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To His Ezcellency the Right Honourablg Sir Albert \Hmry Giorge, Earl Grey,
Viscount Howick, Baron Grey of Howick, a Baromt G.O0.M.Q., &ec., &ec., &Le.,
Governor General of Canada.

May rr Prease Your EXCELLENOY,—

The undersigned has the honour to lay before Your Exeelle;icy, in compliance
with 6-7 Edward VII., chapter 29, section 18, the Summary Report of the operations
of the Geological Survey during the calendar year 1909. '

WILLIAM TEIEPLEMAN
Hmuhr of Mines.



- 9-10:EDWARD VI ~ SESSIONAL PAPER No. 26 A. 1910

To the Hon. WiLLiam TEmpPLEMAN, M.P.,
" Minister of Mines, -
a . Ottawa,

Sir,—I have thie honour to transmit, herewith, my summary report of the opera-
tions of the Geological Survey for the calendar year 1909: which includes the reports
of the various officials on the work accomplished by them.

= RS . I have the honour to be, Sir,
T e e E : Your obedient servant,

(Signed) R. W. BROCE,
S o1 - Director Geological Survey.
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SUMMARY REPORT

OF THE

GEOLOGICAL SURVEY BRANCH

OF THE

DEPARTMENT OF MINES

FOR THE CALENDAR YEAR 1909.

To the Hon, WiLriam TeEmpPLEMAN, M.P.,
Minister of Mines.

Sir,—TI have the honour to submit, herewith, a summary report on the operations
of the Geological Survey for the calendar year 1909.

The Survey lost through death two of the oldest and most mdely known members
of its staff, Dr. J. F. Whiteaves, Assistant Director, Paleontologist and Zoologist, and
Mr. Hugh Fletcher, geologist.

Dr. Whiteaves had been connected with the Survey since 1875, during which time
he had charge of the Palmontological division. He accomplished a vast amount of
work, as shown by the voluminous literature to his eredit published by the Survey.
He was one of the last of the old corps of pal®ontologists that included brilliant
scientists of almost every civilized country, and that during the latter half of the
nineteenth century did so much fo advance the sciences of geology and palmontology.

Mr. Fletcher joined the staff in 1872, and since 1875 has had charge of geological
investigations in Nova Scotia. For more than thirty years he has been an authority
on Nova Scotia geology. His work was marked by painstaking care and accuracy.
His industry is shown by the number of maps credited to him, nine small scale and
sixty-five of our standard maps of the Province having been made by him, and a
number of others are now being completed. He was greatly esteemed both on account
of his geological knowledge and charm of personality, especially in Nova Scotia, where
he was best known.

The present organization of the Survey is as under:— _
Administrative and General—1 director; 1 secretary; 1 resi.dent caretaker; 2

publication clerks; 2 stenographers; 1 messenger; 1 nightwatch; 8 firewatches; 1
cabinetmaker and carpenter.

Geological Division.—11 geologists; 6 assistant geologists; 1 compiler.
26—1 -
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Palmontological Division.—1 vertebrate palmontologist; 1 invertebrate paleontolo-
gist; 1 assistant palsontologist.

Mineralogical Division.—1 mineralogist and curator; 1 assistant curator; 1
collector and distributor.

Topegraphical Division—1 topographer; 8 assistant topographers; 1 custodian of
instruments. i

Natural History Division—1 botanist and mnaturalist; 1 assistant botanist and
naturalist; 1 stenographer; 2 taxidermists.

Draughting Division.—1 geographer and chief draughtsman; 11 draughtsmen; 1
clerk,

Library.—1 librarian; 1 assistant.

¥

One geologist, a geological compiler, two draughtsmen, and a library assistant were
appointed during the year.

This staff is too weak, numerically, to begin to cope with even the most pressing
work in a country that is so extensive as Canada and that is so rapidly being opened
up. To overcome this in some degree, outside assistance is engaged for geological,
topographical, and ethnological field work. Foreign specialists, especially those of the
United States, give invaluable aid in determining special collections of natural history
or paleontological material.

But the official staff must be streng-thened to meet the growing needs, especially
in those divisions that are relatively weakest, such as the topographical and palsontolo-
gical. Since Dr. Whiteaves’ death all the paleontological work has devolved upon Mr.
Lambe. The geological division, which may be taken as representing the effective
“fighting strength’ of the Survey, must, of course, be added to; at present it is
scarcely larger than that assigned by the United States Geological Survey to work in
Alaska alone, Still it is relatively over-large for the topographical division, which
ghould be strong enough to keep it supplied with base maps. Until the topographical
division has been brought up to such a strength, thoroughly satisfactory work can not
be done. To do this is not merely a matter of funds; in fact, the greatest difficulty is
in securing the right type of qualified men. A number of young men are now in train-
ing for both the topographical and geological divisions. When the Survey is installed
in the new Museum building, additional museum assistants will be necesfary, and in
particular a trained, scientific ethnologist must be added to the staff to take charge of
the Hall of Ethnology and Archmology.

FIELD WORK. B
The distribution of field parties during the past season was as follows :—

Yukon and Mackenzie.

Mr. D, D. Cairnes spent the season on the Wheaton river, near Whitehorse, Yukon
Territory, Mr. Cairnes discovered some coal seams in this district which may prove
important. The district is extensively mineralized. Mr. Cairnes also visited certain

ot
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quartz veins east of Whitehorse, and some copper deposits recently found on Williams
and Merritt creeks near Yukon Crossing. '

Mr. V. S. Stefansson, who is on the Arctic near the mouth of the Mackenzie river,
is continuing his researches, and will again winter in the north.

British Columbia.

Mr, W. W, Leach was engaged along the Grand Trunk Pacific near Hazelton. Mr.
Leach reports that the most important developments of the year are the opening up of .
several very promising silver-lead veins.

Mr. R. G. McConnell completed his geological survey of Texada island, and made
8 brief reconnaissance survey of the principal mineral districts of Moresby island,
Queen Charlotte group. The ore bodies so far discovered on the latter warrant further

- and more energetic development.

Mr. F. H. MacLaren completed the topographical map of Texada island, and
several large scale maps of the chief mining camps.

Mr. C. H. Clapp continued his geological reconnaissance in the southem part of
Vancouver island. The season was spent on the southwest end between Point Nopoint
and Alberni canal.

Mr. J. A. Allan, under Mr. Clapp’s supervision, spent the season studying the
metamorphie rocks between Cowichan harbour and Ladysmith, on Vancouver island.

Mr, R. H. Chapman was in ‘charge of several parties engaged in topographic
mapping on the south end of Vancouver island. .

Mr, John Macoun and Mr. C. H. Young were again on Vancouver island com-
pleting their collection of its flora and fauna for the Museum. Mr. Wm. Spread-
borough acted as assistant.

Mr. Chas. Camsell continued his geological survey of the Tulameen distriet., This
little known district is remarkable for the variety of economic minerals found within
its borders. Platinum, gold, silver, copper, lead, iron, chromite, molybdenite, ashestos,
and coal are reported. -

Mr. R. L. Reinecke completed t.he topographic map of the Tulameen district, and
commenced a topographical and geological survey of the Beaverdell district, West
Fork of the Kettle river, which, since 1899, has been an important prospective mining
eamp, Although unprovided with transportation facilities, considerable ore shipments
have been made.

Mr. G, Malloch was engaged in reconnaissance work along the line of the Grand
Trunk Pacific railway between Téte Jaune Cache and Fort George.

Mr. W. H. Boyd was in charge of a topographical party, mapping the Slocan
district on a large scale,

Mr. O. E. Leroy was engaged in detalled economie geological work in the Slocan.
This work, it is hoped, will have some influence in bringing about the reopening of
properties,‘now idle, that should be producing, and in reviving interest in what was, a
few years ago, the most important silver and lead district in €anada.

Mr. S. J. Schofield was engaged in topographic and geclogical work in East
Kootenay, principally north of the Crows Nest Pass railway, and on the St. Mary

2613
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river. Copper and lead-zinc ores are found. The exploitation of the former up to
the present has been attended with small success, but the lead zinc prospects are more
promising.

Alberta.

Mr. D. B. Dowling, who discovered the Bighorn coal basin in 1906, extended his
explorations northward this season. A new coal basin was found, reaching north
from the Saskatchewan to the sources of McLeod river, a distance of over sixty miles.
A coal-bearing horizon of a smaller area, east of the Bighorn range, was also located.

-

Saskatchewan.

Mr. W. MeInnes explored the country in the neighbourhood of Lac La Ronge,
including Nemeiben lake to the west, Wapawekka lake to the east, and a portion of -
Churchill river to the north, for the purpose of ascertaining the value of the reported
mineral discoveries in this district. Unfortunately he was not able to report favour~
ably upon the metallic minerals. The non-metallic deposits of lignite, glass sand, and
magnesian limestone are, however, of economic interest.

Ontario.

Mr. W. Malcolm spent a few weeks collectmg data in the oil fields of southwestern
Ontario.

Mr. W. A. Johnston continued his geological and topographical work in the Lake
Simcoe region. Mr. Owen O’Sullivan assisted in the topographic work by surveying
control lines.

Mr. T. B. Taylor, who was engaged last year in extending his studies of the super-
ficial geology of the Great Lakes region from the United States into Ontario, continued
his work in Ontario during a portion of the past season.

Mr. W. H. Collins extended hi¢ surveys in northeastern Ontario, making recon-
naissance surveys in the neighbourhood of Florence lake, and the district about Gow-
ganda. Messrs. Burroughs and Rogers, of the Bureau of Mines, Ontario, made a
detailed survey of the six townships centreing about Gowganda lake, viz., Van Hise,
Haultain, Milner, Nicol, Leith, and Charters. Mr. Colling’ task was to secure the
information concerning the outlying regions necessary to complete a map covering
about 900 square miles, which includes Elk, Silver, Miller, and Gowganda lakes, and
Maple mountain. With the area covered by the Bureau of Mines, this has been
accomplished.

Quebeec.

Mr. Morley E. Wilson was engaged in continuing his surveys north of Lake Timis-
kaming, near the interprovincial boundary line, in Ontario and Quebec The area
covered includes Larder lake and Opasatika lake, '

Mr, J. A. Dresser resumed his investigations in the asbestos regions of Quebec.
Some interesting and important observations regarding the disteibution of asbestos in
the serpentines will be found in his report on the season’s operations.
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Maritime Provinces.

Mr. R. W. Ells continued his investigation of the oil-shales of eastern Canada,
Gaspé (Quebec), New Brunswick, and Nova Scotia shales were examined as to extent
and economic value. .

Mr. G. A. Young was occupied in topographical and geclogical surveys in the
distriet about and south of Bathurst, N.B. This was a continuation of the work of
last season.

Mr. L. Lambe and Mr. W. J. Wilson each spent a few weeks in collecting palse-
ontological material from southern New Brunswick.

~ Mr. Hugh Fletcher returned to his investigations in the northern portion of
Cumberland county, N.8,, which were carried on until the middle of September, when
he was seized with an illness that proved fatal. Mr. R. W. Ells has compiled a report
from his journal.

Mr. E. R. Faribault continued his geological mapping in the southern portion of
Lunenburg county. In December he returned to Nova Scotia to examine recently
found tungsten veins near Moose river.

Dr. H. Ries spent the summer investigating the clays and shales of Nova Scotia,
as to their extent and economiec value. :

Mr. J. Keele co-operated with Dr. Ries in these investigations.

Boring.
The boring operations on Prince Edward Island commenced last year were con-
tinued during the present year.

SPECIAL FEATURES OF THE WORK.

