements and 
still lie almost horizontally, the beds formiing wide arches whose limbs seldom dip at 
higher angles than 5° or 10°. The only observed exception to this general horizontal 
attitude of the mea.sures, was at Dorchester, east of the Moncton map-area, where, 
over a considerable area, the Millstone Grit bed.s have an angle of dip of from 15° 
to 25°. 

Although there is everY' reason for believing that prior to the deposition of the 
Millston·e Grit strata., the older OarbO!lliferous beds were severely eroded, and had 
passed through periods of art least locally pronounced earthi movements, yet at a 
number of localities there is little or no direct evidence of .such having been the case, 
an:d at different points the Millstone Grit strat a seem to regularly and conformably 
succeed different divisions of the futermediate group and even of the Albert series. 

The strata of the Millstone Grit group are, in general, of the nature of quartzose 
sandstones and conglomerates; ,,;.hales occur, but not nearly so abundantly as the 
other varieties. Over wide areas, the rocks are uniformly light-coloured, usually 
light yellow, but in some areas, beds with a more or less prO!llounced red colour are 
abundant. 

To the writer, it appears that the strata of the Millstone Grit group are naturally 
divisible into at least two divisions. The higher of these two divisions consists of a 
quartz conglomerate overlain by a quartz sandstone. Both types of rocks are light­
co1·oured, weathering yellow. The conglomerate id usually crowded with smooth, 
rounded pebbles of white and variously tim·ted quartz lying in a sandy, in part, cal­
careous base. This conglomerate with its distinctive characters, and the overlying 
sandstones, were noted at various points within the Moncton map-area. The same 
conglomerate, or a very similar one, has been described aa being present at many 
places over the wide extent of the Carboniferous area of the Maritime Provinces. 
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Whether in all cases the strata belong to the same horizon is not apparent, but, in 
the Moncton map-area and adjoining districts, it is believed that the conglomerate 
always marks the same horizon. 

At some places, as at Hopewell cape, the above conglomerate may be seen rest­
ing directly on a division of the Intermediate group, but in other caoes of which, 
perhaps, the best examples are found outside the limits of the Moncton map-area, 
there is interposed between the base of the Millsto.ne Grit quartz conglomerate and 
the top of the underlying strata of the Intermediate group or the Albert series, as 
the case may be, an assemblage of sanc1.>tones and argillaceous beds that seem to form 
the lower division of what, in this report, has been termed the Millstone Grit group. 
This lower divi!lion, as developed more particularly in the districts immediately east 
of the Moncton map-area, seems to occur filling depressions-old valleys formed by 
the active erosion preceding the Millstone Grit period. The strata of the lower 
division may be described as having levelled the ancient, pre-Millstone Grit surface 
preparatory to the laying down in a practicallY' continuous sheet, of the quartz con­
glomerate of the upper division of the Millstone Grit group. 

The lower division of the Millstone Grit group, a.i above defined, shows a con­
siaerable variation in lithological characters. fu some places the beds are largely of 
pale grey, rather fine-grained sandstones with only occasional red beds. In other placed, 
as exposed on Stony creek, the strata comprise quartz conglomerates, coar,;;e and fine, 
light-coloured sandstones, and red and green argillaceoua and calcareous simles. 

In the northern half of the Moncton map-area, rock exposures are very scarce 
nnd no defi01ite candusion has yet been reached as to what formations are there 
represented. A very few outcrops of the characteristic quartz conglomerate of the 
upper division of the Millstone Grit were seen., but elsewh.:ll'e were found variou.:; 
reddish sandstones, red shales, and red argillaceous limestones that probably belong 
either to the lower division (as defined above) of the Millstone Grit group or to a 
third and higher division overlying the grey quartzose conglomerate, but pos;;ibly in 
part or in whole, may belong to divisions of the Intermediate group. 

The thickness of the Mil1stone Grit group varies. The greatest thickness of the 
strata of the upper division as found in the territory examined was not above a few 
hundred feet. The lOwer division from its mode of occurrence-filling up depres­
sions in the pre-Millstone Grit surface-is wanting in places, in others is very thi~, 
and in other instances may have a thiclme:>s of several hundred feet. On the whole, 
it is not believed that the strata of the Millstone Grit group as· ·developed in the ter­
ritory under review, anywhere attains a thickness comparable with that found in 
various districts of Nova Scotia, and that, ilil· general, the Millstone Grit beds form 
a comparativelyi thin mantle resting on and covering the variously disturbed and 
eroded members of the old.er divisioD.3 of the Carboniferous system. 

ECONOMIC GEOLOGY. 

Information relative to the important gypsum deposits of Hillsborough is given 
in the appended report of R. E. Kramm. Accounts of other economic deposits, such 
as the bog manganese of Dawson Settlement, are deferred to the final report. The 
possibilities in connexioni with the establishment of an oil-shale industry in the 
region have 'been dealt with by the late R. W. Ells in a recent report,' and need not 
be more than incidentally referred to in this report. It is proposed, however, to 
briefly outline some of the main points in connll'Xion with the history and results 
obtained by various companies that have engaged in the productiOIIl! or search for 
crude oil and n atural gas within the Moncton map-area and adjoining di·stricts. 

1 Ells, R . W. Bituminous or oil-shales of New Brunswick and Nova Scotia; Canada, 
Dept. of Mines, 1910. 
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PETROLEUM AND NATURAL GAS. 

History of D evelopment. 

Some time 1between 1854 and 1856, Abraham Ges'Der, at one time provincial 
geologist of N ew Bruruiwick, noticed the oil-shales of the Albert series as exposed in 
the eastern part of the belt over which they occur and, by retorting them and re-di s­
till ing the product, he obtained a burning oil. Following this discovery, a company 
wa,; orga'D ized to work the oil-shales of Taylorville and a refining plant was erected 
at St.John. Prior to this, however , in 1894,, the substance albertite was found filling a 
large vein i.n the area of the Albert series at the locality now know.n as Albert Mines. 
After the conclusion of a ser ies of law suits, during which the materi al waa adj ud,,,""ed 
to be a coal , the deposit was actively exploited; and since albertite yielded from 
130 to 1315 gallons of oil per ton, while the oil-shales of Taylorville only gave about. 
35 gallons per ton, the enterprise of mining these oil-shales was abandoned. 
Subsequen tly, however, shipments of the oil-shales of Taylorville were made, and 
ab out 1862, a plant was erected on the u pper portion of the east branch of Turtle· 
creek, about 12 miles west of T aylorville, t o treat the oil-shales there developed. With 
the opening up of the great oil-fields of P ennsylvania ahd elsewhere, practically all 
attempts at the mining of the oil-shales ceased. Of late years attention has again. 
been attracted to the oil-shales of the Albert series ; the previously unknown or 
unappreciated fact that un<ler suitable treatment the oil-shale;; are capable of yield­
ing not only crude oil but also sulphate of ammonia, making their economic develop-­
ment a possibility. The mining of albertite, unlike the mining of the oil-shales,. 
pTOved to be a profitable industry and continued until about 1876, when the depos it,. 
a true fissure-filli:ng deposit and not a coal, was worked out and mining ceased. 

The character of the oil-shales and the presence of albertite, together with other 
phenomena, naturally suggested to such as were acquainted with the regi orn., that . 
crude oil al.so might be present in the Albert strata. This idea was further strength­
ened 'bs the fact that over the distTict lying .south of Dover and between the Petit­
codiac and Memramcook rivers, the early settlers were frequently annoyed by finding 
on their fa.rms beds of maltha, in some cases covering acres to a depth of from 1 to· 
l S inches. These various phenomena being known, iSome time between 1850 and 
1860, certain oil men from P erun,;;ylvania became interested in the district and three­
ohallow wells, the deepest not over 190 feet, were sunk in the Albert series. In each 
of the three wells small quantities of oil and considerable volumes of gas were found,. 
but owing to lack of money the enterprise was abandoned. 

In 11'876 or l877, interest was again aroused in the possibilities of the Dover­
Memramcook field, and duriT1g the next two or three succeeding seasons, seven well;;. 
were drilled at various localities in the district. Six of these wells either started in 
the Albert TOcks or else entered them after passing through a thin cover of younger· 
$trata. The seventh well, which proved to l:e a complete failure, was drilled entirely 
in strata younger thain the Albert series. The wells were drilled to depths of fr om 
1,000 to 1,900 feet, and in all, except the one above mentioned, considerable volumes. 
of gas were found, and in the case of two wells, oil in considerable quantities was 
obtained, one well yielding at the rate of 20 barrels per Jay for some thTee or four 
days. F or financial reasons this enterpri rn al so was abandoned. 

In 1901, t be New Brunswick P et ro]eum Company began operations in the Dover­
Memramcook district , and in the course of about five years drilled about eighty 
weTis, most of which were located directly on outcTops of the Albert series or pene­
trated these rocka after pass ing through a thin cover of overlying strata. Most of 
the wells drill ed were shallow wells sunk only to depth.;; of between 300 and 600 feet, 
but, in all , the Comp.any pumped from them between 9,000 and 10,000 barrels of oil. 

In 1909, t he Mariti me O ilfields Company, the Company at present operating in 
the region, entered the fi eld, first dri ilii1g a few well s east of the P eti tcodiac, but af ter-
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wards confining their efforts to a district on the west side of the river just south of 
Stony Creek. Their firs t well in the 1Stony Creek field was drilled to a depth of 1,728 
feet, ma inly in the Albert .series, and yielded oil at the rate of about t wo barrels per 
<lay and ga.3 at the r ate of about 30'0,000 cubic feet per day. -

In all the Company has drilled twenty-two wells into the Albert serie;; in the 
f',tony •Creek field, three of which were not completed, but all of the remaining nine­
teen y·ielded oi l or gas. In 1910 the amount of oil pumped .from the welh then com­
pleted was 1,485 bar rels, but no effort h as been made to develop the full capa()ity of 
the wells a> oil producers since the g reat volume:; of gas encountered wa.rrants the 
treating of the field as a ga·s field. In the autumn of 191:L the Company had partly 
completed a pipe-line to :M:on cton, 8 miles distant, and hoped before the close of the 
y ear to be in a po:iition to .supply the town with gas fuel. 

Figures a.re not at hand for a reliable estimate of the total amount of gas 
already avail able. F rom seven. of the wells the total calculated yield, as derived from 
mearnremen ts made with a Pitot tube, was n early 4,000,"000 cubic feet peT day, t he 
c'osed pressures of the individ.ual wells varying from 20 to 200 pounds per squ a.re 
in ch. Froni the r erna :ning twelve completed wells, varying r esults were obtai~ ed. 
One well had a clo;;eJ pressure of ·5215 pounds, rising .iin three days' time to 610 
pounds, and an estimated flow of 3,695,00'0 cubic feet per day; a second h ad a closed 
p : essure of 475 roun ds and an estimated flow of S,893,'000 cubic feet per day ; and a 
third had a c'osecl pre~sure of 560 pounds with an estimated capacity of 6,417,00D 
c ubic feet per day . In these three case~, the volume was estimated from observing 
the r ate of ri se of pre3'sure at minute interval:;. As regards oil, in the case of one 
well, 60 barrels accumulated in 20 hours ; from another after an interval of 7 days, 
87 barre's were pumped; while a third gave an estimated yield of 40 barrels in 20 
hours. The above figures have beerJJ taken from records furnished by the Company . 

Stony Creek Field. 

'The pl'esent <l.eve]()pm n.nt,.; '•f the i;;t'>ny Creek field '.lre confined to nn arPa ahont 
'), miles long by 1'1; miles broad, fronti.ng on the west bank of P etitcodiac river and 
Lying between Stony Creek on the north and Weldon Creek and its tributary, Hiram 
creek, on the south. B etween the two creeks the land rises rather rapidly from the 
level of the tidal river, to a height of about 460 feet above mean tide, then gradu­
ally drops in a westerly direction for a vertical dista:nce of about 200 feet to a tram;­
vcrse valley, beyond which it again graduaily r ises to above 400 feet above sea. 

Four of the wells of the Maritime Oilfieldi:> Company .are on the steep east front 
of the hill, the Temaining nineteen are scattered over the top of the hill , t he trans­
verse depression, and 'beyond on the seco:lld rise. 

Along the river front, at low water, strata of the Albert seri es are visible, appar­
en tly arranged in a flat anticline whose axis presumably strikes in a westerly din~c­
ti on. T o the north, following westerly up Ston;y creek, are outcrops of gently dip­
ping strata of what are regarded as the lower division of the Millstone Grit group. To 
the south, in the valleys of several minor streams and in those of 'Weldon creek and 
i t1; -tributary, Hiram creek, beds belonging to t he Intermediate group are exposed; 
t hese measures in the neighbourhood of the wells are almost horizontal, a short dis­
tance south t hey are inclined at high angles. The top .of the hill and the country 
to the west are believed to .be floored by the upper portion of the Mill stone Gri t 
group. Thus the .Albert series outcropping along the eastern base of the hill , extends 
westward into it, as shown 'by the l: oring,;, and is overlain t owards t he south b~ 
strata of the Intermediate g1·oup, t.owar<l~ the ·nnl'th by <otrata ...,f thfl lovrer C!ivision 
of the Millstone Grit gr oup, while in t he area of the main hill , the oe two overlying 
divisions are themselves covered by the upper division of the Millstone Grit. The 
exposures indicate, in general, that the measure.; of all the divisions have relatively 
gentle dips. 
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The wells stand at elevations varying between 250 feet a.nd 460 feet above sea­
level, and in depth they range from 1,200 to 2,060 feet. After passing through a 
thickness of overlying formations usually amounting to about 350 feet, they enter 
the Albert series, of which a maximum thickness of 1,800 feet has been penetrated 
without encountering any signs indicating the approach of the base of the formati~n. 

The strata of the Albert series, as found in the various wells, consist main:ly of 
thinly-bedded, shaly beds, usually .black or dark green in colour and varying in com­
position from an argillite to a limestone. Besides the shaly strata, :fi.ne-gi:aincd 
quartzose sandstones are comparatively common, the number of individual sandstone 
beds in a single well varying between 3 and ·15. In thickness the individual sand­
stone beds vary from a few feet to 100 feet or more. There is a rather general 
tendency for the ;;andstone beds to occur in groups, in a number of instances three 
such groups separated by interval:s of from 150 to 3·50 feet of shales, being encountered 
in a single well. 'The aggregate thickness of a single group of sandstones may rise 
to 180 feet, but more often lies between 30 a.nd 90 feet. The illldividual beds of a 
group of sandstones may be separated by shaly layers varying in thickness all the 
·way from a few feet to 30 or more. 
· Though slight traces of oil or gas have been found in the shaly beds and, in one 
instance, in strata overlying the Albert series, the oil and gas are confined, practically, 
to tb~, sandstono beds in the Albert series. In the ca~e of one well which the drillers 
recorded as apparently passing through disturbed, broken strat~_llractically all the 
sandstones are free from oil or gas. In the producing wells, a small number of 
sandstone beds do not afford any trace of oil or gas. Usually the number of such dry 
l:eds is small in comparison with the total number of sandstone beds in a well; and 
the dry beds, as a rule, oocur towards the top of the well, but such beds are also 
recorded as occurring beneath others with showings of oil or gas. Usually by far the 
greater number of the sandstone beds ar e recorded as at least showing oil or 'indi­
cating the presence of gas, and in some of the wells, sandstone beds of two different 
horizons yield large volumes of gas. 

1n th~ case of about one-half of the number of the wells, all the sandstone beds 
(except such as are dry) of each well are recorded on the logs as being either all oil 
sands or all gas sands. In the remaining cases, oil and gas sands irregularly alter­
nate or they occur i111· two groups of which, in some wells, the oil sands form the 
higher group while in others the gas sands form the higher groups. 

In two wells, strong flows of salt water were recorded. In one case the salt water 
was struck near the bottom of the well, being firs.t met in a 12 foot sandstone bed 
lying 68 feet below an oil sand that, with other immediately overlying sands, yielded 
oil at the rate of 5 barrels per day. 1111· the second instance, after having passed 
through two sands, both giving indications of oil, and one giving a small show of gas, 
a salt rwater sand was struck at a clepth of about 810 feet. This well was continued 
to a depth of 1,250 feet, and .in the additional distance of 440 feet passed 
through four beds of sandstone with an· aggregate thickness of 245 feet, but which 
were barren of oil or gad except in the case of the lowest bed which was said to give 
a " show of gas." 

At present the study of the logs and samples of drillings of the wells is not suf­
ficiently far advanced to permit of drawing deductions bearing on the general struc­
ture of the oil and gag-bearing strata, or o;n the question of the possible equivalency 
of the varioua sandstone beds of the different wells. Possibly, as certain lines of 
reasoning at least suggest, it may be found that the sandstone beds are of the l!lature 
of lenses. · 

Mode of Origin of Oil and Gas. 

A consideration of the question of the possible extension of the area of the field 
or of the existence of other gas and oil-fields in adjacent regions, inevitably leads to 
the postu]ating of some mode of origin and method of accumulation for the crude oil 
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and gas. In the present report it would be inadvisable to write at length on the sub­
ject or to review or attempt to weigh the various theories that have been propounded 
concerni.ng the origin of oil and gas. The writer may only state that to him, the 
most satisfoctory hypothesis concerning t'he origin of oil and gas in this particular 
field, is that which premises a common origin for the two and a derivation chiefly 
or wholly from the destruction of .animal remains. It is also believed that world-wide 
experience has shown1 that, whatever the rea.son or reasons may be, oil and gas tend to 
accumulate near the axis. of the anticlines or where sudden changes ·of dip occur in 
11trata otherwii!e possessing a uniform dip, although instances are on record where 
the situation of accumulations of oil and gas seem to bear no reference to the struc­
ture of enclosing strata. A third assumption, perhaps involved in the preceding one, 
is, as exP€rience has shown to be the case in many districts, that individual pools 
are usually much longer than broad and usually are grouped along rudely parallel 
straight or curving lines. 
· Ln describing the Albert series, the presence of oil-shales, rich iiru hydrocarbons 
and carrying numerous fossil fish remains, was pointed out, and it was stated that 
there were reasons for believing that the hydro-carbons are indigenous to the shales. 
Such conditions, or such assumec:L conditions, naturally favour the assumption that 
in the presrmt case at least, the oil has been derived from organic remains and, pro­
bably, principally from animal remai.ns. 

Adopting the hJ'POtheses and applying the assumptions made above, the conclu­
sion is reached that the oil-shales proper and the associated dark shales, so charac­
teristic of the Albert series, are the original source of the crude oil and gas now 
found in the oil and gas sands of the Albert series. In other words, it is concluded 
that the true home of the oil and gas accumulations is within the Albert series; this 
conclusion does not negative the possibility of oil or gas pools existing in some places 
in strata other than the Albert series since it is possible that parting or fracture 
planes, etc., may in places have afforded a channel whereby the oil or gas may have 
passed into other strata. 

The above statement of conclusions is, perhaps, only a circuitous method of 
expressing the fact that, in New Brunswick, so far as experience goes, crude oil, 
natural gas, and oil-shales are confined to the Albert seTies. 

Possible Existence of Other Gas and Oil-fields. 

The extension of the Stony Creek oil-field or the findi'Dg o"f other oil-fields in 
this part of New Brunswick would, for the reasons outlined in the preceding section, 
depend on the distribution and extent of the Albert series; on whether the oil-shales 
and allied st~ata are co-extensive with the Albert serie~; and on the presence or 
absence of conditions favourable to the formation of pools. 

Until the stu-d(Y of all available information is completed, it would be unwise to 
attempt to state how far these general conditio:ns appear to be complied with in the 
case of the areas where the Albert series is actually exposed. It seems permissible, 
however, to put forward some generalized conclusions dealing with the .possibility 
of oil or gas accumulations existing in regions adjacent to the Stony Creek field, but 
over which the surface rocks belong to the flat-lying Millstone Grit group and so 
effectually conceal the underlying strata. 

The fact that the Albert series is known to outcrop at intervals over a length of 
more than 3'0 miles, anJ possibly over a much greater distance, .and since, though 
locally closely folded, the strata on the whole have low angles of dip-indicat­
ing that through crumpling there has not necessarily been much narrowing of the 
original width of the basin of the Albert series-it seems not improbable that the 
strata or remnants of the strata may extend in a northerly direction beneath the 
covering of younger strata to a much greater width than the present outcrops show. 
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Furthermore, on the hill known as Lutz mountain lying a few miles north of Monc­
tcn, theri:l are exposed tilted strata reaembling the Albert series. Though from the 
lack of g ood exposures and the lack of fossil evidence it has not been possible to 
settle beyond doubt that these beds of Lutz mountain do belong to the Albert series, 
yet they may be held to furnish corroborative evidence indicating that the Albert 
serie~ does extend at leaBt that far north beneath the covering of Millstone Grit and 
other formations, and that the basin of the Albert series has a width of at least 25 or 
30 miles. · 

As regards the extension of the Albert series in a.n east and · WfJSt direction, the 
late R. W. E lls ha.:3 recorded" his belief that the Albert series are the equivalents of 
certain strata exposed as far west as the n eighbourhood of St. J olm city and possibly 
even farther west. If this correlat ion holds true it is also equivalent, in some 
measure, to setting a limit to the extension of the oil region in that direction, for 
there oil-·shales no longer occur in the strata, but that the bituminous strata do 
extend beyond Elgin is indicated by the report long ago of the finding of sma11 veim 
0£ alber tite (solidified petroleum?) 3-0 miles southwest of Elgin. The possibilities 
of t he extension of the All:;ert series to the east beyond the outcrops in the valley of 
t.he Memramcook, the last in this direction, can only be definitely determi.n edi by 
l:orings, since in that direction the Albert seri es disappears under a continuous 
mantle of Milhtone Grit and overlying younger strata that extend to Northumber­
land straits. It wou'd, however, be a rather remarkab1e co incidence if the eastern 
limits of the outc1 ops of the Albert series should also mark the eastern end of tlrn 
basin of this series. lt seems more pro bable that the Albert series does occur for 
some considerable distance to the eastward beneath the cover of younger measures. 

There thus seems to be good grounds for suppos irng that the basin of the Alb1.:rt 
series extends for at least 50 miles from beyond Elgin on the west to beyond the 
valley of the Memramcook on the east and, less certainly, that it has a width of at 
least 25 or 30 miles from the foot of Caledonia mountain northwards. Of course, 
during tJrn period,; of erosion in early Carboniferous time, the A lbert series may hav1i 
been swept away from a cansiderable part ·of this .area once pos.sibly occupied by it. 

Granting that the Albert series was and i3 still present, though largely crm­
cealed, over a region· as large or largier than the one rudely outlined above, it dotj:; 
not follow that oil-shales and the a >sociated bituminous beds occur everywhere i.u 
the Alcert series of this area. Not only may the richer bituminous s.hales have been 
removed by erosion from con3iderable areas, but also since the oil -shale3 pos:>ess rather 
exceptional charaqter.s, it is entirely probable that t heir di.~tribution is more limited 
than that of the containing· strata. There are indications that in a westerly J irec­
tion, E lgin approximately marks their limit, for in the western part of the field the 
qualit.}'' and amount of the oil-3hales seems to decrease. On the other hand, t he oil­
shales of the Memramcook valley in the easternmost exposures of the Albert seri es, 
a re as rich in hydro-carbons as any found elsewhere, and, therefore, it seems safe to 
a::sume that if the Albert .serie:i continue~ eastward peneath the there continuous 
covering of Millsto11e Grit and younger strata, the oil-shales will abo extend east­
ward. 

As to what are the conditions necessary for the accumulation of gas anJ oil i.n 
pools, other than the presence of the oil-shales a'n.d a su itable reservoir, it is difficult, 
if not impossible, to state. Doubtless an anticlinal or · analogous strncture and the 
absence of unsealed partings, fis sures, and fractures, m1d other channels by which 
the oil or gias might be dissipated, are also necesaary factors. 

As to how far these conditions prevail in those areas where though the Albert 
series may exist it is hiddien by younger formations, it seems irnpoasible to say, and 
positive proof of the 'Presence or absence of oil and gas can only be obtained by drill-

1 F lh. R. W. Bituminom; or oil-shales of New Brunswick and No·1a. Scotia, Part II, pp. 
10-21; Canada, Dept. of Mines, 1910. 
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1.ng. The only, conclusions of practical value that it seems possible to arrive at are 
<loubtle:;s such a;; have already suggested themselves to, an·d have influenced the 
officials of the Maritime Oilfields Company: (1) The existence of oil and gas having 
'been proved in the Stony Creek field, future development work should first take the 
form of a carefully planned attempt to develop the full extent of the field; (2) i•n 
anticipation of the future exhaustion of this field, exploratoryi work carried on by 
.drilling should eventually be commenced in an endeavour to locate another field in 
adjacent regions; in carrying out this exploratory work it would be necessary to 
sink a certain number of wells, not altogether in the hope that they might produce 
-0il or gas, but in order to obtain a knowledge of the structure a.nd character of the 
underlying strata. In attempting to extend the limits of the present field and in 
attempting to iind new fields, advantage should be taken of the widely applicable 
rules that individual fields are usually much longer than broad, and that the indi­
vidual fields or pools are usually grouped along rudely parallel lines. In the prese11t 
instance, there is a strong prtobability that some such policy as the above may be 
-carried out, since all the prospective oil and gas territory of New Brunswick is .held 
under a single control. 

26-21 
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GYPSUM OF NEW BRUNSWICK,. 

(H. E. Kramm.) 

INTRODUCTORY. 

The writer spent the Iatter part of June, all of July, and the greater par t of 
August investiagting the origin of the gypsum deposits of New Brunswick. 

In all eight weeks were spent in the :field, of which three were devoted to a study 
of the deposits at Hillsborough, two weeks were spent in investigating and mapping 
the deposit at Petitcodiac, ten days were consumed in visiting other quarries and 
outcrops in New Brunswick, and the remainder of the time was devoted to a com­
parison of the gypsum o± Nova Scoti•a with that of New Brunswick. The quarries 
visited in Nova Scotia were those near ·Windsor, at McKiirunon Harbour, at St. 
Ann, and E.astercr11 Harbour. During the greater part of the time the writer was 
efficiently assisted by Mr. A. K. Willis, of St. John. 

HILLSBOROUGH. 

The H ill sborou,,,oih deposits are mentioned in a number of the earlier publica­
tions of the Geological Survey, the most complete description being given hy Bailey' 
in 1898. He bas also described the general geological relations which were verified 
b.v- the writer. 

The deposits are associated with the rocks of the lower Carboniferous series 
and occupy a position in the upper portion of this group. 

Red conglomerates composed of slightly waterworn angular fia.,"11ll ents of meta­
morphosed rock, fairly well consolidated, carrying interbedded thin strata of a 
red sandstone, outcrop along the western bank of the Petitcodiac. South of Edgett 
Landing a slight di'.P towards the south can be observed in the in.terbedded ·all1dstone. 
Near Hopewell cape the action of the tides in the Petitcodiac has. undermined the 
banks of conglomerate, isolating portions of it and causing them to stand out in 
grotesque and fantastic shapes, that are locally known as "the rocks.' 

The conglomerate is overlain by a limestone which reaches a thickness of about 
40 feet. It i- of a greyish colour, due t o impmities0 is well crystallized, and has 
almost silaty cleavage. A slight dip about ·5 ° to the south can be observed at a place 
near Edgett Landing where the limesto1w has been quarried. No indication of fauna 
or flora was observed rby the writer in this limestone, and if such originally were 
present, they have been obliterated duri11gi the crystallization of the limestone. At 
the point of exposure noted above, the limestone is seen to dip under the bed of 
gypsum and anhydrite,, but the direct contact is masked by the mass of overburden. 
Amiliydrite and gypsum overlie the limestone. The total thickilless of the bed is 
perhaps 250 feet. Gypsum usually forms a capping of varying degrees of thickness 
on the anh,ydrite. 

While al1 of the above beds are apparently in conformity with each other, the 
gypsum and anhydrite bed is unconformably covered by quartz conglomerate and 
interbedcled, coarse-grained, grey freestone of the Millstone Grit. I•n places red conr 
g]omerate, sandstones, etc., intervene between the gypsum beds and those of the 
Millstone Grit. 

1 The Mineral Resources of the Province of New Brunswick, No. 661, 1898, pp. 84-100. 
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The surface in general is covered by an overburden of residual soil, and this, 
together with the unconformity and considerable faulting, make geological relations 
somewhat obscure. . 

The area of gypsum and anhydrite which actually outcrops covers approximately 
1~ square miles. Con8iderable quantities of gypsum are, however, covered up by 
Millstone Grit or carry an overburden of soil and rock debris, the presence of the 
gypsum being indicated by numerous sink holes' A fault line which runs approxi­
mately north and south appears to limit the deposit towards the west, while other 
fault lines probably limit it towards the south. 

The gypsum is usually of the massive crystalline variety, although it is possible 
to find other varieties in the deposit. It ranges in colour from colourless to pink 
and grey. The colour is the result of impurities of which calcium carbonate, oxide 
of iron, and organic matter are the most prominent. The bedded nature of the 
depo~it is shown by seams of impurities, which can be fo=d in the anhydrite as well 
as in the gypsum and which were laid down along parallel planes,. 

Considering the gypsum deposit in a general way, four zones may be recognized. 
The first zone is on and near the surface and is in evidence only where gypsum 

outcrosps, being thus exposed to the action of the atmosphere. The gypsum is brittle, 
more or less broken up, and crumbles ea;;ily into small fragments. The action of surface 
waters has caused a can.centration of .impurities by carrying off the pure gypsum, 
which is comparati vely soluble, and by carrying in matter mechanically. This zone 
is not pronounced where the gypsum is covered by clay or soil. 

In the second zone the gypsum is more massive and tough. Within the solid 
mass can be found numerous crystals of selenite which are of a secondary nature. 
It is found most abundantly along joint 'fissures, and because it cleaves into plastic 
plates which resist :fine grinding it ia considered as "not desirable" by the quarry­
main. The quantity of these crystals gradually diminishes with depth. 

The third zone consists of the crystalline massive variety of gypsum. The lower 
par t of it contain:s lenticular bodies of anhydrite, in some caaes entirely surrounded 
by gypsum, in others leading into the solid mass of anhydrite which underlies the 
gypsum and constitu tes the fou r th zone. 

Gypsum is exposed to the south of H illsborough in a number of places. The 
following pJiace were visited and samples of the gypsum obtained. 

C URRYVILLE. 

To the north of Curryville the limestone which underlies the gypsum comes to 
the surface and has been calcined and is utilized. 

A gypsum quarry is being operated at the present time in close proximity to the 
Salisbury and Harvey Railway track. The rock is massive in character, rests upon 
anhydrite, and is covered· by an overburden of considerable thickness carrying the 
characteristic pebbles of Millstone Grit. . 

Outcrops of anhydrite and gyp.sum are aloo fom~d a fourth of a mile to the 
southwest of the above quarry. They cover a coosiderable area and reach a maximum 
height of about 100 feet. Here the surface waters have leached out a cavity in the 
anhydrite, which is partly filled with water and is said to have an extent of 6 acres. 

WOODWORTH SETTLEMENT. 

Two quarries were bei.ng operated on a. small scale several years ago on the gyp­
sum outcrops of this locality. · Al'l that remains to be seen at the present day are the 
cavities from which the gypsum was taken, and in one of them some boulders of 
anhydrite are exposed. Aside from these there are no indications of the presence of 
calcium sulphate, the whole being effectually covered up by Millstone Grit. 

26-2H 
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HOPEWELL CAPE. 

Gypsum occurs at Hopewell Cape, but is 'IliOt exposed through the overburden of 
soil and Millstone Grit. Prospecting work, to determine its quality, has been done, 
and about 200 tons of the rock have been quarried and are on the dump. The gyp­
sum is massive and of excellent quality. 

To the southeast of Hopewell Hill, on the Salisbury and Harvey railway. about 
one-half mile from the shore of Shepody bay, gypsum wrus 'mined on a small scale, 
hut no work is done at the present time and no gypsum is exposed. 

NEW HORTON. 

Gypsum is also know.ni to occur at New Horton. It is covered by Millstone Grit, 
and at the time of the writer's visit about 20 tons had been taken from two short 
cuts which exposed a white massive variety. 

PETITCODIAC. 

A succession of beds i;imilar to tho;;e at Hillsborough was found at Petitcodiac 
in connexion with the gypsum outcrops. A bed of crystalline limestone stands out 
very prominently and can be followed for a distance of about 3 miles. Its trend is 
approximately northeast-southwest with a dip of 60° to the southeast. 

To the southeast of the limestone, and adjoining it, gypsum is exposed. The 
area covered up by it is approximately 700 feet wide and can be traced for 2~ miles, 
having the same trend and always adjoining the limestone. Still farther to the 
southeast Millstone Grit conglomerate and freestone are encountered, the latter over­
lying the former with a ;;light Jip to the southeast. 

To the northwest of the limestone is found a red calcareous shale, dipping with 
an angle of 80° to the northwest. The line of contact between limestone and shale 
id a fault line. 

The surface-gypsum has been utilized in past years for land plaster. Very little 
development work has been done to show its quality in depth, but in several places 
where exposures have been made a good quality of white massive gypsum was found. 

UPHAM. 

The gypsum area :near Upham, which lies on the railway connecting HamptQ!l 
with St. Martin, can be traced for several miles by sink-holes and small ponds. The 
gypsum is covered by Millstone Grit and only at a few places does it outcrop. 

The geological conditions are · similar to those at Petitcodiac. A fault with 
approximately the same trend as that at Petitcodiac has brought the crystalline lime­
stone underlying the gypsum to the surface. The limestone is of a greyish-black 
coloUl', is exposed in a few places only, and has a dip of 19° . to the southeast. 

Mining of the gypsum was begun in 1907 and several c~rloads were shipped to 
St. John. Owing to heavy freight charges the venture did not prove a success and 
was given up. 

At Upham as well as at Petitcodiac no anhydrite was ob<!erved. 

PLASTER RocK. 

While all the gypsum deposits noted in the preceding showed a great similarity 
in character as weU as in their stratigraphic relations to other rocks, the gypsum 
found at Plaster Rock on the Tobique river Jiffers from them. It has a decided 
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bedded appearance and breaks easily along horizontal planes. It is impure and its 
colour varies from a hematite brown to a light green with now and then layers which 
carry an abundance of red shale, to which crystals of selenite give a mottled appear­
ance. The different colours do not, as a rule, blend into each other, but are sharply 
defined. Thus a greyish white variety may ibe found overlying and sharply separated 
from a red variety, the plane of separatioll! being one of easy cleavage. The thick­
ness of these layers varies from an inch to a foot or more and their character sug­
gests constantly changing conditions of deposition. Secondary deposition has given 
rise to numerous veins of satin-spar which are approximately parallel to the bedding 
planes and the fibres are arra;nged perpendicular to them. No anhydrite is found 
nor is there any evidence of change from anhydrite to gypsum. 

The gypsum beds are horizontal or have a slight dip, the direction of which is 
variable. They are exposed for a distance of about 1 mile along the eastern bank of 
the Tobique, which exposes a maximum thickness of about 125 feet. An overburden 
of residual soil covers the gypsum which overlies and is interbedded with a red cal­
careous shale, carrying seams of a greenish-white siliceous limestone, which on 
account of its colour stands out prominerutly. 