The work of the Survey is not spectacular. It is close, tedicus mipping, working
out geological structures, investigating economic possibilities, and in other ways
securing and making known the geological information required by the prospector and.
miner, to enable him to intelligently direct his energy in locating and opening up
deposits of economic minerals. This year, as last, almost all of the work undertaken
by the Survey has been along strictly economic lines.

It must not be thought that the geologists of the Survey are engaged in prospect-
ing. Such is not the business of the Survey. Prospecting is entirely different work,
and should, and has to be left to the private individual. The government geologist
may recognize and direct attention to mineralized districts that afford promising
ground for prospecting, and furnish information regarding the geological conditions,
and mode of occurrence of minerals, that will form serviceable guides to the prospector;
but only rarely can a geologist, engaged in his legitimate work, actually discover
important bodies of economic minerals. His work in unprospected areas must be too
general for this, and where detailed work is undertaken, it is in mining camps where
prospecting has already been done. Yet important discoveries are to be credited to
officials of the Survey. During the past season it will be ncted that Mr. Cairnes
digcovered a new occurrence of coal in the Whitehorse district, and Mr. Dowling
found a new and apparently important coal basin in Alberta.
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But quite as valuable are the normal results of the investigations of the field
officers. For instance, Mr. LeRoy’s work in the Slocan will stimulate mining in this
district, and assist in the discovery of new ore bodies; Mr. Dresser has cbserved facts
regarding the occurrence of asbestos that will afford a valuable clue in prospecting
for this important mineral, N ’

The scientific investigation of the clays of the Maritime provinces by Dr. H. Ries,
Professor of Economic Geology, Cornell University, and Mr. J. Keele, is the beginning
of an important series of studies which it is hoped may be extended to cover the
gettled portions of the whole Dominion. The clay industry of a well developed country
forms one of its principal industries, both as regards the value of the output and the
number of men employed. In inaugurating this work the Survey was fortunate in
securing the services of Dr. Ries, the most experienced authority in America on the
subject.

Negative results are, in their way, quite as valuable as positive. All areas do not
prove to be promising, and the negative results obtained in such are as important in
disecouraging the waste of capital and energy, as the positive results in others are in
attracting capital and directing its employment.

COMMITTEES.

The geological and map committees which were formed last year to critically
consider reports and maps, and to act as advisory bodies in connexion with matters
pertaining thereto, have fully justified their formation, by the results already attained.
Much has been accomplished toward improving and standardizing the work done by
the Survey. The Geological Committee' consists of Messrs. McConnell, McInnes,
LeRoy, and Young (Secretary); the Map Committee of Messrs. Dowling, Boyd,
Senecal, and Dickison (Secretary). The Director is an ex-officio member of both
committees.

A great deal of important work falls upon the members of these committees, and
especially upon the secretaries, of such a nature that public credit cannot be given
for it. It is, therefore, but fitting that attention should be called to it in this place,
and that it should be stated that the improvements to be noticed in the most recent
reports and maps are to be attributed to the work of the members of these committees.

TOPOGRAPHICAL DIVISION.

The most practical and convenient method of presenting known geological facts
regarding a district is graphically, by means of maps. For this purpose, if the geology
has been done in detail, accurate contoured topographical maps are essential as base
maps upon which to lay down the geological data. Topographical maps sufficiently
accurate for this purpose are accurate enough for all ordinary engineering uses.
Moreover, when a district is being surveyed for one purpose, economy demands that
it should be done with such accuracy that the topographical base map will serve,
indefinitely, all purposes that a map on such a scale can be used for. Such maps are
now being made by the Survey, in so far as is possible with the present topographical
staff.
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But this staff is yet too small to meet the present requirements of the geologists.
To assist the topographer in charge of this division in organizing and in training a
corps of topographers, the United States Geological Survey generously loaned the
services of one of their topographers, Mr, R. H. Chapman, to the Canadian Geological
Survey.

MUSEUM.

Mr. Broadbent was sent to British Columbia early in the year to collect mineral
specimens for the new Museum. These were exhibited at the Alaska-Yukon-Pacific
Exhibition in Seattle. While not entered in competition, it was universally conceded
that they formed the best and most attractive mineral display at the Exposition.

Valuable collections of natural history, ethnological, and geclogical material were
also acquired during the year.

Special mention may be made of the beautiful collection of sea fauna from Van-
couver island, made by Mr. Macoun and his assmtants, and gkillfully preserved by Mr.
Young. -

In addition to securing fresh materml for the new Museum, progress was made
by Mr. R. A. A. Johnston, curator, in preparing the present collections for moving. The
ethnological collections were packed up, and the labelling and cataloguing of the
paleontological collection are in progress, under the supervision of Mr. Lambe.

PUBLICATIONS,

To be effective, the information collected and published by the Survey must be
placed in the hands of those who will find it useful. Every effort is being made to
attain this end. The newspapers are informed of Survey publications by means of
bulletins issued from time to time. Those who may wish to keep in touch with the
publications of the Survey may have their names placed on the notice list, and they
will then be advised as to what is appearing. Individual reports as issued are sent free
of cost to Canadians interested in them, upon application to the Director.

The increased demand for publications has l}aaessitated the printing of larger
editions. For the convenience of libraries and of authors referring to publications, it
has been decided to call the reports ¢ Memoirs, and to number these consecutively as
Memoir No. 1, Memoir No, 2, ete. Similarly the maps will receive their own consecu-
tive numbers, as Map No. 1 A, etec. This change wlll come into force the beginning of
the new year.

Tt may be mentioned that the recent maps and those hereafter to be published may
be obtained printed on linen for field use. An extra charge of ten cents is made for
maps on linen,

SPECIAL PUBLICATIONS.

The work and publications of the Survey add year by year to the knowledge of the
minerals and geology of the country. Important facts are liable to become buried under
the accumulating mass of detail, reports get out of print, and the literature becomes
too voluminous to be readily accessible. It has, therefore, become important to cor-
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relate and compile the information on a particular subject into one handy volume for
reference. A beginning has been made in this during the past year. An official has
been appointed to devote his whole time to the work. With Mr. Faribault, he has been
compiling all the information on the gold-bearing rocks of Nova Scotia. This report
will soon be ready for the press. A Descriptive Sketch of the Geology and Economic
Minerals of Canada, compiled by the Director and Mr. Young, with the aid of other
members of the staff, has just appeared; also a compilation of the information on the
coals of the Northwest provinces by Mr. Dowling. Similarly, the Natural History
division has issued a Catalogue of Canadian Birds, that brings thg information on this
subject up to date in a handy and readable form.

Other compilations will be undertaken as rapidly as can be done without inter-
fering with the regular investigations, which cannot be curtailed.

EDUCATIONAL COLLECTIONS OF ROOKS AND MINERALS.

The number of mineral collections distributed to colleges and high schools during
the past year has far exceeded that of any previous one: nearly 23,000 specimens have
been sent out.

The materials for these are collected by Mr, A. T. McKinnon, who also prepares
and makes up the collections. Great praise is due this official for his industry and
interest in the work, and to Mr. R. A. A. Johnston, who has general supervision over
it, for the completeness and attractiveness of the collections.

ETHNOLOGY AND ARCHAOLOGY.

An investigation of the Esquimo of the Arctic, near the mouth of the Mackenzie,
was undertaken last year by Mr. V. Stefansson, under the joint auspices of the
American History of Natural History and the Geological Survey, and a preliminary
report was published in last year’s summary.

Mr. Stefansson is still in the north. Last August he was working eastward, and
bad reached Cape Bathurst. After studying the Baillie Islanders, he intended to
proceed to the Coppermine, and winter there with the Esquimo. The winter of
1910-11, if all goes well, will be spent in Vietoria Land. His report for 1909 has not
vet reached Ottawa.

When the collections are moved to the new building, a scientific, trained ethnolo-
gist will have to be appointed to take charge of the collections in the Ethnological Hall,
and to direct work in connexion with ethnological and archmological investigations.
As pointed out in last year’s eummary, this work must be undertaken at once or it
“will be too late, for the materials will be lost forever, and future generations of Cana-
dians will be unable to obtain reliable data concerning the native races of their
country.

It is gratifying to note that public opinion is awakening to the urgency, import-
ance, and value of this work. A strong resolution has been received from the Winnipeg
meeting of the British Association, urging that steps should at once be taken in this
direction. The Archeological Society of America, which has a strong Canadian
department, and the Royal Society of Canada, are also interesting themselves in this

-
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matter, so that the time seems opportune to begin serious and systematic work in
Canadian ethnology and archmology. The results obtained will be greatly increased
by the friendly co-operation of all.who may be interested in these subjeets.

WORK OF THE DIRECTOR.

Routine executive work occupied the greater portion of the year.

In January, I attended the Baltimore meetings of the Geological Soclety of
America, and the American Association for the Advancement of Science. From
Baltimore I went to Washington, where a conference of the directors of Federal and
State Geological Surveys was held. A few days were spent in visiting the National
Museum, and in becoming familiar with the administrative system in force in the
United States Geological Survey. Returning, a day was spent in New York, at the
American Museum of Natural History, in investigating distinctive features of this
Museum.

The March meeting of the Canadian Mining Institute in Mcntreal was attended,
as were various meetings of council held throughout the year.

On June 25, T left for Prince Edward Island, to select a site for the final bore-
hole to be drilled by the Department in investigating the coal possibilities of the island.
From Prince Edward Island, I crossed to Nova Scotia, intending to visit some of the
mines, and to look over interesting geological areas in company with Mr. Fletcher;
but owing to illness I was compelled to return to Ottawa.

On being released from the hospital, I left for British Columbia.

BRITISH COLUMBIA.

On July 27, I reached Victoria, and visited the Geological Survey party at work
in this viecinity.

On the 28th, I joined the Hon. William Templeman, Minister of Mines, on an
official visit to the mining camps along the west coast of British Columbia and in the
Yukon.

As T was under physician’s orders to refrain from any physical exertion for three
months, I could not visit any point not accessible by conveyance, consequently for
many mines in many districis visited, information could not be secured by personal
investigation, as will appear from the following notes, but had to be gained through
mining men familiar with the district, who kindly furnished specimens and descrip-
tions.

In the immediate neighbourhood of Prince Rupert, the known economic minerals
" are: clay, near Iroquois, on Skeena river, which burns to a good brick; and limestone,
on Smith island, which is being utilized for lime. It is said to be of excellent quality.
At Prince Rupert, Lieut. P. C. Musgrave met us with the Hydrographic Survey’s
. stqamei' Lillooet, on which we visited Portland canal and Queen Charlotte islands.

Portland Canal.

Portland canal is the most northerly inlet on the Canadian coast, and forms part
of the boundary line between British Columbia and Alaska. Tts length is a little less
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than 60 miles. About 10 miles up, Observatory inlet branches off. At the head of
Portland canal, on a flat at the mouth of Bear river, the new mining camp of Stewart
is being established. The claims are situated on Bear river and its tributaries, com-
mencing about four miles up from tidewater at Stewart.

In 1899 the first claim (Roosevelt) was staked on Bitter creek, a tributary of
Bear river, by a prospector, who had gone into the head of Nass river by way of Port-
land canal and Bear river. In 1902, Stewart’s claim, on American creek, was staked.
In 1908, a Deputy Mining Recorder’s office was established, and in that and the follow-
ing year some locations were made. In 1905 and 1908, the principal claims on Glacier
creek were staked. In 1906, Mr. H. Carmichael, Provincial Assayer, made a report
for the Provincial Mineralogist on this district. He visited it again this summer, and
his report! deseribing the best known claims has been issued by the Provincial Bureau
of Mines. In 1905, Mr. Fred Wright, while engaged in work for the United States
Geological -‘Survey in Alaska, made a geological examination of the upper part of
Unuk river, which is in British Columbia, about 40 miles north of Stewart. His report
on this section was kindly given to the Canadian Geological Survey, and was pub-
lished in the Summary Report for 1905. As Bear river appears to belong to the same
geological province, this report is of direct interest to miners and prospectors in
Stewart.

The country is of ‘the_ character which has become recognized as typical of south-
eastern Alaska. The valley occupied by Portland canal and Bear river is about a
mile wide, flanked on either side by somewhat precipitous mountains rising to a height
of about 5,000 feet, with an occasional peak 1,000 or 2,000 feet higher. The canal is
navigable to its head for boats of deep draught. Almost at the head of the canal
Salmon river enters from the Alaska side, and between it and Bear river is a mountain
ridge which the International Boundary follows for some distance.

Bear river has a gentle slope for the first 10 miles, giving an easy gradient for
a road, beyond which it is said to rise more rapidly. Glacier creek enters it from the
east about 4 miles from the mouth, and Bitter creek about 8 miles up, while
American creek enters from the north, about 12 miles up. The majority of the well
known claims are on (lacier creek and American creek. )

The camp lies in a metamorphic zone along what is probably the eastern limit of
the Coast Range granite. The granite forms a long and relatively narrow belt
along and near the coast, extending from the Fraser river to the White River basin in
the Yukon, a distance of 1,100 miles. TIts width is from 30 to 60 miles. This huge
body of granite, known as the Coast Range batholith, was intruded into the pre-
existent Palmozoic (?) sediments at some time between upper Jurassic and middle
Cretaceous. The sediments near the granite contact are matamorphosed, the degree
¢f metamorphism becoming progressively less intense from the granite contact to the
outer limit of its effect. Dikes from the granité network the adjacent schists, and
inclusions of the sedimentary rocks are numerous in the granite batholith for some
distance from the contact, and are also found in isolated patches, which are remnants
of the original roof, now mostly removed by erosion, through which the great intrusive

1 British Columbia Bureau of Mines, Bulletin No. 1, 1909.
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mass of granite has been exposed. This batholith, and its effect on the adjacent
country rock, has been described in previous reports! of the Geological Survey.

As noted by Wright, the metamorphism of the sediments on the two sides of the
Coast Range batholith is dissimilar. On the western contact the slates and argillites
are changed to phyllites, mica schists, and, in immediate contact with the granite,
frequently to gneiss. The strata are intensely folded, and give evidence of having
been deeply buried at the time of metamorphism. Farther west from the contact, the
rocks were evidently nearer the surface at the time of the intrusion, and these show
more typical contact metamorphism and mineralization. The rocks along the inland
contact of the granite are less altered; typical schists and gneisses are rarer; the
contact line is more clearly defined; the rocks show contact metamorphism, and near
the contact are often heavily mineralized with sulphides. The distinction between
deep-seated metamorphism and contact metamorphism has here great economic
importance, for in the former, conditions preclude, as a rule, the formation of ore
bodies, while in the latter they frequently favour it.

The most promising rocks to prospect then, are those showing contact metamor-
phism, and in northern British Columbia, at least, the inland border of the granite is
most liker\ to present this phenomenon, though it also occurs at a4 number of points
along the coastal border. It must be understood that when the contact of the granite
is recommended as & point to prospect, the immediate contact iz not specially meant,
but rather the bordering zone influenced by the intrusion.

Throughout its entire length, wherever the invaded, contact-metamorphosed rocks
are exposed along the borders of the Coast Range batholith or occur as large inclusions
in it, they will probably be found attractive to the prospector. Such areas are found
in the Bear River camp, in the Unuk River district, 40 miles north, and probably in
the country between. The geological examination of this field will probably show that
the ore bodies owe their origin to the intrusion of the granite.

As it was not possible to visit the claims, little can be said about them. Two
classes of ore were exhibited at Stewart: quartzose ore, carrying silver, gold, and lead
values, and a pyritic copper-gold ore. The persistence of the veins is noted by all, a
succession of claims being located on what is said to be the same vein, traceable
throughout, The quartzose ore contains galena, sometimes blende, and silver minerals
such as argentite, and native silver. Pyrite is sometimes plentiful. The copper ore
consists essentially of pyrite and chalcopyrite.

The Portland Canal Mlmng Company, on Glacier creek, operating on a vein
carrying gold-gilver-lead values, has done the greatest amount of work. This is the
first Company to put in an aerial tram, and concentrator. The latter will have a
capacity of about 50 tons per day.

The Stewart Mining and Development Company ranks next in development work.
The ore is somewhat similar.

1 Dawson, G. M.—The Yukon Dist., Vol. ITT, Part I. B., 1887-8, and Report on an Expedi-
tion from i’ort Sim son to Edmonton, 1879-80 B.

Wri R‘ha Unuk River Mining Re gion, Summary Report,

LeRoy, 0. —Pralimma.r I})ort on a i’ortmn of the Main Coast of Bntlsh Columbia,
Nanaimo and Naw Westminster tricts, Geeol. Surv. Publication 996.

Bancroft, J. A.—Powell River to Kingcome Inlet, Summary Re B 1907,

Graham, R. P. D.—Geology of the Coast from Klnguome nlet ean Channel. Sum-
mary Report, 1908.
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The ore of the Red Oliff, on American creek, is a copper-gold one. Specimens
from it look very promising, and the body is said to be large. A compressor plant is
to be installed at this property.

Other properties well spoken of include the American Girl group and Montrose,
on American creek; Pasco and Independence, and Tyee, on Bear river; and the Little
Wonder, Lake View, O.K., Fraction, Jumbo, Apex, Cook and Dobson, and Matheson
claims on Glacier creek.

Wharves are to be construeted, and arrangements have been made by men inter-
ested in Mackenzie, Mann & Company, Limited, and in the Canadian
Northern Railway Company, to build the ‘Portland Canal Short Line railway’
from Portland canal up Bear river for a distance of 15 miles. Construction will be
started as soon as the snow leaves in the spring, and it is expected that the road will
be in operation during the summer. These gentlemen are also directly interested in
mining in the distriet, having bonded some properties on Bear river.

The Hidden Creek Copper Company mine at Goose bay, Observatory inlet, is
being actively developed. It is reported to have large bodies of pyrite and chalcopyrite,
carrying 3 per cent to 6 per cent copper, with $1 to $3 in gold and silver. An 8 drill
compressor, driven by water-power, has been installed, and plans have been made for
a tram and electriq railway for transporting the ore to tidewater.

Queen Charlotte Islands.

Returning to Prince Rupert from Stewart, we proceeded to Queen Charlotte
islands, stopping at Ikeda bay, Collison bay, Jedway, Lockeport, Skidegate, and
Queen Charlotte. For a deseription of the ore deposits, the reader is referred to Mr.
MeConnell’s report on page 2. -

Although the oceurrence of i iron, copper, and coal on Queen Chaﬂotte islands has
been widely known since the publication of Dawson’s report! in 1878, their isolated
position has prevented interest being taken in the islands. With the building of the
Grand Trunk Pacific railway, and the founding of Prince Rupert, conditions are
changed. The islands are now easily accessible, and will share in the attention which
will be devoted to the development of the northern coast of British Columbia. The
coal measures of Graham island, reported upon by Dawson, and later by Ells,2 have
remained undeveloped, but this summer were being tested by prospective purchasers.
Ii the tests are satisfactory, a large coal industry.is assured, for the measures are
admirably situated to supply the northern trade, which will soon be important.

Little development of a decisive character has yet been done on the ores, but the
Ikeda mine has demonstrated that at one point, at least, mineral is concentrated in
commerecial ore bodies. At Klunkwoi bay chalcopyrite and bornite are disseminated
throughout a diabase rock over wide areas, the copper in certain areas running § per
cent to perhaps, in places, 2 per cent, according to McConnell’s report. It would seem
worth while to try conceniration on this material.

& l}{&nnunl Report of the Geological Survey, 1878-9. Report on Queen Charlotte islands.

2 Graham Island Coal Fields. R. W. Ells, Vol XVI, 1904, Geological Survey Reports.
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Atlin District.

‘We returned to Port Essington and Prince Rupert, and left the latter on August
9 for Atlin, where some large scale operations with the aid of machinery are in
progress. Here we visited Pine and Spruce creeks. On Pine creek, hydraulic mining
is being done, and a dredge is under construction. At.Discovery, Mr. Refener is
operating three pits, each with its battery of monitors. The monitors are used for
piling the tailings, as well as for cutting down the banks and feeding the sluice boxes.
The yellow, gold-bearing gravels underlie a hard, barren, bluish, glacial boulder-clay,
30 to 40 feet thick in places. This adds to the difficulty of hydraulicing, as its hard-
ness necessitates bulldozing the blocks into which it breaks from the faces. Dynamite
is also used to some extent to bring down the banks.

On Spruce creek, individual miners are working bench claims. Most of these are
operated on ‘lays,’ the lessee paying a royalty of 20 per cent or upwards to the owners.
Inclines are sunk to bed-rock, and drifts run on the pay gravel. Overshot wodden
water wheels are used for hoisting.

The most interesting feature in connexion with mining in the Atlin district is
the reported lode discoveries. Unfortunately it was impossible at the time for me to
vigit them, but from specimens seen and from the descriptions given of the occurrences,
they would seem to be promising. They embrace gold, silver, lead, and copper. Taku
Arm is staked from near Golden Gate to Jim creek. On the Engineer group, Taku
Arm, a wide, gold-bearing ledge occurs, with a second parallel ledge; stringers of
quartz rich in gold accompany them. Specimens, said to be from this property, were
rich in free gold. Stibnite also occurs. It is reported that samples selected during
two months by two men and sent to an assayer netted $1,800. Ore, said to come from
Lavdierere claim, Hobo creek, 3 miles from West bay, contained native copper,
euprite, copper glance, chalcopyrite, and magnetite. There is reported to be a large
bedy of low grade ore with high grade streaks. A strike of rich ore on Jim creek,
carrying gold, silver, and lead, is reported. On Fourth of July creek there are reported
to be solid bodies of argentiferous lead.

Very little prospecting or developing is being done, but this does not necessarily
mean that the showings are not as promising as reported, for the high cost of labour
and supplies makes it impossible for the ordinary prospector io operate. Mr. J. C.
Gwillim, who reported upon this distriet in 1901,! states that ‘some of the deposits
show sign of strength and probable permanence. The cost of development at present
is heavy. Transportation rates added to this make a heavy total for the production of
refractory or smelting ores. Such ores are found to some extent in this distriet, more
especially to the north of Pine valley, in the actinolite slates, and in one instance in
granite, on Crater creek, a tributary of Fourth of July, there are veins of gold-bearing
quartz. Some of these deposits are strong, well defined lodes, usually with a gangue
of quartz. Sulphides of iron, lead, and copper are present. As far as determined, these _
are not of high enough value in the precious metals to encourage their development
during present conditions of heavy costs. Other deposits of more or less free-milling
gold-quartz offer better returns for development. In some cases very rich assays are
given.” Gwillim mentions a number of leads examined by him. Since his report many

1 Annual Report, Geological Survey, Vol. XII, p. 4 B.
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new discoveries have been made and the mineralized areas considerably extended, but
the ¢ conditions of heavy costs’ remain practically unchanged, and consequently little
has been accomplighed toward establishing lode mining.

Hydromagnesite, a precipitate from mineral springs, in the vicinity of Atlin,
occurs in some quantity, The bed immediately behind the town covers 2 or 8 acres
and is several feet thick. It also occurs on a number of other marshy areas in the
neighbourhood. These deposits will be of commercial importance.

Rainy Hollow.