The gypsum is too impure to be utilized for wall plaster, bu t is ground into a 
fine powder and used as a fertilizer. Its principal use, however, is in the manufac­
ture of cement. 

Nova Scotia. 

Gypsum is bei.ng mined in Nova Scotia on an extensive scale, and consequently 
the faci lities for a study of the conditions under which it occurs are excellent. On 
the whole, the gypsum of the localities visited resembles that of New Brunawick 
(with the exception of the Tobique River gypsum) to such an .extent that it would be 
difficult to tell one from the other in hand specimens. 

AnJJydrite is veryi prominent and has been found, wherever it does not outcrop 
directly, to underlie the gypsum. While some of the quarries which work near the 
surface are entirely in gypsum, in others, lenses of anhydrite which are capped by 
gypsum are encountered, while still others have ·reached and are working upon the floor 
of solid anhydrite. A few examples will illustrate. 

At the Eagle Swamp quarry, about 4~ miles to the east of Windsor, anhydrite 
is encountered in lenses of variable size surrounded by gypsum or capped by it. 

The Frazer quarry is three-fourths of a mile to the southwest of the Eagle Swamp 
quarry, and iJS not being worked at the present time. According to information 
received from the manager, Mr. N. Dimock, a diamond-drill hole in this quarry from 
its drainage level, about 100 feet below the gypsum outcrops, passed through 110 feet 
of gyipsum., 140 feet of anhydrite, and at this depth was still in anJlydrite. 

At the Mosher quarry, about 6 miles to the southeast of Windsor, a capping of 
gypsum is being removed from the anhydrite, which constitutes the floor of the quarry, 

Conditions similar to the above were found to exist in quarries visited in C~e 
Breton. 

It is a comparatively simple matter to ascertain the conditions of gypsum occur­
rence where a deposit has been opened up, but some large areas may ;;how little or 
no development work, and the investigation of the co=ercial possibilities of such 
properties becomes a difficult if not an impossible problem. The nature of the deposit 
as to colour and amount of impurities is likely to change suddenly even within the 
limited area of a quarry. The general conditions prevailing within a given district 
in which such properties are located can, however, usually be applied and are of great 
help. 

As an example we may cite the Wilken's, Redden, and Thompson properties, 
which adjoin each other, and are located about 3 miles to the southeast of Windsor, 

• 
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in Hants county, Nova Scotia. They have been openeJ up to a limited extent only, 
but enough to permit a comparison with quarries in the same neighbourhood. 

The general conditions which obtain in these quarries are in the main those 
pointed out in connexion with the deposits at Hillsborough, N.B. Thus four zonea 
as described in the preceding mayi be recognized, with the solid mass of anhydrite 
cc.n<>tituting the fom·th one. The anhydrite may crop out at the surface or may 
have a gypsum covering up to 2-00 feet in thickness. Calcite graina in. varying 
amounts are distributed throughout the gypsum and anhydrite masses, and the 
quantity at a given level may increase to such an extent that a seam of limestone is 
fcrmed. The amount and occurrence of calcite and limestone cannot be predicted, 
but more than a certain small percentage must not be preaent if the gypsum is to be 
used in the manufacture of wall plaster. Other impuritie:> besides Qalcite are oxide 
of iron and organic matter. Varying proportions of these will tint the gypsum dif­
ferently. The quarryman thus recognizes a blue, a grey, a green, a white, etc., gyp­
sum. All of these varieties have been utilized in the manufacture of wall plaster, 
but the white variety is preferred becauae it yielJ.:; the whitest plaster. 

These conditions apply in a general way to the Wilken's, Redden, and Thompson 
properties. While all of the areas covered by these adjoining properties appear to be 
underlain by gypsum, there is some variation i.n the kind of gyp.sum. 

The northern portion is occupied by a blue variety cropping out in many places, 
whereas in the <>outhern portion there ia found a white variety. 

The blue gypsum compares favourably with that mined in neighbouring quarries, 
and an analysis of what may be con:>idered an average sample shows it to be of good 
quality chemically. In appearance it does not differ, except perhaps in colour, from 
the ordinary gypsum mined at Hillsborough. It has been quarried to some extent in 
past year<0, there being three quarries, each having a working face of from 20 feet to 
25 feet in height. 

White gypsum probably occupies aH of the southern portion of the property, 
but outcrops are few in number and the gypsum is of high quality and obvious 
purity . 

What the thickness of the gypsum on these properties is, cannot even be sur­
mised, because in the case of practically all undeveloped propertiea this is entirely a 
matter of test work. Since no anhydrite outcrops anywhere, it may well be assumed 
that the gypsum reaches below the level of the present drainage system, that is, the 
level to which it can be economically worked. The difference in elevation, as deter­
mined by aneroid, between the level of the road leaiding into the quarries and the 
highest point in the northern part of the properties is 90 feet, while the highest poin·t 
in the southern part is about 160 feet ahove the S·ame road. If it is assumed that the 
gypsum extends to the level of the drainage system, and if the unknown thickness of 
the overburden and the drainage slope necessary in operation of quarriea be disre­
garde-d, the maximum thickness poss ible of the gypsum deposit is 160 feet. 

The conditions affecting the above-named properties have been described some­
what at length since, in general, they repre2ent the conditions prevailing throughout 
the Wi.ndsor district; moreover the same conditions affect all undeveloped gyipsum 
properties both in New Brunswick and Nova Scotia. 

0IUGIN OF GYPSUM. 

The evidence obtained in the field relative to the ongm of the gypsum points 
towards a derivation from anhydrite. Suc'b. evidence is aummarized in the fol­
lowing:-

(1) The solid mass of the gypsum i · always found overlying the a.nhydrite. It 
is true, that lenses of gypsum which may be several feet in thickness are encountered 
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within the anhydrite mass, but they are not bedded, and follow the irre,,o-:ular system 
of joint £.ssure3. 

(2) The experience at Hillsborough has been that t)}e thickness of the gypsum 
varies in a general way with the topography. "The bottom rises as we drive into a 
hill " is a common saying. 

(3) Specimens of gypsum which still contain a core of anhydrite are common. 
The outer layer of gypsum has a tendency to split and break off in scales which seems 
to be caused by the expansion which gypsum undergoes when changing from 
anhydrite. 

(4) Specimens of pure anhydrite are comparatively rare. The freshly -broken 
pure specimen is of a bluish-green colour and has an i'll.tense vitreous lustre. E.xposed 
to the su:ri and atmosphere for a few days the lustre is destroyed and a white film 0£ 
gyipsum forms on the surface of the anhydrite. 

While thus the field evidence shows that at the present time the gypsum is being 
formed by hydration of anhydrite, no one could say that it was originally ]•aid down 
in the form of anhydrite. There is no doubt that the calcium sulphate depos·its 
originated by being deposited from sea-water. Their distin.ctly bedded character and 
enormous quantities are proof of it. It is well known, however, that under ordinary 
conditions of temperature and pressure calcium suli>hate is deposited in the form of 
gypsum. If V an't Hoff's results are accepted, at 36° 0., in a saturated !Sodium 
chloride solution, calcium sulphate is laid down in the form of anhydrite, but such 
high degrees of temperature of sea-water extending over great areas are not observed 
at the prese.rut time even in our most tropical countries. Since gypsum, according to 
Van't Hoff, whffiL .subjected to a temperature of 63t 0 0 . turns, within a few weeks, 
into anhydrite, a much .simpler solution seems to be that calcium sulphate was laid 
·down as gypmm, and that it later was dehydrated. We know that enormous layers 
of sediments were deposited on the calcium sulphate beds, and the resulting pressure 
cculd easily have produced a temperature of 63t 0 0. or mo1·e. With the removal of 
the sediments a rehydration began, which is going on at the prese11t time. 

As to the Tobique River deposit, its dissimilarity mineralogically and in character 
of deposition from other deposits of N ew Brunswick, suggests a different period of 
deposition. 
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JOGGINS CARBONIFEROUS SECTION OF NOV A SCOTIA. 

(W. A. Bell.) 

INTRODUCTION. 

During the field season of 1911, the writer spent three months in the field, 
making a palreontological study of the Carboniferou8 rocks exposed along the shores 
of Chignecto bay, Nova, Scotia. The main object of the work was to secure a collec­
tion of the flora and fauna from the various fossiliferous horizons, for the purpose 
of working out the chronogenetic history, and the physical conditions of depos·ition 
of the Carboniferous of the Cumberland and adjacent basins, and further of cor­
relating these deposits with the Carboniferous elsewhere. 

The greater part of the time was spent in gathering collections from the numer­
ous beds composing the coal measures of the widely-known J oggins section, and con-
8iderahle material was collected, all of which awaits final study. Some time 
was also spent along the opposite shore of the bay in .Albert coun.ty, . New Bruns­
wick, as well as in the vicinities of Springfield and Windsor, Nova S~otia, for the 
purpose of establishing the geological age of the rocks in these places. 

The present report presents some of the results attained in the field and in the 
geological laboratory of Yale University, after a rapid preliminary survey of the 
fossils. 

PREVIOUS WORK. 

The J oggi.ns section early attracted the attention of geologists by the reported 
occurrences of ma;n,y fossilized trees still standing erect in the sandstones. Lyell 
visited the locality in 1842, at which time he w.rote his first impressions :1 "Whither 
I went to see a forest of fossil coal-treed, the most wonderful phenomenon, perhaps, 
tbat I have seen,, so upright do the trees stand, or so perpendicular to the strata 

. trees 25 feet high, and some have been seen of 40 feet, piercing the beds 
of sandstone aard terminating downwards in the same beds, usually coal. This sub­
terranean forest exceeds in extent and quantity of timber all that have been dis­
covered in Europe put together." In 1852-53 he restudied the section in the com­
pany of Dawson. Since then his drawiillgs of these logs and those of Dawson have 
appeared in many text books on geology. In 1885 Dawson, in his Acadian Geology, 
published an excellent account of the general geology of the district, with detailed 
description of the stratigraphic succession, but particularly of the Productive Coal 
Measures. Later editions of. the same work contain additional supplementary matter. 
The fauna and flora have been described at various timed by Lyell,' but more especi­
ally by Dawson.• 

The section was first measured in detail by Logan' in 1843, while Fletcher• later, 
in 1896, completed the measurements from Shulie to Spicer cove. Both Fletcher 

1 Life of Sir Charles Lyell , Vol. II, 1881, p. 65. 
2 Lyell-Am. Jour. Sci. 1843, pp. 353-356; ibid., 1853, pp. 33-41; Travels in North America, 

1845, pp. 148-187. 
8 Dawson-Acadian Geology, 1st ed., 1855, 4th ed., 1891, J?P· 150-212. Quart. Jour. Geol. 

Soc. Lond., 1853, p. 58; ibid., 1894, pp. 435-437; Am. Jour. Sci. (3), V, 1873, pp. 16-24; Can. Rec. 
S,ci., 1894, pp, 1-7, 117-13~; .ibid., 1897, pp. 316-323; ib.id .. 1898, p. 396; Can. Roy. Soc., Proc. and 
'I ri ns., 1895, pp. 71-88; und., 1898, pp . 58-78. 

• Logan,-Geol. Surv.; Can. Ann. Rept. 1845, 92-156. 
• Fletcher,-N. S. Inst. Sci., Proc. and Trans., XI, 1902-1906, pp. 417-550. 
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a:nd Ells have done valuable work in rnaippi1ng and in working out the geological 
structure in this and adjacent regions. Their results may be found in the Caruadian 
Survey reports cited below.' 

TABLE OF FORMATIOKS. 

Recent.- Marsh alluvium, drift sands, stream gravels. 

Pleistocene.-Fluvio-glacial graivel, sand, clay, glacial till. 

Great depositional break. 

Pennsylvanian (Upper Carboniferous) :-
Upper Coal Measures (Permo-Carboniferous of Fletcher)-

Greenish grey, buff-weathering sandstones and conglomerates with drift logs 
or plants aggregating 947', alternating with beds of dark red a1rgillac8-
ous and arenaceous shales (670' ). Total thickness, 1,617'. 

Erect Calamites were found in two beds. 

Upper Grindstone division-
Grey or drab coloured massive sandstone (300') with reddish-yellow sand­

stones (28') and alternating beds of chocolate (204') or grey (118') 
argillaceous and arenaceous shales. Total thick'!Less, 650'. 

Erect Sigillarian tree here m one bed, erect Calamites. m another bed. 

Middle Grindsfone division-
Includes twenty-two small seams of coal, a total of 5', with• associated car­

bonaceous shale (4') . Underclays (174') having generally the aippear­
ance of fueclays underlie all the coal ;;earns. Interbedded sandstones, 
many of grindstone quality, grey (7139'), reddish (204'); and shales, 
grey (1'37'), variegated (669'); concealed . (202'). 

Total thickness, 2,134'. 
Five erect Sigillarian trees and fourteen beds with upright Calamites. 

Middle Coal Measures-
Upper division predominantly grey. Coal in thirty-two small seams, total 

of 35', associated with carbonaceous shale (27') and bituminous lime­
stone (17'). Associated underclays, with ironstone nodules (67'), with­
out ironstone (246'); sandstones, greenish-grey ( 428'}, brick-red (12'); 
shale, grey with ironstone (166'), without ironstone (338'), variegated 
(95' ) , reddish (16'), brick-red (87'), brick-red with ironstone (48'), 

Total thickness, 1,582'. 
Twenty erect t rees were observed and fourteen beds holding erect Calamites. 

Lower division predominantly reddish or red. Coal in thirteen small seams, 
totalling 3' with carbonaceous shale (9') and bituminous limestone (6'); 
underclays, with ironstone (127'), without ironstone (64'); sandstone, 
greenish grey (68'), reddish (124'), brick-red (14'); shale, grey with 
ironstone (63') , without ironstone (73'), variegated with ironstone 
(122'), without ironstone (106'), brick-red with ironstone (34'), without 
ironstone (144'). Total thickness, 957'. 

Four erect trees were observed in this division. 

'Geo!. Surv., Can. Ann. Rept., I, 1885, Part E; ibid., V, 1890-91 , Part P . 
Summary Reports, 1891, pp. 52-55 AA; 1892, pp. 59-64' A; 1899, pp. l G2-168 A; 1902, pp. 390-

401 A. 
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Millstone Grit or Lower Coal l\Ieasures-
Upper red measures consisting of shales, brick-red (9·37'), greenish"'<>Tey 

(4'); sandstone, brick-red (1·21'), reddish (151'), reddish associated with 
concretionary limestone (53'), greenish-grey (28'), greenish-grey assoqi­
ated with concretionary limestone (20') ; concealed, probably red shale 
(768'). Total thickness, 2,082'. 

Lower Grindstone division: Shales, brick-red (2-0'0'), variegated ( 63'), 
greenish-g rey (45'), greenish.;,g;rey with ironstone (11'); coal and car­
bonaceous ;;hale (2'), underclays (58'); sandstone, greenish-grey. (200'), 
greenish-grey with patches of concretionary limestone (5'), vari<;igated 
(8'), brick-red (·57'); concealed (1'01') . Total thickness, 750'. 
Underlaid with shale., greenish-grey (97'), greenish-grey with ironstone 
(38'), brick-red (114), con,cealed red (108'), associated with coal and 
ca1,bonaceous sh ale (9'), bituminous limestone (1'), underclays (42'); 
saTudstone, greenish-grey (1,647'), light buff (25'), brick-red (31'), green­
ish-grey with lenticular beds of concretionary limestone (102'). 

Total thickness, 2,214'. 

Lower Conglomerate division: Brick-red pea and egg-sized conglomerates 
(164') with siliceous' pebbles; sandstone, greenish-grey (9'), variegated 
partly calcareous (20'), brick-red (113'); shale, brick-red (228'), associ­
ated with bituminous limestone (2'); con,cealed (357') . 

Total thickness, 893'. 

Probable g7·eat depositional break. 

Mississippian;.!-
Windsor series: Shale, brick-red micaceous (1,204'); sandstone, brick-red 

(209'), reddish (36'), greenish-grey with comminuted plant remains (156'), 
greenish-grey· with lenses of concretionary limestone (88'). 

Total thick'lless, 1,693'. 

The plant fragments are frequently coated with green carbonate of copper or 
grey sulphuret of copper. These measures are underlaid by at least 100 feet of dmb 
dolomitic and blui.sh-black fossiliferous limestones, interbedded with light yellow c~l: 
careous sandstone aind brick-red marls. The limestone beds carry a marine fauna 
identical with that found at Windsor in beds of similar lithologic character. Gypsum 
does not outcrop in this section, but occurs in abundant quantity a few mile- to the 
north on Cape Maringouin, associated with s imilar beds of limestone. 

GENERAL GEOLOGY. 

The rocks of the J oggins expose an oblique transverse section through the broad 
Cumberland synclina1l trough, which extends in a general east-westerly direction, 
parallel with and to the north of the Cobequid range of hills. The simplicity of the 
structure is interrupted by a few minor longitudinal t r ansverse folds, and by local 
faulting. 

The base of the section begins with the Windsor series (lower Carboniferous) 
which forms an anticline across the country from the Bay of Fundy, opposite She­
pody mountain, to the neighbourhood of l\Iinudie, Nova Scotia, and to Pugwash on 
the Straits of Northumberland. The highest beds lie in the axis of the syncline, 
which strikes the shore of Ohignecto bay near Shulie. BetweeTu Shulie and Spicer 
cove there is a partial repetition of the measures downwards to a thick formation of 
conglomerate which :flanks the Cobequid igneous rocks. This conglomerate was cor­
relaited by Fletcher with the New Glasgow conglomerate and assigned to the Permian, 
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but from the palreo,botanical evidence derived from the overlying beds, and gathered 
by the writer, appears to be of a much earlier Carboniferous age. 

STRUCTURAL RELATIONS. 

Minor folding and faulting is frequent in the Cumberland bas in, but the dia­
placements are in most cases of a few feet only. In the J og.gius section faulting is 
commo.Tu in the upper portions with a resulting pmtial repetition of outcrops. At 
Spicer cove a displacement of cons.iderable amount has taken place, and there is 
aL;o a distinct brecciated fault zone, bringing the Coal Measures unconforma.bly 
against the red New Glasgow conglomerate. The downthrow of the northern side 
has been estimated by Fletcher at 500 feet. At the base of the J oggins section a 
fault of unknown displacement occurs near l\Jinudie, apparently in the line of the 
anticline which defines the northern limit of the bas in. This anticline is well exposed 
-0n the shores of Shepody bay or Cape Maringouin, where the atrata are tilted to a 
vertical position. Near Hard ledge, on the same shore, occurs a small syncline dip­
ping about 15° towards Shepody mountain. 

KATURE m· THE DEPOSIT. 

The fauna of the marine· dolomitic limestones of the Windsor series at the barse 
of the J oggins section indicates broad, clear-water, shallow, and warm seas. The 
succeeding and widely distributed deposits of gypsum were undoubtedly accumulated 
in shallow pans of the sea under a sub-arid and probably warm climate. The inter­
bedded and overlying red shales and marl s, barren of life, with an abundance of mud 
cracks and ripple marks, together with the general unleached condition expressed by 
the calcareous concretions and high alkali content, denote similar climatic condi­
tions and a general retreat of the sea, followed by estuaries or wholly fresh-water 
deposition. The environmental conditions at this t ime appear to have been especially 
favourable for the formation of fresh-water subaqueous delta deposits, adjacent to 
very shallow seas, having had, it is thought, the forms of narrow but long basins, 
situated between mountain masses that had their origin in Devonian times. 

A complete withdrawal of the sea with co.nsequent relative uplift of the land 
prevented further deposition in this area, but possibly an exten :; ive period of erosion 
again brought about conditions favourable for fluvial deposition early in Pennsyl­
vanian time---conditions which seemingly persisted to the beginning of PermiaTu 
t ime, as no truly marine or even estuarine fauna occurs in the Coa.l Measures of the 
J oggins area. 

The sediments of the Mill stone Grit were laid down under more fluvial condi­
tions, an environment attested by the presence of occasional coal seams, the increas­
ing importance of dark to black shales, and the lighter coloured, though still imper­
fectly leached, sandstones. The interbedded red shales, barren of fossil,;, may repre­
sent the muds, of flu vial flood . flats, that ,mbsequently were oxidized sub-aerially, while 
the irregular lenticular beds of concretionary limestone associated with the grey 
s.a.ndstones apparently add their evidence in favour of fluvial conditions and a warm 
climate. 

During the early Coa.l Measures the strata were laid down under more fluvial 
and swamp conditions, as expressed by the many thin coal seams, the predominant 
dark shales, and the more perfectlyi leached sandstones. 

In later Coal Measures time there i;; no evidence for a continued abundance of 
water, as the red shale beds indicate seasons of aridity when all of the carbonaceous 
elements were removed through oxidation under sub-aerial conditiolll.S. There was at 
this time probably a return to more arid conditions, very similar to those of the 
Mil1stone Grit. 
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ERECT TREES. 

The great number and erect condition of fossil trees in the J oggins section is 
good evidence that they are preserved in the position of their growth, i.e., growth in 
situ. Thirty-five Sigillarian upright trees were observed in the Coal Measures of 
the J oggins section. Of those examined, three contained the remain;; of land reptiles 
or of land snails, while three others were observed with Stigmarian roots still 
attached. The general absence of roots may be explained by the fact that most of 
the trees have their bases directly over a thin underlying coaly1 or carbonaceous seam, 
indicating a probable decay of the root;; and reduction into coaly matter. All of the 
erect Sigillaria had their basal terminations in shales which have little or no drift 
material other than fragments of leaves and Stigmarian rootleti' . 

Forty-one different beds in the J oggins section were noticeJ having upright 
Calamites, which in every case were confined to the sandstones or arenaceous shalea. 

·~ 

CORRELATIONS. 

The Coal Measures of the J oggins section are relatively poor in the abundance 
and variety of their :flora and fauna when compared with the Carboniferous elsewhere. 
Another striking character is the lack of normal marine faunas, and divisional 
classification by means of organisms is here impossible. The classification and cor­
relation of these 'deposits is, therefore, dependent largely on the stratigraphic sequence 
and lithologic characters, fortified by the more or Jess sparingly preserved :flora and 
the land animals. On account of tlie continued vertical recurrences of similar litho­
logic characters, of abrupt local changes in sedimentation, and of the di:fficultie:0 
attendant on minor faulted and folded structure associated with discontinuous out­
crops, such a classification is open to errors. A more restricted zonal classification 
than that given in the generalized aection is also desirable, and such appears to be 
possible after further collecting and study of the fossil :flora. 

Windsor Series. 

The correlation of the limestone beds at the base of the J oggins section with the 
dolomite gypsum series at Windsor is based on the occurrence of an identical fauna 
in both localities. The same fauna has recently been discovered by Clarke on the 
Magdalen islands and is described by Beede,' who agrees with Schuchert' that the 
age of the Windsor fauna is that of the lower Mississippian, or more specifically, 
about that of the Kinderhookian. 

The overlying red beds may then represent either an estuarine or fresh-water 
'· -phase of later Mississippian time. 

Disconf ormity. 

Undoubtedly there is a great depositional break between the beds of the Windsor 
series and the overlying Millstone Grit. Schuchert' has pointed out the fact that 
there is no reliable evidence for the presence of the lower Tennesseean deposits 
and none at all for the upper Tennesseean in the Maritime Provinces. The writer 
believes that this depositional break occurs at the base of the red conglomerate series, 
but further field work will be necessary to fix the horizon of disconformity (non­
apparent unconformity). 

1 Beede. N. Y. State Mus., Bull. 149, 1911, pp. 156-186. 
2 Schuchart. Bull. Geol. Soc., America, 20, 1910, p. 551. 
I Ibid., p. 554. 
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Mills tone Grit. 

The name Millstone Grit is retained with its customary broad application in the 
Maritime Provinces to those deposits underlying the Productive Coal Measures of 
the Pennsylvanian (upper Carboniferous) and overlying the Mis3issippian (lower 
Carboniferous). It is here divided into three members, each representing a distinct 
kind of sedimentary deposit: a lower red member of conglomerates, sandstones, and 
shales; a middle grey sanddtone member with subordinate shales and thin coal seams; 
and an upper red member coILSisting mainly of :;hales with some sandstones. 
Scarcely a.ny plants are found in the red beds, but the massive grey sandstone3 fre­
quently contain abundant drift logs and floral fragments in poor condition. It is 
probable that the Millsto:ne Grit may be in whole or in part ec~uivalent to the Potts­
ville of the Appalachian r egion. 

Goal Measures. 

Further study of the floral evidence will probably furnioh data for a more 
detailed correlation with the established .;;ubdivisions of the American Pennsyl­
vanian. 

A rapid review of the flora, as given by Dawson, from the highest members in 
the Joggins section, failed to r~veal any plant not found i'Il. the undoubted Pennsyl­
vanian (Carboniferous) below, a condition demonstrating the probability that there 
are no deposits of Permian age in this thick section. 

The conglomerate at Spicer cove, correlated by Fletcher with the New Glasgow 
conglomerate and assigned to the Permian, underlies beds which apparently have the 
Pennsylvanian Coal Measures flora.. Should this observation prove correct, then this 
conglomerate represents a portion of the Millstone Grit. 

ECONOMIC GEOLOGY. 

COAL. 

Coal occurs in marketable quantities in two areas in the Cumberland basin- in 
the J oggins, or Northern area, and in the Springhill or Southern area. Mining 
operations are carried on in the J oggins area by the Maritime Coal, Railway, and 
Power Company, Limited, in the Springhill area.s by the Dominion Coal Company. 

GRINDSTONE. 

At present no stone is being worked, but in all probability there still remains 
much good material which. could be worked at a profit were the demand increased. 
The material has largely been exhausted from the reefs where production was 
ch~pm~ -

GYPSUM. 

Extensive deposits of gypsum of good quality occur in Maringouin .peninsula 
and in the neighbourhood of N appa.n, Nova Scotia. Quarrying is now carried on at 
the latter place, and intermittently at Cape Maringouin. 

.. 
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GOLDBEARING SERIES OF THE BASIN OF MEDWAY RIVER, NOVA 
SCOTIA. 

(E. R. Faribault.) 

IN'l'RODUCTION. 

The district topographically and geologically surveyed by the writer during the 
field season of 1911, lies in the southwestern part of Nova Scotia, immediately west 
of that surveyed in the two preceding years. It comprises the lower portion of 
the basi.ni of the Medw:ay, river, extending from Medway to Ponhook lake, and 
includes a part of the Atlantic coast from Vogler Cove, in Lunenburg county, to the 
town of Liverpool, in Queen:> county. The area of this district is about 276 square 
miles, 12 miles east and west by 23 miles north and south. This completes the 
Vogler Cove sheet No. 9'0, Greenfield sheet No. 94, and the eastern part of Liverpool 
sheet No. 93. More field work is still required, however, to work out the geological 
structure and the altitudes of the western part 1of sheets N o.s. 90 and 94. 

An additional area, further inland, of about 50 square miles. was also surveyed, 
of a portiO'Il! of the bai:;in of Pleasant river-a tributary of the Medway river-com­
prised between the Annapolis Countyi line on the north and the Caledonia branch of 
the Halifax ankl Southwestern railway on the south. 

The examination of the geology and mineral occurrences was carried out by the 
writer; while the work in connexion with the topographical su,rveying was· for the 
most part accomplished by the two assistants, J. McG. Cruikshank and M. H . 
McLeod, who were engaged from the beginning of Junie until the end of October, and 
performed their duties in a painstaking and satisfactory manner. 

The maiin control lines to tie in the surveys of that region consist of the tranllit­
chaiJJJ survey made in 1905 by L. N. Richard of the highwaJ" road between Annapolis 
Royal and Liverpool, and of the Caledonia Branch railway with connexion at Lows 
landing on Lake Rossignol; the location plan of the Halifax and Southwestern rail­
way between Bridgewater and Liverpool; the tranisit-stadia traverses made in 1907 
by F. O'Farrell of the main road between Bridgewater, Pleasant River, and Middle­
field; and tJ1e charts of the Atlantic coast made by the British Admiralty. In the 
settled regions, all the wagoo roads were surveyed with a self-registering one-wheel 
odometer and the compass; while in the unsettled parts chain anld compass traverses 
were run mostly along wood roads and county lines as tie-lines. Between points thus 
established the main rivers and lakes were surveyed with the Rochon telescope-micro­
meter and compass; while . the smaller streams, lakes, etc., were filled in by compass 
aD!d. pace tra.ve11:>es. 

The elevations were taken with a 3 inch surveying aneroid barometer checked 
by half-hour readings of a similar' instrument stationed at central point s, using for 
base the mean sea-level, the profiles of the three branches .of the Halifax and South­
western ra.ilway, and O'Farrell's tranlSit-stadia levelling of the road,; above referred to. 

Special detailed examination and surveys were also made of the gold-mining 
d istricts of Blockhouse, Mill Village, Vogler Cove, and Fifteenmile Brook; of the 
important tungsten deposits expl<'Jited by the Scheelite Mines Limited Company at 
Scheelite, near Moose River Gold Mines, Halifax county; of the recent discoveries 
of scheelite at W averle.Y', Baker Settlement, anid Fifteenmile Brook; and of the 
prospects of tin and tungsten ore a.t Mill Road near New Ross. 

PHYSICAL FEATURES. 

The district under exami:qation is drained by the lower part of Medway river, 
which £ows in a southeasterly directioJJI for 15 miles along almost a straight course 
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from the outlook of Ponhook lake to Medway on the Atlantic coast. The greater 
part of the waterway has a. gentle descent with occasional rapids, and it runs along 
a narrow valley between undulating hills of glacial drift, the elevations of which do 
not exceed 300 or 450 feet above mean sea-level. Transverse rocky ridges, however, 
cross the river at a few places along its course, forming important waterfalls and · 
cascades that would afford good water-powers. The river has a total descent of 302 
feet in the 115 miles between Ponhook lake and the head of tide at Mill Village. 

The following data on the principa1 water-powers of the Medway river were 
collected in 1910 by A. V. White, hY'drographer, and tabulated for the Commission of 
COl!liservation.1 

-

Site. A. 
Sq. miles. 

Mill Village. . . . . .. .... 602 
Salter fall . . . . . .... . .. 545 

Big Salmon fall. .. . . . . . 532 
Poultice fall . . . . . . .. . . . 508 
Glades fall . . . . . . .. . . .. . . 486 
Big Rocky fall .... . .... 486 
Bear fall ... . . 453 
Bangs fall ... _. . . . . .. 453 
Ponhook fall ........... 437 
H armony pulp mill . . . . . 125 

B. 
Feet. 

9·7 
16'0 

4·9 
g·o 
8 ·3 

12·0 
5'8 
7 ·0 

17'6 
30'0 

C, 
Horse-power 

730 
1,100 

330 
570 
500 
730 
330 
400 
!160 
470 

A.- Approximate area of watershed in square miles. 
B.- Approximate head in feet. 

R emarks. 

Old saw·mill : Davison Lumber Co. 
Nova Scotia Pulp and 

H.P. developed. 
Fall in about 300 feet. 

Paper Co., 1,800 

Fall in about 750 feet. 
Fall in about 300 feet 
Fall in about 800 feet. 
F all in about 300 feet. 
Shingle mill; possible to obtain 16 feet. 
Saw and shingle mill. 
Pulp mill; 1,000 H.P. deYeloped. 

C.-Estimated low water 24 hour H.P., 8 months, theoretical. 

The measurements of flow of Medway river, metered on October 10, 1910, at Mill 
Village bridge, gave:-

Width of river , wh er e m et er ed .. .. .. ........ .. 
Area of river section . . . . . . . . . . . . . . . . . . .-. . . 
Discharge per second .............. . .... . .. .. 
Effective drainage area a.bove section.. . . . . . . . . . . . . . 
Discharge per sec. per sq. mile. . . . . . . . . . . . . . . . . . . . . . . . 

100 feet. 
175·8 sq. ft. 
109 cubic ft. 
602 sq. miles. 

0·18 cubic ft. 

Several streams empty into the river from both sides and drain a succession of 
lakes, lagoons, and stillwaters which have a gener al southerly and! sou theasterly trend 
through a generally flat country with occasio.nal low un:dulating hills of glacial drift 
largely made up of granite debris carried from the north. In the southern part of the 
basin and as far west as Liverpool the surface covering is very heavy and rock 
exposures are scarce ; but the bed-rock is well exposed along the sea-shore between 
Medway and Liverpool harbour. 

Much of the surface ' is strewn with numero11S angular blocks of rock detached 
from the thick beds of quartzose-sandstone of the region. These blocks often attain 
very large dimensions and stand out conspicuously above the surface, which on this 
account is rendered very rough and much different to that of Lahave basi-n adjoin­
ing to the east , where the slates predominate. 

The district is covered over in pru·t with woods, young growths, bun1t woods, or 
harrens ; and in part with numerous swamps and hay-marshes along the streams, and' 
some peat-bogs. It is unfit for agricultura~ purposes. With the exception of Green­
field at the foot of Ponhook lake and a few scattered habitations along the river, the 
interior is altogether uninhabited. Alo.ng the shore, between Vogler cove and Liver­
pool, are scattered several small villages of fishermen, the most important of which 

1 Water-powers of Can ada, Report Commission of Conservation, 1911, pp. 217 and 227. 
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are Mill Village, Medway, E agle Head, Beach Meadows, and Brooklyn. Medway 
has an excellent harbour, free of ice in winter, and from which much lumber was 
shipped at one time by the Davison Lumber Qompany, but it is now used exclusively 
as a fishing station. The Nova Scotia Pulp andl Paper Company has a pulp-mill in 
operation at Charleston, 2 miles north of Mill Village, situated at the head of tide 
on the river. A few small saw and shingle mills are also located on the river. 

The river is considered one of the best in the Province for the fishing of salmon 
and t rout, which are caught with the fly in the months of April, May, and June as 
far up the river as Harmony, 30 miles above tide-water. At many points along the 
river between Mill Village and Greenlfield fishing rights have been leased by sports­
men who have erected summer cotttages and club-houses on the river bank. 

The region is r eached from Halifax and Yarmouth by the Halifax and South­
wester.n railway to Medway station, which is also a stopping place for moose hunters 
in the autumn on their way t o the interior hunting grounds, more especially to Indian 
Gardens on the Mersey river. 

The small area surveyed on Pleasant river is rocky, swampy, and unsettled, and 
it is unsuitable for agriculture. It is largely covered with forest, burnt woods, or 
barrens. Spr uce and pine are lumbered on a small scale on the ·upper part of the river. 
Beaver dams anld houses were observed at the outlet of Beaver lake, a western tribu­
tary of the river, showing the presence of a colony of beavers. Beaver cuttings were 
also observed in 1902, near the outlet of Lower Shingle lake, 2~ miles south of the 
railway. This is probably the farthest east locality where beavers are known to 
exist on the southern watershed of the Atlantic coast. The information is worth 
recording as the beaver is fast becoming extinct in the Province and should be more 
vigorously protected. 

GENERAL GEOLOGY. 