Some interest is being taken in mineral occurrences in the extreme northwestern
portion of British Columbia. Very promising specimens of copper-silver-gold ore
made up of chalcocite, bornite, and grey copper with a garnetiferous gangue, were
exhibited from Rainy Hollow, Klehini river. '

YUEON TERRITORY.

Carcross.

" The most serious attempts to establish lode mining in this porthern section of the
Dominion are the operations near Carcross, in what has been termed the Conrad
district. A recent report by Mr. D. D. Cairnes! deseribes the district and its ores in
detail.

In the time at our disposal, we were able to visit only the Venus and adjoining
claims on Windy Arm. A small concentrator has been built on the lake shore, con-
nected with the mine, 900 feet above it, by an aerial tram. About 3,000 feet of develop-
ment work has been done, consisting principally of a cross-cut tunnel of 600 feet to
the vein, and drifts on the vein 500 feet long on each side of the cross-cut. At the
ends of the drift are winzes, 150 and 180 feet deep respectively. There is also a raise
to the surface. The vein, which is very persistent, varies from 1% to 4 or 5 feet in
width. It is oxidized for about 850 feet below the surface. The oxidized ore is said
to run about $10 in gold and $10 in silver. Below the zone of oxidization the gold
value is reported to be higher. The vein, angling down toward the lake, may be traced
on the surface westward for several claims. An aerial tram connects the Vault to the
leke, and another connects the Montana with Conrad. Other claims on which consider-
able work has been done are the Thistle, Aurora, and Pelly, The Venus and adjoining
claims were being operated at the time of our visit.

The chief interest at present in this section centres in the developments at the
Big Thing, about five miles from Carcross. I was not able to get out to this property.
The vein is said to run from 5 to 16 feet in width, and to carry a quartz-arsenical-gold
ore of good grade. A shaft has been sunk at an angle of about 45°, to a reported
depth of about 610 feet. It is said to be the intention to tap the vein by a cross-cut
tunnel, from the mouth of which an aerial tram will carry the ore to the railway.

1 Report on the Conrad District,” by D. D. Cairnes, Geological Survey. No. 982,
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Whitehorse,

A day was spent at Whitehorse visiting the copper claims in the vicinity. These -
deposits are of the contact metamorphic type, like the Boundary Creek and Texada
Island deposits. They have been described by Mr. R. G. McConnell in a recently
published report.!

Concerning the three best developed iron ore bodies, Mr. McConnell estimates the
~ tonnages that may be considered assured as follows:—

PUEBLO.

¢The Pueblo ore body consists of an impure mass of hematite, 300 feet in length,
with a maximum width of 170 feet. The surface section measures approximately
33,000 square feet. The ore body has been proven to a depth of 100 feet, and at 70 feet
a drift of 120 feet.failed to cross the lode.

¢ Assuming that the ore body carries its surface size down to the bottom of the
shaft, it would contain 3,800,000 cubic feet of ore above that level. The weight per
cubic foot is not definitely known, as the hematite is intermixed with various impurities.
such as garnet, epidote, quartz, calcite, ete.; but probably averages about 8 cubic feet
per ton. This would give a tonnage of 412,500 above the 100 foot level. It is probable
that the lode extends some distance below the 100 foot level, and a considerable addi-
tional tonnage might safely be added.

¢ Copper contents probably average 8 per cent. Gold and silver values are small,
about $1. ‘

BEST CHANCE.

‘ The ore body is a mass of magnetite, 360 feet long with a maximum width of 65
feet. The surface section measures approximately 13,120 square feet.

¢The workings are shallow, and have not proved the deposit to a greater depth
than 35 feet. In addition to this the lode projects 15 to 20 feet above the surface. A
total depth of 50 feet represents the proved portion of the lode at present. With a
depth of 50 feet the lode contains 656,000 cubic feet of magnetite, weighing, at 8 feet
per ton, 82,000 tons.

‘ The grade of the ore in copper is about 8 per cent. The gold and silver values are
small. .

‘ The probable tonnage is at least double of that given.’

ARCTIO CHIEF.

“The Arctic Chief ore body on the main level, 65 feet below the surface, has a
length of 190 feet and an average width of 30 feet, the section measuring 5,700 square
feet. A shaft from the main level proved ore for a further distance of 25 feet, or a
total distance of 90 feet. The surface section is on a slope, and part of the ore body
has been removed by erosion. Assuming 80 feet as the average depth of the lode, the
contents measure 456,000 cubic feet, weighing, at 8 feet to the ton, 57,000 tons.

1 Report on Whitehorse Copper Belt. Geol. Survey, Pub. No. 1050.
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¢ Average copper contents.. .. .. .. .. .. .. .. .. .. 4 per cent.
Average gold.. .. .. .. .. .. et vt vt et i ue ww .. $4 per ton.
Averagesilver.. .. .. .. .. .. ct ot vt vt vt vt ou oo 2o0zs. perton,

¢ Numerous smaller iron masses and irregular lenses of bornite-chalcopyrite-ore
oceur throughout the distriet.

It is likely that the ore on the Pueblo will extend below the present workings at
least 50 feet, so that 250,000 tons might be considered as probable ore for the
Pueblo. This would give over 800,000 tons on these three properties alone. But the
ore may extend for a considerable distance below the present shallow workings. The
experience elsewhere on deposits of this type has usually been that considerably more
ore is recovered than has been estimated from limited development work, These
deposits, therefore, appear to be already capable of producing an important tonnage,
with promising prospects for future developments.

None of these properties were working at the time of our visit, It is reported
that a spur from the railway will be completed to the Pueblo in the spring, and that
shipments may then be made. Some prospecting was being carried on in the Wheaton
River district a few miles to the south of Whitehorse. Low grade copper ores similar
to the Whitehorse deposits were found this year at Williams creek, near Yukon Cross-
ing. Concerning these Wheaton River and the Williams Creek prospects, information
will be found on a later page in the summary report of Mr. D. D. Cairnes, The
Wheaton River district contains silver, lead, gold, and antimony veins of some promise,
Mineralization is widespread. Coal similar to that at Whitehorse and Tantalus was
found this summer by Mr, Cairnes on Bush mountain. The Tantalus coal mine is
producing.

Yukon.

Dawson was reached on the night of August 19. The first day was spent in
Dawson itself, On August 21, I went 10 miles down the river to see a rock bluff on
the east bank which was reported to pan gold. In the afternoon the party visited the
dredge operated by Mr. Simpson on Bonanza creek, On August 23, we started to
vigit the creeks, accompanied by Mr, F. T. Congdon, M.P., and Commissioner Hender-
gon. Mr. Gray, of Dawson, was with the party for a couple of days, and Sheriff
Eilbeck for the rest of the time. The district is well supplied with good roads, so that
an automobile was used throughout.

We first went up Hunker creek and down Dominion ecreek to 33 Below, stoppmg
at Peter Rost’s, where we witnessed a clean-up. A pan of fine nuggets from. new
ground on Caribou creek served as an interesting reminder that discoveries of rich
ground can still be made. Returning to the summit, the night was spent at the road-
house. Next morning a stop was made below the Dome to visit the tunnel being run
in from Dominion Creek slope, to prospect quartz veins that have been located on the
surface, From the tunnel we proceeded to Sulphur creek, and down Sulphur to Gran-
ville, where we spent the night. On the 25th we returned to Sulphur, and down
Hunker to Dawson. Next day, Bonanza, Eldorado, and Quartz creeks were visited.
The night was spent at Quartz, and the following day we proceeded up Quartz to the
Dome and down Bonanza to Dawson. The following day I accompanied Mr. A, N. C.
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Treadgold to Hunker and Last Chance crecks, and apent. the day on the White
Channel gravels. On August 29, Mr. Templeman left Dawson for Victoria via Skag-
way, while I continued down the Yukon, to visit the placer camps of the lower Yukdn
and Seward peninsula, returning to Vietoria via Nome.

PRESENT CONDITIONS.

Gold mining in the Klondike is rapidly changing in character. Individual mining
ie being superseded by large scale operations, with such engineering and mechanical
aids as water led in from a distance, electrical power, mechanical lifts, dredges, ete.
The Yukon Gold Company is working on the largest scale, and is about to increase its
effective operations. The Yukon ditch has been completed from Twelvemile to Gold
hill, a distance of about 70 miles. In its course across ceuntry it is alternately ditch,
flume, and pipe (the latter as a huge inverted syphon in crossing valleys such as the
Klondike). Hillside springs and marshes present difficulties in maintaining the ditch,
but it is rapidly becoming ¢seasoned’ by skillfully applied natural means, and, it is
hoped, will soon have the stability of a natural watercourse.

Seven dredges are being operated successfully by this Company and three mechani-
cal lifts, These plants are operated by electricity furnished by the Company’s power
plant near Little Twelvemile. The main, high-voltage transmission line is 86 miles
long, besides which there are 18 miles of branch lines and 8 of secondary lines, In
all, ten dredges are working in the Klondike, three on the wiver itself, ﬁva on Bonanza
creek and two on Hunker creek.

A very extensive scheme for power development is under way on the Klondike
viver about 30 miles above Dawson. Water from the North Fork of the Klondike will
be utilized to generate power to be transmitted over all the mining district. Individual
claims are being rapidly consolidated, usually by purchase, inte larger holdings. With
a greatly increased number of plants, i{ will still take years to clean up the gravels of
the district. Practically all the worked-over ground and underlying bed-rock will be
re-treated by mechanical*devices. High-level gravels for which there was no available
water, and claims which by reason of mechanical difficulties could not be attacked by
the individual miner, will furnish a big additional field for large-scale operation.
MeConnell, in 1906, estimated future production at about $63,000,000, making ne
allowance for rich discoveries. The work done since then is said to have shown that
this estimate was thoroughly conservative, and that the actual production will be
considerably in excess of these figures.

- Some attention is being directed to the quartz possibilities of the Klondike, and
many claims have been staked. The neighbourhood of the Dome, Goldbottom creek,
and Victoria gulch are the Iopalities so far in most favour, but interest is not confined
to these. Little work, however, has been done, and no decisive data have yet been
obtained.

On the Dome property a tunnel is being driven into the hill from the Dominion
Creek slopé, with the intention of prospecting several quartz veins which it is expected
will be cross-cut between 950 and 2,000 feet. The prospect is equipped with a small

1 Gold Values in the Klondike High Level Gravels. Geol. SBurvey Publication, No. 979.
26—2
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compressor plant, and at the time of our visit the tunnel was in 920 feet. For the first
150 feet the ground is frozen; inside the frost line, the rock is solid Klondike schist.

A few slips occur and small quartz veins, also bunches of quartz and calcite. Most of
the slips and veins dip into the hill, but a few with it. The movement along the slips
appears to have been small. In one instance a slip faulted a 2 inch quartz vein,
causing a displacement of about a foot and a half. These small veins give the impres-
sion of being persistent. The slips are not very numerous, and the ground inside the
frost line is as solid and free from disturbances as in most mireralized areas. Near
the surface, in the frost zone, the ground is broken into small blocks which are gradu-
ally working downhill. This ‘creep’ is quite pronounced. Since our visit, it is
reported that two ledges have been encountered from which good assays have been
obtained. .

* Near the close of the season, a two-stamp mill on the Lone Star group at the
head of Vietoria gulch made a test run of over one hundred hours on surface quartz,
with results that are said to be entirely satisfactory. MecConnell, in his report on the
Klondike Gold Fields (p. 65), speaking of these veins says, ¢ the prospects are certainly
encouraging, and warrant further investigation.’

The prospecting on the rock bluff 10 miles below Dawson, and below the Indian
village of Moose-hide, shows that attention is not wholly confined to the placer creeks.
The bluff consists of coarse, quartz-mica schists, with numerous quartz stringers, a
few of which are said to pan gold. But the rock which attracted attention is a basic
igneous dike which cuts the schists. On the exposed surface it is rusty-weathering
with a marked spheroidal structure. We did not succeed in obtaining colours, but
subsequent pannings are reported to have yielded positive results.

As yet there is nothing definite on which to base a judgment regarding the quartz
possibilities, but there are facts in connexion with the geology of the distriet and the
occurrence of placer gold, which have a bearing on the question, and furnish at least
suggestions with regard to prospecting for quartz. Detailed descriptions of the district
may be found in McConnell’s Klondike Gold Fields (Geological Survey, No. 884), and
his ‘ Gold Values in the Klondike High Level Gravels’ (Geological Survey, No. 979),
and need not be repeated here. But the salient points which strike the visitor may
be worth mentioning. :

GEOLOGICAL HISTORY OF THE ELONDIKE.

The complete geological history of the district is, of course, somewhat- more com-
plicated than represented in the following notes. The district is not glaciated, and the
present topography is the result of weathering and erosion. Viewed from an eminence,
the streams are seen to possess wide valleys with gently sloping sides rising to rounded
hills with broad, rather flat tops. Outcropping rocks are conspicuously absent. Broad
amphitheatres at the heads of the creeks are characteristic. Rock-waste subdues the
outlines of the hills, and deep gravel deposits cover the gently sloping valley bottoms.
Here is seen a region in a state of advanced maturity. But rejuvenescence ‘occasioned
by a recent uplift is also observable. The Yukon has sawn a trench 700 feet or so
into the bottom of the old valley. The Klondike, responding to this lowered base-level,
Las correspondingly t\ranched its old bed, and Bonanza and Hunker creeks have chan-
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nelled their valleys in harmony with the new Klondike level. The ereeks south of
the Dome are still in the old channels, for the Indian river has not yet advanced its
new cafion as far up as the mouths of these streams.

For a period extending a long distance into the geological past, conditions of
weathering, erosion, and deposition have obtained, with no disturbances sufficient 1o
seriously interrupt these processes, to erase their effects or sweep away their products.
This fact, brought into notice by the topography of the district, is accentuated by an
examination of the gravels themselves. The old valleys, except where covered by recent
accumulations or cut into by the rejuvenated streams, are floorzd with ¢ White Channel
gravels,” which rest on a yellowish, clay-like bed-rock, the weathered, rotted country
rock. The ¢ White Channel gravels’ themselves are bleached mixtures, consisting large'y
of fine sericite and quartz pebbles., Pebbles of country rock have decomposed and
fallen to pieces, or if present, disintegrate at a touch. Stratification is gone. Decom-
posable minerals have broken down. Soluble elements have been leached out, and
stable combinations like sericite formed of what remains. Magnetite is practi~ally
absent, though originally it must have been plentiful. Only the most resistant
minerals, such as quartz and sericite, with some gold, are left. Weathering, therefore,
has been an important and long-continued process on the rock surfaces, in the hillside
wash, and, finally, in the stream accumulations in the valley bottoms.

The country rock consists of sericite and chloritic echists, with some dark, gra-
phitic argillites eut by some dikes of igneous rocks, quartz porphyries, rhyolites, and
andesites. Quartz veins and stringers, some, at least, gold-bearing, are abundant in
these schists. Exposures are not numerous, being largely confined to occasional out-
crops on the summits or in the cafions of the rejuvenated streams. But the large
amount of quartz in the debris which mantles the solid rock evidences the presence of
quartz veins where they are not exposed. ‘

The old White Channel gravels, representing a natural concentrate from a great
mass of gold-bearing material through long ages, by weathering and stream action,
are rich in gold. The gold occurs in a well defined paystreak, as is usually the case in
stream gravels. The present stream beds where they have cut down through the White
Channel paystreak were enormously rich, as might be expected since they represent a
reconcentration of an already rich concentrate. Where the White Channel paystreak
was untouched, the present stream bed was apt to prove lean. Going up stream, the
gold usually becomes less worn, rougher, more angular, and coarser. The gravels are not
always of pay grade to the heads of the creeks nor always to the mouths of the creeks;
some of the tributary gulches are rich and some have proved barren. Often gulches
which head together are paired as-to gold contents. If one is rich the other is rich;
if one is poor the other is poor. Gold in the recent gravel freshly derived from its
original source is gimilar to gold in the corresponding White Channel gravel. Many
of the gold grains and most of the nuggets, enclose quartz. Quartz pebbles are found
containing gold, some at least very rich in gold. The quartz of the boulders is
similar to the quartz of the veins, and gold of the veins to the gold of the gravels.
From the foregoing and other faects, it is obvious that the gold is absolutely loecal in
origin, derived from the basins of the pay gulches and creeks.

26—23 oy
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QUARTZ POSSIBILITIES.

The extraordinarily rich gravel represents the concentration of a great mass of
gold-bearing material. There are several possibilities regarding the source of the gold.
Tt might be derived from disseminations through the country rock. A gold value of a
few cents a ton, such is the volume of country rock weathered and eroded, would more
than account for all the millions in the gravels. But this interpretation does not fit
the facts. In addition to those above alluded to, it may be recalled that Eureka creek,
which is gold-bearing, is not in the Klondike schists at all, but in the Nasina series,
which almost everywhere else is unproductive. It is then practically certain that the
gold of the gravels has come from the quartz veins, When one considers the extremely
local occurrence of the gold, the suggestive form of the nuggets, the overwhelming
importance of quartz in the gravel, the widespread occurrence of quartz in the very
nuggets themselves, the ‘kindly’ appearance of the quartz of the pebbles and the
actual occurrence of gold in this quartz and also in some of the veins so far un-
envered, the numerous veins on the rich creeks, ete., no other view seems at all tenable,
But granting this, there still remain several possibilities. The gcld may be somewhat
uniformly distributed throughout the innumerable quartz stringers and veins, in
which case they would almost certainly be too lean for profitable exploitation. The
probabilities, however, are that this is not the case, and such facts as are known do
not suggest this possibility. To begin with, this is not the usual characteristic of
gold-quartz veins. Again, quartz is widespread; gold confined to particular ereeks and
gulches. Some of the quartz boulders are likely-looking, some very unpromising;
suggesting that they are from veins of different origin and contents. Other facts
also tend to indicate that the gold is confined to certain veins. The large nuggets and
the richness of the gravels at the heads of some of the pay channels would suggest
that in the auriferous veins themselves the gold is already conecentrated to a certain
extent at least. The rich kidney of quartz found on the New Bonanza claim, Vietoria
guleh, is an example.

Up to this point, the argument is all in favour of the possibilities of rich quartz
veins, but here some uncertainties enter. The gold might be concentrated in ore
shoots, as is usually the case in veins. These might be large and workable bonanzas
or small and pockety. The pay ore may have been largely removed by erosion, and for
the most part, only low-grade roots of veins left, Veins, though rich, might be too small
or irregular for mining. MeConnell admits that most of the veins seen by him were
of this character. On the other hand, comparatively few of the veins have been
exposed, and it is quite possible that large and regular veins are to be found. So far,
developments on the Dome property tend to strengthen this possibility. Moreover,
the small veins might oceur in groups or zones that collectively might be capable of
development, or the country rock in the neighbourhood of a vein might prove sufficiently
mineralized to give workable dimensions to the ore body. There is not yet sufficient
information available to determine the actual conditions in the Klondike with respect
to these last points, so that the future of the lode mining cannot be predicted with
certainty. As just shown, the balance of the evidence, so far as it goes, is distinctly
favourable, and the stakes are tempting. In my opinion, then, it is well worth while
ruaking serious attempts to locate workable quartz.
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In this connexion it is interesting to note that prospecting for quartz in the placer
camps of Alaska is furnishing encouraging results. Some promising gold-quartz has-
been found in the Koyukuk and Chandalar regions. At Fairbanks, according to-
information furnished by A. H. Brooks, of the United States Geological Survey, pros-
pecting for quartz or veins has been carried on at a number of points. Veins varying
from less than an inch wide to 12 feet have been found. The rich ore has thus
far been confined to stringers or veins under 3 feet thick, but valuable material is
reported in places in the adjoining country rock. Though many of the individual
stringers pinch out and some of the veins are faulted, others may be followed for
several hundred feet. Development work is as yet limited, but the prospects are con-
sidered sufficiently encouraging to warrant serious development and further prospect-
ing for quartz veins.

On the Seward peninsula, quartz seems to be receiving greater attention than ever
before. This autumn a magazine was started at Nome in the interests of quartz mining
on the peninsula., The Big Hurrah mine, in the Solomon River region, has been
operated for a number of years, and has the distinction of being the first lode mine
on the peninsula. It has a stamp mill, and seems to have demonstrated that in certain
spots at least, mineralization is sufficiently concentrated, and veins sufficiently large
and continuous, to make a lode mine. Here is one place where a northern placer has
developed into a lode mine, and where some of the placer gold has been traced to its
source,

NOTES FOR PROSPECTORS.

The prospects for developing lode mines in the Klondike I would consider to be
quite as promising as in the lower Yukon. The most attractive prospecting ground is
naturally on the creeks which have had rich gravels, for since the gold is local in origin
and, presumably, derived from quartz, they indicate the existence of auriferous veins
in their basins. Some guidance as to the best points to prospect in the individual
basin is furnished by the gold in the gravel. For example, the head of a creek or a
tributary guleh that has a bed-rock which would retain gold, but does not contain pay
gravel, would be an unpromising field for prospecting. On the other hand, the valley
walls or the gulches at the head of pay gravel would be likely ground. For instance,
Victoria gulch with No. 7 pup is almost at the head of the productive part of Bonanza
creek. The gold is coarse, and in the upper part very rough and angular. Here,
evidently, one is ‘ hot on the scent” On No. 7 pup the gravel is angular, and consists
of almost unworn slide rock. This should be a good place to prospect. Gay gulch,
which heads with Victoria gulch, is also auriferous. This and the divide between the
two gulches furnish favourable ground. A study of the geological maps and reports,
and a consideration of the production’ from the various claims, will furnish numerous
suggestions regarding other good points for attack.

When the gravels of a creek appear to be enriched on a certain claim as if from a
local source of gold, it should first be determined if the excess supply has been derived
from the White Channel paystreak. Only when this has not been the case may such
-enrichment be taken to indicate the presence of a rich vein in the immediate vicinity.
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Tf coarse or unworn gold suddenly makes its appearance where normally only fine and
worn gold might be expected, this would be indicative of a fresh, local supply from a
nearby source. Such would be a favourable place to prospect.

Prospecting will 'be slow and tedious, hampered as it is by the lack of rock ex-
posures and the mantle of loose rock. The latter is steadily creeping down hill, a
point to be remembered when float is disecovered. When a vein is found and sufficiently
uncovered to show the character of the vein material unmixed with ¢ wash,’ unless it
-ie of pay grade it is usually unwise to sink on it or otherwise test it at depth in the
hope that values will improve. If it is felt to be worth further development, it is
usually better to prospect it horizontally rather than vertically. This can be done
either by trenching, or if the cover is too deep, by drifting. Either will be cheaper and
more rapid than sinking, and will test the vein as successfully, for the chance of strik-
ing better grade material along the vein is quite as strong as, if not stronger than
down it, and much more of the vein is tested in the same time and for the same money.
If, however, pay ore is encountered, it is advisable to sink on the ore as well as to
follow the vein horizontally, for gold often exhibits a tendency to concentrate on the
surface, and it is, therefore, necessary to demonstrate that the values continue down-
ward. TUntil the ore shoot is well developed, so that certain knowledge is to be had of
its position, dip, continuity, value, ete., in no case should expensive work be under-
taken elsewhere than on the ore, under the assumption that it goes down, or has any
particular attitude. ‘Stick to the ore’ is advice to be heeded. These points may seem
too elementary to*be worth making, but justification is furnished by the amount of
money wasted in young camps, everywhere, by disregarding them, and by the frequent
expenditure of time and money in a way that detracts from rather than adds to the -
value of the claim.,

For the encouragement of prospectors it may be noted that, up to a certain point,
the greater the number of veins that prove barren or almost so, the greater are the
chances that some occur that are rich, for the reason that the fewer sources there are
for the gold, the richer these sources must be. -

Some light on the value of the quartz of veins might possibly be had from the
quartz boulders of the gravels. Many will no doubt be from barren veins; many are
cavernous, These probably lield auriferous sulphide minerals which have been leached
and the accompanying gold dropped out, in which case the values found would be too
low. But tests made with discrimipation and judgment might furnish some instrue-
tive results.