The portion of the Medway basin surveyed last summer is entirely underlain by 
the quartzite and slates of the Goldbearin.g series which cover the seaward half of 
the peninsula of Nova Scotia between Canso and Yarmouth. In the absence of fos­
sils a,ru:l other conclusive evidence a.s to their age, it has been cu;;tomary to provision­
ally refer these rocks to the lower Cambrian, though on account of their similarity 
to the quartzites and slates of the Avalon peninsula of Newfoundland, which have 
been assigned ori fossil evidence to the Pre-Cambrian, as well as for other reasons, it 
is possible that they may be Pre-Cambrian. 

O;n1 the Atlantic slope of Nova Scotia, between Medway and Canso, these sedi­
mentary deposits have been found everywhere to form one conformable sequence of 
strata, the total known thicknes;; of which has been estimated at 27,700 feet. This 
great series of rocks has been divided into two distinct lithological divisions: a lower 
one, called the Goldenville quartzites, . anid an upper one called the Halifax slat13s. 
The Goldenville formation •as exposed at Moose river, has a thickness of over 16,000 
feet of strata largely made up of thick beds of metamorphic quartzose-sandstone or 
quartzite interstratified with numerous layers of slates. The Halifax formation has 
a thickness of 11,700 feet and is entirely composed of argillaceous and siliceous slates 
with occasional flintyi layers. fu this sequence of strat a is not included, however, 
the upper slate series of the Gaspereau valley which conformably overlies the two 
prominent hands of Whiterock quartzite, which in turn apparently overlie conform­
ably the Halifax slates, as described in the Summary Report for 19'08. The upper 
slate series of the Gaspereau valley has a thickness of 2,800 feet which, added to the 
·27,700 feet of the Goldbearing series proper of the Atlantic coast, would give a total 
known thickness of 30,500 feet of probably conformable strata. 

After deposition, the Goldbearing series was uplifted and sharply foldied into a suc­
cession of huge anticlinal ridges and intervening synclinal troughs which have a gen-

• 
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eral east and wes t direction roughly parallel with the Atlantic coast. During and 
after the folding, extensive erosion truncated the crest of the folds and gradually 
plaJned down the surface to its present level, exiposing the uptilred, once deep seated, 
strata. The anticlinal folds seldom lie horizontally, but generally pitch to the east or 
west, and where they pitch in opposite directions anticlinal domes are formed. Much 
economic importance is attached to the location and structure of the anticlinal folds 
and domes, because practically all the gold and tungsten deposits in Nova Scotia are 
situated on anticlinal domes, where they occupy zones of interbedded fractures caused 
by the foldmg. 

In the eastern part of the Province, the foldJ:> are sharper, and pitch to the east 
or west at lower angles then to the westward of Halifax; as a result, in. the east the 
Jomes are very narrow and much elongated, while iDt the west they are broader and 
more circula.r in shape. This latter form of domes is especially well developed in the 
Medway .and Lahave districts, where the folds have a pronounced pitch to the east­
ward as far as the transverse north-south syncline along Lahave river, while towards 
the west they form broad elliptical domes which indicate the existence of a general 
tra.nsverse upheaval or anticline. As a result of this geological structure the Halifax 
slates cover the greater part of the Lahave basin and extend westward in narrow 
infolds a~10n,g the synclines ; while the Goldenville quartzites are brought up to the 
surface over the greater part of the Medway and Mer~ey basimis and extend eastward 
into the Lahave basin in narrow belts along the crests of the anticlines. The great 
extent of the slate formation in Lahave basin i.s the principal cause for the pre­
dominance of the fine soil and smooth surface of that district co!Jllt1'.astin,g with the 
characteristic stony and rough nature of the lower Medway and Mer~ey basins. 

In many cases the structure is rendered still more complex by the occurrence of 
several small subordinate folds along the apex of the major anticlines, as well as 
alo111g the bottom of the major synclines. This complex .itructure is well expo:ed 
along the sea-shore betw.een Medway and Liverpool bay, but inland the roqk exposures 
are scarce and widely scattered1, and, on this account, more detailed field work is 
still required to make out in detail the geological structrure of that section. 

The only igneous rock observed in the district is an: important dyke of dia.base, 
200 to 500 feet wide, extendiing along the sea-shore in a westward direction for at 
least 25 miles., from West Ironbound island at the mouth of Lahave river to Liver­
pool, beyond which it was not traced. It outcrops on West Ironbound island immedi­
ately ·north of E. DeWolf's house, crosses Cape Lahave island along Halibut and 
Bantam bays, where it shows prominently above the surface, then it strikes the 
mainland at Cherry cove where it is deflected southerly along Back and Apple coves, 
then resumes its westerly course along the north side of Conrad beach and crosses 
Medway between Selig and Great islands, beyond which it is concealed by soil for a 
few miles but outcrops again on Great hill and on a small knoll one-fourth of a mile 
north of the railway station at Liverpool. 

The area surveyed last season on Pleasant river is covered on its southern por­
tion by the Goldibearing rocks whi ch extend south to the sea, while its northern por­
tion is occupied by the granite which forms part of the main batholith constituting 
the South moUlllltain. The granite boundary has been traced westward from where 
it crosses Lahave river, 1 mile below Meisner bridge and 3 miles north of New Ger­
many, to the old Liverpool road, 2 miles north of the Halfway brook, crossing Rocky 
and Pleasant River lakes and passing a short distance to the north of Beaver and 
Cranberry lakes. 

The greater part of the area covered by the Goldbearing rocks is occupied by 
the Halifax slate formation 1spreading westward alang a deep and broad syncline, 
the axis of which passes half a mile north of New Germany and Hemford Railway 
station. .Ai good section of these slates and the syncline is well exposed on the West 
Lahave river. The Halifax slates are underlain on the north by the Goldenville 
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quartzites which are cut a li t tle farther north by the granite and form a n arrow 
belt, from half a mile to 1 mile in width, extending westward. 

The granite is for the most part light grey, coar se, and porphyritic with large 
feldspar crystals. A fine-grained biotite granite, genera.Uy dark grey or reddi sh 
grey, also occurs in small irregular lenticular masses throughout the coarser variety. 
This latter phase of granite i1n,trusion sometimes sends dykes into the older granite 
in the form of aplite dyikes and quartz veins' which are often mineralized and similar 
to those already d escribed at New Ross. 

ECONOMIC GEOLOGY. 

At the present time it is thought advisable to offer only a few general remarks 
on some of the mineral deposits exami'Iled last summer, ince a large part of the sur­
veys are ,m:)t yet compiled and, in some cases, more field work is still required. 

Gold and tungsten-bearing veins are the only deposits of economic value so far 
disc~vered in the lower part of the Medway basin. Gold quartz has been mined qmte 
ext~nsively for m any years at Molega a.nd to a limited extent ,at V ogler Cove, Mill 
Village, and Fifteenmile Brook; but no actual mining was in progress at these mines 
last summer, except some exploratory work at Molega and Fifteenmile Brook. 

The valuable t ungsten-bearing mineral scheelite was discovered in quartz veins 
at Molega in 1894 and also at Fifteenmile Brook and Baker Settlement in the last two 
years. 

As ,a general rule, the character of the country is unfavourable to the prospector, 
since the bed-rock is, in most places, deeply covered with drift. This is especially 
the case at Mill V illage and Fifteenmile Brook where some rich float of gold quartz 
found in the drift could not be traced t o its source. Hence, to guide the prospector, 
it is important to map out as accurately a possible the position and structure of t'he 
anticlinal domes on which the gold and tungsten deposits generally occur. 

Attention may be dr.awn here to the excellent road material afforded by the dia­
base dyke, alreadyi described, crossin•g the district from east to west along the shore 
and passing at Great hill; a short dis tance north of the town of Liverpool, where it 
might be advantageously utilized to macadamize the streets. From experiments made 
in the States of Massachusetts, Maryland, and Wisconsin1 on the comparative wearing 
and cementing values of differenit materials generally used for road macadams, dia­
base was found to be one of the best for ~trength and durability. 

MOLEGA.' 

A detailed! survey was made in 1904 of the gold muung district of J\folega, and 
a plan was published on ~he scale of 250 feet to 1 inch. The plan shows the extent 
of the mining and development work don e on numerous interbedded quartz veins occur­
ring in the Goldenville quartzites, over a large area, on the northeastern side of an 
anticlinal dome. Since then, some exploratory work was done on the South Rabbit 
lode and on the anticline where superimposed saddle-veins were uncovered pitching 
east 15°. These saddle-veill!s det ermine the exact position of the anticli,nal axis 
which is 58 feet farther SO'uth than that indicated on the published plan. 

FIFTEENMILE BROOK. 

This gold district is situated on: the road to BTOokfield, 15 miles north of Liver­
.pool and 2 miles north of Middlefield post-office. The Goldenville quartzites are 
--------------------------- -----------

'Highway Construction in Wisconsin, by E. R. Buckley, Bull. No. X, 1903, Wisconsin 
Geological Survey. 

2 Molega is the name of the post-office, but Malaga Barrens is sometimes used by the 
Depart me,n t o£ Mines of No,v.a Scotia .to designate the mining distri<!t. 
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exposed here at the surface for a width of over 1 mile on the eastern pal't of an anti­
clinal dome, on which they dip to the north at high angles and to the eas t and south 
at lower angles, and are conformably overlain by the Halifax slate. At a d!ist an ce of 
2,100 feet north of the major anticline, rich float of gold quartz has been found along 
t he north side of Fifteenmile brook for a distance of 1,000 feet east and 1,600 feet 
west of the road. The exploratory work done so far has failed to discover the veins 
from which the float was derived, on account of the heavy soil covering the bed-rock. 
Several interbedded veins have been cut on both s ides of the road, but so far none of 
these h ave beein found to cany pa.yable ore. On the western side of the road a small 
ore-shoot pitching west at a low angle, was worked for a while on a "fissure " vein 
cutt ing the str; ta at a slight angle. Apparently on t his same vein and 690 feet east 
of t he road, several pieces of scheelite associated with arsenopyrite were discovered 
last October while examining the quartz t aken from a trial pit drug by E l1s. This 
new discovery of t ungsten may prove of economic impor tance, for at a short distance 
to the southwest several loose pieces of the same ~ineral were discovered last year 
in dr ift by W . H. Prest, of Bedford, N .S., indicating a. widespread distribution. It 
may be ob.served that, oru this vein, the scheelite will probably occur in ore-shoots 
fc rmed at the intersection of the fusure vein with the interbedded veins and will 
pitch to the west at a low angle ; while in the interbedded veins t he ore-shoots will 
more probably pitch westward like the rolls and anticline. 

BAKER SETTLEMENT. 

The new di.scovery of scheelite made last spring ~t Baker Settlement, Lunen­
burg county, is situated 12 miles northwest of Bridgewater and half a mile north of 
Huey lake. Eig·ht interbedded qu artz veins, from 2 to 18 inches thick, occur .here 
within a space of 300 f eet in bluish-grey siliceous slate of the Halifax formation. 
The veins dip south 35 °, and occupy a zone of fissures on the souther.n side of an 
anticline which is followed a short distance farther north by a syncline, forming a 
double crumpling of the strata pitching t o the east at a low angle. Schee1ite was 
found on two of the:;e veins, in pockets and in thin veinlets along the walls. 0.ne of 
the veins is 4 to 8 inche:; and the other 2 to 3 inches thick. Both veins are crinkl ed 
in roll s and contain much massive mispickel and some crystals of quartz, mispickel, 
and pyrites mostly along the centre and in the rolls. The slate forming the wall:; is 
also spotted with small crystals of mispicke1. Scarcely any prospecting has yet been 
done'; the two scheelite-beari.ng veins having been stripped only a few yards whe1:e 
the surface is shallow. Prospecting should be extended fa rther north across the anti­
cline and syncline, and also east and west along these two fold s. The ore-shoots will pro­
bably be found to pitch ea:;twarJ at low angles, following the lines of intersection of 
the beddi.ng with the cleavage, or t he plunge of the rolls or fold :;, as at Moose river. 

No mineral s of economic value have been found yet in the Goldbearing rocks or 
granite covering the Pleasant River district. A few small dJ'kes of aplite and quartz 
slightly mineralized with iron pyrites have been observed in the granite, however, 
which may also contain u:;eful minerals like those discovered at New Ross. 

Outside of the area surveyed last summer, special examinations were made, in 
Lunenburg county, of the gold mines of Blockhouse, the tin prospect of New Ross, 
and the gypsum and limestone deposits of Chester Basin; and, in Halifax county, of 
the t ungsten dieposits being developed at Scheeli te, near Moose River Gold Mines, and 
those prosp)3cted by A. L. McCallum 1 mile north of W averl ey. 

NEW ROSS. 

At Mill Road, 4 miles north of New Ross, two shafts, 100 feet apart, have been 
sunk on the t in-bearing vein of quartz discovered by E. Turner, iru the granite. The 
south sh aft is 55 feet and the north one 25 feet deep. At the surface,. where first 

26- 22% . 
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discovered, the vein was 2 feet wide and showing good tin ore, but the development 
work has proved the vein to be irregular and to pinch out horizon.tally and in depth, 
and the prospect has been abaindoned. The associated minerals observed in the vein 
besidei! cassiterite were chalcopyrite, stannite, wolframite, scheelite, tungstite, zinc 
blende, molybdenite, mispickel, purple fluorspar, pale green serpentine, white mica, 
a.nd reticulated veinlets of opalescent and smoh.-y quartz and of red feldspar. Crossing 
the river below the bridge, a short dista;nce west of the tin-bearing vein, is a large 
dyke of pink feldspar which may be of economic value. 

CHESTER BASIN. 

Lower Carboniferous deposits of shell-limestone, gypsum, sandstone, and shales 
were observed on several islands in Chester basin, where their presence was hitherto 
unknown; notably on the mysterious Oak island, renowned for the extensive excava­
tions that have beeru made from time to time during the last 60 years i!earching for 
Captain Kidd's fabulous hidden treasures which are suppo.sed to have been buried 
somewhere along the Atlantic coast. It is said that several hundred thousand dollars 
have been i!pent already in sinking shafts and driving tunnels, and further work is 
still contemplated. There is strong evidence to prove that the supposed artificial 
openings which originally led to such undertak,ings· were really but iil!atura1 sink-holes 
and cavities formed by the gradual dissolution of gypsum deposits underlying thin 
layers of soft sandstone and shales which gave way under the pressure of the super­
incumbent covering of glacial drift. Similar si,nk-holes may still be observed on the 
shore of the main land nearby. 

It is interesting to record the information received by the writer from Mr. H. S. 
P1oole, SpreytO!lJ, Guildford, England, who was for several years iru Nova Scotia as 
superintendent of the Acadia Colliery at Stellarton, that in 1862, he found float of 
tungsten in Guysborough county, about 3 miles south of Sherbrooke, behind the 
cottage of-Lynch, on the east bank andi within half a mile of the river. 

Float of scheelite is reported to have been found in Halifax county, some distance 
south of Pockwock lake, to the west of Sackville, by W. H. Prest; also some distance 
back of Oldham, by Charles Donaldson, of E11field. 
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LARA VE VALLEY AND STARRS POINT, NOV A SCOTIA. 

(W. J. Wright.) 
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Two weeks were Sptlnt in the Lahave valley, Lunenburg county, Nova Scotia., 
studyimg the . rocks in the :field, collecting specimens for thin sections, and examining 
in more detail several minor problems that arose during the work in 1910. 

The topography of the area is due largely to the work of the continental ice­
sheet on the surface of an uplifted and dissected peneplain. Immediately before the 
glacial period, the country had a low relief and a gentle regional slope of less than 
15 feet p€r mile towards the Atlantic, with a mark€d river valley where the Lahave 
is now located. Glaciation removed the loose material from some part:>, and accumu­
lated it in others. Consequently, large areas are denuded of soil, while other a.reas 
are covered with great amounts of drift in the form of irregular groups of hills 
elongated in the Ji rection of ice-movement. The rearrangement of material has had 
a marked effect on the country. For · not only. has it interfered with the drainage, 
even going so far as to pond up the waters of the Lahave to form two large lakes, 
but also, since the drift forms most of the farming land in the country, its distribu­
tion determines the location of most of the country villages. 

While the location of much of the present drainage has been influenced by glacia­
tion, Lahave valley existed in preglacial times. A probable explanation of its loca­
tion grows out of the study of the fault system of the area. There are no faults 
large enough to be shown on the map; but there are numerous small fractures, 
striking parallel to the valley, in which the western side always seems to be dowi!'l­
thrown, a.nd shifted to the south. This movement has been concentrated along the 
Laha.ve. Consequently, we have here a zone of weakness, which has yielded more 
readily to erosion, and along which the valley has been excavated. 

In this connexion, it i:> interesting to note that the greater part of the drainage 
lines of the Atlantic slope of Nova Scotia, fall into a parallel system, which lies 
across the folded structure of the rocks., and is independent of the initial slope of 
the peneplain. The completed structural maps show a sy tern of major northwe:>t 
and southeast faults; there has been dispiacement of the western side towards the 
south. It seems probable also that the :>train producing these faults must have pro­
duced other lines of weakness like that in Laha.ve valley, where the movement was 

·too small to be shown on the maps. The drainage system is parallel to the fault 
system and some of the rivers are located on major fault zones thrO'Ughout the whole, 
or greater part, of their courses. 

The suggestion at once arises that there is a close relation between the two 
systems; and that the direction and location of draiiilage have been influenced by the 
fault zones. Furthermore, the system of parallel valley:> probably influenced the 
direction of movement of the ice-sheet, and the consequent shape of the drift hills. 
These, in turn, have influenced the directions of minor drainage and roads. AI1d 
the remarkable parallelism between the roads, streams, and faults, shows how struc­
tural lirnes laid out in a remote geologic period, may influence later geologic agen­
cies, and be reflected, even to-day, in the topography and human activities of the 
country. 

The general geology of. this area has been discussed by Mr. Faribault. in his 
summary report for 1910; but a few words more may be said about the granite. The 
main mass of the granite is coarse-grained, porphyritic rock, made up chiefly of 
plagioclase, quartz, and biotite. The feldspar crystals, often an inch or more in 
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length, give the rock its porphyritic t exture. This r ock is cut by numerous dykes, 
which appear to grade from typical pegmati tes, through a light-coloured aplite, made 
up chiefly of plagiocla.se, quartz, and muscovite, to a darker rock in which biotite is 
abundant. 

Besides the coarse-grained granite, there is at least one area of a younger 
granite, which lies just east of Woodworth brook, with its southern boundary about 
half a mile north of the sedimentary r ocks. Near the contact, the younger grauue 
i a light-coloured• rock, with a fine, even, texture, made up chiefly of plagioclase, 
q uartz, and muscovit e. Away from the contact, the rock is coarser grained, and bio­
tite becomes the predomi.nant mica. The main body of the ;younger granite has about 
the same mineral .composition as the older granite; but the two rocks differ in tex­
ture and general appeairance. There is a marked similarity between the younger 
granite and the dykes which cut the older granite. It seem3 probable that they are 
closely related, and that both are differentiated parts of the magma which formed the 
older granite. If this be true, it is probable that in places one granite grade3 into 
t he other, a.nd that the two cannot be completely separated. 

The Triassic sandstones at Stan s point, Kings coun ty, were visited in order to 
obtain ·Some information regarding the manner of their deposition. The Triassic 
sandstones of the Connecticut valley are fluvial deposits in a region havi.ng a semi­
arid climate. In Nova Scotia, the predominant red colour, presence of gypsum, 
mud cracks, sub-.angular pebbles, crossbedding, and the unsorted n ature of the 
material, all indicate a similar mode of deposition. But further study is necessary 
to d ecide the question. 

The sea-wall at Starrs poin t rises perpendicularly aborn the le\·el of high tides, 
and shows erosional forms which are not commonly associated with moist cl imates. 
The sandston e is poorly cemented and decomposes readily to a fine sand. The wind 
carries much of this sand aga inst the cliffs and has ca rved them into forms' charac­
istic of dry climates where wind erosion predominates. 
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BORE-HOLE REC ORDS. (WATER, OIL, ETC.). 

(E. D. lngall.) 

Since the period occupied b:v the last annual report a large proportion of the 
time of the officer in charge of the branch has been occupied in the clerical and 

- r outine work involved in the coHection of boring record , sets of drilhngs, and the 
geological data necessa ry to the elucidat ion of the materi al collected. 

The packing up and removal of t he ·drillings, et c., from the old to the new 
museum n ecessarily r es•ulted in t he consumption of con siderable time in the unpack­
ing alllid rearrangemen t of the specimeoo so as to have them acces.sible for further 
study, reference, and comparison. Very effective assistance in unpacking was 
rendered by Mr. F . J. Barlow for a few weeks previous to his departure for the field, 
and later, for a similar perio'd, by Mr. F. Ha.llam. 

A number of sets of drillings from wells drilled throughout the peninsula of 
Ontario are still packed away in boxes. These represent material collected by Mr. 
Brume11 many years ago, the logs of many of which are to be found in his report on 
gas and oil (Part Q, Vol. V ) . There are al so some collec ted by Mr. Chalmers, whose 

· death prevented the information therein contained from becoming available. 
When time and space permit of the unpacking· of these clrillings and they can be 

placed in serie.:i with the other set s illustrative of various sections of Canada, they 
should be very uaeful for purpoaes of con obora.tion and comparison as well as for 
study by drillers and operators contempl ating similar operations in the futur e. 

Whilst t he ad1ditions to our collection of records have not. during the year, been 
as numerous as might be wished, it is believed that, judging from the statements of 
various drillers, a considerable improvement in this regard can be 'expected when i.t 
i:i found possible to have a fund out of which some slight recognition can be made of 
their goodwill and efforts on behalf of the work. 

As in previous yea.rs, t he branch has been able to render servi ce to those inter­
ested in boring operations in different parts of the country in the way of information 
embodied in mem-0randum, or given verbally, relating to the general geological condi­
tions where boring operations were contemplated or proceeding. 

The sets of drillings and fogs of numerous wells bored by the Maritime Oil 
Fields Company of C anada, near l\foncton, N .B., are being studied by Dr. G. A. 
Young and utilized in connexion with the working out of the geological map he is 
making of that di trict. 

As a result of the epidemic of typhoid which developed in Ottawa last au tumn 
public attention was directed t oward the possibility of obtaining pure water from 
deep borings. In respOtIJ.se to inquiries by the Senate, as well as by the management 
of the Chateau Laurier, a preliminary study was made and• a memorandum prepared 
of the conditions of occull'rence of the crustal waters as far as shown by the available 
records of deep bores already made in the district. The evidence was not very 
extensive or fin al either as to quantity or quality of t he water thus to be obtained. 
At most of the prod1ucing wells the water is used mainly for cooling purposes in 
connexion with dairy, cold stor age, brewing, and sulphite plants. The chemical com­
position of the water being unimportan,t for the above purposes no effort has been 
made to case -0ff the water of the different depths at which it has been encountered, 
so that the borings sq far made give n o defiruite data as to the quality of the s upply 
in the different strata pierced. 
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The information regarding the occurrence of water in the sedimentary strata 
underlying the Ottawa district then is as yet quite incomplete and inconclusive, but 
our knowledge of the general conditions would lead to the surmise that there will be 
found to be no essentially water-bearing stratum except, possibly, that of the sandy 
shales below the limestones of the Trenton and Black River age which may prove to 
have somewhat greater porosity than the other members of the series. In the lime.. 
stones mentioned there are doubtless many water-worn channel~ - and enlarged joint 
systems, but it could only happen that such would be encountered by chance. Fur­
thermore, the water in the limestones would perhaps be more likely to carry a higher 
content of mineral salts than that in the sandy shales. The fact that the water from 
many of the borings so far made hai! canied considerable mineral salts casts no light 
upon these qu.astions, as it always represents a mixture from several different 
horizons. 

The rocks of the district being considerably faulted, a condition favourable to 
the existence of water supplies may exist in certain sections where these faults aria 
plentiful. Investigations were co=enced during the su=er to trac.a out these 
features of the geology, especially in view of the considerable amount of rock excava­
tian now in progress in connexion with tho extension of the city drainage system 
throughout the newly annexed districts. -

Other interesting problems which have been under consideration during the year 
are those connected with the operations of the Canadian Standard Oil Company 
which has put down a number of holes i.n search of oil and gas, both in the vicinity 
o.f Ottawa and in the county of Kent. Through the courtesy of the officials of this 
Company valuable and comvlete sets of dri11ings were obtaine·d from three wells in 
the Ottawa district and from two in Kent county. Thanks are due to Mr. F. H. 
Simmons of the staff of this corporation for his assistance in helping the branch to 
keep in touch with operations, as well as to Messrs. E. W. Mooney and J. Bowlby,of 
the drilling staff for their courteous co-operation. 

In their operations in Kent co~tY' the Company could use the information oon­
t ained :i.n various published reports of the district as well as the experience of numer­
ous operators in the vicin,ity. In the Ottawa district, however, although a certain 
amount of spasmodic boring has been done over a wide area, the search for gas and 
oil is yet in the pioneer stage. In initiating operations, therefore, the choice of 
localities for boring became one of a summing up of the general conditions of the 
region as elucidated by the geological studies of the officers of the Geological Sur­
vey and of the results of previous borings as far as known. 

As in the case of the boring previously made at Plantagenet, the evidence in 
the case was thoroughly reviewed-' with the interested parties in order to give all 
possible assistance in the selection of the most likely places to bore. 

Amongst the various factors to be taken into account are the presence of anti­
clines and synclines; the porosity or storage capacity of the different strata; the 
presence or absence of adequate cover for holding in the gas or oil; the presence of 
faults, etc. The geological maps of the eastern Ontario area contain a large amount 
of information of a general nature on most of these points, but a very detailed re-sur­
vey would be necessary to define the minor structural features which have so impor­
t ant an influence in determining the limits of the pools, although a short memKJir 
might be written summarizing the data at present available and in disc11ssion of 
their bearing on the problems under consideration. 

The operations of the Standard Oil Company in the eastern Ontario :field con­
sist of three holes covering a triangular area some 5 miles in extent in the township 
of Oumberl and, about 14 miles easterly from Ottawa along the line of the Grand 
Trunk railway to Montreal. 

The importance to the Capital of success in :finding an adequate supply of 
natural gas within piping distance of the city gives added interest to these explora-
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tions. Ln. the first hole the whole sedimentary serie;; was penetrated down to the 
Potsdam, when drilling was discontinued on account of the very ;;low progress made, 
due to the great hardness of the sandstone encountered. In the other two no attempt 
was made to penetrate below the upper beds of the Trenton. In all of the bores gas 
was obtained in varying quantities, the last made giving the most encouraging result; 
no measurements of the quality were made, however, by the owners. 

As aresult of the operations of the Company in wester111J Ontario, large yields of 
oil are reported. 

The search for gas and oil throughout the northwest provinces of Canada is 
known to have been active, but unfortunately under present conditions few returns 
can be obtained. 

With the sanction of the Director, field work was prosecuted during the latter 
part of the summer i.n Ottawa, Hull, and environs in tracing out the fault systems 
in extension of the work done by Dr. R. W. Ells in previous years. Advantage waJS 
taken, as before-mentioned, of the considerable amount of excavation being pros]3-
cuted by the city. An area of some 5 square miles, covering the western parts of 
the above-mentioned cities, wa;; go.ne over very. closely in search for evidence both 
positive and negative of the existence of lines of faulting and their extension, and of 
other structural features, having in mind especially the possible connexi~n of water­
bearing borings with zones of disturbance. The section of the strata in the cliffs along 
the water-front of the Ottawa river, from above the Chaudiere falls to Rockcliffe, was 
carefully gone over, and fossils were collected and referred to the palreontological 
branch for determination of horizolllS. Especial care was taken to study many places 
left bare by the exceptionally low water, which would perhaps not again be acces·­
sible for a, long time. 

Pursuant to the understanding arrived at in conversation with the Director just 
previous to his departure for the west, field work was extended outside of the Ottawa 
and Hull district proper. 
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P AL1EONTOLOGICAL DIVISION. 

I 

Vertebrates. 

(Lawrence M. Lambe.) 

The removal of the fossil collections from the Sussex Street building of the 
Geolog ical Survey to the Victoria Memorial Museum was effected between December 
29, 1910, and January 4, 1911, the old cases being t emporarily u t ilized fo r the 
display of the fossils on the ground floor of t he new building. The office aasigned 
to me in the Victoria Memorial Museum was occupied on January 5. 

The greater portion of my time, during the past year, h a,-, been devoted to the 
study of recent accessiolli> to the Museum, and to preparations for the arrangement, 
and proper public di,-,play, of the collection s of fossil vertebrates. 

In this connexion work on the catalogue of the foss il vertebrata, begun in 1908, 
was con tinued. By the addit ion of the species in our possession belonging to the 
Agnatha, the Amphibia, those sections of the fiahes not already recorded, and the 
numt)rous accessions, principally of mammals, made to the collections during the 
past two years, the catalogue has been almost completed and could be put in shape 
for publication within a short t ime. 

D escriptive labels have been prepared for the principal specimens which illus­
trate different vertebrate orders, and the life of definite geological periods. These 
are written in a popular style and are intended specially to interest and instruct the 
public. Labels of a .similar character h ave also been wr1tten descriptive of the 
evolutionary changes illustrated by series of fossil forms (Horses, P roboscidea, etc.) 
lately acquired by the Department. 

These labels are to be supplemented by a list, which has been prepared, in tabu­
lated form, of the "OrderS' of Vertebrate Animals" both fos.s il and recent. It was 
also thought desirable to have for exhibition with the fossil vertebrates a table of 
geological formations as developed in Canada, giving the animals characteristic of 
the various horizons and succes ' ive vertebrate life zones, and illustrating the gradual 
change from low to higher forms. Such a table iB> now irn course of preparation. 

During the past year a descriptive and illustrated popular guide to the fossil 
vertebrate collections was begun, and will be continued as t ime permits. 

A valuable addition to the vertebrate palmontological collections consists of the 
. lately acquired Pleistocene mammal remains from Y ukon, mentioned in the list of 
accessions to the Museum for the year. These rem ains include, besides t hose of 
mammoth, horse, deer, etc., the greater portion of the bones of one individual of 
Bison crassicornis which could be mounted with little r estoration to make a complete 
skeleton. 

Other important specimens received dur~ng 1911 are enumerated below, and 
serve to illustrate, in the general scheme of evolution, forms not hitherto represented 
in the collections of the Geological Sm;vey. 

The series of casts of skulls, feet, and type specimens of fossil Equidm, illus­
t rating the evolution of the horse, which the American M•useum of N atural History, 
New York, h as lately presented to the Geological Survey, is a most welcome addition 
to our palmontological collections and forms in itself an exhibit of great interest 
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and value. Dr. W. D. Matthew, Act1ng Curator, in formally presenting the se~·ies, 
on behalf of the American Museum, writes that the donation is made in appreciation 
of the many courtesies received from members of the Survey staff, and of the 
"splendid scientific work which the Canadian Geological Survey has -accomplished 
and is now continuing." 

Miss A. E. Wilson has continued, in a most satisfactory manner, the work of 
cataloguing the type and :figured specimens of foss ils in our possession. This 
included the recording of information relative to type material subsequent to a full 
examination of all literature bearing on the subject. She has also attended to the 
cataloguing of lately acquired fossil vertebrate material. 

Ai~ recorded below a number of mounted skeletons of recent vertebrates have 
been added, during the past year, to the "Osteological collection" which is primarily 
intend_ed for use in connexion with palreontological studies. 

The following papers were written durinig· the year :-

" On Arctotheri'Lun from the Pleistocene of Yukon;" descriptive of the new species 
A . yukonense and published in the May number, vo1. XX\T, of the Ottawa 
Naturalist. 

" The Past \T ertebrate Life of Canada," being the Presidential AddreSB of Section 
l\T, Royal Society of Canada, at its annual meeting in Ottawa in May. 

"Bibliography of Canadian Zoology for 1910 (exclusive of Entomology); presented 
at the annual meeting of the Royal Society in May. 

"On the occurrence of Helodont teeth at Roche Miette and vicinity, Alberta," 
describing the new species 1I elodus subtuberatus from upper Devonian rocks. 
(In press. ) • 

A small, detached fish tooth of the genus Relodus, collected by Mr. D. B. Dow­
ling durinig· the past season, from the limestones of the summit of Roche Miette, 
.Alberta, is described and figured in the last-mentioned paper. The genus H elodus 
has not hitherto been recorded from Canada, and the species represented is apparently 
new. For the species the name subtiiberatus is proposed, with reference to the incon­
spicuous swelling observed on either side of the central prominence of the crown. 
The limestone beds at the summit of Roche Miette are apparently of uppermost 
Devonian age. A portion of a second tooth, referred to this species, was also 
obtained last summer by Mr. Dowling, 6 miles north of Roche Miette, from lime­
stones presumably of the same geological age as those forming the summit of this 
mountain. 

ADDITIONS TO THE VERTEBRATE PAL1EONTOLOGICAL COLLECTIONS DURING 1911. 

Col~ected by Officers of the Geo logical Survey. 

Dowling, D. B.-
Two teeth of Helodus, Agassiz, from the upper Devonian of Roche Miette and 

vicinity, Alberta. Acc. No. 35. 

MacKay, B. R.-
Portiorn; . of humerus, radii and tibia of Bison americanus, from Pleistocene 

terrace gravels, Crowsnest river, Alberta, one mile west of Coleman. Acc. 
No. 36. 

R eceived by Purchase. 

Portheus molossus, Cope. Mounted composite specimen from the chalk beds of the 
Niobrara CTetaceous, Gove county, Kansas. Acc. No. 26. 
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Stylemys sp., carapace. Miocene. Acc. No. 10. 

N aO<Sa'IM'Us claviger, Cope. Permian, Texas. Restoration model in, plaster, one-fifth 
natural size. Acc. No. 20. 

Ichthyosaurus quadriscissus. Quenstedt. Lias, Wiirtemberg, Germany. Fossil on 
slab. Acc. No. 33. 

Phytosaurus (Belodon) cylindricodon, Jager. Trias, Wiirtemberg, Germany. Plaster 
caat of skull with lower jaw. Acc. No. 11. 

Steneosau1'us bollensis (Jager). Lias, Wiirtemberg; Germany. Head and front por­
tion of body on slab. Acc. No. 12. 

Steneosaurus bollensis (Jager). Lais, Wiirtemburg, Germany. Specimeru complete 
on slab. Acc. No. 32. 

Pterodactylus antiquus (Sommering). Lithographic stone (Kimmeridgian), Bavaria. 
Plaster cast, natural .size. Acc. No. 30. 

Archwopteryx macrura, Owen. Lithographic stone (Kimmeridgian), Bavaria. 
Plaster cast, natural size. Acc. No. 29. 

Dinornis maximus, Owen. Quaternary: alluvial deposits, New Zealand. Complete 
skeleton. Acc. No. 13. 

Prozeuglodon atrox, Andrews. Mid·dle Eocene, Fayum, Egypt. Restored model of 
the skull and mandible, natural size. Acc. No. 28. 