PLACER PROSPECTS.

It is to many a matter of surprise that the discovery of the Klondike has not been
followed by that of other important placers in the Yukon. The possibility of this is
not yet exhausted. Prospectors from the Stewart are bringing out encouraging reports
of creeks, tributary to this river. In some respects the conditions are very favourable
for placer mining. From information which appears to be reliable, the placer pros-

pects of the Stewart River district are to be taken senou.sly Two dredges are being
operated on the river.
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Information obtained from the Klondike may be used with advantage in pros-
pecting for new placers. Here, as noted above, the essential points were, gold-bearing
country rock (auriferous by reason of gold-bearing veins), a very long period of con-
centration of the gold through weathering and erosion with, in places, a reconcentra-
tion of the already rich gravels, The same conditions were essential in the formation
of the placer camps of the lower Yukon—notably at Fairbanks and the Seward penin-
sula. (At Nome reconcentration was effected on several beach lines.) _

The presence or absence of the essential factors in a distriet, except the auriferous
character of the country rock, can be speedily recognized by an inspection of its
topographical features and the condition of the surface and of the old gravels.
Whether the country rock is gold-bearing, and so could have supplied gold to the
gravels, is not so readily determined, but in certain cases, at least, this can be more
readily ascertained (or at all events its probability indicated) by an examination of
the materials of the gravels, the slide rock, and outerops than by the more laborious
digging and washing of the gravels. _ :

For instance, in the Klondike, the amount of quartz, and particularly the sugges-
tive character of the quartz in the numerous milky, cavernous bculders, would indicate
a strong probability of the occurrence of gold, which, coupled with the pronounced
evidences of mature weathering and erosion, and reconcentration, would have attracted
the observant prospector and encouraged him to expend the necessary time and labour
to thoroughly test the gravels. I

If these underlying principles regarding the formation of placers are borne in
mind, it will assist one in eliminating unpromising districts and in confining his
attention to creeks where there are inherent possibilities for success.

Other Distriets.

Placer mining is still in progress on tributaries of Sixtymile and on Fortymile
rivers. Dredging is in progress on the latter. _
The Sourdough coal mine below Fortymile river is in operation.

‘White- River District.

The encouraging developments of the copper properties on Copper river, Alaska,
to which a railway from the port of Cordora is being built, and the similar prospects
on the north side of the Wrangell mountains in the Nabesna-White River district,
has re-awakened interest in the possibilities of the upper portion of the White river
on the Yukon side of the International Boundary line.

In 1905, McConnell made a reconnaissance survey of this district, his report being
published in the Summary Report of the Geological Survey for 1905 (pages 19-28).
In 1907, very fine specimens of rich bornite and chalcocite were brought out from this

In 1908, Messrs, Moffit and Enopf of the United States Geplogical Survey,
examined the Nabesna-White River district, Alaska. Portions of their report! of
special interest to Canadians, because referring to the Yukon, are here reproduced :—

1 Mineral Resources of Alaska, 1908, United States Geological Survey Bulletin 879, pp,
161-180.
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¢ COPPER. . L *

General Conditions of Occurrence.

¢ The reported presence of native copper in vast quag'lt.itiea was, as already pointed
out, the original incentive that drew the pioneer to the White-Nabesna region.
Prospecting in search of these deposits has shown that copper in its bed-rock sources
is widely distributed in the form of sulphides (chalcocite, bornite, and chalcopyrite),
and on the basis of the facts revealed by the little development work that has been
done, it may be stated that most of the native copper found in the region is an oxida-
tion product of those sulphides. -In mode of occurrence the copper ore shows two .
different habits, geologically distinct. In one, so far the better known, it occurs
associated with the Carboniferous basaltic amygdaloids, and in the other it is found
in limestone at or near the contact with the dioritic intrusives.
¢ Native copper occurs as nuggets in the gravels of many of the streams, and
green-coated lumps of metal up to 5 pounds or more in weight are occasionally
found in the wash of creeks draining areas of amygdaloid bed-rock, This stream
. copper was the source from which the Indians obtained their supply when it was an
objeet of barter among them. From the accounts of Hayes and Brooks, Kletsan creek
appears to have been the placer locality best known to the natives.
¢ Metallic copper occurs also in the surface croppings of sulphide deposits in the
amygdaloids, where it is undoubtedly an oxidation product of the sulphides that appear
in depth. In such places it is directly associated with the dark-red oxide (euprite)
and more or less green carbonate. At the prospect known as ¢ Discovery,’ which is
located in Canadian territory on White river, a few miles below the International
Boundary, a large slab of native copper averaging 8 by 4 feet by 4 inches thick, and
weighing probably close to 6,000 pounds, has been uncovered in the slide rock. A
rumber of other sheets of copper up to several hundred pounds in weight have been
found in the near vicinity. On account of the stimulus that this find has exerted on
the prospecting of the adjacent American territory, the occurrence merits some
description in this report. The stripping of the bed-rock near the great nugget exposes
a face of green basaltic amygdaloid 20 feet high and 15 feet wide. The rock is tra-
versed by numerous seams of native copper along fractures and slickensides, but
toward the bottom of the open-cut stringers of chalcocite begin to appear. About 150
feet from this prospect an opening on an independent occurrence shows stringers of
cuprite with admixed copper, stringers of glance and calcite, and chalcopyrite dissem-
inated through the amygdaloid country rock. From these features it is clear that the
metallic copper of this deposit is a superficial oxidation product of sulphides, that its
downward extension is small, and that the prevailing sulphide at greater depth will
probably turn out to be chalcopyrite.
¢ At a few localities native copper is associated with certain highly amygdaloidal
portions of the Carboniferous basalts and intergrown with the white minerals that fill
the former steam cavities in the ancient lava flows., Slaggy looking portions produced
by the weathering and removal of the amygdules from the lava and amygdaloid that
is cut by small irregular veinlets filled with the same minerals as those forming the
amygdules appear to be the most favourable places for metallic copper. The copper in
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the vesicles and stringers is associated with calcite and delicately spherulitic prehnite,
but in some of the veinlets calcite, prehnite, quartz, a black lacquer-like mineral,
partly combustible, and chalcocite, instead of metallic copper, are associated together,
‘At a number of places throughout the region narrow stringers of chalcocite
cutting the ancient basalts are encountered, but so far as known none have any great
persistence. Near the head of Cross creek, locally known as Copper creek, a thin
quartz-chalcopyrite vein cutting the bedded voleanic rocks has been discovered. At
other localities some irregularly disseminated sulphides, in some places chalcocite, in_
others bornite, occur in the basalts, but these do not appear to be connected with
definite vein or lode systems, and are consequently of an unencouraging character.
Oxidation of these sulphides and disintegration of the containing rock give rise to
the nuggets of cuprite and native copper that are found in the talus slopes at several
-places in the region. ’ !
‘In contrast to these oceurrences, which, as shown by the foregoing discussion,
are limited to the ancient basalt flows, copper is found as bornite and as-chaleopyrite
intergrown with contact-metamorphic rock in {imestone adjoining diorite intrusives.
In deposits of this type theé ore mineral is associated with garnet, coarsely crystalline
calcite, epidote, specular hematite, and scattered flakes of molybdenite. The garnet
is commonly crystallized in dodecahedra, and is intimately intergrown with the bornite
and chaleopyrite. On account of its weight and especially its appearance, which is
-not unlike that of cassiterite, it was mistaken for tin ore by some of the early pros-
. pectors. Only two deposits of this character were seen in place, but evidences of
-energetic contact metamorphism were detected at a number of other localities. An
extensive contact zone has been produced along the junction of the diorite and the
massive limestone exposed on the ridge west of Copper pass. Various contact-meta-
morphic rocks, pyritiferous as a rule, are present in this zone, and these rocks on
oxidizing give rise to large iron-stained outerops, which contrast strongly with the
surrounding white limestone. In connexion with the discussion’of the contact-
metamorphic deposits, it may be stated that the writers were shown some specimens
of copper ore containing abundant large octahedra of magnetite and blebs of chal-
copyrite in a gangue of coarse cale spar. This ore was undoubtedly obtained from the
vieinity of an intrusive diorite-limestone contact, but whether commercially valuable
ore bodies of this character exist in this region, which is so remote from transporta-
tion facilities, is yet to be demonstrated, in view of the fact that copper deposits of
contact-metamorphic origin are characteristically bunchy and low grade’

¢ Conclusions.

¢ The White-Nabesna region can be more easily prospected in some respects
than many other parts of Alaska, on account of the relative abundance of bed-rock
exposures. Most of the showings of ore found thus far are situated well up on the
mountain sides, generally beneath walls of rock cliffs and above the encumbering talus
slopes. This is, of course, to be expected in a region that is ineompletely prospected,
but it entails the disadvantage that the prospects are located far from timber. The
greater number of the copper prospects are found in the Carbofiferous basaltic
amygdaloids, a relation which is also essentially true for those of the Chitina eountry.
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The geologic investigation of the region has established the fact that these voleanie
rocks have a considerable distribution, and underlie the greater part of the Wrangell
mountains. Much of this territory, however, is unfortunately not accessible on
account of its numerous glaciers and extensive ice fields.

‘The main interest of the White-Nabesna region has centred in the oecurrences
of native copper. No phenomensal ore bodies have yet been discovered, but it has been
shown that primary native copper occurs in the amygdules of zeolitic amygdaloids, a
mode of occurrence unknown on the Chitina side of the Wrangell mountains. This
discovery is sufficiently encouraging to warrant further development, and it is hoped
that the nature and extent of the deposit will soon be demonstrated.

‘From the descriptions given in the preceding pages, it will be apparent that a
lode-quartz region ‘of some promise has been discovered in the Nutzotin mountains,
near the International Boundary, and that, as yet, it has been but imperfeetly explored
by the prospector. It was shown that the intrusion of quartz diorite produced a
number of contact-metamorphic bodies of copper sulphides, and the occurrence on
Jacksina creek suggests that the mag’ma was also capable of effecting an auriferous
mineralization. From the meagre data at hand it is perhaps unsafe to venture on
generalizations, yet it is probable that the quartz veins are genetically related to the
intrusion of the post-Carboniferous quartz diorites and that, therefore, the intruded
areas are those most likely to be mineral bearing. Such areas are known to occur
throughout the Nutzotin mountains at a number of localities, especially along the
northeastern flanks. Brooks has mapped a large area of granular intrusive on the .
lower Nabesna. It is probable that in the vicinity of such masses the search for lode
quartz may be prosecuted with the most hope of success.’

WEST AND EAST KOOTENAY.

. From Victoria I went to Nelson, and attended a meeting of the Western Branch
of the Canadian Mining Institute. Messrs. LeRoy and Boyd, who were engaged in
Geological Survey work in the Slocan, were in Nelson to report progress.

Earl Grey at Ainsworth Cave.