Arsinoitherium zitteli, Andrews. Lower Oligocene, Fayum, Egypt. Pla,ster cast of 
skull with lower jaw. Natural size. Acc. No. 23. 

Dinothoerium giganteum, Kaup. Lower Pliocene, Eppelsheim, Germany. Skull with 
lower jaw: coloured pl01ster cast, natural size. Acc. No. 14. 

Mastodon (Tetrabelodon) longirostris, Raup. Miocene, Eppelsheim, Germany. Cast 
of mandible with incisors; natural size. Acc. No. 24. 

Mastodon (Dibelodon) giganteu.s, Cuvier. Pliocene. Scotchtown, New York. Cast 
of cranium with mandible; natural size. Acc. No. 25. 

Elephas (Stegodon) ganesa, Falooner and Caut1ey. Pliocene, Siwalik hills, Lndia. 
Sku11 without mandible; coloured plaster cast; natural size. Acc. No. 15. 

Elephas imperator, Leidy. Lower Pleistocene, western United States. Restoration 
model. Acc. No. 21. 

Elasmotherium sibiricum, Fischer. Pleistocene, N ouvon:aenck, Russia. Plaster cast, 
natural size, of cranium. Acc. No. 31. 

Titanotlverium ~p. Skull without lower jaw. Miocene, Chadron, Nebraska. Acc. 
No. 9. 

Titanotheres, series of heads of; illustrating the evolution and polyphyletic develop-
ment of the lower Oligocene forms, as under:-

a. Brontotherium platyceras (Scott and Osborn) . 
b. Megacerops robustus, Marsh. 
c. Titanotherium ingens ('Marsh). 
d. Symborodon acer, Cope. 
e. Diplacodon emarginatus, Hatcher. 
Restoration ·modeI::>, one-s<ixth natural size. Acc. No. 22. 
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lrferycoidodon culbertsoni, Leidy. Miocene, Chadron, Nebraska. Two skulls with 
lower jaws. Acc. No. 16. 

Vngulate remains: purchased through Mr. D. D. Oairnes. Pleistocene, LaJSt Chance 
creek, Yukon, viz :-

Mammoth (Elephas primigenius). Portion of mandible with teeth, occiput, 
limb bones, vertebrre, etc. 

Horse (Equus caballus). Part of lower jaw with teeth; lleparate teeth. 
Deer ( Rangif er) . Parts of antlers, and leg bones, of R. caribou and probably of 

R. grcenlandicus. 
Sheep (Ovis montana). Back of skull with bases of horn-cores. 
Bison (B. crassicornis) . Horn-cores with back portion of skull; most of the 

vertebral column of one individual; separate vertebrre, foot bones, etc. 
The above specimens were from about 35 feet beneath the surface, and 
within a distance, up and down the creek, of 50 feet. Acc. No. 34. 

Ungulates, a series of fifty-five coloured cast;; of the crowns of upper molar teeth of: 
illustrating the lines of differentiation from the simple tri-tubercular to the 
more complex forms. Acc. No. 27; 

Ursus spelwus, Rosenmiiller. Pleistocene. Europe. Skull with lower jaw. Acc. 
No. 17. 

Homo neandertaiensis, King. (Paheolithic ma.Th.) Pleistocene, near Hochdal, Ger­
many. PlMter casts, natural size, of-the roof of the skull, right and left 
femora, parts of the hip-bone, collar-bone, and shoulder-blade, arm bones, etc. 
Acc. No. 18. 

Recent skeletons, mounted, of-
A mia calva, L. Bowfin; in alcohol. Acc. No. 2. 
Perea fiuviatilis, L. European perch. Acc. No. 3. 
Didelphis virginiana, Kerr. Opossum. Acc. No. 4. 
Felis catus, L. Domestic cat. Acc. No. 5. 
Canis familiaris, L. Dog. Acc. No. 6. 
Erinaceus europaJUS, L. Hedgehog. Acc. No. 7. 
Sphenodon punctatum, Gray. The " Tuatara" of New Zealand. Acc. No. 8. 
For comparison with fossil forms. . 

By Presentation. 

American Museum of Natural History, New York, through Dr. W. D. Matthew, 
Acting Curator, Department of Vertebrate Palreontology. 

Casts of skulls, jaws, fore and hind-feet, and type specimens of fossil Equidre, 
forming a series illustrating the evolution of the horse. The series includes 
twenty-one species, representing eleven genera, from Eocene, Oligocene, 
Miocene, and Pliocene deposits in the United States. Acc. No. 19. 

Grant, Sir J. A., K.C.M.G., Ottawa, Ont.-
Three specimens of Mallotus villosus, Cuvier, in one clay nodule, from Green 

creek, below Ottawa. Pleistocene. Acc. No. 37. 

ADDITIONS TO THE INVERTEBRATE PALAWNTOLOGICAL COLLECTIONS DURING 1911. 

Dr. Raymond reports the following additions to the collections of inv~rtebrate 
fossils:-
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Collected by Officers of the Geological Surv ey. 

Dresser, J. A.-
A large collection of graptolites from the lmyer Tren ton at Castle brook, 

Quebec. Acc. No. 63. 

Harvie, R.-
Large collection middle Silurian foss ils, mostly trilobites, from Knowlton 

Landing, Lake Mernphremagog, Quebec. Acc. :No. 74. 

Johnston, W. A.-
Large collection from the Lowville, Black River, and Tren ton, from variO'Uil· 

localities east of Lake Simcoe. Acc. No. 73. 

Lawson, A. C.-
Richmond fossils from a point 6 miles west of :For t :Frances, Ontario. Acc. 

No. 62. 

Leach, W.-
Small collection from the Benton and Mississippi an near Blairmore, Alberta . 

Acc. No. 75. 

Raymond, P . E .-
Several collections from Ordovician formations in southern an d eastern Ontario 

and western Quebec. Acc. Nos. 55, 56, 60, 61, 66, 67. 

Raymond, P. E., and Johnston, W. A.-
Collections from the Lowville and Trenton east of Mud lake and north of 

Kirkfield, Ontario. Acc. Nos. 57, 58, 59. 

Raym0J1d, P. E., and Whittaker, E . J .-
Collections from the Ordovician formations in eastern Ontario, western Quebec, 

and near Clayton and Watertown, N ew York. Acc. Nos. 64, 65, 68, 69, 72. 

Whittaker, E. J.-
Several lots of fossils from localities in eastern and southern Ontario. Acc. Nos. 

70, 71. 

Wilson, W. J.-
Marine fossils from the Mississippian near Norton station, Kings county, New 

Brunswick. Acc. No. 49. 

By Presentation. 

Grant, Col. C. C.-
Three small collections from the Silurian at Hamilton, Ontario. Acc. Nos. 52. 

53, 54. 

Gr ant, Sir James-
Collection fossi ls, largely from the Trenton in vicinity of Ottawa. Acc. No. 51. 

Narraway, J. E.-
Box invertebrate fossils from the Richmond at Stony Mountain, Manitoba. 

Acc. No. 48. 

Wilson, Miss A. E.-
Twenty-five specimens from the Trenton at Cobourg, Ontario, and a collection of 

Pleistocene shells from Lampton Millo, near Toronto. Acc. Nos. 45, 47. 
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Large collection fossils from the lower part of the Utica, between Rochester and 
Preston streets, Ottawa, Ontario. Acc. No. 77. 

By Purchase. 
Bassler, Dr. Ray S.-

A collection of 400 species of bryozoa. Acc. No. 50. 

Comer, Capt. George-
Fifteen specimena from the Silurian at Southampton island, Hudson bay. Acc. 

No. 46. 

ADDITIONS TO THE PALAWBO'l'ANICA L COLLECTIONS DURING 1911. 

Mr. vV. J. Wilson reports that collections of fossil plants were received, during 
the past year, as follows:-

B!y Presentation. 

Mr. James Crawford, Ottawa, per W. J. Wilson-
F our large segments of a fo%il tree and twelve small fragments of same, from 

W allace quarry, Cumberland county, Nova Scotia (Coal Measures). 

Collect ed by Officers of the Geological Siirvey. 

_K eele, Joseph-
Twenty small specimens of Tertiary foss il plants from the Dirt hills, Saskatche­

wan. 

Leach, W. W.-
F our small specimens of Cretaceous fossil plants from Blairmore creek and Ma 

butte, Alberta. 

Malloch, Geo. S.-
Thirty-four specimens of fossil plan ts (Kootenay) from the Groundhog coal 

basin and Upper Skeena river, British Columbia. 

Dowling, D. B.-
Twelve specimens of foss il plants (Kootenay) from Jasper Park collieries and 

near Folding mountain, J asper Park, Alberta. 

Reinecke, L.-
Twelve specimens of foss il plant:> (Miocene) from Beaverdell district, British 

Columbia. 

II 

Invertebrate. 

(P ercy E. Raymond.) 

FIELD WORK. 

OTTAWA VALLEY. 

The months of June, July, and a part of August were spent in an investigation 
into the stratigraphy of the Ordovician formations of the Ottawa valley. The 
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principal rock exposures about Ottawa, Rawkeabury, Montreal, Cornwall, Brockville, 
and Kingston were studied, and a short trip into New York state at Clayton and 
Watertown was made under the guidance of P.rofessor H. P. Cushing of Western 
Reserve University. A week was also spent with Mr. W. A. Jonhston, in going over 
some of the better sections at localities on the Brechin and• Kirkfield sheets, 
Simcoe district. These sections are described in Mr. Johnston's reports. Mr. E. J. 
Whittaker acted as assistant throughout the sea:>on, and did very excellent work. 

The Ordovician formations of the Ottawa valley usually rest upon the Poredam 
sandstone, which is supposed to be of upper Cambrian age, and formations of the fo l­
lowing ages occur, beginning with the oldest: Beekmantown, Chazy, Pamelia, Low­
ville, Black River., Trenton, Utica, Lorraine. The result . of the season's work on 
each of these may be summarized briefly. 

Beekmantown. 

In the vicinity of Brockville and Smiths· Falls the Beekmantown is divisible 
into two formations. The older formation has two members. The lower part is 
a rather soft calcareous sandstone, u:mally thin-bedded. In places, however, the 
cement is siliceous -and the beds very hard. These beds are especially well exhibited 
about the railway station at Smiths Falls, and in the cuttings south of the station 
on the line to Brockville. Fossils are there fairly common, and the presence of 
Ophil-eta complanata, and a gastropod very like Pleurotomaria canadensis indicate 
the Beekmantown age of the formation. The upper member of this formation is a 
thin-bedded bluish dolomite which weathers to a rnsty yellow colour. These beds con­
tain obscure gastropodis and crinoidal remains. At Smiths Falls the thickness of 
.the whole formation is above 70 feet, but it seems to thin northward, for it appears 
to be only about 20 feet thick at Rockland, where it also contains gastropods, and 
only the lower, sandy member is present. At Ste. Anne de BelleV'lle this· formation 
seems to be absent, and the layers which are above it at Smiths Falls rest directly 
upon the Potsdam ,;andstone. 

This formation appears also in N ew York state, in the vicinity of Clayton, and 
has been given the name Theresa by Prof. Gushing. This name may be adopted in 
Canada also. 

Above the thin-bedded dolomite of the Theresa there are heavier-bedded lime­
atones and dolomites with a rather large fauna. The greater part of the species are 
found also in the lower part of the Beekmantown section in the Champlain valley, 
thus fixing the age rather definitely a,; lower Beekmantown. It will, however, be 
necessary to give a new formational name to these beds, and Beauharnois may be sug­
gestedi, from the classic exposures along the Beauharnois canal between V alleyfield 
and Beauharnois. In the upper beds at Grenville and at the mouth of the Little 
Rideau, there i" a rather peculiar fauna, dominated by Bathyurus angelini, which has 
heretofore been incorrectly referred to the Chazy. 

Chazy. 

The investigation of the stratigraphy of the Chazy formation, started last year, 
was continued, and it was found that the so-called Chazy of the Ottawa valley was 
composed of two formations, separated by an unconformity which represents a time 
interval during which the eastern sea withdrew to the ea.st and the interior sea 
advanced from the southwest. 

The beds in the Ottawa vaUey which are really of Chazy age are those referred 
to as the Chazy sandstone in the various reports on the district. In the vicinity of 
Ottawa, this formation ha.s a thicknes.:> of 125 to 150 feet, the upper 20 feet being an 
impure limestone, and the lower part sandstone and shale. The lime~tone at the top 
c0ntains fossils characteristic of the upper Chazy. Although this limestone is thin, 
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it can be traced eastward along the south side of the Ottawa river, through Rock­
land, L'Orignal, and Hawkesbury, becoming thicker, purer, and more fo'lsiliferous 
as one proceed;; eastward. At the Ross quarry on the Little Rideau, 6 miles east of 
Hawkesbury, it is a massive coarse-grained limestone, with a very abundant and 
characteristic upper Chazy fauna. 

The name Aylmer formation has been applied to this development of the upper 
Chazy in the Ottawa valley. 

Pamelia. 

At Ottawa, the thin limestone of the upper Chazy is followed by a formation 
which is shaly and sandy in its lower portion, but consiats for the greater part of 
limestone. There are two easily recogni2lable divisions, the lower composed of dark 
blue and grey limestone full of ostracods, with sandy shales at the base. The second 
consists of light buff, fine-grained, pure limestone alternating with beds of bluish 
magnesian limestone, which weathers yellow. At the base of the upper diviaion is a 
bed of coarse sandstone. Neither division contains any greater variety of fossils, 
but such species as are found are more nearly akin to the Lowville and Black River 
faunas than to the Chazy. As this formation is traced eastward it becomes thinner. 
The last acuu.al outcrop seen in that direction is at L'Orignal, and at Montreal the 
Lowville rests directly upon the limestone of the Aylmer formation. 

In northern New York there is a formation beneath the Lowville which is litho­
logically similar to this. It, too, consists of two members, the lower of rather pure 
<lark limestone, and the upper of alternations of pure buff limeatones and "cement 
beds." Through the kindness of Prof. Cushing the writer was able to see some of the 
ibest exposures of this formation, and found the upper beds identical in lithology and 
fauna with the beds in a similar stratigraphic poaition at Ottawa. The dark lime­
:itone of the lower division in New York has, however, a very different fauna from 
the beds in a similar position at Ottawa. The characteristic fossil of these beds in 
New York is a species of T etradium, still undescribed. This coral has not yet been 
found in the Ottawa valley, but the writer found it to be abundant in the lower 
Pamelia of southern Ontario, at Kingston MilLs (near Rideau station) and at Rush 
bay on Wolfe island. At the latter locality, the limestone holding the Tetradium is 
underlain by a brown and black shale with an abundance of ostracods, among them 
Isochilina? clavigera. This ostracod is abundant in a similar black shale beneath the 
<lark limestone at Ottawa, and it is believed that the shales at the two localities 
represent the same horizon. If this be so, then the name Pamelia can be adopted 
for the formation in the Ottawa valley.-

Lowville. 

As at present restricted, this name is applied only to the buff, fine.grained lime­
,,;tone characterized by Tefradium cellulosum and Bathyurus extans. During the 
season very good collections of the fossils of this formation were made at Pointe 
Claire, Rockland, and Ottawa. The formation is from 15 to 30 feet thick in the 
Ottawa valley, but th~ns northward and ea.stward, being entirely absent at Joliette, 
where the Black River rests upon the upper Chazy. 

Black River.1 

In the Ottawa valley the Black River formation proves to be from 30 to 40 feet 
in thickness, air1d conisists of two -portions. The lower 15 feet consists of fine-grained, 

1 The name Black River is here used in the $ense in which it has been accepted in New 
York until recently, i.e., as including those beds between the 'Birdseye' and Trenton which 
contain Columnaria, Gonioceras1 Hormotoma, etc. It may be well to use the term as was 
done by Vanuxem in 1842, in wnich case a new name must be given to the formation, and 
_it, with the Lowville and Pamelia, would constitute the Black River group. 

26~23 . 



354 GEOLOGICAL SURVEY 

2 GEORGE V., A. 1912 

black, earthy limestone with a large fauna, while the upper part is usually coarser­
gra.ined, blue limestone with very few fossils. The lower member is unlike the Leray 
formation of the typical Black River at Watertown, New York, in that it lacks the 
chert which is so abundant there, and the upper part differs from the Watertown 
limestone in its fauna. The question of the nomenclature of this formation is too 
complicated to be entered upon here. 

Trenton. 

The various exposures of the Trenton around Ottawa were studied with great 
care, in an attempt to correlate the various beds and make out a complete section of 
the formation. In spite of the numerous and good exposures, the faulting has so 
obscured the relationships of the various beds that it is difficult to ascertain the exact 
thickness of the formation. The following zones have been recognized, beginning 
with the lowest :- ' 

(1) Thin-bedded pure blue-black limestone characterized by Orthis tricenaria, 
Phragm!otites compressus, etc. These beds are very poorly exposed at Ottawa, and. 
have an estimated thickness of about 40 feet. They are weli shown above the Black 
River in the Stewart quarry at Rockland, and were also seen at Fenelon Falls, and at 
Kirk:field lift-lock, in the region surveyed by Mr. Johnston. 

(2) Thick and thin-bedded blue limestone with a large amount of chert, d>eveloped 
as flat plates parallel to the bedding. These beds are particularly well shown in Hull, 
and furnish a large part of the building stone and crushed stone used in Ottawa. 
J u:>t at the top of these beds are the layers from which a large part of the crinoids 
found in Hull have been obtained. Strata with the same fauna as these beds occur 
in central Ontario at Fenelon Falls and the Kirkfield lift-lock, where they occupy the 
same stratigraphic position as at Ottawa. The thickness of these beds is about 65 
feet. 

(3) Massive, coarse-,grai·ned, blue-grey limestone with few fossi ls. This is the 
horizon in which are located the large quarries on Montreal road, 3 miles east of 
Ottawa. The same beds are exposed in Hull, but are not quarried at the present 
time. They ·seem to be absent from the section in Simcoe district, central Ontario. 
The most common fossil is a species of T etradium, very like T. cellulosum. The 
tbiclu:ess is about 35 feet. 

(4) Very thin-bedded limestone with thick shale partings. Characterized by 
abundant large bryozoans of the genus Prasopora. This bed seems to have a very 
wide distribution, and the fossils are beautifully preserved. Specimens were col­
lected from it this season at Brechin, Kirkfield lift-lock, and Fenelon Falls in central 
Ontario, at Ottawa and Finch in eastern Ontario, and at Montreal, Charlesbourg. 
Beauport, and Chateau Richer in Quebec. In spite of their thin-bedded and shaly 
character, the strata of this zone are extensively quarried. The thickness of the zone 
is small, usually not more than 25 feet, and frequently less. 

(5) Rather thin-bedd>ed light-grey limestone with thin shale partings. This is 
the zone with Pleurocystite-s, Agelacrinites, and a crinoid fauna similar to that found 
in No. 2. Thickness, about 75 feet. 

(6) Heavy-bedded, fine-grained limestone with clay irregularly distributed through 
it. These layers weather into an irregular rubbly mas:>. Characterized by Hor­
motorma trentorvensis, Rafirvesqwina deltoidea, sponges, and, at the very top, by a 
great abundance of Gyclospira bisulcata. Thickness, about 75 feet. 

Utica. 

Lower Utica (Collingwood formation).-The rubbly-weathering limestone at the 
top of the Trenton is succeeded by a thin formation consisting of layers of fine-grained, 
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rather pure blue limestone alternating with thick beds of soft brown shale. The 
total thickness of the formation is not definitely known, but it appears to be less than 
50 feet. The fauna of this formatioo differs from that of the ty.pical Utica in many 
respects. Gr aptolites are practically absent, and the characteristic species are Ogy­
gites canadensis (Chapman), Dalmanella;, emacemta, Hall, Triarthus becki, Green, 
and Oxoplecia calhouni, Wilson. This Atlantic fauna is well developed at the same 
stratigraphic horizon at Collingwood, Ont., and that n ame iii; suggested for the 
formation. 

Typical Utica.-The shales above the Collingwood formation are much darker 
than those in the lower formation, and contain the graptolite fauna of the typical 
Utica. 

QUEBEC AND VICINITY. 

The time from August 15 to October 8 was spent in the study of the Ordovician 
formations in the vicinity of Quebec. l\fr. Whittaker devoted his time with marked 
success to the study of the upper formations north of the St. Lawrence and east of 
the St. Charles river, making especially fine collections from the Trenton. In spite 
of the large amount of work which has been done on these particular strata, and the 
abundance of fossils, there still seems to be some uncertainty as to the age of these 
r elatively undis turbed beds, and a brief account of the results obtained by. Mr. Whit-
taker and the writer thi.;; season will serve to set forth the data. . 

The oldest beds now exposed! ini this area are those in the giorge at Lorette, where 
the basal la.)7 er 1·ontains Parastrophia hemiplicata, Phragmolites compress·us, and 
other fossils. Thi~ layer is followed by 10 feet of limestone with aiumerous straight 
cephalopods and Heceptaculites, and then comes the bed with. the coiled cephalopods, 
Trocholites canadensis and P lectoceras halli, in abundance, and Tetradium fibratum. 
This section is very similar to the basal portion of the Trenton on Lake Champlain, 
t he Parastrophia hemiplicata fauna being the oldest in the Trenton there. 

The oldiest beds exposed in the bed of the Montmorency river are a half mile 
above the falls . · At this locality Plectoceras halli and Trocholites canadens·is are 
abundant, as is Tetradimn fibratwm, and thus correlate this bed with the third zone 
at Lorette. In passing southward to the brink of the falls, beds higher than these 
are seen resting on the granite with a basal arkose which has frequently been 
described. Groups of sponges in situ, attached to t he grani te, show that this was a 
granite ridge in the Trenton sea, as was pointed out long ago by Bigsby. 

Above the Tro·cholites zone there is a considerable thickness of limestone, pro­
bably about 250 feet, of Trenton age. The lower half is characterized by an abun­
dance of Triplesia nuclea aill<l Trinucleus concentricus, well shown at Montmorency, 
Chateau Richer, and Beauport . In the middle is the zone with Prasopora, and at the 
very top, at Point Trembles, is a. zone with OlyC'lospira bisulcata, as at Ottawa. The 
presence of this zone is import ant, as it indicates that the base of the black shale 
(Utica) can not be much older here than at Ottawa. -

Above the Oyclospira bed al:e about 100 feet of thin-bedded, clayey limestone 
containing a few Trenton survf vors, and the first Utica invaders, Triarthus becki 
and graptolite:;. These beds are best shown in the eastern ravine below the falls at 
Montmorency, and at Point Trembles. Above these beds are black and brown shales 
with graptolites which Dr. Ruedemann very kindly examined and which he finds to 'be 
typical expressions of the Utica apecies. 

These black sh ales a.re about 2'00 feet thick. and they are followed at Mont­
morency and along the north shore of the St. Lawrence, west of Cap Rouge, by 
several hundred feet of s.oft brown micaceous shales· with graptolites, brachopods, and 
trilobites. From their positions above the Utica and the presence of Olimatograptus 
bicornis, TriarthilS beclci, Trinucleus concentricus, and Oatyzyga erratica, these btds 

26-23~ 
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are thought to be of Frankfort age, possibly shading upward into the Lorraine. In 
the upper part are thin layers of sandstone and limestone conglomerate. 

QUEBEC CITY. 

A comiderable time was spent in a search for fossils in the limestone and shale 
of the Quebec City formation, but although a number of new localities for grapto­
lites were found, no fossils other than graptolites and inarticulate brachiopod:> were 
obtained, except in the ptlbbles 0f the conglomerates. 

A band of conglomerate with very fossiliferous limestone pebbles is well exposed 
in the axis of an anticline at the foot of Mountain hill, and a similar conglomerate, 
with the same fo:>sils, can be traced from the foot of the hill at Dambourges street 
along the northern bluff to Cote de la Negresse. The pebbles of this conglomerate, 
and the higher one back of the M01Utcalm market, have afforded numeroll:l fossils to 
Mr. T . C. W.:iston, Dr. H. 11. Ami, and the writer. The more important species are:-

Nidulites, sp. ind., 
Christiania trentonensis, Ruedemann, 
'Plectambonites pisum, Ruedemann, 
H ebertella bellarugosa, (Conrad), 
Ra(inesquina champlainensis, Raymond, 
Parastrophia hemiplicata, Hall, 
Ampyx hastatus, Ruedemann, 
A mpyx cf. A. halli, Billings, 
Tretaspis reticulata, Rued.:imann, 
Isoteloides cf. I. augusticaudus, Raymond, 
Sphrerocoryphe majror, Ruedemann. 

This is the fauna described by Ruedemann from the conglomerate at Ry;;edorph 
hill, near Albany, and the fossils have more recently been found in place in the 
Chambersburg limestone of eastern Pennsylvania by Ulrich and Stose. There seems 
to be no doubt that this fauna is of the age of the lower Trenton, but no such fauna 
has been found in the more "normal" Trenton rock.;; north of the St. Charles. 

LEVIS. 

A detailed study of the stratigraphy of the closely folded shales and limestones 
of the Levis formation was made, in an attempt to locate the various graptolite zones 
in a section. The results of the surveys and measurements have not yet been com­
piled. About ten days were also s•pent in studying localities in the vicinity of the 
Champlain-St. Lawrence fault in northern Vermont, at Philipsburg, Bedford, Mystic, 
and St. Dominique. It was found that there were no strata of Chazy age in the sec­
tion at Philipsburg, and that the so-called Chazy shales which overlie the Beekman­
town .at Bedford are probably the equivalent of the Levis shales at Levis. 

0~' ~'ICE WORK. 

The work on the catalogue of the types in the collection of invertebrate fossils 
has been actively prosecuted by Miss A. E. Wilson, and the identifications checked 
by the writer. The portion of the collection containing the Cambrian, Beekmanto~n, 
and Chazy fos.~ils has been practically completed. This portion presented more dif­
ficulties than can be expected from any other part of the collection, as the specimens 
were poorly figured, frequently not figured at all, or the types were not marked, and 
the collection has suffered, by passing through maDJY hands. In this part of the col­
lection many of the types appear to be lost. 



SUJJMARY REPORT 357 

SESSIONAL PAPER No. 26 

Beside3 the routine work of the office, the writer undertook the study and revi.sion 
of the .species of the trilobite genus Bathyurus, a genus whose real stratigraphic 
>alue bas been destroyed by the incongruous assemblage of forms which have been 
referred to it. This work can not be carried further unt il the illustrations are m~de 
for it. 

In speaking of the accessions to the collection during the year, especial mention 
should be made of the liberali ty of Sir James Grant in presenting bis collection to 
the Museum. This collection contained the type of Harpes ottawaensis, Billings, 
and several especially fine c:ystids from the vicinity of Ottawa. 

Collections have been examined and reported upon for the following members of 
the staff :-

Mr. D. D. Cairnes-
Large collection from the upper Ordovician, Silurian, and Carboniferous from 

the Yukon-Alaska boundary, south of the P orcupine river. 

Mr. C. Camsell-
Specimens of A ucella piochii from Lightning creek, Yale di ~trict, British 

Columbia. 

Mr. D. B. D owling-
A large collection of middle Cambrian, upper Devonian, and Mi"sissippian 

fossils from Jasper park, Alberta. 

Mr. R. W. Ells-
A large collection of middle Silurian fossils from Charlotte county, New Bruns­

wick. 

Mr. E. R. Faribault-
A small collection from the Mississippian on Birch island, Chester basin, I ... unen­

burg county, Nova Scotia. 

:Mr. R. Harvie--
Large collection of middle Silurian fossils from Knowlton Landing, Lake Mem­

pbremagog, Quebec. 

Mr. W. A. J obnston-
Large collection of lower Ordovician fossils from central Ontario. 

Mr. A. C. Lawson-
Collcction of Richmond fossils from 6 miles west of Fort Frances, Ontario. 

Mr. W. Leacb-
Small collection from the Benton shale and a single specimen from the Missis­

sippian, near Blairmore, Alberta. 

Mr. George S. Mallocb-
Small collection of Mesozoic fossils from the Skeena di.;tri ct, British Columbia. 

Ml'. S. J. Scbofield-
Small collection of Mississippian fossils from Wardner, East Kootenay di stricj;, 

British Columbia. 

Mr. G. A. Young-
Collection of lower Devonian fossils from we3tern New Bruns·wick. 

• 
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III. 

P .AL1EOBOTANY. 

(W. J. Wilson.) 

The first .part of the year was occupied in packing fossils preparatory to moving 
them to the Victoria Memorial Museum, and in unpacking them and placing · them 
temporarily in cases in the new Museum. Continuing work begun last year, C()Il­

siderable time was spent in the preparation of a catalogue of the type specimens in 
the Museum. A large collection of Carboniferous plants from New Brun.:5wick was 
labelled, and labels were prepared in manuscript for all the foss il plants in the Museum 
so far catalogued. These labels were prepared for the printer so as to be ready when 
the specimens are placed on exhibition in the new cases.. This list required consider­
able research as the synonomy of each species had to be carefully examined. 

There were several collection& of Tertiary plants from British Columbia stored 
in drawers under the exhibition cases, that had been identified by Sir J. W. Dawson. 
These were numbered and catalogued, also some small recent collections identified 
by Dr. F. H. Knowlton. A collection of Oligocene plants from British Columbia, 
containing several hundred specimens collected by Mr. L. M. Lambe and identified 
by Dr. D. P. Penhallow was al;;o numbered and catalogued. Miss A. E. Wilson 
assisted with this lot. · 

Among the Carboniferous .plants from Minto, New Brunswick, were the section 
of a cone and several separate bracts belongi.ngi to the same species. These I have 
described under the name Lepidostrobus mintoensis, sp. nov., and the description 
will be pubhshed in the bulletin soon to be issued by this Department. 

During the present year different members of the staff brought in small collec­
tions of Cretaceous iand Tertiary plants from British Columbia, Alberta, and Sas­
katchewan. These specimens were &tudied and named in part and were afterwards 
forwarded to Dr. F. H. Knowlton, of Washington, who revised my list and extended 
it by adding ,several species. The following species are from the list as revised. 

The largest collection was obtaiined by Mr. G. S. Malloch from the Groundhog 
coal basin a.nd vicinity, Skeena river, B. 0. ln this collection the following genera 
.and species were identified:-

Oladophl·ebis virginiensis, Fontaine. 
" -(isheri, Knowlton, 
" ? sp.,, 

Nilsonia parvula, (Heer) Fontaine, 
" sp. ?, 

Oleandra graminmfolia ?, Knowlton, 
Zamites montana, Dawson, 
Equi-setum phillipsii ?, (Dunker)1 Brongn, 
Baiera multinervis, N athorst, 
Podozamites lanceolatus ?, (L. and H.) Br. 
Gleichenia, sp. ?. 

Of these Oladophlebis virginiensiS>, 0 . fisheri, Equisetum phillipsii, and Baiera 
multirvervis are reported from Canada for the first time. 

The plants of this collection are of Kootenay age except Baiera multinervis and 
Podozamite.s lanceolatus which indicate the Jurassic . 

• 
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In Mr. Leopold Reinecke'<; collection of about a dozen specimens from the Beaver­
dell district, B.C., there are only tw-0 specimens sufficiently well preserved to admit 
of specific identification, and these apparently belong to a inew genus which will be 
described later. The general appearance of these plants indicates the Tertiary. 

Jn Mr. D . B. Dowling's small collection of plants from J a·~per park, Al):ierta, 
there are only two species, viz.:-

Sequoia reichenbachi, (Gein) H eer, 
Sphenolepidium kurrianum, Heer. 

The latter is 1I1ew to Canada and both species are of Kootenay age. 
In Mr. J . Keele's frllb"'Illentary collection from the Dirt hills, Sask., the follow-

ing species were identified:-

Equisetum, 8p. nearest E. oregonense, Newb., but smaller, and probably new, 
Glyptostrobus europ(JJWS, Brong.n, 
Leguminosites arachioides, Le3q., 
Onoclea sensibilis f ossilis, N ewb., 
Fragments of dicotyled-Onous leave3 but not determinable. 

These plants belong to the Fort Union group. 
A few specimens brought in by Mr. W. W. Leach from Blairmore, Alberta, con­

tain the impre:>siou of rootlets and are indeterminable. 
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MIINER.ALOGIO.AL DIVISION. 

(Robt. A. A. Johnston.) 

The work performed in this section has not differed materially in character from 
that of previous years. About four hundred and fifty specimens have been examine.Q. 
and reported upon. The removal of the Geological Survey from the. old building on 
Sussex street to the Victoria Memorial Museum has entailed a serious handicap in 
the matter of laboratory faciliti~, and it has not been possible to give the attention 
to details in many cases in which it has been desirable. It is hoped though that with 
the installation of a ·Small laboratory equipment in the Museum building this dif­
ficulty will be in large measure removed. 

MINERALOGICAL NOTES. 

DIAMOND. 

The finding of micro3copic diamonds in association with the chromite of Olivine 
mountain (Summary Report of the Geological Survey, 1910, p. 262) suggruted the pos­
sibility of finding this mineral under similar circumstances elsewhere, and at the sug­
gestion of Mr. J. A. Dresser, examinations were made of a number of specimens from 
the vicinity of Black Lake, Megantic county, Quebec. Specimen No. 1 consisted of 
massive chromite from the Montreal pit, and· was found to contain 0·06 per cent of 
microscopic diamonds similar in all respects to those which have been described from 
Olivine mountain; specimen No. 2 consisted of serpentine, but the presence of dia­
mond in it was not detected; a third piece comisting of peridotite also gave ;negative 
results. 

A very interesting occurrence of diamond was noted in connexion with the 
chrome .picotite of Scotty creek, Bonaparte river, Cariboo district, British Columbia. 
From a specimen of this material a mass was obtained which measured fc- of an 
inch in diameter. This mass rapidly broke up into a Il'umber of pieces. which, under 
the microscope, could be seen to be made up of minute octohedral crystals arranged 
in parallel position; in the course of few days the mass had completely disin­
tegrated. 

During the summer season Mr. Charles Camsell made a collection of eleven 
samples of concentrate:; from the gravels of Tulameen river and tributaries, Yale 
district, British Columbia. Time, however, did not permit of the examination .of 
more than three of these, all of which came from the vicinity of Eagle creek. One 
sample consisting of 5 grammes of fine concentrates, about a third of which was 
magnetite, did not yield any diamonds; another labelled "Concentrates from loose 
sand" weighed 7 grammes, and yielded two minute diamonds along with a number of 
minute rubi~; the third sample, which was labelled " Conglom1'rate river-gravels," 
weighed 391 grammes and yielded a number of minute diamonds along with a few 
rubies. 

TOPAZ. 

This mineral was first noted in some specimens sent to Mr. E. R. Faribault by 
Mr. Samud Freeze, Doaktown, N.B. The locality of occurrence was given a;; " One­
half mile up from mouth on Burnthill brook (S. W. Miramichi), N.B." These speci­
mens had evidently been taken close to the surface, as they were all rather heavily 
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coated with rust an·d otherwise showed the effects ·Of exposure to the weather. Subse­
quent to the receipt of these specimens the locality was viaited by the Director of 
the Geological Survey, Mr. R. W. Brock, who observed the same mineral occurring 
at other places in the neighbourhood, particularly on a hill on the ,;;outh side of the 
Southwest Miramichi river, opposite to and abo·u.t a fourth of a mile d•istant frnm 
the mouth of Burnthill brook (The Canadian Mining Journal, vol. 32, 1911, p. 549). 
HeN, as elsewhere in the district, the mineral is generally very much weathered and 
it is only rarely that material of gem quality haa been observed. The topaz occurs 
either as crystalline masses or a::; individual crystals ranging from those of minute 
dimensions to others having a diameter of £ of an inch. The colour, where it can be 
observed on a fresh surface, is generally milk white; in the caae of a few of the 
smaller translucent crystals the colour ia smoke gNy. The associations are quartz, 
wolframite, molybdenite, and cassiterite. The wolframite and molybdenite are 
reported to occur in considerable abundance; the cassiterite has so far not been noted 
in any apprP.ciHb1e amount. 

WORK PERFORMED BY MEMBERS OF DIVISION. 

MR. R. L. BROADBENT. 

Excepting short periods in which he was engaged in securing specimens for the 
Fe::;tival of Empire Exhibition in London, Mr. Broadbent was employed co·ntinuously 
during the :first half of the year in preparing mineralogical specimens for the Museum, 
and the excellent order in which the collections now are bears W.Stimony to the dili­
gence and patience with which he carried on this work. 

Mr. Broadbent died on the 16th day of July after a brief illness. He had been 
continuously in the employ of the Geological Survey since 1881, and had superin­
tended the arrangement of the mineral exhibits in the Canadian sections at a number 
of the World's Fair,;;. In the interval between 1903 and 1908, his time was dfwoted 
almost entirely to this work under the dir.:ction of the Canadian Exhibition Commi:>­
sioner, Mr. Wm. Hutchison. His experiences at these exhibitions rendered him par­
ticularly well :fitted for the duties which would have devolved upon him in arranging 
the collections in the Victoria Memorial Museum, and his ·death at this junctui:e 
entails a serious loss in the Mineral Section of the Museum. 

MR. STANLEY P. GRAHA:llI. 

The vacancy crtated by the death of Mr. Broadbent was :filled in October by the 
appointment of Mr. Stanley P. Graham. 

Since his appointment Mr. Graham has for the most part been engaged in the 
extension of the Index of Canadian Minerals, and has made very satisfactory pro­
gress in this c-0nnexion. 

:llIR. A. T. :l.ICKINKON. 

As in previous years, Mr. McKinnon ha.s continued to render most faithful ser­
vice in connexion with the duties that have been entrusted to him. In addition to the 
materials which he has collected for the educational series, he haa also made important 
additions t o the Museum collections. During the season just closed over 10 ton.s of 
material have been a.s8embled for use in the educational collections. Collections 
have been distributed by provinces as follows:-
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Alberta . . ................. . ....... . 
British Columbia ... ................ . 
Manitoba .... . . ... . ... . ....... . 
New Brunswick . . ........... ... .. . . .. 
Nova Scotia ........................ .. 
Ontario .. . ..... ............ .. . ......... .. 
Quebec .......... ...... .. .. .... .......... .. 
Saskatchewan .......... .. .... .. 
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Grade 1. 
1 
1 
3 
3 

11 
16 
11 
2 

Grade 2. 
2 

2 
3 

21 
11 
15 
2 

The thanks of the Department are due to the following gentlemen for much 
kindly wsistance in assembling materials for these collections:-

Captain Lawson, Copper Cliff, Ont.; Messra. J. G. Sipprell, and B. R. Gordon, 
and Captain Church, Cobalt, Ont.; Mr. W. A. McMurray, Gilmour, Ont. ; Mr. Th~s. 
Momson, Bancroft, Ont.; Mr. Wilson Bailey, Madoc, Ont.; Mr. Bush Winning, 
Ottawa, Ont.; Mr. James McCabe, Notre Dame du La us, Que.; Captain Johnston, 
St. George, N.B.; Messrs. C. M. Hoyt and A. M. Reid, Middleton,, N.S.; Mr. John 
Wasson, Two Island~, N .S. 

ADDITIONS TO MINERAL COLLECTION. 

The following additions have been made to the Ca,nadian section of the miner~l 
collections:-

DONATIONS. 

Mr. Samuel Freeze, Doaktown, N .B.-Topaz, molybdenite, and wolframite from 
Burnthill brook, York county, New Brunswick. 

Mr. S. R. Lanigan, St. Rene de Amhernt, Que.-Group of quartz crystals from 
Amherst, Labelle county, Quebec. 

Mr. J. A. Leamy, Ottawa, Ont.-Native silver from near Wallace mountain, 
Osoyoos division, Yale district, Briti<ih Columbia. 

Mr. M. Lodge, Moncton, N.B.-Wolframite from the parish of Stanley, York 
county, New Brunswick. 

Mr. James McEvoy, Toronto, Ont.~Coke made from a 12 inch seam, north end 
of Folding n10'unta in, Jasper park, Alberta. Coal from lot 133-above Groundhog 
mountain, head-quarters of the Skeena river, British Columbia-6 foot seam. 

Mr. Thomas Gough, Nelson, B.C., per 0. E. LeRoy.-Auriferous pyritous quartz 
from the Poorman mine, Eagle creek, Nelson, British Columbia . 

Mr. H. G. Stillwell, Nelson, B.C., per 0 . E. LeRoy.-Pyrargyrite from the 
Hewitt mine, Silverton, West Kootenay, British Columbia. 

Mr. James Matheson, Stor;noway, Quebec.-Fetid quartz from Winslow, Comp­
ton, Quebec. 

Mr. Robert Musgrave, Victoria, B.C.-Diatomaceou;; earth from a point about 2 
miles from Quesnel, Cariboo district, British Columbia. 

Mr. H. G. Tucker, Owen Sound, Ont.-Sphalerite from the township of Keppel, 
Grey county, Ontario. 

COLLECTED BY OFFICERS AND EMPLOYES OF THE DEPARTMENT OF Mll'<ES . 

Mr·. R. W. Brock-Topaz, molsbdenite, cassiterite, and wolframite from Burnt­
hill r idge, parish of Stanley, York county, New Brunswick. 
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J\fr. D. D. Cairnes.-N ative gold in quartz from Bear creek, Dawson district, 
Yukon. Amkerite from near the intersection of the Alaaka-Yukcm boundary with the 
Arctic circle. M!l6"'hesite from near the intersection of the Alaska-Yukon boundary 
with the Arctic circle. Knot from lignite deposit, Sloko lake, Atlin Mining division, 
Cassi,ar district, British Columbia. 

Mr. D. B. Dowling.-Rock showing casts of salt crystals from the yellow band 
at the foot of Roche Miette, Jasper park, Alberta. Three samples of coal from the 
Castor Goal Company's property, sec. 3, tp. 38, range 14, west of 4th meridian, Alberta. 

Dr. Eugene Haanel.-Co1lection of sixty-five specimens to illustrate Dr. W. A. 
Parks Report on the Building and Ornamental Stones of Ontario. 

J\fr. A. T. McKinnon.-Wire silver from the Cobalt Lake mine, Cobalt, Ont. 
Chromite, Coleraine, Que. Staurolite, Publico, N.S. Chrysotile in serpentine, Thet­
ford, Que. Garnet cryotals, Tudor, Ont. Anhydrite, Hillsborough, N.B. Alabast;er 
with crystals of selenite, Hillsborough, N.B. Alabaster (pink), Hillsborough, N.B. 
Gypsum showing bedding, Hillsborough, N.B. Fluorite coated with barite, Madoc, 
Ont. Olivine sps., Bigelow, Que. Spinelsi in olivine, Bi.gelow, Que. Crystals of 
pyroxene, Hull township, Quebec. Zeolites, including heulandites, chabazites, anal­
e ites, stibnites, and. geodes containing each of these minerals, Two Islands· .and 
Minas basin, N.S. Agates, Two Islands and Partridge ioland·, N.S. Native copper, 
Horseshoe cove, N.S. Apatite crystals, Hull township, Quebec. Pyroxene crystals, 
Hull township, Quebec. 

Mr. Hugh S. de Schmid.-Przibramite from North Burgess, Lanark county, 
Ontario. 

Mr. Stewart J. Schofi.eld.-Pyromorphite and cerussite from the Society Girl 
Claim, Fort Steele Mining division, East Kootenay, British Columbia. 

J\fr. Joseph Keele.-Kaolinite from St. Remi de Amherst, Labelle county, Quebec. 

Mr. 0. E. LeRoy.-Series of eight specimens of the ore from the Sunlight mine, 
A:nderson creek, Nelson Mining division, West Kootenay, B.C. Specimen of slicke~1-
sided ore from the Queen Victoria mine, Beasley, Nelson Mining division, We~t 
Kootenay, B.C. Two specimens of quartz! crystals with dependent pyrite crystals 
from the Sunlight mine, Anderson creek, Nelson Mining division, West Kootenay, 
J3.C. Calamine from the Hudson Bay mine, Sheep creek, West Kootenay, B.C. 

PURCHASES. 

Sebastopol, Renfrew county, Ont.-Two la.rge crystals of titanite and serfas of 
!al'.ge crystals of red apatite. 

Per Mr. A. A. Cole, Cobalt, Ont.- Large sheet (7~ lbs.) of leaf silver from the 
Nova Scotia mine and three specimens of native silver from the Cobalt Lake mine, 
Cobalt, Nipissing, Ontario. 

Evans collection.-This collection, which was made by Mr. J. W. Evans, Belle­
ville, Ont., has now been acquired for the Museum. It contains a large series of 
-Crunadian minerals as well as many from foreign localities. 

The following additions have been made to the foreign division of the mineral 
.section of the Museum:-
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Mr. Henry T . Ellie, Murfreesboro, Arkansas, U.S.A.- Four specimens of dia­
mondiferous peridotite from Pike county, Ark.; greenockite on quartz from Marion 
county, Ark. 

Mr. J. R. Haslam, Hebron, N.D., U.S.A., per D. B. Dowling.-Coke made from 
lignite foUn:lJ near Hebron, N.D. 

METEORITES. 

Purchase.-Model of the Willamette meteorite. 
Purchase.-The "Blith:field" meteorite. This is a small siderolite which was 

found August 13, 1910, by Joseph Legree, Renfrew, Ont., on lot 20, con. II, 
Blith:field tp., Renfrew county, Ontario. 
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TOPOGRAPHICAL DIVISION. 

(W. H. Boyd. ) 

PART I. 

FIELD WORK. 

365 

The field work during the past season was allotted as follows: Messrs. R. H. 
Chapman (in change) and K. G. Chipman, the Alberni and Cowichan Lake o;heets, 
Vancouver islandl, B.C. The work was divided along the 49th parallel of latitude : 
Mr. Chapman mapping the .Alberni sheet and Mr. K. G. Chipman the Cowichan J,ake 
sheet ; Mr. W. E. Lawson, the Moncton, N .B., map-area; Mr. A. C. T. Sheppard, tha 
completing of the Slocan, B.O., map-area; Mr. S. C. McLean, the triangulation of 
the Mon.cton map-area and Wi.n,dermere, B.C., area, The reports relating to the above 
work are submitted separately. . 

The writer took charge of the Blairmore-Framk, Alta., map-area and of the 
detal.l map of Turtle mountain and Frank landslide. Field work on these areas was 
started on June 10 and closed on October 17. 

BLAffiMORE MAP-AREA. 

The Blairmore-Frank map-area lie.;; between latitudes 49° 30' and 49° 41'', covers 
an area of about 195 ·square miles, and includes the towns of Coleman, Blairmore, 
Frank, Hillcrest, Bellevue, Passburg, aind Burmis. The publication scale is nho• 
or nearly 1 mile to 1 inch, contours are shown at intervals of 100 feet. The methods 
employed were triangulation control from a measured base at B1airmore, plane-table 
intersection, camera, plane-table and stadia and telemeter. The work on this map­
area was discontinued on August 1, the detail mappi'Ilg of Turtle mountain being 
started in order to have it completed before the Commission appointed to investigate 
the condition of Turtle mountain arrived at Frank. 

The detail map of Turtle mountain and Frank landslide was made on the scale 
of 800 feet to 1 inch with c01ntours at 2'0 foot intervals. The map-area is 3~ square 
miles. The methods employed were triangulation control from measured base at 
Frank, plane-table intersection, transit, and stadia, the greater pa.rt of the detail 
being put in by plane-table and stadia. The camera was also used for part of the 
broken rock detail on the lower slope of the mountain and was found to give very 
satisfactory results for this particular subject on the scale used. The following 
figures will give some idea of the quality of work done on this map: 13,870 point:> 
were fixed and used for the control of the det ail over the ma.p-area, this gives an 
average of 89 points per square inch of map surface. This map was completed about 
the end of September; blue-print copies, profiles along cer tain sections as well as a 
cardboard model of the mountain, were supplied to the Co=ission. During the 
remainder of the field season the work on the Blairmore-Frank map-area was con­
tinued. 

Messrs. B. R. McKay, D. A. Nichols, and A. G. H1mltain were attached to the 
party as topographical assistants and rendered efficient services. The field assistants 
were Messrs. J. R. Cox, D. B. Cole, L. Sewell, H. D. Rogers, F. E. Elliott, and W. 
C. Murdie. Mr. A. C. T. Sheppard and his party, after completing the Slocan work, 
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joined the party at Blairmore on July 25 and remained until the close of the field 
season, greatly assisting with the work of the . general and detail mapping. 

The weather conditions during the whole summer were very unfavourable for 
field work; the lal'lg'e amoun.t of rainfall and the very high winds greatly retarded 
the progress of the work. A quantity of snow fell about the middle of September, 
causing considerable delay. 

Duriillg the early part of May, the writer spent a week in the v.icinity of Moncton, 
N.B., in conmexion with the topographical mapping of that area. 

The writer's thanks .are due to Mr. R. W. Coulthard, general manager of the 
West Canadian Collieries Company at Blairmore, Alta., and to hi s staff, for informa­
tion and kindly assiBtance. 

(a) 

ALBERNI .SHEET, V ANCOUVE1R ISLAND. 

(R. H. Chapman.) 

The field season of 1911 was spent in mapping the Alberni sheet, the map-area 
extending from longitude 124° W. to longitude 125° W., and from latitude 49° N. to 
about latitude 49° 45' N., and lying north of the territory mapped by K. G. Chipmaii. 

Field work was not beglllll, until the first week in July and continued until 
October 25. This region has many peaks rising between 4,000 and 6,000 feet, having 
bare rocky tops, separated by low grade, denaely-timbered valleys. The party was• 
const antly handicapped by smoke, seldom working at more than 60 per cent or 70 per 
cent efficiency. 

The whole area has been greatly eroded by major ice-streams and locally modified 
by smaller isolated glaciers. The drainage is complicated amd la1·gely hidden by 
timber growth. 

The method employed was essentially plane-table survey. Many stationo were 
located from carefully plotted points which had been determined by triangulation in 
1909 and 1910. Many miles of tr.averse were run, in the timber and rough mountain 
country paced dista1I1ces were used, while the wagon roads were run by " wheel" 
traverse methods. These traverses were checked by the plane-table control. Micro­
meters were used on lake and ~ea~shore lines, which were .also controlled by plane­
table location. 

The total area mapped is 1,435 square miles. The field scale adopted is 1 :192000 
--almost precisely 3 miles to 1 inch-for publishing at 1 :250000, or approximately 
4 miles to 1 inch, and contours with an interval of 200 feet were drawn. 

Satisfactory assistance was given by W. H. Davies aind W. C. Grieabach. 

(b) 

CO.WICHAN SHEET, V ANOOUVER ISLAND. 

(K. G. Chipman.) 

The field season of 1911 was spent in mapping the Cowichan Lake sheet. Field 
work was started the last of May and continued to the end of October. During this 
time 1,370 square miles were mapped for publication at 4 mile<J to an inch with a con­
tour interval of 200 feet. J. J. Phillips rendered efficient assistance. 
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The map area extends in longitude from 124°-125° W., and in latitude from 49° 
-about 48°i.25 N.-and is SO'u,th of that mapped by R. H. Chapman. It includes 
Cowichan and Nitinat lakes and the drainage of San Juan, Gordon, Carmanah, 
Seveinmile, and Clanewah rivers, with part of the Jordan. North of Cowichan lake 
the greater part of the country is almost alpine in character, while that to the south 
is lower in relief and everywhere heavily timbered. 

The method employed was plane-table intersection. The micrometer eye-piece 
was used in connexion with the alidade for traversing shore-lines. The area is with­
out roads; trails w,ere put in from pace aneroid traverses or route sketches, the latter 
also furnishing considerable detail i>n the country where there were no trails. 

The work .along the coast was much delayed by fog and the rest of the work to 
a lesser · extent by rain. Because of the heavy timber, stations were very few, while 
the undergrowth and scarcity of trails made travelling difficult. 

The meetings in Trail of the Western Branch of the Canadian Mining Lnstitute 
were attended on May 18 and 19. 

(c) 

TRIANGULATION WORK. 

(S. C. McLean.) 

The early part of the field season of 1911 was spent near Moncton executing a 
local triangulation for the primary control of the Moncton map-area. This work was 
begun on May 5 and :finished Jµne 10. The remainder of the season was spent in the 
Columbia-Kootenay valley executing a secondary triangula.tion of this valley from a 
point near Golden towards the Interoational BoundarY. 

M oncton Triangulation. 

This was of a purely local character, meant solely to furnish the primary control 
0£ the Moncton map-.axea. Accompanied by W. H. Boyd, chief topographer, and W. 
E. Lawson, the area included in the sheet was visited and the scheme of triaa:igula­
tion, afterwards executed, was planned. This comprised the mea,aurement of a base­
line about 11 miles in length, just below Moncton, on the south side of the Petit­
codiac river, an expansion therefrom to the necessary control points and the t ieing 
in of the whole to our initial position, an astronomic pier established in Moncton in 
1908 by the Astronomic Branch of the Department of the Interior. Twelve stations, 
i'Il.cluding two towers, one 40 and the other 15 feet high, were found necessary and 
these were signalled and observed. When observing, any prominent points such as 
church steeples, factory chimneys, etc., which promised to help the control, were cut 
in. An observation was made on polaris for azimuth, and the geodetic positions of 
all the points were computed am.J handedi to W. E. Lawson (in charge of the topo­
gmphy) before leaving the field. 

A 4~ inch Berger transit reading to 1 minute was used for this work, the angles 
being read by repetitio~, three direct and three reverse. The weather througho{tt 
was very favourable. 

Columbia-Kootenap Triangulation. 

This is a secondary triangulation to serve the double purpose of CODJil.ecting the 
trigonometric survey of the railway belt, executed by the Topographic Branch of 
the Department of the Interior with the triangulation of the Inter>ruational Boundar;v 
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Survey, and of furnishing the primary control for the proposed Windermere and East 
Kootenay Topographic sheets. 

Stati0I1JS XXI (Spillimacheen) and 0 qf the railway' belt triangulation were 
chosen as base and, using the mountain ranges of each side of the valley, eleven other 
stations were selected 31Ud signalled, thus carrying the triangulation south as far as 
Sheep creek. This work took until about September 1, when it was decided to begin 
revisi ting and observing the stations signalled. The weather for the remainder oi 
the season was very unfavourable and only .;;even of these stations were reoccupied. 

The instruments used were-for obtainimg the approximate position of the sta­
tions when planning the triangulation, a 15 x 15 inch plane-table- for reading .the 
acgles, a 6! inch Berger theodolite with horizontal circle graduated to 10 seconds, 
vertical circle to 30 seconds. The horizontal amgles were read by repetition, 6 direct 
and 6 reverse. For the vertical control, double zenith distances were taken. The 
centre of ,all stations was marked by a O.G.S. Standard brass plate B.M. fixed in _a 
drill-hole in the rock. The signals are cairns of rock and were covered with whitf! 
or black cloth as seemed best. 

The season was wetter than is usual in this district. The first week or ten days 
of both July am,d August were passed in enforced idleness due to continuous rain 
and fog. The remainder of each month was fine. September, being a month of low­
lying clouds with considerable snow on the mountains, w,a.s almost wholly lost for 
triangulation, one station only being occupied. October, after the first few days, 
proved fine and it was then that most of the observing was done. The new snow at 
this time on the mountains made the climbing of the more difficult points dangerous, 
so the easier points having beE!n observed the season closed on October 24. 

J. Lanning, technical assistant, proved specially well adapted for the work. 

(d) 

SLOOAN :MAP-AREA, BRITISH COLUMBIA. 

(A. 0. T. Sheppard.) 

The writer's instructiolll.S for the field season of 1911 were to finish the topo­
graphical mapping of the Slocan district, and on the completion of this work, to join 
Mr. Boyd at Blairmore, Alta., on the mapping of that area. Owing to the dense 
smoke caused by the fire which swept a portion of the Slocan in 1910, it was found 
impossible to finish in tha.t year, and to complete the work it was necessary to occupy 
some seventeen camera stations and trnverse about 40 miles of trails and railways 
this season. · 

Work was commenced on June 10. The spring was late, heavy snow remaining 
on the higher peaks until the end of June, so it was considered advisable to leave the 
stations on these peaks to the last. During the latter half of June and the first week 
in July, rain fell almost continually. All traverses were run by plane-table and stadia. 
Mr. F . S. Falconer proved a valuable topographical assistant, and Mr. W. H. Losee, 
as field assistant, did his work in a satisfactory manuer. 

Field operations in this area were completed on July 24, and the party joined Mr. 
Boyd at B lairmore on July 25. The balance of the season was spent on the Blair­
more sheet a1J1d on th i:i detail map of the Frank landslide. 
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(e) 

MONCTON MAP-AREA, NE,W BRUNSWICK. 

(W. E. Lawson.) 

Field work during the season of 1911 in connexion with the topographic map of 
the Moncton map-area commenced about the middle of May and continued without 
interruption up to the end of October. The area mapped is somewhat larger than 
the standard :fifteen-mim.ute sheet, being 12.3 miles in an east and west, and 18·7 
miles in a north and south direction, covering a total area of approximately 230 square 
miles. The astronomic boundaries are roughly as follo"·s: latitude, 45° 51' N. to 
46° 07' 30" N.; longitude, 64 ° 37' W. to 64 ° 52' W. This includes portions of the 
cuunties of Albert and Westmorland; the city of Moncton and' suburbs; a portion 
of the ·oil-field worked by the New Brunswick Petroleum Company; the producing 
<Jil and gas :fields of the Maritime Oilfields Ltd.; the large gypsum quarries at Hills­
borough; the gypsum deposits on Wilson creek (not being worked at present); 
Albert Mmes; and the oil-shale belt south and west as far as Ro·sevale. 

The field scale used was 4,000 feet to an inch; the ,ocale of publication to be 

62i 00 or approximately 1 mile to an inch. A 20 foot contour interval was 1adopted, 
as being best suited to the topographic features of the district. 

Primary control of the area was obtained by triangulation worked up by S. C. 
McLean, of the topographical division, and tiect t o the astronomic pier at Moncton, 
which l atter was observed in: 1908 by the Astronomic Branch of the Department of 
the Interior. The scheme of triangulation including base expansion gave eighteen 
fixed points, all of which were used as tie-points for road traverses. It was also 
found necessary to run about 45 miles of transit and stadia control traverse to 
govern a s·ection i•n which it wa;:; impossible to get 1a triangulation station. 

Thirty-nine miles of primary 1evels run .during the early part of the summffi· 
gave good vertical control. The elevations used were obtained fro~ bench marks 
left by the Astronomic Branch when levelling over the Intercolonial railway from St. 
John to Moncton, amd which in turn are based on mean ;;ea-level. Permanent iron 
posts, bras·s-capped (Standard h'ench mark posts) , were sunk at intervals of every 
3 miles along the line of levels, the elevation to the nearest foot being stamped on 
the cap. The exact location and adjusted elevation correct to tenths of a foot are on 
record in this office amd are available shouTd they be required rn local engineering 
work. 

The plane-table tiiaver.:=;e method was used almost entirely in :filling in detail; 
<Jnly a few sections being favourable for plane-table intersection work. Stadia 
traverses were run along all roads, all shore-lines, and wherever possible across open 
eountry, being tied illl to the triangulation points mentioned above, or to some pre­
viously located traverse station. Between stations on these main traverses minor 
traverses with plane-table, tape and aneroid were run along all cr~eks, all hush roads, 
<Jr straight across country at an average distance apart of 1,2'00 feet. On ·all 
traverses, the contouring a1nd delineation of topographic features was done by the 
traverseman when in the field. The pa.st season was especially fovourable for aneroid 
work, the 2l" aneroids reading direct to 120 feet, giving negligible errors on a 
majority of the shorter tra,-erses. The following :figures, approximately correct, 
may prove of interest a<S givi,n;g some idea of the amount of traversing necesary :-

26-24 
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Transit and stadia ............................... . 50 miles. 
Plane-table and stadia.. . . .. .. . . . . . . . . . .. . . . . . . . . 406 " 
Plane-table, 300 foot steel tape and aneroid ... .. .. ..... . ... . 893 

Total. .............. .. ................ . . . 1,349 

My thanks are due to o:ffic~als ()Ill, the engineering ;;ta:ff of the Intercolonial rail, 
way, and to the City Engineer of Moncton for blue prints and data .supplied, assist­
ing materially in mapping Moncton and the immediate vicinity. The corps of field 
assistants was composed of the following men: A. G. Haultain, F. H. McCullough, 
W. G. Hughson, S. D. Robinson, N. A. Thompson, L. H. Badgley, M. B. Heebner, 
A. M. J ameo, J. Messervey, and M. O'Brien. The manner in which these men per-
formed their work was highly satisfactory. • 

Weather conditions during the season were exceptionally favourable, May, June, 
July, and August being uniformly warm and dry, though considerable time was lost 
through heavy rains during September and the early part of October. 

PART II. 

SPIRIT LEVELLING NEAR MONCTON, N. B., 1911. 

The route followed w;as from Moncton, south along the shore road on the east 
side of the Petitcodiac river to its crOdsing with the Salisbury and Harvey railway 
at Weldon, thence along this railway to Boundary Creek station on the St. John 
branch of the Intercolonial railway. A short line connecting Grey Island wharf 
with the Salisbury and Harvey r.a.ilway was also run. The instrumental work was 
done by Mr. A. G. Haultain. 

Instruments and Methods. 

A 15 inch Y level and New York target rod were used. The line was run only 
once. Sights were limited to 300 feet. Backaights and foresights were of equal 
le.ngth, or were equalized daily. Both levelman and rodman read the rod indepen­
dently and kept separate records. While running the line tempol'ary bench marks 
were established about every mile, later a permanent standard pipe bench mark was 
put in at intervals of about 3 miles. The standard pipe B .M. is a heavy 3 inch iron 
pipe about 5 feet long, the lower end of which is split for about 9 inches and spread 
out to form a T-bearing surface; on the upper end ia rivetted a brass cap bearing 
the inscription, " Geological Survey of Canada. Elevation above sea." This pipe is 
buried to within 8 or 10 inches of the surface of the ground, the elevation being 
stamped thereon to the nearest foot. The brass nail ood washer used for temporary 
B .M.'s consist of a round-headed brass nail, 1 inch x ~ inch, with a brass washer 1 
inch in diameter stamped C. G. S. B. M. 

Datum. 

The elevations are based upon mean sea-level as determined by a tide-gauge of 
the United States Coast and Geodetic Survey at Calais, Me., and carried to Moncton 
by the precise levels of the Geodetic Survey of Crunada. The Geological Survey line 
starts from B.M. 132 B and co=ects with B.M. 12'8 B of these precise levels of the 
Geodetic Survey. 
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The precise 'lernls of the Geodetic Survey are connected at :Moncton with B.:M. 
CCCXXXVI of the precise levels of the Public Works Department. The relations. 
between the different lines with the closing error::; are given below. 

B. M. No. CCCXXXVI-Moncton-Public Works Department .. ... ...... .... ...... . 
B.M. " '' Geodetic Survey of Canada ....................... . 
B.M. 132 B, Moncton-Geodetic Survey (reference for Geological Survey line) .. 
B.111. 128 B, Boundary Ci:eek, Geodetic Survey . ...... . .................. . ........ . 
B.M. 128 B, " " as per Geological Survey line ................. . ... . 
B .M. 129 B, Geodetic Survey . . . . . . . . . . . . . . . . . . . . . . . . . .•. ... . 

as per Geological Survey line .............. .. ... . ....... : ..... . 
Closing error of Geological Survey line .. . . ........ ... . ..... . 

Elevation. 
51·42 feet .. 
51·38 " 
51·41 " 
92-84 " 
92·95 
67·54 
67·65 " 

0·11 " 

The above £gures and those in the followil!lg list of bench marks are actual' 
readings without adjustment. 

From I. R. 0. Station, ll'foncton, to Weldon platform on the Salisbury and Harve y; 
.railway; via road east side of Petitcodiac river. 

Moncton-I.C.R. station-brass plug in the stone water table course at S. end of 
E. wall; Geodetic Survey of Canada, B .M. No. 132 B, refer ence ............... . 

Moncton-on turn of road by the round house-4" wire nail driven in supporting 
brace of first braced telephone pole north of bridge ............ ... .. . . ... ..... . 

Moncton-2·4 miles from-200 ft. east of Bridgedale school house; in root of willow 
tree, fourth tree from east end of row of trees on north side of road; small 
brass nail and washer . . . . . . . . . . . . . . . . . . . . . . . . . ... . ...... ...............•.. .. .. . 

Moncton-3·3 miles from-1 mile south of Bridgedale school house; 1,250 ft. N. of 
N. end of earth fill over Mill Creek flats, on west side of road, about I! ft. 
wide; 10 ft. S. of spruce tree blazed at base of trunk facing B.M. Standard 
pipe B.M ............ ... ......... .. . . ........................................... . 

Moneton-3·7 miles from-Centre of bridge over Mill creek ........ ... ....... . .... . 
Moncton-4·1 miles from-2,200 ft. N. of Mud creek; 1,560 ft. N. of Mud Creek 

church; on east side of road, in root of a double trunked spruce tree opposite 
red house, third tree from N . end of row of trees, small brass nail and washer . 

Moncton-5·2 miles from-0-6 miles S. of Mud creek; 0·5 miles N. of Lower Cover­
dale school house; 500 ft. S. of Bobs creek; a knob of quartz (distinguished by 
chisel marks) on granite boulder on east side of road, opposite grey and white 
house .... .. ............ ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

Moncton-6 miles from-on southern lot line of Lower Co-,.erdale church, about 
2 ft. inside of road allowance, 90 ft . S. of centre of road to Niagara, 36 ft. W. 
of centre of road to H illsborough, 63·6 ft. S. of corner of church; Standard pipe 
B.M ..... ..... .. . . .. .. ...... . ..... ... .. . .. ... ..... ........ ... ..... . .. . . ........ . 

Moncton-7.3 miles from-1·3 miles S. of Lower Coverdale church; 340 ft . N. of 
spring and 1Yatering trough on west side of road; head of large nail in tele-
phone pole on west side of road ... ........................................... . . 

Moncton-8 miles from-2 miles S. of Lower Coverdale church; top of Stoney 
Creek hill, white house on west and deserted house on east side of road; cross 
chiselled on sandstone slab under fence on 1rnst side of road, first slab N. of 
rood-gate of white house .. . ...... ....... ..... ................. . .......... . ..... . 

Moncton-9 miles from-185 ft. north of a point on Stoney Creek bridge directly 
over centre of creek, 24 ft. east of centre of road, 39·6 ft. west of maple tree 
with crooked trunk, tree blazed and notch cut in root on side facing B.M. 

Mon~\~~~[~ !il:s ~~~:~_:_:i -~fr~· ·s: -~f. St~"r;~y· c;~~k· 0b~·idg~0 ;0 '6cici ":ft.". s: ~£".~hit~ 
house with red barn and flag pole, on west side of road on top of stump of 
small tree at foot of larger one; small brass nail and washer . . .... ........... . 

Moncton-11·1 miles from-2 miles south of Stoney Creek bridge; 1·4 miles N. of 
Weldon school house; 860 ft. N. of white house on east side of road; small 
brass nail and washer on stump on west side of road ..... . ... ... .. . ........... . 

Moncton-12-1 miles from-3 miles south of Stoney Creek bridge; 0.4 miles N. of 
Weldon school house; almost directly opposite residence of F. W. Miller, 28 
ft. west of centre of road and 1! to 2 ft. inside road allowance. Standard pipe 
B.M ....... .. .......... .. .. ··········· •··· ·· · · ·· ·· ·················· · ········· ·· 

51-41 

27-98' 

79·96" 

70-94 
26 

64·87 

103·03 

182-22: 

142·17 

195·27: 

44·6! 

171-21 

225·141 

133·88 

From ·w eldon plat form to Boimdary Greek, via Salisbury and Harvey railway. 

Weldon-1 mile from-22 ·8 miles from Boundary Creek; nail in guard stringer on 
N . side of trestle over branch of Weldon creek, 4 ft . from west end ........... . 67·47 

Weldon-1-9 miles from-21·9 miles from Boundary Creek; top of rail opposite 
Salem platform.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. .. .... . 112·0 
26-24~ 

' 



372 GEOLOGICAL SURVEY 

2: 6:E:OJRGE v.1., A. 1 912 

Weldon-2·9 miles from--20·9 miles from Boundary Creek ~ 60 ft. N. of the- third; 
crossing of the Salisbury wagon road from Weldon, 2S ft . S.W. of the eentre 
of the railway track, 49 ft . "Y. of the centre of the w:!bg()n road, 11 ft. westedy-
from b lazed and pointed 4 inch pine stump; Standard pipe B.M ..... ..... . . . . 

Weldon-3 ·4 miles from- 20·4 miles from Boundary CNek; switcil. at b ral!JCh tU> 
Manganese mines ; top of rail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . .. . ........... . 

Weldon-4 miles from-19·8 miles from Boundary Creek; 0·5 miles west of sw1teh 
to Manganese mines; 1 mile east of Stoney Creek platform; top of eaisil end of 
centre ground stringer of water tank; small brass nail and washer .. . . .. . . •. . . 

Weldon--4 ·9 m iles from-18·9 miles from Bounda ry CJ:eek; 38 ft. S. of centre of 
track at a point 115 ft. west of centre of road crossing and 150 ft. west of 
centre of Stoney Creek platform, 16 ft. west and north of a birch tree Mazed 
and with good notch in the root on side facing B .M. Standard pipe R.M .... 

W eldon-5·9 miles from-17·9 miles from Boundary Creek; l mile west of Ston ey 
Creek platform; 0·2 miles wes t of section shanty at old crossiHg ; cross on 
boulder 3 ft . outside fence on south side of track .. ...... .... .. .. .. .. .... .. .. .. 

Weldon-8 miles from-15·8 miles from Boundary Creek; 31 ft. south of centre of 
track at a point 354 ft. west of centre of Baltimore platform and 343 ft . west 
of centre of road crossing, 3·3 ft. south of squared witness post (2! ft . x 4 
inches) marked "W"; Standard pipe B.M ........ .. .......... .. .... .. .. .. .. .. .. 