His Excellency Earl Grey and party, who had ridden over the pass from their
camp on Toby creek, were met at Argenta, at the head of Kootenay lake. His Excel-
leney proceeded to Ainsworth, to visit the cave above the town, which had been only
partially explored last season.! The party to explore the cave included Earl Grey,
Lady Sybil Grey, Lady Evelyn Grey, and the Hon. Miss Broderick. After going to
the head of the cave, a feat demanding some daring as well as skill, the lower unex-
plored portion was assailed. This proved disappointing, since, instead of opening up
into a larger cavern as anticipated, in 100 feet the chamber closed up, the water
eseaping down a fissure too narrow to be followed. Evidently until a comparatively
recent date the large chamber at the entrance formed the lower limit of the cave, and
the water has for a short time only been at work on the fissure through which it now
drains. -

1 Summary Report Geological Survey, 1908, pp. 21-22,
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Kootenay-Columbia Divide.

Through the kindness of His Excellency, who profferéd his saddle horses and
camps, the writer, accompanied by Mr. Boyd, was able to cross over to the Wmdermere
district by way of Hamill and Toby creeks.

From Argenta to Hamill creek, a distance of three miles, an old railway grade
(constructed by the Great Northern railway from Argenta to Howser lake) is used
as a wagon road. Crossing Hamill creek the road enters a cafion. For about a mile
and a half the creek rushes through a deep box-cafion, one of the most beautiful and
impressive of its kind in British Columbia. Bands of white and bluish marble form
a considerable part of the almost vertlcal rock walls. The road is carried up on a
rock cut shelf supplemented by trestles, but owing to small slides it is not now passable
for wagons. Three miles up, at the head of the wagon road, is the Argenta compressor.
The mine is situated on the hillside a couple of thousand feet above, but is now idle.
A short distance above the compressor the trail skirts a burnt hillside, but soon enters
a verdant forest. and from here to the head of the creek the natural beauty of the
forest is unimpaired. The first camp was on Hamill creek in a meadow at the base of
the climb to the pass. TUp to this point the grade had been easy. A somewhat steep
climb of a couple of thousand feet brings one to the level of the pass, which is low
and easy considering the rugged nature of the mountains through which it leads.
Several alpine glaciers lie close to the trail. Some of the peaks exceed 10,000 :feet in
elevation, and from their summits is to be seen one of the finest and most extensive
panoramas in the Canadian Cordillera. Unfortunately when we were on the pass it
was enveloped in fog, but in our Lardeau work we had occupied, as stations, peaks a
few miles to the east, from which we gained a view of the country.

The trail from the summit down Toby creek has an easy grade. For the first hatf
mile it is above a glacier. About eight miles down, on an open hillside, commanding
a fine view of the valley, is the headquarters camp of His Excellency.

The character of the country on the Columbia slope is distinet from that on the
Kootenay side of the divide. The vegetation is less dense, showing evidences of a
drier climate, and altogether there is a sort of transition between the pronounced
Selkirk type, and the Rocky Mountain type of country.

About 12 miles below the camp the trail joins the B.C. wagon road at a point
about 18 miles from Wilmer, on the Columbia.

Suggested Parks,

These two valleys of Hamill and Toby creeks, with the adjacent mountains,
particularly the portion from Argenta to Earl Grey’s headguarters camp, form one
of the most attractive of the easily accessible mountain distriets in British Columbia,
and the suggestion that they be reserved as a provincial park is well worth carrying
out.

With rail communication to supplement the present boat service, as there soon
will be along the Columbia-Kootenay valley from the Canadian Pacific Railway main
line at Golden to the Crows Nest Pass line, and with the boat service on Kootenay
leke, such a park would act as a strong magnet to tourists.
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Another magnificent site for a park exists up the Duncan river, in the ¢ Lime
dike’ country, about the head of Hall, Haley, Caribou, Gainer, and Porcupine erecks.
Here the scenery is of the peculiarly wild, airy type of the famous ‘ Dolomites’ of the
Tyrolean Alps. It is also of easy access for an energetic tourist.

Such parks would mean a great deal in the future tourist travel in southern
Kootenay, which can soon be made one of the big ¢ industries ’ of the Provinee, so that
in addition to preserving in its natural state the grandest of mountain scenery, and
forming a game and timber reserve, they would become most valuable provincial
assets.

Greology.

The trip was made too hurriedly for geological work, which, on account of the
folding and other disturbances, would have to be done in detail.

The rocks up Hamill creek consist of schists, often garnetiferous, slate, lime-
stones, and quartzites. Near the summit is a fine-grained conglomerate.

On Toby creek, slates and limestones extend to Earl Greg’s camp. From here to
the wagon road are quartzites and dolomite. The rock at the wagon road is a heavy
green schist. Up the little cafion of a tributary stredm which the wagon road to the
B.C. mine follows, is a succession of ‘soda springs’ giving off carbonated waters
containing lime and iron, and which have deposited a red tufa.

For several miles below Pinehurst, where the road to Paradise mine takes off, is
a conglomerate, in some places coarse and in others fine, with boulders and pebbles of
limestone, slate, and jasper. The dip here is about 45° west.

About 8 miles’ from Wilmer the rocks appear to be mainly flat lying. Along
the lower end of the road, limestone and schists occur, rather massive and erystalline,
having an older appearance than the rocks previously encountered. Some jasper-like
bands which may have yielded the pebbles seen in the conglomerate were also noticed.

Very little activity in mining or prospecting was reported in the Windermere
district. With the building of the railway there will probably be a renewal of interest
in this section, for many promising leads with ore of good value have been found and
partially developed, and from some considerable shipments have been made, in spite
of the present difficulties of transportation.

The Paradise, on Spring creek, a tributary of Toby, is the best developed mine.
It has over a mile of workings, and has shipped more than 2,000 tons of ore taken out
in development, which is said to have yielded average smelter returns of 57-44 ounces
of silver and 58-9 per cent of lead to the ton.

W. Fleet Robertson, who visited the property in 1903,! states that, ‘in the mine
workings much ore is in sight and more is demonstrated almost to a certainty. A
rough calculation made at the time (July, 1903) gave, if not of ore actually ‘blocked
out’ certainly of ‘probable ore, about 50,000 tons, which amount there is every
reason to expect has been largely increased by subsequent developments.’

Most of the veins in the district are silver-lead, though some have gold-copper or
zine values. The silver is usually carried in tetrahedrite, and the gold in pyrite. Some

1 Report of the Minister of Mines, B.C., 1803, p. 101.
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veins from which shipments have been made have produced rich ore, carrying several
hundred ounces to the ton.
Trail Creek Mining Division.

From Wilmer, we took the steamer down the Columbia to (Golden, and returned
to Nelson. Half a day was spent at the smelter and refinery of the Consolidated
Mining and Smelting Company at Trail, and a day at Nelson.

The smelter at Trail is probably the largest and most complete of its kind in
America. It is designed to treat all the varied ores produced in the Kootenays with
the exception of zine. The mines owned by the Company assure a steady, heavy ton-
nage of the various classes of ore required, but all the custom ore offered is also
purchased, thus affording the smaller mines the advantage of large scale smelting
operations. During the year a new lead furnace, with a capacity of 250 tons, replaced
one of the two, old 140 ton furnaces. Mechanical feeds were provided for both the
lead furnaces. A mnew copper furnace of 450 tons daily capacity replaced a smaller
furnace, and a No. II Root blower was added to the plant. An additional Huntington
Haberlein roaster was installed, and another is being erected. The capacity of the lead
refinery has been doubled during the year.

The daily capacity of the plant is now 2,100 tons of gold-copper ove, and 500 tons
of silver-lead ore, and that of the refinery is 120 tons of pure lead. The chief produects
of the plant are refined gold, silver, and lead; sulphate of copper; electrolytic bearing-
metal; and gold-copper matte. The output for the year will probably exceed $5,850,000
in value, notwithstanding the low price of metals. The copper matte is sold to the
Tacoma refinery; the gold to the United States Assay Office; the silver to the Cana-
dian market including the Canadian Mint, also to China; the lead supplies the
Canadian market, the surplus being disposed of in China and Japan.

The development of the Centre Star mines at Rossland has been vigorously
prosecuted, over 8 miles being added during the year to the 20 miles of work-
ings. A number of extensive new ore bodies were opened up through this develop-
ment work, especially on the War Eagle. The Le Roi No. 2 has maintained its record
as a steady producer and dividend payer.

The output of the Rossland camp for the year, however, will be lower than usual,
owing to the fact that the Le Roi, until recently much the heaviest shipper, has pro-
duced very little ore this year. A vigorous policy of exploration has been carried on
in the Le Roi during the latter half of the year, which it is hoped will result in
important developments.

The Evening Star and Blue Bird were operated for a time, and the Velvet was
about to be reopened at the time of my visit.

Turtle Mountain.

On the return journey to Ottawa, a stop of a day was made at Frank, Alta., to
examine Turtle mountain, especially the north shoulder above the town. The summit
now presents a more dilapidated appearance than immediately after the great land- -
slide. The breaking away of material back to the limits of the cracks formed at the-
time of the slide, leaves a more widely gaping hole, with the north shoulder outstand-
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ing. A large amount of material has still to come from the south peak, v_vhich is
traversed by two major crevasses some distance back from the face of the cliff. This
peak is so situated that falls from it are not likely to cause demage, On the north
peak, overlooking the town, a break is not impossible, especially if artificial excava-
tions are made near its base. A rather fresh looking crack extends across the ridge
and down the west slope between the summit of the north peak and the shoulder over-
looking thé town. Two cracks parallel to the face of the ridge occur on this shoulder
between the main ridge and the edge of the cliff. ~

While, on this shoulder there is little or no evidence of movement, and it still
presents an appearance of solidity, it must not be forgotten that it is projecting out-
warnds without support except at the west end, and that its cliff face is high and steep.
The same causes which brought about the former catastrophe might produce a similar
effect upon this shoulder of the mountain. If a large mass were detached from it, it
would certainly reach the valley bottom, and there is nothing, as there was in the

former slide, to prevent its spreading fan-like down the slope and over the valley
bottom.

BORING ON PRINCE EDWARD ISLAND.

The surface of Prince Edward Island is composed of rocks belonging to the group
now spoken of as Permo-Carboniferous. Ever since the first geological examination
made on the island, the possibility has been recogmized of the underlying Carbon-
iferous containing an extension of the coal basins of Cape Breton and Nova Scotia.

Unfortunately, surface study cannot throw any light en this question. The strata
are nearly flat, and only a limited section of the rocks is exposed.

Information can be obtained only by boring. The Provincial government recently
appealed to the Dominion to undertake this investigation, pointing out that, although
under the terms of confederation geological investigations should be carried on in
Prince Edward Island, little had been or could be done, and suggesting that, in lieu of
surface studies, geological sections by means of bore-holes be obtained.

If coal were found within commercial distance of the surface it would mean much
to the island. There.was also a possibility that gas or oil might be encountered.
Moreover, any information gained would be valuable to the neighbouring provinces.
The proposal of the Prince Edward Island government was, therefore, accepted, and a
sum allotted for the work.

For a complete and satisfactory test, four or five deep holes at selected points on
the island would have to be drilled. To get this done for the morey available, in rocks
which, from a drilling standpoint, were unknown, the cheapest and best all round mode
of drilling would have to be employed. A contract was aceordingly let to an experi-
enced driller for 10,000 feet of boring with a standard drilling rig (churn drill).