Weldon-9 miles fr'om-14·8 miles from Boundary Creek; l·l miles west of Balti­
more platform; 1,700 ft. east of a section sh anty, 110 ft. west of east and of 
burnt area ; cross on sandstone boulder on S. side of track ...... . ... . ......... . . 

Weldon-11·1 miles from-12·7 miles from Bounda r y Creek; 97' ft. south of the . 
centre of track at a point 776 ft. east of east end of trestle over Turtle cr eek; 
Standard pipe B .M .. ...... .. .... .. ......... . ... . ............ .. .. . .............. . 

Weldon-11·8 miles from-12·0 miles from Boundary Creek; at Turtle Creek plat-
form, small nail a nd washer on centre log west end of platform .. . . . . ....... . 

Weldon-13·6 miles from-10·2 miles from Boundary Creek; 1·8 miles west of Turtle 
Creek platform; top of r a il at road crossing .......... .. .................. .. .. .. 

Weldon-17·4 miles from-6·3 miles from Boundary Creek; at Coverdale platform, 
head of n ail driven in S.E. corner post of platform with small brass nail 
and washer above . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . . . . .. . .. • . 

Weldon-19·6 miles from--4·2 miles from Boundary Creek; 2·2 miles west of Cover-
d ale platform; at Trunk road crossing; top of rail. . . . ..................... . . .. . 

Weldon-20·1 miles from-3·7 miles from Boundary Creek; west end of r ailway 
bridge over P etitcodiac river ; top of rail. ...... . ............................ .. 

Weldon-20·6 miles from-3·2 miles from Boundary Creek; at l\foncton and North 
Shore road crossing; top of rail. . . . . . . .. . . . . . . . . ........ . .. . ..... .. ........... . 

Weldon-21·7 miles from-2·1 miles from Boundary Creek; on I.R.C. opposite mile 
post 77 from St. John; top of rail. . .. .......... .. .................... .. ...... .. 

Weldon-22·7 miles from-1·1 miles from Boundary Creek ; on I.R.C . opposite mile 
post 78 from St. John; top of rail...... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ......... . 

Bound ary Creek-23·8 miles from Weldon; in top course of stone work of south 
wall of Baptist church, 2·2 ft. from southw est corner of ·building, brass bolt 
B.M. N o. 128 B of Geodetic Survey of Canada ......................... . .. .. .... .. 

Elevation according to Geodetic Survey prec ise levels . . .. .. .. . . . . . . . . . . ... . 
I. R. C., St. John Br anch--2,070 ft . east of mile p ost 82 from St. John--in second 

course of stone work below top in west end of north face of north retaining 
wall of iron pipe culvert under track; b r ass bolt B.M. No. 129 B of Geodetic 
Survey of Canada . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . ...... , ....... ........... . 

Elevation according to GeodetiG Snrvey preGi e levels ...... , ....... , ..... .. 

187°8!'1 

215·2 

257·23 

340·56 

373·82; 

258·49 

244·2-li 

284·7 

10i·67 

68·2 

48·6 

68·9 

102·8 

106·6 

9:?·95 
9~ · 84 

67·65 
67·54 

From Weldon platf:orm to Hillsborough; via Salisbury and Harvey railway. 

Weldon-top of rail in front of railway p latform. .... ..... . .. .... . ................ 24·7 
Weldon-Railway bridge over Weldon creek; top of rail.... .... .. .. ..... ........ ... 25 ·6 
Wel~on-0 · 5 mil~s east of; in front of section shanty; small b r ass nail and washer 

in r ailway tie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24·6 
Hillsborough-Grey I sland wharf-North side, 100 ft . from shore end; sma ll b rass 

nail and washer in log . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . .. .... .. . .. , , , , , , , , g4.41 
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I. 

'(J()kn Macoun.) 

'"'ince dhe date ·-0I ~Y l ast summary report my time has been chiefly devoted ta 
wiitmg ;in <winter and collecting in summer, the i·outine work being, of course, 
atttendei:l to :a5 usual . 

We mewed from ihe old Museum !late in January, 1911, and when we were in the 
new Museum I resumed my work on the flora of the Maritime Provinces; this I :fin· 
is:hell befoT.e >':\Pring. Mter this the manuscript was sent for revision and additions 
t,o Hr. G. U. Hay, at St. John, N .B., then to Dr. A. H. MacKfly, Superintendent of 
Education., H alifax, N.S., and then to Mr. Lawrence Watson, Charlottetown, P.E.I., 
wJao !l'etu:me-8. it to :me. I then made the nece sary additions and corrections and 
tu:nnffd. the ,whole completed manuscript over to you for transmission to the printers. 
I n a&lition .to our collections made during several seasons work in the Maritime 
P l!l@v!mces, '.we have a ::fine series of easteim :;pecies in our herbarium; reference is 
Iru18.e i n the .-eataJogue to ·all these specimens. 

A-il soon :as the flora of the Maritime Provinces was complete, I commenced work 
on <the flora ,of Ottawa ,and the district ·Sunounding it. I worked on this until the 
middle of Ma,y and then ,collected within 30 miles of Ottawa for four months-until 
the niid.dle of .September. when nearly forty species of flower~ng plants were added 
to the ll.ist as a result 0f the season's work. 

Tui iam.ticipat.i.on of a part of the Museum being set aside for a special collection 
of the :flora anfil fauna of the Ottawa region, I took out all the specimens that had 
been colIBcted in the 30 mile rad ius. These have been placed in new wrappers and 
in a se[i)at;ate .ease, ,:;o that we have now ,in, a readily ·accessible form all the species of 
plants lrn.~wn to occur in this region. 

During the winter and spring my assistant, Mr. J. M. Macoun, in addition to 
his r outill!te duties, worked up the very large collection of plants made by him on the 
west coast of Hudson bay i1n 1910, and continued his work on the collections made 
by him .and myself in previom years. This work has also occupied most of his time 
since last S eptember, and we hope that by the end of 1912 all the old collections will 
.have been worked over. Early in May Ire went to Washington with Sir Joseph Pope 
.as one of Canada's representatives at the Fur-Seal Conference. He remained in 
·w ashin:,,,oiom ten weeks, and after his return to Ottawa. spent six weeks in collecting 
nind studying the flora of the Gatineau valley, a region that had not been properly 
;Studied botanically before. The number of sheets of plants mounted and placed in 
t:he herbarium during the year was 3,2G9, and the number distributed to other 
h_erbariums 3,98'5. The number of letters w1·itten up to December 31 in connexion 
with our work was 790. 

Upon the appointment of Mr. P. A. Taverner la.st May, he was given charge of 
all the vertebrates. A report of his work appears below. Mr. C. H. Young, with the 
exception of ten weeks spent collecting in New Brunswick, has been employed during 
the whole year in cataloguing, rearranging, and relabelling the invertebrates, a work 
which it w.ill take some time to complete, but the more attractive groups, such as 
st:u-fish, erabs, etc., are now ready fo r exhibition. Miss Stewart has performed her 
duties in her usual efficient manner . 

. L 
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II. 

ZOOLOGICAL SECTION. 

(P. A. Taverner. ) 

I assumed the duties of Assistant Curator in the Museum, May 1 of the current 
_year. A few week:; were spent in going over the collections and Museum for the 
purpose of obtaining an idea of the specimens, their number, scope, and general con­
-0.ition; then, June 6, I left Ottawa on an inspection tour of some of the larger 
museums to the south, visiting in the following order, the Museum of the Boston 
Society of Natural History; the Agassiz Museum at Cambridge, Mass. ; Col. 
'Thayer's private museum at Lancaster, Mass.; the American Museum of Natural 
History, New York; the Philadelphia Academy of Sciences, Philadelphia, Pa.; the 
United States National Museum, Washington, D.C.; the Museum of the University 
of Michigan, Ann Arbor, Mich.; and the Field: Museum, Chicago, Ill. During this 
tour, special attention was paid to the following subjects: organization of staff; 
general arrangement of exhibitions; detail preparation of habitat and other groups, 
and displays; and registration, arrangement, and storage of study . specimens. While 
engaged in this work, I received every aid from the various officials of the institu­
tions visited, and wish to thank them all and severally for their courtesies. 

Upon my return, the middle of July, plans were studied and matured, and draw­
[ngs made of same, showing an exhibitional scheme for the Museum halls, embodying 
.a compreheni!ive series of habitat groups illustrating the distinctive features of the 
·distributicm of life in the Dominion, and an arrangement of the systematic collec­
tions on public exhibition. Details were also developed for the arrangement of the 
study and storage laboratories and systems of classification, registration, and storage 
<Jf the study collection::i within them. 

As soon as these preliminaries were decided upon and approved by the Director, 
work was commenced on the arrangement aind cataloguing of the collection, begin­
ning with the class aves, the birds, which, from their relative numbers, required first 
attention. At this time I was aided by Mr. Frank C. Hennessey for about three 
months, who was of the greatest assistance in the relabelling of specimens, verifying 
data, and doing other work cm both the old and the incoming collections. He also 
made a number of water-colour drawings of bills and feet of the birds that Mr. 
Young sent in from time to time, all of which will be of the gre·atest assistance to us 
when we come to finish the Atlantic Coast group now under way. 

The relabelling and tracing out of the history of the accessions already in the 
bird collectioni! was a long and tedious piece of work, involving the most careful 
deciphering of obliterated labels, searching of maps for little-known localities, and 
research among the various summary reports and old records scattered through many 
iregisters .and manuscript lists for years back. At the end of the year this preliminary 
·work i;; practically finished, and a start has been made on actual cataloguing. · 

From the latter end of August to late in October, Mr. C. H. Y oumg was on the 
:New Brunswick coast, collecting the material, listed -among the accessions, for an 
Atlantic Coast group. This was sent in, from time to time, in the form of fre;;h 
·specimens, and their need of prompt attention drew both Mr. Hennessey and myself 
.away from the above work intermittently throughout that time. However, we now 
.have: ready mCYUnted, some 84 birds, and a supply of crabs, fish, seaweed, and 
other accessories, together with photographs of the same in situ, to make a most 
foteredting group. A model of the same has been built to scale, but no further work 
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can be done upon it until a properly trained preparator, experienced in modern 
museum methods, can be obtained. In fact, no constructive exhibition work of any 
kind can be prosecuted until such a man is available. 

Throughout the summer ·and autumn a number of short trips were made within 
the vicinity of Ottawa, more for the purpose of observing the character and resources 
of the country for future collecting than for actual gathering of specimens at pre­
sent; but some material was incidentally taken and specimens brought in for experi­
mental and other work in the casting and preservation of the lower form8' of verte­
brates and accessories for groups·. In this way come va1'uable processes have been 
either developed or originated for future case work. 

Certain members of the Geological Survey staff have also shown their interest 
in the work of the Museum, notably Mr. D. lD. Cairnes, by bringing in collectionH 
of specimens made during their work in the :field in out of the way and little-known 
sections of the country. The value of these im.cidental collections oan hardly be over­
estimated, and it is the hope of the writer that this interest will increase and afford . 
an important source of supply to the growth of the Museum collections. The variou8' 
members of the staff, · covering a.s they annually do, a great section of the Dominion 
in their summer work, have unexcelled opportunities for collecting rare or little­
known material, both specimens and notes, that could not otherwise be obtained 
without elaborate and '()ostJly expeditions. A iset of printed instructions 
have been planned, and, at present writing are well under way, for the collec­
tion and .preservation of zoological material for the benefit of the :field staff and 
others who desire to aid us in the .accumulatiocn. of knowledge of the Canadian fauna. 

During the summer we reccived from Ward's Natural History establishment, 
the group of Stone's mountain sheep that was sent them for mounting before my 
arrival. The work has been done in a very satisfactory manner and it is planned to 
make it the central feature in our proposed Roqky Mountaiin habitat group. 

The following additions have been made to the zoological collections during the 
past year (1911) :-

By Purchase. 

Accession Nos. 

11-2 -From H. E. Porter, Whitehorse, Y.T.-
Onre Bull Moose, with skull, collected December, 1910, near Lake 

Kusawa, Y.T. 

11-3 -Through D. D. Cairnes, Geological Survey-
One Canada Porcupine skin, collected about May 1, 1911, near White­

horse, Y.T. 

11-5 -From J. Poole Field, Ross River, Y.T.-
Three Mountain Goat, head and neck, scalps and skulls, collected near 

heads of South N ahanni, Pelly, and Highland rivers, Y.T., during 
the winter of 1910-11. 

11-32-From W. Simpson, Ottawa, Ont.-
About 3,000 specimens of coleoptera, taken near Ottawa, Ont. 

By Museum Staff. 

11- 7-By Wm. Spreadborough-
One Black Bear, skin and ilkeleton, collected on Vancouver island, 

B.C., June 19, 1911. 
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Access·ion Nos. 
11- 18-By C. H. Youmg-

Bird skim, mostly gulls and waders . . . . . . . . . . . . . . . . . . 227 
Marine shells, about. . . . . . . . . . . . . . . . . . . . . . . . . . 450 
Fish, crabs, sea-weed, and other accessories for an Atlantic Coast 

group. All collected near Youghall and Inkerman, N.B., during 
late summer and autumn of 1911. Eight,)1-four of the birds 
have been mounted for the al::o ·.-e purpne and the remainder 
placed in the study series. 

11- 22-By P . A. Taverner-
Two Myrtle Warbler and a Cliff Swallow, skims, collected August 19, 

1911, near Ottawa. 

11-23- By P. A. Taverner and C. H. Young-
One King bird, one partial albino Song Sparrow, and stump contain­

ing nest and eggs of House Wren, collected June 6, 1911, near 
Ottawa, Ont. 

11-24- By P . A. Taverner-
One American Titlark and one Savanna Sparrow, collected September 

13, 1911, at Casselman, Ont. 

11-25-By P.A. Taverner and C. R. Young-
One Swamp Sparrow and one Garter Snake, collected May 6, 1911, 

near Ottawa, Ont. 

11-26-By J. M. Macoun and P. A. Taverner-
Nests of Phoebe amd Chimney Swift, and one Ruffed Grouse skin, 

collected October 8, 1911, near Meach Lake, Quebec. 

11-27-By P. A. Taverner and C. H . Young-
One pair White-breasted Nuthatches, nest and eggs, collected May 19, 

1911, near Ottawa, Ont. 

11-29-By Wm. Spreadborough-
Bird skins.. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 5 
Small mammal .skins ... . . . . . ..... ·. : . . . . . . . . . . . . . 13 

All taken during summer of 1:.lll n ::iJr Cowi ~ ~1.m lake, Van­
couver island, B. C. 

11-31-By C. H . Young-
Toads.. . . . . . . . . . . . . . . . . . . . . . . 5 
Bullfrog.. . . . . . . . . . . . . . . 1 
Leopard Frogs. . . . . . . . . . . . . . . . . . 4 
Garter Snake. . . . . . . . . . . . . . . . . . 1 

All taken during May and June, 1~ 11, nea r Gllawa, for the 
P'Uirpose of making casts. 

11-313- By C. H. Young-
Insects as follows :-

Hymenopterm. . . . . . . . . . . . . . . . . . 
Lepidoptera. . . . . . . . . . . . . . . . . . . : 
Diptera ................ ;· .. . ... . 
Coleoptera. . . . . . . . . . . . . . . . . . . . 
Hemiptera ........ ... . .... . . . . 
Orthoptern . . 
N europtera. . . . . . . . . . . . . . . . . . 

Total. ............ .... . .. . 

21 specimens. 
145 " 
14 " 
60 " 
1'2 :, 

4 " 
15 " 

271 " 
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Acee si-0·n Nos . 
Mostly t aken in vicinity of Ottawa during summer of 1911. 

11-37-By J. M. Macoun-
One pair of Canada Grouse feet, taken September, 1910, in vieinity 

of F ort Churchill, Hudson bay. 

By Geological Survey Staff. 

11-8 - By J. A.. A.Jlen-
Two Woodchucks, with skuJJ.s, from near Field, B.C., collected Sep­

tember 1, 1!}11. 

11-H-By Percy .Selwym.-
One Blue Jay, in flesh, collected near Kirk Ferry, Gatineau river, 

Que., September 24, 1911. 

11-12-By D. D. Cairnes-
14 bird skins and one small mammal, from A.laslrn-Yukon Boundary, 

lat . 67-30; during the summer of 1911, 

11-14--By P ercy Selwyn-
One Pileated Woodpecker, in flesh, collected October 21, 1911, in 

Lynedoch township, Heufrew co unt;y, Ontario. 

11-20-By R. Harvie-
Nest of Chimney Swift, collected in Bolton township, Brome county, 

Quebec, during the summer of 1911. 

11-21-By A.. T. McKinnon-
Two sponges ( Clatheria sp? and Tentorium sp?), collected on Two 

I slands, N.S., July, 1911. 

11-36-Tramsferred from Ethnological Department-
Three fragmentary skins and one mounted head of Dall's Sheep. No 

data. 

By Presentation. 

11-1 -By Ancfu:ew M. Talyor-
Four D a11's Mountain Sheep, skins, skulls, from British Columbia. 

11-4 -By Frank C. Hennessey, Ottawa, Ont.-
One Herring Gull skin, co11ected August 24, 1909, south of Oornwallis 

island, A.retie ocean. 

11-6-By J. A.. Gillies, Gillies Depot, Ont.-
Twenty-nine Hummingbirds' skins, of seve'!:al species collected near 

Guayaquil, Equador, South America, about 1906. 

11-9 -Thomas Kinsella-
Red-tailed Hawk, in flesh, collected September 14, 1911, at Frank­

town, Lanark county, Ontario . 

11-10-W. Creighton-
Nineteen Eider Duck skins from northern Canada. 

11-13-0liver Trafford, St. Eugene, Ont.-
One Jumping Mouse, in flesh, collected near St. Eugene, October 4, 

-1911. 
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Acoe6sion Nos. 
11-16-Geo. Mulharvey, Simmons, Qudbec-

One Snowy Owl, in flesh, taken October 31, 1911. 

11-17-J. M. Macoun, Ottawa, Ont.-
Polar Bear skull, collected in autumn of 1910, near Fort Churchill, 

Hudson bay, by Dr. Borden. 

11-19-By Frank 0. Hennessey, Ottawa, Ont.-
Two Woodpeckers, in flesh, from near Ottawa, November 1, 1911. 

11-28-By Frank 0. Hennessey, Ottawa, Ont.-
Two Bird skins, Ottawa, Ont., collected September 20, 1911. 

11-3'0-By Dr. Malte and J. M. Maicoun, Ottaw,a, Ont.-
Fresh Water Sponge, likely Meyenia fiuviatilis, collected in Gatineau 

river, Que., October 20, 1911. 
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ANTHROPOLOGICAL DIVISION. 

PART I. 

ETHNOLOGY. 

(E. Sapir.) 

MUSEUM. 

379 

All the ethnological material of the Victoria Memorial Museum has been 
unpacked and carefully sorted out accordi'ng to culture areas and tribes. Owing to 
the fact that a large percentage of this material had remained unnumbered, and 
owing further to the fact that the enumeration of the part already numbered had 
proceeded on no definite principle of classification, it was decided to renumber the 
whole collection according to a definitely established scheme. The ethnological 
material has been divided into five main groups corresponding to as many culture 
areas of Canada. These are: Eastern W oodla,oos ethnology labelled III; Arctic 
or Eskimo ethnology (labelled IV); Plailli\ ethnology (labelled V); Plateau and 
Mackenzie Valley ethnology (labelled VI); and West Coast ethnololl'Y (labelled 
,VII). I and II have been reserved for materials coming 'under the head of physi­
cal <mthropology, while VIII-XII have been reserved for archooological material. 
Cap;; ·11 letters are used as means of sub-classification by tribes; thus V.B. refers to 
material obtained from the Blackfeet, one of the Plains tribes. By following out 
this method it is possible to assign any numbered specimen to its proper culture area 
a'IlJ tribe without the irksome necessity of looking up a catalogue. The labelling 
and cataloguing of ethnological specimens is now practically completed, and, after a 
certain amount of sorting for purposes of exhibition is done, they will be ready to go 
into cases when these arrive. A set of lantern slides illustrating Canadian eth­
nology is being prepared as the begirnning of a stock for lecture purposes. 

An inventory of ethnological material now owned by the Victoria Memorial 
Museum would show that it is relatively rich in West Coast (particularly Haida, 
Tsimshian, and Kwakiutl) material, to a less extent also in Eskimo (particularly 
Alaskan Eskimo) material, but not at all well represented as y~t in other ethno­
logical regions of Canada. Durirng the last year, however, systematic efforts have 
been made to fill this lack for eastern Canada. Iroquois, Huron-Wyandot, Micmac, 
Malecite, and Montagnais material has been purchased, partly by members of the 
staff and partly by others conducting ethnological research in east.:>rn Oanada under 
the auspices of the Geological Survey. A standirng order has been left with Chief 
John Gibson of the Senecas for Iroquois material from Grand River reserve; much 
Iroquois material of value has thus come into the Museum in adilition to that already 
secured by Dr. Goldenweiser and my.self, as well as by purchase from Mr. M. R. 
Harrington. Dr. D. D. Cairnes of the geological staff of the Survey has been help­
ful in securing museum materia1 from the somewhat inaccessible Athabaskan tribes 
of the region of Tagish lake, Yukon. Valuable Tsimshian material was purchased: 
from C. C. Perry, of Metlakalitla, B.O. 

FIELD WORK. 

Systematic research among various tribes of Canada was undertaken during the 
year. Dr. A. A. Goldenweiser, lecturer in anthropology of Columbia University, 
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N C'V: York, spent part of the summer in studying the social organization of the 
Iroquois of Grand River reserve; .Mr. C. M. Barbeau of the permanent staff made 
three research trips (Lorette, Province of Quebec; neighbourhood of Amherstburg, 
Ont.; and Quapaw agency, Oklahoma) for the purpose of studying the Huron­
Wyandots; Mr. William H. Mechling, of Philadelphia, spent the summer in ethno­
logic and linguisti<! research among the Micmac and Malecite Indians of New Bruns­
wick; Dr. Cyrus MacMillan, of the Department of E•nglish, McGill University, spent 
five months in research, particularly in order to obtain folk-lore material, among the 
Micmacs of Nova Scotia and Prince Edward Island; the month of August wa:i 
spent by my.self in a reconnaissance of various Iroquois and Algonkin reserves in 
Ontario and Quebec. Reports of these field trips are appended. 

WORK IN IROQUOIS AND ALGONKIN RESERVATIONS OF ONTARIO 
AND QUEBEC, 1911. 

I spent the month of August, 1911, in a . reconnaissance of several of the more 
readily accessible Iroquois and Algonkin reserves of Ontario and Quebec. The first 
.of these reserves to be visited was Grand River ·reservation near Brantford. The 
main purpose of this visit was to secure an Iroquois museum collection, as the 
resources of the Victoria Memorial Museum were extremely limited for the Iroquois 
tribes. I was fortunate enough to secure a, fairly large a·nd representative group of 
objects, including such comparatively uncommon specimens as gourd rattles, blow­
guns, and feather head-dresses. Moreover, arrangements were made with Chief John 
Gibson, as noted above, for the forwarding of further Iroquois material to the 
Museum. The balance of the six days spent at this reserve was taken up in Seneca 
and Mohawk linguistic work. The chief object of this and other linguistic resea1,ches 
made ·during the trip was not so much to investigate the structures of the languages 
concerned, as this would evidently be quite impossible in the t ime consume·d, as to 
get a clear phonetic insight into them. Great care was taken in the matter of 
phonetic accuracy, and it soon became apparent that most, if not all, attempts· at 
recording Iroquois had been notably Jacking in this regard. 

An afternoon was also spent at Srnoothtown in the southern part of the reserve 
in order to obtain linguistic data on Delaware. The material obtained shows Dela­
ware to be a phonetioally quite specialized Algonkin language. In pronunciation it 
is peculiarly lifeless, and it abounds not merely in voiceless final vowels, like several 
other Algonkin languages, but in voiceless final syllables br groups of syllables. 
Peculiar to Delaware is· also the presence of voiceless .vowels in other than fi'Ilal posi­
tions, a phonetic trait that I had not met with before except in certain Shoshonean 
languages of Utah and Arizona. 

The next reserve visited was Caughnawaga, opposite Montreal, which is occupied 
by thoroughly Catholicized Iroquoi of Mohawk speech. There is comparatively 
little of value to be obtained here in the way of museum specimens, most of the 
native i'Ildustries catering primarily to the white trade. Linguistic material obtained 
here, supplementary to the Mohawk material obtained at Grand river, shows con­
clusively that the Mohawk of these two places is dialectically distinct. 

At the Abenaki reserve of Saint Thomas Pierreville conditions similar to those 
prevailing at Caughnawag.a were found, except that while the Caughnawaga Indians 
rely chiefly on the making of beaded moccasins, the Abenaki do more basketry for 
purposes of sale. Linguistic material obtained at Pierreville shows Abenaki to be 
a somewhat specialized Algonkin language. Phonetically it impresse;; one as being 
rather lazy in utterance anJ it maJrns much use of weakly nasalized vowels. At 
Riviere du Loup, which was next visited, material obtained on Malecitc showed this 
to be phonetically rather a difficult Algonkin J.anguage; there are several phonetic 



SU1lIJJA.RY REPOR'l' 381 

SESSIONAL PAPER No. 26 

peculiarities to be noted, such as musical cadence (which, however, ia perhaps of 'llO 

etymological significance) and the presence of consonants that are so weakly articu­
lated as to be practically inaud~ble. A side trip talrnn to Oacouna resulted in the 
securing of some Malecite museum material and linguistic material on Micmac. -
Micmac was found, to be far less difficult phonetically than either Malecite or 
Abenald. 

The last part of the trip was spent at Pointe Bleue, on -the west shore of Lac St . 
• Tean. Some valuable Montagnais material was here obtained including several 
pieces that were said to have come from th., region of Lake Mistassini. It is highly 
desirable that ethnological work be done among these Montaignaid, as well as those 
of Bermi.s and Escoumains, but this work should be undertaken by Cl'll<3 thoroughly 
familiar with spoken F rench. Linguistic material was obtained on both Montagnais 
and Oree, the latter from a woman belonging originally to Rupert If ouse, James bay. 
It is quite clear that Montagnais and Oree are dialects of one language; this meana 
that what is a single language, aH the dialects of which are mutually intelligible, is 
spoken from the Gulf of St. Lawrence west of the Yell ow head pass of the Rocki8s. 
Montagnais seems to be somewhat more specialized phonetically than Oree., yet not 
enough material was obtai.ned of either to make this statement certain. Oree and 
Montag'nais are evidently more archaic Algonkin dialects than any of the others from 
which material was obtained; at the sa1ne time they offer less phonetic difficulties 
than Delaware, Abenaki, or Malecite . 

(a) 

ON HURON WORK, 1911. 

(0. M. BARBEAU. ) 

The ethnographic research on the Hurons or Wyandota of Lorette (Quebec) , 
.Amherstburg (Ontario), and Wyandotte (Oklahoma), taken up at intervals from 
April to December, 1911, has given excellent opportunity for collecting abundant 
data on their general ethnography, that is, their social statics, social dynamics, and 
technology. Notwithstanding the widely accredited barrenness of this field of research, 
owing to the advanced state of civilization prevailing among the few hundred dis­
persed descendants of the once numerous Huron tribes of Ontario, the results secured 
have so greatly surpassed, in quantity and quality, our expectation , that it has proved 
impossible to exhaust the sources of information at disposal. 

Among the foremost informants may be mentioned: Messrs. Maurice and 
Antoine Bastien; Mr<>. Etienne Groslouis, andJ her daughters, of Lorette, Quebec; 
Rev. Prospere Vincent, of Levis, Quebec; Miss Mary McKee, of Anderdon, Ontario; 
M<"Ssrs. Smith Nicols, B. N. 0. Walker, Hiram (Star) Young, Mrs. Uatherine Arm­
strong, and Catherine Johnson, of Wyandotte, Okla.; and Mr. E ldredge H. Brown 
and Mrs. Mary Kelly. of the same place, a. interpreters and informants on linguis­
tics. Other informants of lesser importance have also contributed valuable informa­
tion. No-mention is here made of information available from other sources, in print 
or manuscript. 

(1) 

The data that relate to the social stati:cs or morphology of the Hurons may con­
veniently fall under the following headings: the phratries, the clans, and a £rater-
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nity; the heirarcby of the clans in the phrat ries, and of the individuals in the clans; 
and, finally, the ancient villages. 

On account of their having long ago been broken up, the phratries have left 
almost no trace of their existence and would not have been revealed, had it not been 
for a text recorded ~n Wyandot and translated into English, and for some survivals 
in connexion with the seed game. This text gives an explicit account of the origin, 
at a great council of prehistoric times, of the federatioi1 of all the clans but one into 
two mutually dependent phratries, respectively under the leadership of the Big Turtle 
and Deer clans. A careful study of the clans and an extoosive survey of the clan 
individual names has led to the conclusion that the notions now generally prevailing 
on this point will have to be partly revised. The eleven Huron clans, in order of 
precedence, may be put down as follows: the Moss Turtle (Big Turtle), the Speckled 
Turtle (or Small Turtle), the Prairie Turtle (or Terrapin), and the Beaver clans 
constituted the Big Turtle phratry; while the Deer phratry consisted of the Deer, 
the Bear, the P orcupine, and the H awk clans. These two phratries in the old tribal 
councils occupied the opposite sides of the council fire. The Wolf clan was a third 
unit, all by itself, standing at one end of the fire. Extensive accounts of the subse­
quent origin of the Snake and Snipe clans have b,rought an interesting contribution 
to the much disputed question as to how clans originate. The origin of the Snake clan 
-vividly described in a text, and in a series of songs recorded phonetically with 
t r anslation as well as on the phonograph-is still clearly remembered by most of the 
old Oklahoma Wyandots. Briefly, it runs as follows: At the end of her puberty 
seclusion a maidoo was devoted to a mythical Monster-Snake by her relatives, of the 
Deer clan, with a view to securing "powers " and a new crest. Thereafter the rela­
tives of the maiden, in collateral line, became the constituent members of the Snake 
clan. that has held annual feasts until about half a century ago to co=emorate this 
event. The mode of origin of the Snipe clan among the Wyandots, the existence of 
which has probably not yet been recorded, is radically different, as, about two cen­
turies ago, it was brought from outside into the Wyandot social sy;;tem. A Seneca 
woman of the Snipe clan, having married a Wyandot, came to reside among the 
Wyandots. Owing to her not having been adopted into a Wyandot clan, as was the 
custom, she retained her own clan and transmitted it to her descendants. The Snipe 
clan, thereafter assimilated to the other Wyandot clans, has subsequently counted 
many members, the individual n ames of whom, framed according to the traditional 
rules of the Hurons, have been recorded. Three out of these eleven clans-the 
Prairie Turtle, the Hawk, and the Beaver clans-have been extinct for some length 
of time; and: only a few representatives of the Snake and Snipe clans are still to be 
found. The number of tradit ional individual clan names collected in the course of 
the present study may exceed seven hundred; approximately a sixth of these could 
not be translated, as their meaning has now been forgotten. A small proportion of 
the names that could be translated have been found to refer to the mythology of the 
clans, while the greater .number alludes either to various attributes of the clan totems 
or to a characteristic trait of som~ deceaseJ ancestor. 

With regard to societies devoted to shanrnnistic and doctoring practices, the 
former exist ence of the White Lion fraternity has been demonstrated, while the 
copious recoliections bearing upon the agents of magical, secret, or doctoring arts 
show these to have stood by themselves as individuah, without the concerted co-opera­
t ion of human confederates. The origin of the White Lion fraternity seems to have 
taken place two or three centuries ago, at the time whoo a number of Huron bands 
were dwelling in the vicinity of Lake J\Iichigan. ·A text and a series of ritu.al songs, 
duly recorded, and other collateral information describe circumstantially how, in 
the course of fantastic events, many individuals belonging t o three different clans 
evoked from an awful stream a Monster-Lion, to whom they surrendered a maiden 
with the definite purpose of getting his blood for magical operations. At the special 
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command of the monster annual or occasional feasts have been held until recent years, 
in the course of which songs and rituals were performed in conformity with the 
initial instructions. 

In regard to the ancient social hierarchy-that is, the relative standing of the 
clans in the phratries, and of the individuals in the clans, that of the hereditary 
chiefs, the elected war chiefs, the seniors, the women and children, the shamans, 
witches, and doctors-interesting though sometimes conflicting evidence has been 
obtained. 

. (2) 

But a brief mention can be made here of the various topics that may conveni­
ently be included under the heading of Huron social dynamics, namely: the func­
tion of the phratries, clans, and individuals in their social system, and customs 
and laws connected therewith; their rituals, ceremonials, and other practices; their 
mythology and folk-lore; and their language. 

The Hurons were governed by their tribal and clan councils, the jurisdiction of 
neither of which conflicted with the other, that of the tribal council being strictly 
confined to matters of general concern, and that of the clan to affairs of internal aJ:1d 
local interest, as each clan had one or more villages of its own. The phratries, the 
function of which was essentially concerned with tribal government and marriage 
regulations, were the constituent elements of the tribal council; the clan councils, 
on the other hand, were mere aggregates of individuals. A consequence of this was 
th~t while, in the tribal council, each clan had but one vote, in the clan council the 
:Same right was €Xtended to every individual with the exception of those not of 
mature age. The function of the clan totems was not only connected with various 
traditional events and associated customs, but also with the graphic and symbolic 
representation, in the form of a communal crest or emblem. of the people of the clan. 
It is interesting to note that very little evidence to the same effect obtains regarding 
the phratry totems, the Big Turtle, and th<3 Deer. 

A host of ethnographic data bearing upon the traditional laws regulating the 
councils and their proceedings, marriage, the formal transfer of clan rights, and other 
customs, notwithstanding their importance, may scarcely be alluded to here. Matrilinear 
inheritance of clan rights has been the rule down to the present day in Wyandotte 
(Okla.) and Anderdcm (Ont.) , and very few exceptions may be found. The advanced 
decadence of the Lorette Hurons, having caused this rule, however, to fall into 
almost complete oblivion, the rigid outlines of the clans have long faded away; a 
result of which is that, while in Oklahoma verY' few violated the taboo prohibiting 
inter-clan marriage, no such taboo is known to the Lorette people. Many interesting 
customs and ceremonials have lingered almost to the present day in connexion with 
the ritual of conferring individual names to children or adults iru conformity with 
the rules of matrilinear inheritance, and in connexion with the adoption of distant 
relatives or of strangers with a view to having them fi ll the vacant places of (tirect 
descendants aJ:1d thus maintaining the integrity of the clans. 

Though an adequate study of the rituals and customs of the Hurons is out of 
the question at this late day, it has been gratifying to get extensive accounts of 
rituals and ceremonials performed in the course of feasts, designed either for the ful­
filment of rigid traditional duties towards superior beings, the maintenance of clan 
traditicms and integrity, or meant for the ceremonial healing of disease, or merely 
for social entertainment. Some of these ceremonials have been witnessed, others 
have lbeen explained by competent informants or described in the myths of folk-lore. 
Only two of the commemorative feasts have been satisfactorily studied with inform­
ants who have often participated, years ago, in their actual performance: the annual 
fasts of the Snake clan and of the White Lion fraternity. The original directions 
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relating to the rituals of these societies are also respect ively embodied in two myths 
oHained in t ext form; they are also ex 1 citl~- referred to in about twenty songs, all 
of which have been caref.ully recorded. 

The periodical fea' ts intended to provide for the giving of cla'n names, the 
"rai,sing" of hereditary or elected chiefs, and the adoption of foreigners, have been 
responsible for the preservation, up to recent years,, of interesting rituals and customs. 
At Lorette, Que., the last of the so-called "Sagamite" feasts, in the course of which 
honorary Huron names were given to distinguished visitors, took place about fifteen 
years ago; the traditional " Sagamite" surprper, songs, and d&nces, and other ancient 
customs have, therefore, in this connexion, been saved from entire oblivion; about 
sixty Lorette Huron dancing songs have been recorded in text and on the phono­
graph. The ,same kind of feast has been studied to better advantage in Oklahoma, 
owing to the annual observance of these ceremonials in their primitive form up to 
about fifty years ago; a ·still larger number of naming ·Songs, of which each clan has 
its own, and of dancing songs connected therewith. have been. collected. 

The other Huron feasts and ceremonials may be classified, with regard to their 
various aims, as follows: (1) the new corn or green corn feast, complex in character 
but primarily a thanksgiving feast; (2) the war dances; (3) the pipe or peace­
making dances, connected·with .warfare; (4) the annual s'u.ppers given for the dead 
by their own clan; (5) a ghost or adoption feast; (6) several ceremonial performances 
for healing diseases, (a) the singing of ritualistic songs, either in choruses by parties 
a ssembled by the patient and to whom a supper is subsequently given, or by a masked 
shaman accompanied by a chorus with the concomitant 'false-face' SO'Ilgs and the 
scattering of coals and ashes; and (b) the lacrosse game, considered until about 
fif ty year.s ago as an effective remedy; (7) feasts meant for mere entertai,mnent, 
wi th accompan:ying songs, dances, and .sometimes games, such as the moccasin, seed, 
lacrosse, rend foot-b all games (besides the game of "la chevre" at Lorette), gambling 
being an element of these games. Besides these feasts and ritualistic customs, many 
·others are described implicitly or explicitly in the myths and folk-lore; the most 
interesting of these are such as relate to puberty ,seclusion and the getting of "mana" 
from a manitou, to witchcraft, and to warfare. 

Notwithstanding many necessary lacU'noo, the study of the mythology and folk­
lore of the Hurons has developed, especially in Oklahoma, into gratifying propor­
tions. Their former beliefs are embodied either in myths and tales or in amorphous 
popular saying's and recollections . . From the data yielded by these various sources a 
fairly good reconstruction of the ancient pantheon of the Hurons is now possible. 
It reveals plainly the nature of the following categories of superior beings or semi­
-deities: (1) the human deities of the beginning of the Huron world; (2) the semi­
personal deities coilJilected with many phenomena of nature; (3) the giants and 
dwarfs; ( 4) the ruling manitous, either monsters or animals (a definite number of 

:animals, classified into a hierarchy, being possessed of "mana," acco11ding to arbi­
trary notions). 

The myths seem to be of two kinds : myths of origin and etiological myths. The 
origin myths g ive an account of : (1) the origin of the world (two imperfect, although 
extensive, versions of which have been recorded); (2) the origin of the "mana" 
or powers of clans and of individuals; the bear, the turtle, the wolf, the white lion, 
and the two different snake myths, not to speak of many others of lesser importance, 
belong to this second oategory. A few etiological myths account for the fantastic 
-origin of many phenomena of nature, such as thunder, earthquakes, autumn, and 
colour, and form of various animals and birds. 

A number of interesting tales have been collected, some meant to be recited by 
ihe fireside in winter only, others being devoid of ariy such restriction. In the 
present connexion may be mentioned the tales of the Fox and the Racoon, constitut­
-:ing a series of episodes; the many stories relating the deeds and contests of notori-
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ous witches and sorcerers of the past, and of Tuiie'tawi'ndi'a; the seven brothers 
transformed into buffaloes; two other tales dwelling on the ordeals of many adven­
tmous •Suitors, and a number of others referring to monstrous snakes and other 
animals, dwarfs, giants, and so on. 

It goes without saying that, for lack of time,, the study of Huron linguistic3, 
as such, has scarcelyi been entered upon, notwithstanding that considerable attei1tion 
has been directed to it. 

(3) 

The 1survey of the technology (notwithstanding its not having been completed oi. 
account of lack of time) has proved the most fert ile field of ethnographic research 
among the Hurom. As more than half of the time at disposal has been devoted to 
it, about two hundred specimens have been purchased or ordered for the Museum 
and explained; descriptive accounts have also been taken down of such other illus·-· 
trations of their technology, pertaining to the utilitarian and aesthetic arts, that 
could not be actually secured or conveniently represented in a museum. 

(a) While the usual concerns of the men constitute certain aspects of the 
utilitaria'Il. arts of the Hurons, others are the result of the occupations of the women. 
It was the duty and function of the men to build houses, to hm1t, to go to war, . to 
trade with foreigner.s, and to provide for the means of transportation. In regard to 
their structure, many varieties of houses have been studied, namely: the long log­
house, for permanent use; the open log-house; the" sugar-camp" house; the round 
bark house; and a small tria'Ilgular structure bu'ilt by hunters, in the woods, for, 
t empor.ary use. The . methods of hunting and fishing have been examined with 
advantage at Lorette, where six or seven varieties of traps, not to speak of such 
weapons as bows and arrows and darts, have been used by hunters almost t o the 
present day. The technology of their means of transportation, a'lld conveyance con­
si~ts in the making of two kinds of sled, of many varieties of canoes (the bark canoe, 
the dug-out, and the skin or emergency canoe), of snow-shoes of five or six different 
types, and of cradle-boards. Their methods of warfare are illlustrated in the folk­
lore, and especially i'll the relati0J1 of two ancient war adventures, one of which has 
b€en recorded in text and translated. 

The functions of the women, with regard to technology, were confined to the fol­
lowing industries·: agriculture, the making of maple-sugar, the preparation and pre­
servation of food, the dlressing and tanning of hides, and the making of dTesses and 
costumes, of !baskets, bark-vessels, and other articles of household use. 

Other activities, as political, medical, and shamanistic arts, were , of a neutral 
nature .and were practised indifferently by men or by women. 

(b) The non-utilitarian or aesthetic arts of the Hurons consist mai•nly of their 
decorative arts, and their music and dances, not to speak of their games. Many of 
the branches of their decorative arts, with the exception of moose-hair embroidery, 
could not be satisfactorily studied, on account of their .advanced decadence. Moose­
hair and porcupine-quill embroidery, ribbon a'Ild bead work (or the trimming of gar­
ments with fancy ribbon and bead appliques·, were among the attainments of the 
women, as compared with those gf the men., namely: wood carving, silver work, 
painting, and the making of wampum. Moose-hair embroidery has been illustrated 
with comparative advantage at Lorette, especially with old Mrs. Etienne Groslouis 
and her daughters. A few other informants having also been consulted, over twenty­
five specimens of variou:> moose-hair patterns have been prepared for the Museum. 
Fancy ribbon trimming, only a few specimens of which could be secured, is spoken 
of by the .Anderdon and Oklahoma infonnants as having been a char.acteristic art of 
their people. 

26-25 
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The songs, over two hund1·ed of which have been recorded on the phonograph, 
explained, and written down phoneticall;y, illustrate extensively the interesting musi­
cal art of the Lorette and Oklahoma Hurons. :Most of these songs-with the excep­
tion of some satirical, bacchic, flute, an<l a few ancient folk-lore ·and ritual songs­
are accompanied by various kinds of dances. These dancing songs are either mytho­
logical, ritual (as the war songs, the peace-making or pipe songs, the naming, the 
medicine, and other songs), or simply meant for social entertainment. 

It may be noted, i'll concluding this short account, that it seems advi sable, and: 
even most urgen t, that the present rese::irch ,should be completed in the near future, 
and an attempt be made to exhau;;rt the sources now easily accessible. 

(b) 

. ON IROQUOIS WORK, 1911. 

(A . A. Goldenweiser.) 

In the course of the summer, 1911, I spent six weeks-from July 6 to .August 2(), 
-at Tuscarora, Brant county, Ontario, among the Iroquois tribes of that di&trict. 
:My mai11 informant as well as interpreter was John Gibson, head chief of the Seneca 
tribe. Notwithstanding hi s total blindness, the result of an accident some thirty 
years ago, his knowledge of the social organization and history of the Iroquois proved 
extensive and accurate, and I have had no occasion, so far, to question his reliability. 
In view of the limited time at my disposal I re&tricte.d my investigations, so far as. 
was possible, to the subject of social orgian.ization. :Most of my information was 
obtained from or with the as.si.stance of Chief Gibson; the conclusions reached must. 
thus be regarded .as provisional pending the verification of the data through informa­
tion from other Indians. The material secured consists. in the main, of fact;; refer­
ring to the clan system, of individual names, and of genealogies. .A complete list of 
clans was obtained for each of the £ve trilbes : Mohawk, Onondag·a, Seneca, Oneida, 
and Cayuga. The list only partly corresponds to that given by other observers. .A 
separate list of clans refers to the period before the formation of the Iroquois· League. 
A tentative anal,y1sis of the clan ·names seems to indicate that, although most of the 
clans were named after animals, these names were not used except on a few special 
occasions. The clan names in constant use were generally expressed by a collectiYe 
term referring to some characteristic of the eponymous animal. .A0s to the number 
of the clans, my information to elate indicates that the :Mohawk and Oneida had 
eight each imtead of the three generally attributed to them. This point, most inter­
esting, if true, awaits verification. 

The functions of .the phratries, the two groups into which the clans were segre­
gated, were manifold; specific data were obtained as to the part playe4 by these 
social units in camping. burial, feasts, ceremonies, and games. At councils, on the 
other hand, the phratric divi ;; ion broke down. Instead, the clan s (in the tribal 
council s) and the tribes (in the Lerug•ue Council s) were divided into three groups~ • 
one of which had the deciding Yoice. The elections of chiefs. especially with refer­
ence to the part played in them by women, were described by Chief Gibson with con­
siderable detail. 

Personal names of men and women, some eight hundred in all , were obtained, 
in each of the five tribes. The n ames were taken down in phonetic spelling, and 
provisional analysis and translation. into English were attempted. Each clan, as is 
well known, was found to own a special set of personal names, but no connexion of 
these names with the eponymous animal of the clan could be discovered . A li st was. 
secu red: of the fifty "lords" sachems of the Iroquois. The list is interesting in so far 
as it rernals the dialectic variations of the five languages. It also sliows some other-
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peculiarities. F ifty, instead of forty-eight, ''lords" seem to have always existed 
and are still found among the Iroquois tribes of the district investigated. Chief 
Gibson repudiates t he oft-cited t radition of the two seats in the League Council 
which were left vacarnt to honour the two mythical founders of the League. 

A record of about four hundred marriages, in the form of genealogies, was 
secured with the assistance of Chief Gibson. The genealogies cover roughly one 
cen tury, but a few extend a hundred and fifty years back. The genealogies and mar­
riages disclose many interestingi facts, although a complete analysis of them will not 
be attempterl until further data are secured. The prohibition of marriage within the 
clan is stj]] adhered: to, althO'Llgh not ri gidly, and in varying degrees in the different 
tribes. A li st of the classificatory terms of relat ionship was secured and partly veri­
fied by• the genealogie~ . 

Several myths and part of the Bean fest ival were taken down in text. A fair 
amount of miscellaneous i'llformation on social organization., ceremonies, customs, 
and other matters was secured, the value .of which may appear at later stages of the 
investigation. 

Little attention was paid to material culture, but I purchased for the Victoria 
Memorial Muoeum some twenty-five specimens, among them one false face of unusual 
merit. 

(c) 

ON MICMAC WORK, 1911. 

(0. Ma,,Milla.n.) 

I spent the summer months of 1911 engaged in :fielCi work among the Micmac 
In<liaJ.J&.. of eastern Canada. The periodl of my researches extended' from the middle 
of nfa,y to October l. The territory covered included Prince Edward I sland, Nova 
Scotia ( including Cape Breton), and part of New Brunswick. 

The :J1:icrnac Indians are scattered in groups throughout the t hree Maritime 
Provinces. In n umbers varying from fifty to three or fou r hundred the~· occupy 
reservations at different points, always close to sea, or lake, or r iver. For my investi­
gations I selected the oldest and most thickly populate<:] of these settlements. The in­
termixture of the Miemacs with the French, English, and Scotch inhabitants of the 
eastern provinces has been of lon:gi duration. For a period they have been. under 
civilizing forces; and while much of their past .;;till remains for the investigator, 
much has irrevocably disappeared. Yet, if at best, one can be but a gleaner in th is 
particular field, one's results are nevertheless not incomiderable. 

A careful study was made of the remaining folk-lore and mythology of the tribe. 
They still possess a great stock of s tori es . A large number of these were gathered, 
and local differences in the telling were carefully noted. The most notable :figure in 
their mythology and folk-lore is Glooscap (Kul6scap or Kliiskabe), a kind of culture­
bero. Of his doings I obtained a fairly complete record, t elling how he created man 
and became bis, fr iend, how he made and named and subdued the ain·imalB, how 
he did many great deeds-victoriously fought anJ destroyed giants and monsters, 
brought the summer to Canada, and so forth-and at the last, when the world 
became evil, how he went away to a happy island, sailing in bis canoe, and promising 
to come back some day. This tale has many points of resemblance with the Arthur­
ian legends. Other storie::i of animals and birds, of dwarfs and giants, have a clo::ie 
approach to the European folk-tales. 

A study was made of other phases of the o1d Micmac life. I noted, in more or 
less detail, old :Micmac superstitions and religious beliefs, birth, marriage, and funeral 

26-25~ 
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tmstoms, occupations and indu.;tries, games and amusements, ideas of social and 
political organization, ways of making dyes a<nd medicinea, methods of hunting and 
fishing, preserving meat and dressing skim., etc. While it is evident that many 
songs and dances exi sted among them, these have largely disappeared. I was able, 
however, to observe some of their dances,, and a few of the son~ms that still remain 
were written out in text a•nd tr!lnslation. The highest limit of art among the trihB 
seems to have been reached in p:ctography on birch bark, in quill, and bead work. 
Their artistic sense seems to have expressed itself, too, in the ornamentation of their 
clothing with dyes and vari-coloured shells. 

A slight attempt was made to Jo a little linguistic work. A considerable dialec­
tic variation is noticeable aocording to locali ties. Verbal forms and grammatic a~d 
phonetic peculiarities were observed. The names of plants, and of bird·s, fishes, and 
other animals known to the tribe were carefully noted. 

Specimena were obtained of typical basketry, bead and quill work, of old dice 
plates and counting sticks for gaming, and other objecta. In places d igging for stone 
implements was attempted, and was sometime& rewarded by a few stone axes, knives, 
and arrow-heads. Models were obtained of old-time spears and other implements for 
fishing and hunting, no longer in use among the tribe, but the shapes of which still 
exist i'Il the memory of the old. . 

Altogether, the field, although long closed to civilization, offered a rich a.nJ inter­
esting opportunity for investigation. I believe that very little work of a scientific 
nature had hitherto been attempted. The complete results of my summer's re3earch~ 
will be submitted as soon as possible. 

(d) 

ON MICMAC AN D MALECITE WORK, 1911. 

(W. JI. Mechling .) 

My field work for the summer of 1911 in New Brunswick and Quebec was among 
the Malecite and Micmac tribes. All the summer except one week was spent ~n New 
Brumwick, for there is only one Malecite village (Cacouna) in Quebec, and that an 
unimportant one. The following reservations were v:isited in the order named : 
Cacouna (Malecite), St. Anne de Restigouche (Micmac), St. Mary (Maleciu;), 
Oromocto (Malecite), Bumt Church, Big Cove, and Eel Ground (Micmac) . 

The greater part of the work was naturally spent on the M:alecites, in order to 
complete the researches started in the ·summer of 1910. In the two seasons I have 
visited all the Malecite villages. The character of the work may be divided into the 
following heads: (1 ) collection of specimens and the making of phonograph records ; 
(2) gathering of ethnological data; (3) linguistic work. 

Seventy-five specimens were collected illustrating the life and culture of these 
people. Of these about twenty ·are Malecite and the rest Micmac. With those col­
lected last summer and purchased by the Geological Survey, the Museum now pos­
sesses probably the largest collection from this area. The specimens of bark work are 
particularly good. During the summer about for ty-five phonograph records were 
made, mos.t of them Malecite. Ma.ny more Micmac records could have been made, but 
unfortunately the s·upply of blank records was exhausted and it was impoS<Sible to 
secure a.ny more in time. However, the Malecite collection is a good one, as I was 
able to secure the services of the only three dance song leaders of the tribe. The best 
of these is in poor health and may die at any time. The younger generat ion are not 
able to simg the Indian songs, so that in all probability the music of the Malecite 
will die out with this generation. 
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Most stress was naturally laid on the collection of ethnological information. 
Part of the time was given to verification of the last summer's result>, and· further 
investigation was undertaken along lines suggested by last summer's work. All the 
more important ethnological topics received attention. It was found that the dif­
ferent aspects of their culture have been pre.served with various degrees of tenacity. 
Mythology is preserved better than anything else except folk -lore and what is gener­
ally known as " superstitions." Aboriginal social organization and religion have long 
ago give.n place to white men's methods of government and to Catholicism; only 
suggestions of their former practices and beliefs could be obtained. Forturuately the 
social organization was simple and can probably all be reconstructed from the acco•unts 
of the early explorers, missionaries, and travellers. With ilheir religioru it is quite 
another story. The greater part of their material culture is still accurately preser_yed 
in the minds of the older people; in actual practice they differ at present little in 
this respect from their white neighbours. Much work can still be done on the folk­
lore and mythology of the Micmacs. 

My linguistic work consisted chiefly in recording texts of myths; some were 
s,,:cured in Micmac, but the greater part in Malecite. All myths recorded last sum­
mer were carefully gone over, both to ensure the accuracy of the texts and to get a 
better translation. Grammatical notes also receive.I l\ttention; furthermore the 
names of all objects and concept[; of ethnological significance were recorded. I hope 
to receive dur ing the winter of 1911-2 a great deal more linguistic material, as 
several Indians have been engaged to write down myths in Micmac and also make a 
t ranslation of them. 

(e) 

WORK AMONG THE .ARCTIC ESIUMOS. 

(V. S. Stefansson.) 

Letters addressed to the Director have been received from V. S. Stefii.nsson, who has 
been continuing his researches among the Eskimos of the Arctic region between 
Mackenzie riYer and Hudson bay. They are dated August 12, October 14 (joint 
letter to tho American Mu~eum of Natural History and the Geological Survey), 
November 4, and December 4, 7, and 11, of 1910; and January 20 and April 20 of 
1911. Under date of November 4 Mr. Stefansson writes from Dease river, a north­
east inlet of Great Bear Lake :-

"It gives me pleasure to repo1·t to you that we have completed the work entrusted 
to us by· the Geological Survey of Canada and the American Museum of Natural 
History of New York three years ago- completed it in so far as the itinerary is con­
cerned. The completeness of the work otherwise cannot be judged till we have the 
pleasure of laying our i·esults before you after our return. 

" On April 22 we left Langton bay to attempt reaching the Corona-
tion Gulf district by ·sled and to search for hitherto undiscovered people that might 
inhabit Dolphin and U uion strait,;. This was the last part of our itinerary as laid 
before you in Ottawa the winter 1907-8. April '2f( we left Cape Lyon, the most east­
erly point at which Eskimo houses were seen by Dr. Richardson on his Franklin 
Search expedition and the most easterly point known to have been visited by the 
W estem or Baillie I sland Eskimos. Our outfit was three Eskimos and myself, one 
sled, six dogs., two week's provisions, and 960 rounds of ammunition for four rifles­
besi<les some trade articles for the purchase of ethnological specimens from any people 
we might meet. 

"We proceeded east slowly, as we were depending on -seals for food, and although 
they were abundanrt on top the ice in Darnley bay April 25, they became rarer as "\Ye 
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proceeded east-ou account of the i'!lcreasin.g severity of the weather. Our experi­
ence in winter quite agrees with Dr. Richardson's in summer as to the season's being 
a full month later at Oape Krusenstern than at Oape Parry. The first seals appeared 
on top the ice at Cape Bexley, :May 17. 1910. 

" :May 13, we discovered the fir.st people-the Akuliakattagmiut, whose winter 
home is in the middle of the straits north of Cape Bexley, but who hunt in summer 
south of Oape Bexley, inland on the lake A-kuJi-a-kat-tak, which is the sou rce of the 
Rae river. This lake is said to be oval, roughly 20 miles north ·and south and 25 
east and west, and is about due south of Be·xley and due west of Back inlet. :May 
17 to 20 we visited the Haneragmiut, who live on the south o:;hore of Victorialand 
and north of Cape Bexley. and th.en proceeded towards the Ooppermine, making a 
portage south from a little unnamed bay southeast (true) from ListO'll island to the 
foot of Basil Hall bay. This route is partly over a chain of small lakes and is mu<!h 
used by the EskimOb. I made a rough sketch map of it. We entered the mouth of 
:the Coppermine June 2, and June 6 were compelled by the thaw to end our sledding 
for the year some 8 miles south of Bloody fall and about equally far north of the 
northern limit of trees. 

"Our summer has been spent on the Coppermine river, cm Dismal lake, and 
Dease i·iver with bands of Eskimos of various sizes. We have seen, all told, some 
250 Eskimos, representing a population of 700 or 800 between the Kent peninsula 
and Oape Bexley-people from these extremes were met on Dease river in Au,,,"Ust. 
Our routine work of anthropometric measurement, notaticm of ethnological informa­
tion and of such geological and zoological information as could be gained hao:; been 
steadily carried on. " 

Under date of April 20 word was received from Coronation gulf (latitude 67° 
40' N ., longitude 114° 3:5' \V. , about 18 mil e,; eust of Ooppermine mouth):-

" The ethnological collection being sent to your Museum embraces. 
so far as I know, every article of common use or wear except dance caps (seldom used 
here), mosquito hoods for summer wear, kayak, and sled. Of several articles there 
are two or more duplicates. Our programme for the summer ha.s been completely 
changed by finding here the T eddy Bear trading schooner, whose captain. Joseph F. 
Bernard, has generously offered assistance which. much simplifies for us the trans-
portation problem. · 

"I am ·orely tempted to devote the spring to completing the survey of the coast 
of northeast Victorialand from the 'Farthest' of the Amundsen expedition. It 
would he easy to l.l"r.t a ft1ather f1J r 0rio'8 c11p that way, but I do not feel justified in 
risking your disapproval and that of the :Museum, for after all this of ours is an 
ethnological exped ition, and it may bo said that we have no business running off into 
a probably uninhabited country just to complete an outline survey of an island. In 
February I commenced a 'report to print' on our ethnological work of the year, to 
st>nd you by your request. It is not cpmpleted, by reason of many interruptions for 
hunting and othe r work. Now the unexpected meeting with a ship here and the offer 
of Aquiprnent for summer work has decided me to turn north at once to Victorialand. 
I am asking Dr. Anderson to send the report to you nevertheless, uncompleted as it 
is. " 

Three repor ts of an ethnological character have been received: one entitled, 
" Ethnological Report on the Eskimos of Coronation Gulf Region," dated H'.ead­
waters of Dease riYer, January 28, 1911; one containing map entitled, "Distribu­
tion and Seasonal l\1igra tions of the Copper Eskimos," dated I~angton bay, J u·ne 25, 
l!Jll; the third entitled, "Prehistoric and Present Commerce among the Arctic 
Coast Eskimo," dated the Parry peninsula, July• 25, 1'911. Two short Eskimo texts 
eHtitletl, "The Girl Who Broke the Taboo" and "The Blind Boy and his Grand­
mother," with notes and English t r anslation, .have also been submitted, as well as a 
fow negatives of ethnological interest. 
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PART II. 

ARCHLEOLOGY. 

(Harlan I. Smith.) 

The arclueological work of the Geological Sun-e,y from June 15, the Jate of 
my ·appointment, to the end of the calendar year ha;; been divided into two mai•n 
groups-the activities for diffmiing arclueological knowledge by such means as 
museum exhibits, guide books, and lectures, and those for increasing such knowledge, 
,13 by exploration, original research, and systematization. 

All the archreological material of the Victoria Memorial Mmeum has been 
unpacked and SQrted into groups corresponding to the divisions of the proposed 
museum exhibits equivalent to the five ethnological culture areas of Canada whish 
.have tentatively been adopted as archreological areas. The collection from the 
Sf; uthern coast of British Columbia is found to be fairly representative, that from the 
southern interior of British Columbia is also represe-ntative; the collection from 
Ontario is large but lacks needed data. From Quebec a.id the Maritime Provinces 
there are har·dly any archreological specimens possessed by the Museum, anid the same 
is true of the Arctic, the Great Plains, and the northern part of the Plateau-Mac­
kenzie region. Niue hundred and forty specimens from the southern interior of 
Britioh Columbia, the entire collection from the region, have been numbered and 
catalogued. 

A popular g uide for the archreological collections from the interior of British 
Columbia has been prepared, another for the collection;; from the Pacific coast is 
nearly finished, and one for those from Ontario is well under way. General and 
topical labels have been prepared for the printer. 

Casts of specimens to supplement the collections from the two western archreo­
kgical areas have been secured by exchange with the American Museum of Natural 
History, New York. A small collection of archrnological object;; was obtained in 
fie ld work with Mr. George E . Laidlaw and with Mr. W. J. Wintemberg in Ontario. 
Five .specirnens were received by gift, through Mr. Lawrence M. Lambe, from Sir 
James Grant, M.D., Ottawa. Stone beads collected at Yale, B.O., were presented by 
:Mr. Charles Oamsell, and a human skeleton, besides archreological objects, has been 
received among the results of field work by Mr. W. J. Wintemberg in Ontario. 

A mould has been made of a large and interesting petroglyph from near Nanaimo, 
Yancouver island. From this a cast for exhibition purposes may be taken and dupli­
cates may be made for loan to other museums throughout Canada. A selection: has 
been made from our nBg·atives. Lantern slides have been ordered from these selected 
negatives in order to develop a stock from which slides necessary for lectures on 
Canadian archreology may. be chosen. 

Turning to research work, attention has been given to the organization of an 
archreological survey of the Dominion. It has been foun·d that we most sorely need 
archreological specimen<; and information from the northern part of the Plateau­
J\fackenzie area, the Great Plains. the Arcti c, Quebec. and the 1\Iaritime Provinces. 

A number of typical vi llage sites in the vicinity of vVashington, Ontario, were 
visited in compa'IlJ'l with :Mr. W. J. Wintemberg,, who was later employed to make an 
archreological survey of Blandford townsh ip, Oxford county, and to conduct other 
Tesearches in Ontario. Village sites were also vi ited in company with Mr. George 
E. Laidlaw in the vicinity of Vi ctoria Road, Ontario. 

Photographs, for use chiefly in research work, were made of all the types of arch­
!L'ological objects from Ontario in t he Provincial Museum a t Toronto. All the col-
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lections available in Toronto, :Montreal, and Quebec were inspected. Two collections 
which were offered for sale to the Geological Survey, one in Paris, the other at 
W aterdown, were visited. It is my opinion that the funds necessary for purcha.sing 
these might far better be spent in carrying on activities for the diffusion and increase 
of archooological knowledge and in securing material more sorely needed for these 
purposes. 

Considerable attention has been given to systematizing and digesting scattered 
and incomplete archooological data. The co-operation of railway officials, memberi! 
of the Northwest Mounted Police, and the explorers of the Geological Survey, bas 
been enlisted to assist in the archooological survey. 
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MAPPING AND ENGRAVING DIVISION. 

( 0.-0mer Senecal.) 

The staff of the mapping and engraving ·division is at present composed of a 
chief officer, thirteen map compilers and draughtsmen, and one clerk-typist. 

The work assigned to this division .is of a varied nature and consists mainly m 
the construction and drawing of original maps and diagrams of all descriptions to 
be issued separately or to illustrate geological memoirs. Some members of the staff 
are trained for special map compilation and others for the preparation and fr:iishing 
of drawings intended for reproduction by engraving or photolithographic processes. 
Considerable attention is also devoted to the elaborati-on of map specifications for 
the use of the engravers who are under the control of the Printing Bureau. A saving 
of time and: expenditure in proofing is calcuJated to be thus effectuated. 

Four hundred and eighteen letters, memoranda, specification sheets, reports, 
etc., relating to the work of this division, were sent out during the past :year, while 
four hundred and eighty-six were received. 

Attention was also given to the work of the Geographic Board of Canada, the 
meetings of which were regularly attended. A considerable number of lists of place­
names covering maps prepared during the year were, as usual, edited, then submitted 
to the board for discussion and approval. Lists of approved names are published in 
the annual report of the board, under the authority of the Department of Marine 
and Fisheries, and from time to time, in the Canada Gazette. 

The following twenty-five maips, plans, etc., are, at this date, in the hands of the 
King'<> Printer. Several editiohs are expected to be i<>sued shortly. 

:M:APS in hands of Il:ing's Printer, December 31, 1911. 

S . A Publication 
enes · Nun1ber. Title. Sent to King's 

Printer. 

17 1123 Southeast Vancouver island, B.C......... . .....•...... .... Aug. 
19 1147 La.rdeau Topographical map, B.C .......... . . . . ........ . ... .. Sept. 
26 1162 Bathurst Topographical map, N. B . ................ . . . ..... .. .... June 
27 1163 Bathurst Geological map, N.B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,, 
29 1167 Mother Lode and Sunset mines, B.C., Topographical map ......... · 1Mar. 
30 1168 " ,, ,, Geologic:i.l map . . . ........ Nov. 
31 1177 Larder Lake di strict, Ont. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,, 
35 1181 Parts of Albert and Westmorland counties, N. B... . ... . . ....... .. .• Tuly 
38 1184 Danville Mining Area, Quebec ..... . .. . ... . ..................... Oct. 
39 1185 Geologic:il Map of Nova Scotia .... . . ....................... . ..... Aug. 
40 1210 Bighorn Coal Basin, Alta. . . . . . . . . . . . . .. . . ..... Oct. 
45 i195 Tulameen Topographical map, B.C . . . . . . . . .... .. . .. .... . . .. . Aug. 
46 1196 ,, G0 C>logical map, B.C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,, 
47 1197 Law's Mining camp, Tulameen, B.C.. . .. .. . . . . . . . . . . . . . . . . . . . . . . . ,, 
49 1199 Orillia Topographi_cid sheet, Ont.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . Oct. 
50 1200 Portland Canal Mm mg area.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,, 
fil I 1201 Geological map of Alberta, Saskatchewan, and Manitoba..... . .... f!ept. 
52 1202 Northeast part of Serpentine Belt, Quebec ..... . . .. ............... . 'bet. 
53 1208 Southeast Nova Scotia. . . . . . . . . . . . . . . . . . . . . . .... . ............ Sept. 

.
1 

:139 Northwestern Manitoba, 2nd ed ition ........ . ......... ... . ... . .. Aug. ...... I UG4 Part of Algoma and Thund er Bay, Ont., 2nd edition . .. .. . . . . . . . . ,, 
• . . . . . . . .. Golden ville Gold district, N.S.; Libbey fissure vein ... . . .. .. ...... Oct. 

• • • • • • • • • • • • • • • • • • • 11 " 11 Plau and section. . . . . . . . . . . . . . . 

I
.. . ... . Oldham Gold disGrict, N.S.; P lan and section . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . Brookfield Gold district,. N.S.; :flan . . : . . . . . . . . . .. ... . 
A !so a large number of zmc-cut 1llustrat10ns for reports ........ . .. . 

29, 1911 
3, 1911 
1, 1911 
1, 1911 

24, 1911 
17, l!Jll 
14, 1911 
26, 1911 

6, 1911 
31, 1911 
17, 1911 
29, 1911 
29, 1911 
29, 1911 
17, 1911 
17, 1911 

9, 1911 
6, 1911 

26, Hlll 
5,l!Hl 

22 1911 
20'. 1911 
20, 1911 
20, 1911 
19, 1911 

A list of the maps, diagrams, etc., published during the past :year, is appended 
herewith:-
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LIBRARY. 

(Jane Alexander, Acting Librarian.) 

During the calender year, 2,981 publications were received as gifts or exchanges, 
including-besides periodicals-maps, reports, and publications 01 lv1c,gn Geological 
Surveys, together with memoirs, transactions, and proceedings of the scientific socie­
ties of Canada and other countries. 

306 volumes were added by purchase, costing $1,241.60. 
242 volumes were bound during the year. 
104 periodicaL> were sub~crib€d for. 
217 letters relating to the work of the libraryi were sent out, with 597 aclmow­

ledgmen.ts of publications received as gifts. 
Though the removal of the library to its new quar ters in the Victoria Memorial 

Museum took place early in the year, it was not until the month of September that a 
syst€matic re-arrangement and classification of the books was begun. A modified 
form of the Cutter system is being used, and good progress has been made with the 
work. Ma'Ily 1olumes-which for want of shelf room had been stored away-are now 
available. 



SUMMARY REPORT 

SESSIONAL PA PER No. 26 

PUBLICATIONS. 

The following reports have been published since January 1, 1911 :­

No. 
1006. RepOl't on a Traverse through the Southem part of the North West 

Territories, from Lac Seul to Cat lake, 1902. By A. W. G. 
Wilson. Published January 10, 1911. 

1080. Report on a Part of the North West Territories drained by the Winisk 
and Upper Attawapi;kat rivers. By W. Mclnnes. Published 
J .anuary 10, 1911. 

397 

Bound 
together. 

1064. Report on the Geology of 'an Area adjoining the East Side of Lake Timis­
kaming. By Morley E . Wilson. Published May 1, 1911. 

1110. Memoir No. 4: Geological Reconnaissance along the Line of the National 
Tramcontinental Railway in Western Quebec. By W. J. Wilson. Pub­
lished June 26, 1911. 

1113. Memoir No. 16-E: The Clay and Shale Deposits of -Nova Scotia and Portions 
of New B;runswick. By Dr. Hei.n;rich Ries and J. Keele. Published July 
18, 1911. 

1115. Memoir No- 8: Prelimirnary Report on the Edmonton Coal Fields. By D. B. 
Dowling. Published February 13, 1911. 

1130. Memoir No. 9: Bighorn Coal Basin. By G. S. Malloch. Published July 18, 
1911. 

1137. Memoir No. 10: An Instrumental Survey of the Shorelines of the Extinct 
Lakes Algonquin and Nipissing, in Southern Ontario. By J. W. Gold­
thwait. Published Jun~ 20, 1911. 

1141. Memoir No. 12: On Tertiary Insects of British Columbia. By Anton Hanid­
lirsch. Published January 30, 1911. 

1143. Memoir No. 14: Description of Shells collected by John Macoun at Barkley 
Sound, Vancouver Island, B.C. By Messrs. W. H. Dall and Paul Bartsch. 
Published January 16, 1911. 

1150. Memoir No. 15: On a Trenton Echinoderm Fauna at KirkfielJ, Ont. By Haru. 
Frank Springer. Published May 16, 1'911. 

1170. Summary Report of the Geological Surveyi for the Calendar Year ending Decem­
ber 31, 1910. Published June 20, 1911. 

Special Reprint. 

Note on the Parietal Crest of Centrosaurus Afertus, and on a Proposed New 
Generic name for Stl:lreocephalus Tulus. By Lawrence M. Lambe. The 
Ottawa Naturalist, December, 1910. Published January 10, 1911. 
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No. 
FRENCH TRAN.SLATlONS. 

(M. Sauv.alle.) 

1035a. Coal Fields of Man~toba, Saskatchewan, Alberta, and Eastern British. 
Columbia. By D. · B. Dowling. Publish€d March 17, 1911. 

1072. Summary Report, 19-08. Published January 17, 1911. 
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ACCOUNT.ANT'S STATEMENT. 

Tbe fm1ds available for the work and the expenditure of the Geological Survey 
for the fiscal ~1 ear ending March 31, 1911, were:-

Deta.ils. Grant. 

.Amounts voted by Parliament . . $391,889 00 
Civil list salaries .. . . . ... . . .. . .. . 
Explorations in British Columbia ... . 
Topographical surveys in British Columbia. 
Explorations in North West Territories.. ' 
Explorations in Ontario. . . . . . 
Topographical survey.s in Ontario. . . . . 
Explorations in Quebec ........... . 
Topographical surveys in New Brunsw.ick. 
Explorations in New Brunswick .. 
Explorations in Nova Scotia .. 
Explorations in general . . . . . . 
Publication of maps. . .... .. . 
Publication of reports . . . . . . 
Instruments and repairs . . . . . . 
Specimens fo;r Museum .. 
Miscellaneous . . . . . . . . . . . . 
Printing and stationery . .. . .. . 
·wages of temporary employes .. 
Travelli•ng expenses . . . . . . 
Library . ....... . . ..... . 
Photo supplies .. ..... ... . . 
Removal to Victoria Memorial Museum. 
Legal fees .. .... ........ . . 
Balance unexpended and lapsed. . . . . . 

E xpenditure. 

$103,502 94 
26,352 37 
39,766 30 

8,710 84 
6,708 78 
4,061 82 
4,,904 39 
5,858 67 

344 78 
4,549 49 
2,931 49 

;13,993 93 
9,787 55 
9,841 80 
9,066 35 
6,237 28 

. 5,209 35 
2,081 35 
] ,752 67 
J.,598 76 
1.298 14 
1.171 94 
1.563 20 

120,594 81 

$391,889 00 $391,889 00 

JNO. MARSHALL. 

All of which 1s respectively .submitted. 

I have the honour to be, Sir, 

Your obedient servant. 

(Signed) R. W. BROOK. 
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•912. Descriptive Catalogue of Minerals and Rocks, by R. A. A. Johnston 

and G. A . Young. 
1073. Catalogue of P ublkations: Reports and Maps (1843-1909) . 
1085. Descriptive Sketch of the Goology and Economic Minerals of 

Cana da, by G .. A. Young, and Introductory by R. W. Brock. 
Maps No . 1084; No . 1042 (second edition ), scale JOO m. = 1 in. 

1086. Fnnch translation of Descriptive Sketch of the Geology and 
Economic Minerals of Canada, by G. A. Young, and Introduc­
tory by R. W. Brock. Maps No. 1084; No. 1012 (second edition), 
:oca le 100 m. = 1 in . 

1107. Part II. Geological position and character of the oil-sh ale deposits 
of Canada, by R. W. Ells. 

1146. Notes on Canada, by R. W. Brock. 

YUKON. 

•260. Yukon district, by G. M. Dawson. 1887. Ma]J6 No. 274, scale 60 m. = 
1 in.; Nos. 275 and 277, scale 8 m. = 1 in . 

•295. Yukon a nd Mackenzie basins, by R . G . McConnell. 1889. Map No. 
3-04, scale 48 m. = 1 in. 

687. Klondike gold fi eld , (preliminary) , by R. G. McConnell. 1900. Map 
No. 688, scale 2 m. = 1 in. 

884. Klondike gold fields, by R . G. McConnell. 1901. Map No. 772, scale 
2 m. = 1 in. 

•909. Windy Arm , Tagish lake, by R . G. McConnell. 1906. Map No. 916, 
scale 2 m. = 1 in . 943. Upper Stewart rh-er, by J. Keele. Map No. 938,} 
scale 8 m. = 1 in. B d t th 

951. Peel and Wind rivers, by Chas. CamSt>ll. Map oun oge er. 
No. 942, scale 8 m. = 1 in. 

979. Klondike graveJs, by R. G . McConnell. Map No. 1011, scale 40 ch. = 
1 in. 

982. Conrad and Whitehorse mining districts, by D. D. Cairnes. 1901. 
Map No. 990, scale 2 m. = 1 in . 

1016. Klondike Creek and Hill gravels, by R . G. McConnell. (:French.) 
Map No. 1011, scale 4-0 ch . = l in. 

1050. Whitehorse Copper Belt, by R . G. McConnell. Maps Nos. 1,026, 
1,041, 1,044-1,049. 

1097. Reconnaissance across the Mackenzie 1..1ountains on the Pally, Ross, 
and Gravel rivers, Yukon, and North West Territories by 
Joseph Keele. Map No. 1099, sc.ale 8 m. = 1 in. ' 

1011. Memoir No. 5 (Preliminary): on the Lewes and NordenskiOld Rivers 
coal-field, Yukon, by D. D. Cai rnes. Maps Nos. 1103 and 1104 
scale 2 m. = 1 in. ' 

BRITISH COLUMBIA. 

212. The Rocky mountains (between latitudes 49° and 51° 30' ), by G. 
M .. Da wson. 11;85. Map No. 223, scale 6 m. = 1 in. Map No. 
224, scale H m. = 1 in. 

"235. Van couver island, by G. M. Dawson . 1886. Map No. 247, scale 8 
m . = 1 iu. 

236. The Rocky mountains, geological st r ucture, by R. G. McConnell. 
1886. Map No. 248, seale 2 m. = 1 in. 

263. Cariboo mining dis trict, by A. Bowman. 1887. Maps Nos. 278-281. 
•271. Miner-al wealth, by G. M. Dawson. 
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"294. W~t Knotenay district, by G. M. Dawson. Jl588-9. Map No. 803, 
scale 8 m . = I in. 

•573_ Ramloops di~trict, by G. M. Dawson. 1894. Maps Nos. ~ and 557, 
scale 4 m. = 1 in. 

574. Finlay and Omineca rivers, by R. G. McConnell. 189-i. Map No. 567, 
scale 8 m. = 1 in. 

743. Atlin Lake mining division, by J.C. Gwillim. 1899. Map No. 742, 
scale 4 m. = 1 in. 

939. Ross!and district, by R. W. Brock. Map No. 941, scale 1,€00 ft. =1 in. 
940. Graham island, by R. W. Ells. 1905. Maps No. 921, scale 4 m. = 1 

in.; No. 922, scale 1 m. = 1 in. (Reprint). 
986. Similkameen district, by Chas. Camsell. Map No. 987, scale 400 ch. 

= 1 in. 
988. Telkwa river and vicinity, by W.W. Leach. Map No. 989, scale 2 

m . = 1 in. 
996. Nanaimo and New Westminster dis.tricts, by 0. E. LeRoy. 1907. 

Map No. 997, •cale 4 m. = 1 in. 
1035. Coal-fields of "1anitoba, Saskatchewan, Alberta, and Eastern British 

Columbia, by D. B. Dowling. 
1093. Geology, and Ore Deposits of Hedley Mining district, British Colum­

bia, by Charles Cacmsell. Maps Nos. 1095 and 1096, ocale 1,000 
ft. = 1 in.; No. 1105, scale 600 ft. = 1 in.; No . 1106, scale 800 ft. 
= 1 in.; No. 1125, scale 1,000 ft . = 1 in. 

1121. Memoir No. 13 : Southern Vancouver island, by Charles H. Clapp. 
Map No. 1123-17 A, scale 4 m. = 1 in. 

1175. Mfmoir No. 21: Geology and ore deposits of Phoenix, Boundary dis­
trict, by 0. E. LeRoy. Maps Nos. 1135 and 1136, scale 400 ft. 
= 1 in. 

1204. Memoir No. 24-E: Preliminary Report on the Clay and Shale De· 
posits of the Western Provinces, by Heinrich Ri.es and Josep.h 
Keele . Map No. 1201-·51 A, scale 35 m. = 1 in. 

ALBERTA. 
"237. Central portion, by J.B. Tyrrell. 1886. Maps Nos. 249 and 250, 

scale 8 m. = 1 in. 
324. Peace and Athabaska Rivers district, by R. G. McConnell. 1890-1. 

Map No. 336, scale 4S m. = 1 in. 
703. Yellowhead Pass route, by J. McEvoy. 1898. Map No. 676, scale 

8 m. = 1 in. 
•949. Cascade coal-fields, by D. B. Dowling. Maps (8 sheets) Nos. 929-936, 

scale 1 m. = 1 in . 
968. Moose ]\fountain district, by D. D. Cairnes. Maps No. 963, scale 2 

• m. = 1 in.; No. 966, scale 1 m. = 1 in. 
1035. Coal-fields of Manitoba, Saskatchewan, Alberta, and Eastern British 

Columbia, by D. B. Dowling. Map No. 1010, scale 35 m. = 1 in. 
1035a. French translation of coal-fields of Manitoba, Saskatchewan, Alberta, 

and Eastern British Columbia, by D. B. Dowling. Map No. 
1010, scale 35 m . = 1 in . 

1115. Memoir No. 8-E: Edmonton coal-field, by D. B. Dowling. Maps Nos. 
1117-5 A and 1118-6 A, scale 2640 ft. = 1 in. 

1130. Memoir No. 9-E: Bighorn coal basin, Alta., by G. S. Malloch. Map 
No. 1132, scale 2 m. = 1 in. 

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 35 m. = 1 in . 

SASKATCHEWAN. 

213. Cypress hills and Wood mountain, by R. G. McConnell. 1885. Maps 
Nos. 225 and 226, scale 8 m. = 1 in. 

601. Country between Athabaska lake and Chur chill river, by J. B. 
Tyrrell and D. B. Dowling. 1895. Map No. 957, scale 25 m. "' 
1 in. 
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868. Souris h.1ver coal-field, by D. B. Dowling. 1902. 
1035. Coal-fields of Manitoba, Saskatchewan, Alberta, and Eastern British 

Columbia, by D. B. Dowling. Map No. 1010, scale 35 m. = 1 in . 
12~H . Memoir No. 24-E: Preliminary Report on the Clay and Shale De­

posits of the W es tern Provinces, by Heinrich Ries and Joseph 
Keele. Map No. 1201-.51 A, scale 35 m. = 1 in. 

MANITOBA. 

264. Duck and Riding mountains, by J.B. Tyrrell. 1887-8. Map No. 
282, scale 8 rn. = 1 in. 

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 Sm. = l in. 
704. Lake Winnipeg <;rest shore), by D:_ B .. Dowling. } 

1898. Map No. 664, scale 8 m. - l m. Bound together 
705. Lake Winnipeg (east shore), by J.B. Tyrrell. · 

1898. Map No. 664-, scale 8 m. = 1 in. 
1035. Coal-fields of Manitoba, Saskatchewan, Alberta, and Eastern British 

Columbia, by D. B. Dowling. Map No. 1010, soale 35 m. = 1 in. 
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 35 m. = 1 in. 

NORTH WEST TERRITORIES. 

217. Hudson bay and strait, by R. Bell. 1885. Map Ne. 229, scale 4 m. 
=l in. 

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 m. = 1 in . 
(Uji. James bay and country east of Hudson bay, by A. P. Low. 
578. Red lake and part of Be~ens river, by D. B. Dowliug. 1894. Map 

No: 576, scale 8 m. = 1 in. 
•534_ Labrador penii;isula, by A . P. Low. 1895. Maps Nos. 585-588, scale 

25 rn. = 1 m . 
618. Dubawnt, Kazan, and Ferguson rivers, by J.B. Tyrrell. 1896. Map 

No. 603, scale 25 m. = 1 in. 
657. Ne;_ them portion of the Labrador peninsula, by A. P. Low. 
680. Somh Sbo1·e Hudson strait and Ungava bay, by} 

A. P. Low. l\Iap No. 699, scale 25 m . = 1 in. Bound to eth r 
713. North Shore Hudson strait and Ungava bay, by g e · 

R . Bell. Map No. 659, scale 25 rn. = 1 in . • 
725. Great Bear lake to Great Slave Jake, by J.M. Bell. 1900. 
778. East coast Hudson bay, by A. P. Low. 19-00. Maps Nos. 779, 780, 

781, scale 8 m. = 1 in. 
786- 787. Grass River region, by J. B. Tyrrell and D. B. Dowling. 1900. 
815. Ekwan river and Sutton lakes, by D.R. Dowling. 1901. Map No. 

751, scale 50 m. = 1 in. 
819. Nastapoka islands, Hudson bay, by A. P. Low. 1900. 
905. Tbe Cruise of the N eptu11e, by A. P. Low. 1905. 

IOOG. 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. 
10~ 0. Report on a Part of the North West Territories, Bound together. 

drained by the Winisk and Upper Attawa-
piskat rivers, by W. M:clnnes. Map No. 
1089, scale 8 m. = 1 in. 

10G9. French translation: Report on an exploration of the East coast of 
Hudson bay, from Cape Wolstenholme to the south end of 
James bay, by A. P. Low. Maps Nos. 779, 780, 781, scale 8 m. = 
1 in.; No. 785, scale 50 m. = 1 in. 
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1097. Reconnaissan<le across the Ma-0kenzie mountain" un i:he Pelly, Ross, 
and Gravel rivers, Yukon, and North West Territories, by 
Joseph Keele. Map No. 1099, scale 8 m. = 1 in. 

ONTARIO. 

215. Lake of the Woods r egion, by A. C. Lawson. 1885. Map No . 227, 
scale 2 m. = 1 in. 

•265. Rainy Lake region, by A. C. Lawson. 1887. Map No. 283, scale 4 
m. = 1 in . 

266. Lake Superior, mines and mining, by E. D. Ingall. 1888. Maps No. 
285, scale 4 m . = 1 in.; No. 286, scale 20 ch .. = 1 in. 

326. Sudbury mining d·istrict, by R . Bell. 1890-1. Map No. 343, scale 4 m. 
= 1 in. 

327. Hunter island, by W. H. C. Smith. 1890-1. Map No. 342, scale 4 
m. = 1 in. 

332. Natural Gas and Petroleum, by H. P . H. Brumell. 1890-1. Maps 
Nos. 344-349. 

357. Victoria, Peterborough, and Hastings countioo, by F . D. Adams. 
1892-3. 

627. On the French River sheet, by R. Bell. 1896. Map No. 570, scale 
4 m. = 1 in. 

678. Seine river and Laike Shebandowan map-sheets, by W. Mcinnes. 
1897. Maps Nos. 589 and 560, scale 4 m. = 1 in. 

723. Iron deposits along the Kingston and Pembroke railway, by E. D. 
• Ingall. 1900. Map No. 626, sca1e 2 m. = 1 in.; and plans of 

13 mines. 
"739. Carleton, Russell, and Presoott counUes, by R . W. Ells. 1899. (See 

No. 739, Quebec.) 
741. Ottawa and vicinity, by R. W . Ells. 1900. 
790. Perth sheet, by R. W. Ells. 1900. Map No. 789, scale 4 m. = 1 in. 
961. Sudbury Nickel and Copper deposits, by A. E. Barlow. (Reprint). 

Ma1ps Nos. 775, 820, scale 1 m . = 1 in.; Nos. 824, 825, 864, scale 
4-00 ft. = 1 in. 

962. ~ipissing and Timiskaming map-sheets, by A . .J!l. Barlow. (Re­
print). Maps Nos .. 599, 606, scale 4 m. = 1 in.; No. 944, soo:le 
1m.=1 in. 

965 . S·udbury Nickel and Copper deposits, by A. E. Barlow. (French). 
970. Repor•t on Niagara Falls, by J. W. Spencer. Maps Nos. 926, 967. 
977. Report on Pembroke sheet, by R. W. Ells. Map No. 660, scale 4 m. 

= 1 in. 
980. Geological reoonna.issance of a portion of Algoma} 

and Thunder Bay district, Ont., by W. J. 
Wilson. Maip No. 964, scale 8 m. = 1 in. 

1081. On the region lying north of Lake Superior, be- Bound together. 
tween the Pio and Nipigon rivers, Ont., by 
W. H. Coillins. Map No. 964, scale 8 m. 
= 1 in. · • 

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. = 1 in. 

999. French translation Gowganda Mining Division, by W. H. Collins. 
Map No. 1076, scale 1 m. = 1 in. 

1038. French translation report on the Transoontinental Railway location 
between Lake Nipigon and Sturgeon lake, by W. H. Collins. 
Map No. 993, S(lale 4 m. = 1 in. 

1059. Geological reconnaissanoo of the region traversed by the National 
TranS(lontinental raiLway between Lake Nipigon and Clay 
1ake, Ont., by W . H. Collins. M111p No. 993, scale 4 m . = 1 in. 

1075. Gowganda Mining Division, by W. H. Collins. Map No. 1076, S(laJ.e 
1m.=1 in. 
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1082. 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. = 1 in . ; No. 770, scale 2 m. = 1 in . 

1091. Memoir No. 1: On the G<>ology of the Nipigon basin, Ont., by A. 
W. G. Wilson. Map No. 1090, scale 4 m. = 1 in. 

scale 8 m. = 1 in. Bound together. 

1114. French translation: Geological r econnaissance of} 
a portion of Algoma and Thunder Bay dis­
trict, Ont., by W. J. Wilson. Map No. 964, 

1119. French translation: On the region lying north of 
Lake Superior, between the Pie and Nipigon 
rivers, Ont., by W . H . Collins. Map No. 
964, scale 8 m. = 1 in. 

QUEBEC. 
1216. Mistassini expedition, by A. P. Low. 1884-5. Map No. 228, scale 

8 m. = 1 in. 
24-0. Compton, Stanstead, Beauce, Richmond, and Wolfe counties, by 

R. W. Ells. 1886. Map No. 251 (Sherbrooke sheet), scale 4 m.= 
1 in. 

268. Megantic, Beauce, Dorchester, Levis, Bellechasse, and Montmagny 
counties, by R. W. Ells.. 1887-8. Map No. 287, sca'1e 40 ch. = 
1 in. 

297. Mineral resources, by R. W. Ells. 1889. 
328. Portneuf, Quebec, and Montmagny counti.:>s, by A. P. Low. 1890-1. 
579. Eastern Townships, Montreal sheet, by R. W. Ells and F. D. Adams, 

1894. Map No. 571, scale 4 m. = 1 in. 
591. Laurentian area north of the Island of Montreal, by F. D. Adams. 

1895. Map No. 590, scale 4 m . = 1 in. 
670. Auriferous deposits, southeastern portion, by R. Chalmers. 1895. 

Map No. 667, scale 8 m. = 1 in . 
707. Eastern Townships, Three Rivers sheet, by, R. W. Ells. 1898. 

"739. Argenteuil, Ottawa, and Pontiac counties, by R. W. Ells. 1899. 
(See No. 739, Ontario). • 

788. Nottaway basin, by R. Bell. 1900. "Map No. 702, scale 10 m.=1 in. 
863. Wells on Island of Montreal, by F. D. Adams. 1901. Maps Nos. 

874, 875, 876. 
· 923. Chibougamau region, by A. P. Low. 1905. 

962. Timiskaming map-sheet, by A. E. Barlow. (Reprint). Maps Nos. 
599, 600, scale 4 m. = 1 in.; No. 944, soo.le 1 m.=1 in. 

974. Report on Copper-bearing rocks of Eastern Townships, by J. A. 
Dresser. Map No. 976, scale 8 m.=1 in. 

975. Repor·t on Copper-bearing rocks of Eastern Townships, by J. A. 
Dresser. (French) . 

998. Report on the Pembroke sheet, by R . W. Ells. (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. 
1002. Report on a Recent Discov.ery of Gold near Lake Megantic, Que., 

by J. A. Dresser. (French). Map No. 1029, scale 2 m . =1 in. 
1052. French translation report on Artesian wells in the Island of Mont­

real, by Frank D. Adams and 0. E. LeRoy. Maps No. 874, 
S>Cale 4m.=lin.; No. 375, scale 3,000 ft.=1 in.; No. 876. 

1064. Geology of an Area a4ioinJng the East Side of Lake Timiskaming, 
Que., by Morley E. Wilson. Map No. 1066, scale 1 m.=1 in. 

1110. Memoir No. 4: Geological Reconnaissance along the line of the 
National Transcontinental railway in Western Quebec, by W. 
J. Wilson. Map No. 1112, scale 4 m.=1 in. 

1144. Reprint of Summary Report on the Serpentine Belt of Southern 
Quebec, by J. A. Dresser. 

NEW BRUNSWICK. 
1!18. Western New Brunswick and Eastern Nova Scotia, by R. W. Ells. 

1885. Map No. 230, scale 4 m.=1 in. 
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2.19. Carleton and Victoria counties, by L. W . Bailey. 1885. Map No. 
231, scale 4 m.=1 in. 

242. Victoria, Restigouche, and Northumberland counties, N.B., by L. 
W. Bailey and W. Mclnnes. 1886. Map No. 254, scale 4 m. = 
1 in. 

269. Northern portion and adjacent areas, · by L. W. Bailey and W. 
Mcinnes. 1887-8. Map No. 290, scale 4 m. = 1 in. 

880. Temiscouata and Rimouski counties , by L . W . Bailey and W. 
Mcinnes. 1890-1. Map No. 350, scale 4 m.=1 in. 

661. Mineral resources, by L. W. Bailey. 1897. Map No. 675, scale 10 m. 
= 1 in. New Brunswick geology, by R. W. Ells. 1887. 

799. Carboniferous system, by L. W. Bailey. 1900. J B d t th 
8-03. Coal prospects in, by H. S. Poole. 1900. S oun oge er. 
983. Mineral resources, by R . W. Ells . Map No . 969, scale 16 m.=1 in. 

1034. Mineral resources, by R. W. Ells. (French). Map No. 969, scale 
16 m.=1 in. 

1113. Memoir No. 16-E: The Clay and Shale deposits of Nova Scotia and 
portions of New Brunswick, by H. Ries and .T. Keele . Map No. 
1153, scale 12 m.=1 in. 

NOV A SCOTIA. 

U3. Guysborough, Antigonish, Picton, Colchester, and Halifax countie8, 
by Hugh Fletcher and E. R. Faribault. 1886. 

331. Picton and Colchester counties, by H. Fletcher. 1890-1. 
358. Southwestern Nova Scotia (preliminary), by L. W. Bailey. 1892-3. 

Map No. 362, scale 8 .m.=1 in . 
628 . .Southwestern Nova Scotia, by L. W. Bailey. 1896. Map No. 641, 

scale 8 m. = 1 in. 
685. Sydney coal-field, by H. Fletcher. Maps Nos. 652, 653, 654, sca le 

1m.=1 in. 
797. Cambrian rocks of Cape Breton, by G. F. Matthew. 1900. 
871. Pictou coal-field, by H. S. Poole. 1J02. Map No. 833, scale 25 ch. = 

1 in. 
1113. Memoir No. 16-E: The Clay and Shale deposits of Nova Scotia and • 

portions of New Brunswick, by H. Ries and J. Keele. Map 
No. 1153, scale 12 m. = 1 in. 

MAPS. 

1042. Dominion of Canada. Minerals . Scale 100 m. = 1 in. 

YUKON. 

*8-05. Explorations on Macmillan, Upper Pelly, and Stewart riv. ~, scale 
8 m. = 1 in. 

891. Portion of Duncan Cree,k Mining district, scale 6 m. = 1 in. 
894. Sketch Map Kluane Mining district, scale 6 m. = 1 in. 

•91s. Windy Arm Mining district, Sketch Geological Map, scale 2 m. = 
1 in. 

990. Conrad and Whitehorse Mining districts, scale 2 m.=l in. 
991. Tantalus and Five Fingers coal mines, scale 1 m. = 1 in. 

1011. Bonanza and Hunker creeks. Auriferous gravels. Scale 40 chains 
=l in. 

103'3. Lower Lake Laberge and vicinity, scale 1 m.=1 in. 
1041. Whitehorse Copper belt, E{)ale 1 m. = 1 in. • 
1026. 1044-1049. Whitehorse Copper belt. Details. 
1099. Pelly, Ross, and Gravel rivers., Yukon and North West Territories. 

Scale 8 m. = 1 'n. 
11l\3. Tantalus Coal area, Yukon. Scale 2 m. = 1 in . 
11-01. Braeburn-Kynocks Coal area, Yukon. Scale 2 m. '= 1 in. 
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BRITISH COLUMBIA. 
278. Cariboo Mining district, scale 2 m. = 1 in. 

604. Shuswap Geological sheet, scale 4 m. = 1 in. 
•771. Preliminary Edition, East Kootenay, scale 4 m. = 1 in. 
767. Geological Map of Crowsnes.t coal-fields, scale 2 m . = 1 in. 

•79i. West Kootenay Minerals and Strire, scale 4 m. = 1 in. 
•792. West Kootenay Geological sheet, scale 4 m. = 1 in. 

828. Boundary Creek Mining district, scale 1 m. = 1 in. 
890. Nicola coal ·basin, scale 1 m. = 1 in. 
941. Preliminary Geological Map of Rossland and vicinity, scale 1,600 

ft. = 1 in. 
987. Princeton ca.al basin and Copper Mountain Mining camp, scale 40 

ch.= 1 in. 
989. Telkwa river and vicmity, scale 2 m. = 1 in. 
997. Nanaimo and New W estminster Mining division, scale 4 m . = 1 in. 

1001. Special Map of Rossland. Topographical sheet. Scale 400 ft. = 1 in. 
1002. Special Map of Rossland. Geological sheet. Scale 400 ft. = 1 in. 
1-003. Rossland Mining crump. Topographical sheet. Scale 1,200 ft. = 1 in. 
1004. Rossland Mining camp. Geological sheet. Scale 1,200 ft. = 1 in. 
1068. Sheep Creek Mining camp. Geological sheet. Scale 1 m. = l in. 
1074. Sheep Creek Mining camp. Topographical sheet. Scale 1 m. = 1 in. 
1095. lA-Hedley Mining district. Topographical sheet. Scale 1,000 ft. 

= lin. 
1096. 2A-Hedley Mining district. Geological sheet. Scale 1,000 ft. = 

1 in. 
1105. 4A-·Golden Zone Mining camp. Scale 600 ft . = 1 in. 
1106. 3A-Mineral Claims on Henry creek. Scale 800 ft. = 1 in. 
1123. 17A-Reconnaissance geological map of southern Vancouver island. 

Scale 4 m. = 1 in. 
1125. Hedley Mining "istrict: Structure SMtions. Scale 1,000 ft. = 1 in. 

Deadwood Mining camp. Scale 400 ft. = l in. (Advance sheet.) 
1135 15A-Phoenix, Boundary district. Topographical sheet. Scale 400. 

ft. = 1 in. 
1136. 16A-Phoenix, Boundary district. Geological sheet. Scale 400 

• ft. = 1 in. 
1164. 28A-Portland Canal Mining district, scale 2 m. = 1 in. 

Beaverdell sheet, Yale district, scale 1 m. = 1 in. (Advance 
sheet.) · 

Tulameen sheet, scale 1 m. = 1 in. (Advance sheet.) 
ALBERTA. 

594--096. Peace and Ath 'l.baska rivers, scale 10 m. = 1 in. 
•sos. Blairmore-Frank coal-fields, scale 180 ch. = 1 in. 

892. Costigan coal basin, scale 40 ch. = 1 in. 
929-936. Cascade coal basin. Scale 1 m. = 1 in. 
963-966. Moose Mountain r·egion. Coal Areas. Scale 2 m . = 1 in. 

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 85 m. 
= 1 in. 

1117. SA-Edmonton. (Topography). Scale ! m . = 1 in. 
1118. 6A-Edmonton. (Clover Bar Coal Seam) . Scale ! m. = 1 in. 

Portion of Jasper Park, scale 1 m. = 1 in. (Advance sheet.) 
1132. 7A-Bighorn coal-field. Scale 2 m. = 1 in. 
1201. 51A-Geological map of portions of Alberta, Saskatchewan, and 

Manitoba. Scale, 35 m. = 1 in. 

SASKATCHEWAN. 

1()10. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 85 m. 
= 1 in. 

1201. 51A-Geological map of portions of Alberta., Saskatchewan, and . 
Manitoba. Scale, 35 m. = 1 in. 

MANITOBA. 
804. Part of Turtle mountain showing coal areas. Scale 1! m. = 1 in. 
1010. Alberta, Saskatchewan, and Manitoba. Coal Areaa. Scale 85 m. = 

1 in. 

~blications marked thus are out of print. 
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1201. 51A-Geological map of portions of Alberta, Saskatchewan, and 
Manitoba. Scale, 35 m. = 1 in. 

NORTH WEST TERRITORIES. 

1089. Explored routes on Albany, Severn, and Winisk rivers. Scale 8 m. 
= 1 in. 

1099. Pelly, Ross, and Gravel rivers, Yukon and North West Territori~ . 
Scale 8 m. = 1 in. 

ONTARIO. 

227. Lake of the Woods sheet, scale 12 m. = 1 in. 
•283. Rainy Lake sheet, scale 4 m. = J iw. 
"342. Hunter Island sheet, scale 4 m.=1 in. 
:!43. Sudhury sheet, scale 4 m. = 1 in. 

•373_ Rainy River sheet, scale 2 m. = 1 in. 
560. Seine River sheet, scale 4 m. = 1 in. 
570. French River sheet, scale 4 m. = 1 in. 

•s&9. Lake Shebandowan sheet, scale 4 m. = 1 in. 
599. Timiskaiming sheet, scale 4 m. = 1 in. (New Edition, 1907). 
605. Manitouliw Island sheet, scale 4 m. = 1 in . 
606. Nipiesing sheet, scale 4 m. = 1 in. (New F,dition, 1907). 
660. Pembroke sheet, scale 4 m. = 1 in. 
663. Ignace sheet, scale, 4 m. = 1 in. 
708. Haliburton sheet, scale 4 m. = 1 in. 
720. Manitou Lake sheet, scale 4 m. = 1 in. 

•750. Grenville sheet, scale 4 m. = 1 in. 
770. Bancroft sheet, scale 2 m. = 1 in. 
775. Sudbury district, Victoria mines, sroa"kl 1 m. = 1 in. 

•789. Perth sheet, S<:!ale 4 m. = 1 in. 
820. Sudbury dis.trict, Sudbury, scale 1 m. = 1 in. 
824-825. Sudbury district, Copper Cliff mines, scale 400 ft. = 1 in. 
852. Northeast Arm of Vermilion Iron ranges, Timagami, scale 40 ch. = 

1 in. 
864. Sudbury district, Elsie and Murray mines, scale 400 ft. = 1 in. 
903. Ottawa and CorlllWall sheet, scale 4 m: = 1 in. 
944. Preliminary Map of Timagami and Rabbit lakes, scale 1 m. = 1 in. 
964. Geological Map of parte of Algoma and Thunder bay, scale 8 m. = 

1 in. 
1023. Corundum Bearing Rocks. Central Ontario. Scale 17! m. = 1 in. 
1076. Gowganda Mining Division, scale 1 m. = 1 in. 
1090. Laike Nipigon, Thunder Bay district, scale 4 m. - 1 in 

QUEBEC. 

•251. Sherbrooke sheet, Eastern Townships Map, scale 4 m. = 1 in. 
287. Thetford and Coleraine Asbestos district, scale 40 ch. = 1 in. 
375. Quebec sheet, Eastern Townships Map, scale 4 m. = 1 in. 

•571. Montreal sheet, Eastern Townships Map, scale 4 m. = 1 in. 
•665. Three Rivers sheet, Eastern Townships Map, scale 4 m. = 1 in. 

667. Gold Areas in southeastern part, scale 8 m. = 1 in. 
•668. Graphite district in Labelle county, scale 40 ch. = 1 in. 
918. Chibougamau region, .scale 4 m. = 1 in. 
976. The Older Copper-bearing Rocks of the Eastern Townships, scale 

Sm.= 1 in. · 
1007. Lake Timiskaming region, scale 2 m. = 1 in. 
1029. Lake Megantic and vicinity, scale 2 m. = 1 in. 
1066. Lake Timiskaming region. Scale 1 m. = l ion. 
1112. 112A-Vicinity of the" Natiowal Transcontinental railway, Abitibi 

district, scale 4 m. = 1 in. 
1154. ~-Thetford-J3lack Lake Mining district, scale 1 m. = 1 in. 

Larder lake and Opasatika lake, scale I.! m. = 1 in. (Advance 
sheet.) 

Danville Mining district, scale 1 m. = 1 in. (Advance sheet.) 

•Publications marked thus are out of print. 
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NEW BRUNSWICK . 

. •675. Map of Principal Mineral Occurrences. Scale 10 m. = 1 in. 
969. Map of Principal Mineral Localities. Scale 16 m. = 1 in. 

1155. 24A-Millstream Iron· deposits, N.B ., scale 400 ft. = 1 in. 
1156. 25A-Nipisiguit Iron deposits; N.B., scale 400 ft. = 1 in. 

NOV A SCOTIA. 

*812. Prelimina1·y Map 0£ .Springhill coal-field, scale 50 ch. = 1 in. 
833. Pictou coal-field, scale 25 ch. = 1 in. 
897. Preliminary Geo1ogioal Plan of Nictaux and Torbrook Irou district, 

·scale 25 ch. = 1 in. 
927. General Map of Province showing gold districts, scale 12 m. = 1 in. 
937. Leipsigate Gold district, scale 500 ft. = 1 in. 
945. Harrigan Gold district, scale 400 ft . = 1 in. 
995. Malaga Gold district, scale 250 ft. = 1 in. 

1012. Brookfield Gold district, scale 250 ft. = 1 in. 
1019. Halifax Geological sheet. No. 68. Scale 1 m. = 1 in. 
1025. Waverley Geological sheet. No. 67. Scale 1 m. = 1 in. 
1-036. St. Margaret Bay Geological sh eet. No. 71. Scale 1 m . = 1 in. 
1037. Windsor Geological sheet. No. 73. Scale 1 m. = 1 in. 
1043. Aspotogan Geological sheet. No. 70. Scale 1 m. = 1 in. 
1153. 22A-Nova Scotia, scale 12 m.= 1 in. 

•Publications marked thus are out of print. 
NOTE.-Individual Maps or Reports will be furnished free to bona 

fide Canadian applicants. 
Reports and Maps may be ordered by the numbers prefixed to titles. 
Applications should be addr·essed to The Director, Geological Survey 

Department of Mines, Ottawa. ' 
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