Several low anticlines cross the island, and as the strata exposed on these belong
to a lower horizon than is to be met with elsewhere on the island, and as anticlines
form the most likely points for gas or oil reservoirs, the siies for bore-holes were
selected on thege. From the work of Sir William Dawson and Dr. Ells, the anticline
at Gallas point appeared to be the best ‘spot for the initial hole, as the rocks there
were supposed to be the lowest strata exposed on the island.
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No. 1 hole was located on the farm of Jas. Tweedie. This ic a little south of the
axis of the anticline; but because of the low dip it was unnecessary to locate precisely
on the axis to secure depth; moreover, the chances for gas or oil are better a little off
the axis. It was started as a 10 inch hole.

Hole No. 2 wds located about two miles north, on the other side of the axis, where
the surface rocks appeared more solid, in the hope that water-bearing strata, encoun-
tered in No. 1 hole, might be less pervious on the north limb of the antieline. In
order to increase the chances of attaining depth, the diameter of this hole was
increased to 13 inches,

Hole No. 8 was bored near Kinross on t.he same anticline, but about 7 miles
inland. This and the remaining holes were started as 18 inch holes.

Hole No. 4 was drilled near Little Sands, on the next recognized axis. This was
the nearest spot on the island to the known coal fields of Nova Scotia (Pictou basin).
This anticline and the preceding one, in their southwesterly extensions, pass on either
side of the Springhill coal basin, in Nova Scotia.

Hole No. 5 was located near Miminegash, on the west side of the island, as close
as possible to the axis of the most westerly anticline.

The drilling was done by contract, the Survey having a representative at the well
to examine the drillings, keep the log of the well, and to forward samples, taken every
10 feet, to the department, where they were again examined and filed.

Well Boring Logs.

Mr, E. D. Ingall, of the Boring Division, furnishes the following logs of the wells
from an examination of the samples in the office and from the records kept by Mr.
Ferguson, who looked after the interests of the Survey on the ground.

It will be noticed that more than ordinary efforts were made to push the borings
to great depths. Ordinarily an 8 inch hole is deemed sufficiently large, whereas No. 1
was started as a 10 inch, No. 2 as a 13, and the remainder as 18 inch holes. The
softness of certain strata and the number of heavy water-bearing beds encountered
made it impossible to get much below 2,000 feet.

PRINCE EDWARD ISLAND.

‘Bore-hole No. 1 (Boring Files No. 203). Prince Edward Island, Gallas point,
near Charlottetown, Queens county.
¢The rocks encountered were as follows, as shown by the samples of drillipgs:—

Surface to 165 feet.. vs v« +s s+ +. Brownish, earthy shales.

165~ 215 feet we 44 as s+ ss ss s+ .. Brown, sandy, calcareous shales
215- 295 S R I K ..Brown, eart y shales mottled with greenish
rey.
205- 895 ..Blue-grey, sandy shale.
395- 435 .Grey, calcareous sandstones.
435- 995 “ .. .. .. .. .. .+ +« ++ .. Brown shales.
995-1,015 “° .. .. .. .. .. .. .. .. .. Purple-grey sandstone.
1,005-1,125 “ .. .. .. .. .. .. .+ .. ..Brown es.
1,125-1,155 “ .. .. .. .. .. .. .. .. ..QGrey shales.
1I66-LAG8 * .. .. .. . o se ne ee ..Brnwn sa.ndstnne
1,165-1.180 “ .. .. .. .. .. «. Brown shales.
1,190-1.205 “ .. .. .. .. el .. .. . Grey shales,
1,205-1,395 : el LU liBrown shales,

1,39541,405 we wr s4 ae we =s as se o Brown sandstone.
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620 .. .. .. .. .. vt «s ++ .. Brown shales.
650 . .. . v« ++ .. Brown sandstone.
1 el PO S T Red-bmwn, sandy shale.
1,660-1,880 “ .. .. .. .. .. .. .. .. .. Brown shales getting redder towards bottom.
1 e o Conrse ey sandstone.
« . -grey shaly sandstone.

‘ Soft water was encountered "at 35 to 45 feet and 150 feet, and salt water at 635
feet and 1,875.

¢ The hole was started with a 10 inch drive pipe and an 8 inch casing, which had to
be reduced, owing to water and caving. At 1,800 feet a cave took place, necessitating
the introduction of a string of 5§ inch casing. At 1,910 feet the soft, porous sand-
stone was caved through the pressure of the salt water.

¢ The samples from the series of beds passed through in this hole, effervesce freely
with acid, showing the presence of carbonate of lime and, possibly, of magnesia, the
only exceptions being the samples from some of the sandy beds.

¢ Well No. 2 (Boring Files No. 205). Two and a half miles northeast of Earns-
cliffe, Queens county.

‘The log of this well was as follows:—

Surface to 760 feet .. .. .. .. .. .. ..Reddish-brown, calecareous shales.
750~ 790 foet . e ah s ..Reddish-grey, calcareous sandstone.
790-1,090 ve e» 4+ s4 s «2 s .« Roddish-brown, calcareous ehales, somewhat

mottled with greenish grey.

1,090-1,140 :: «+ «+ «. .. Purplish-brown sandstone.
1,140-1,230 W st orr e e ee ev oo oo o Purplish-brown sandy shale.
1,230-1,420 “+ t4 s 4e wv e wr .. .. Brown shale.

1,420-1,480 * S0 en e ..Purple—hrown sandstone,
1,480-1,495 .- +. .. Purple-brown shale.
1,495-1,5%0 . «+ +« «. Purple-brown sandstone.
1.530—1,5:::0 S 4v es v st wv i <. .. ..Red-brown shale.

1,550-1,570 P T P ..Purpla—hrown sandstone.
1,570-1,665 vs se se 4e we ws +e s oo Purple-brown sandy shales.
1,665-1,680 “ .. .. .. .. .. .. .. ... Purple-brown sandstone.
1.680-1,685 “ .. .. .. .. .. .. .. ..., Purple-brown sghale.

‘ At this depth it was found impossible to drill further, and the hole was aban-
doned. Water was encountered in the hole at 8 feet below the surface, and again at
B5 feet, and at 760-1,100 and 1,450 feet salt water came in. The latter three depths, it
will be noted, coincide with beds of sandstone penetrated.

‘ The hole was cased with 10 inch pipe to 600 feet; with 84 inch pipe to 926 feet,
with 6% inch pipe to 1,374 feet, finishing up with 5 inch pipe to 1,464 feet.

‘Log of well No. 8 (Boring Files No. 208). Prince Edward Island, Queens
county, one-half mile northeasterly from XKinross, and one mile east of Glencoe
station —

Surface to 10 feet.. .. .. «. v o0 ov s illaceous sand, red.

40{ t.. R T glsa.n shale.
« v vr v Red, graszlly shale.

Be- 80 “ .. ..°.. .. ........ . Red, sandy shale.

8- 90 “ .. .. .. .. .. .. ... ..Red sandstone.

9- 140 “ .. .. .. .. «c «» .. .. ..Red, sandy shale,

140- 150 “ .. .. .. .. .. .. .. .. .. Red sandstone,

150- 160 “ .. .. .. .. .. .. .. .. ..Red, sandy shale. .

160- 170 “ .. .. .. . . . ... . Red shale (Conglomerate), pebbles of lime-
smndetone, and shale, some stained

shale, mottled with green.

170- 190 Red shal ttled with

190- 230 “° .. .. .. .. ... . .. Red, sandy shale, mottled with green.

230~ 2855 L. .. .o ee ee e ..Reddish sandstone, rather coarse to finer

grained.
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530~
560
59—
10—

830~

900-
910-

530

560
580
710
830

900

910
930

930-1,030
1,030-1,080
1,080-1,340

1,340-1,420

1,420-1,500
1,500-1,520
1,520-1,680
1,680-1,750
1,750-1,765
1,765-1,790
1,790-1,810
1,810-1,860
1,860-1,910
1,910-1,920
1,920-1,940
1,940-2,025
2,025-2,044

¢ This well was termmated at a depth of 2,044 feet on account of the heavy water
supply encountered, and of the constant caving in of the sides of the hole due to the
soft nature of the rocks.

¢TIt was cased with 18 inch pipe to a depth of 424 feet; with 10 inch pipe to a
depth of 907 feet; with 8% inch casing to the depth of 1,418 feet 8 inches; with 6§
inch casing to a depth of 1,787 feet; with 5% inch casing to the depth of 1,993 feet,
from which depth the hole was finished with a 5 inch drill.

¢ Seams of water were encountered in the hole at various depths as follows:—

At 30 feet.. .. .

210
260
300
410
460
520
550

630
670
690

770

899
930
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++ «+ +. Red, soft shale (water still fresh).

..

.
e

++ «. Bed, sandy shale, hard

e

P

.
DY
.

M

with occasional hard
eds of purer sandstone, as shown
working of the drill. .

. «.Red shale, soft.
. «.Red sandstone, coarse to ﬂne and shaly.
.. Red, soft shale.

Grey sandstone.
adf um hard, red shale, with sandy, gravelly
Ayers.
.. Micaceous and caleareous shale.
..Fine to coarse grained, red sandstone, moder-

ate supply fresh water.
Medlmm hard, red sandstone with some shaly
ayers.

Red, sandy shale,

-Soft, red sandstone,

Sa.ndy ghale, red, with some purer shale layers.

. Soft, red sha.les, with oconslona.l layers of
marl often mottled with gre

.Shaly sandstone, red, with occmanal shale
and sandstone layars

. Caleareous, red sandstone.

.Gravelly shale.

.Soft, red sandstone.

. Calcareous, soft red shale.

.Sandy shale, shaly sandstones, red and sﬁatj
fine grained, and caleareous; oceasio
sandsfone beds.

..Soft, red shale, calcareous and becoming sandy

- s s e e

N GOOn O

at bottom.

..Soft, Ted mdstone with some shale.

Sandy shale, red

-Soft, red shale with sandy layers.
. Soft, red sandy shales.

.Saridstone, soft, red.

. Soft, red shale.
..Sandstone, soft, red.

Sandy and gravelly shale,

Jandstone, somewhat shaly at bottom.
Soft, red shale.

. Bandstone, soft, red calcareous,

.. Soft, red shals,

Soft, red sandstone.

.. A heavy flow of hard water rising to within

4 feet of the top.

..Water sthu fresh.

ss &8 0w

[y
< The above was cased off.

.- Water in moderate amount.
- Water rising in hole.

. Water ste ily rising, still fresh.
.. Water still rising and fresh.
. Water risen to within 75 feet of the surface.

. «s ». Water still fresh but stationary as to level in

. oan om

. ee wa

hole.

Water still fresh.

Water brackish.

.. Water during cessation of operations over
Sunday rose to within 150 feet of top, but
was bailed out on Monday.
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990 feet.. .. .. -2 «v +o «o oo +o .. .. Water harder to keep under, .

010 “ .. .. .. .e et si as ar «r oo .. Water supply too heavy for bailing; drilling

. continued under water.

090 Saws e s in ee «a .. Water up to about 150 feet from surface.

. ..5alt water encountered.

. .. Water still stationary at 150 feet from surface.

. +. Water above this all shut off by casing.

. «. A little salty water.

. ..Heavy flow of water,

. .. Water too heavy to keep bailed out.

950 .. During Sunday water rose to level of 150 feet

from surface. 0

080 ™ .. .. ur ur vs 4+ se ss 2s =» ». All water above this shut off by casing.

080 “ ti si sh vt ev se es ss +e o» .. Heavy flow of salt water rising to within 150 -
feet of surface and prohibiting further
drilling.

¢ Log of well No. 4 (Boring Files No. 207), 11 miles from ‘Little Sands,’ Kings

county. :
¢ The log of the bore is as follows:—

95 feet.. .. «v «» v +. .. ..0andy clay.
s“;gf“‘,@%" feet.e-e“ ve 44 e+ +e +s oo oo Firm, red, shaly sandstone. ‘The drillings
show small fragments of pebbles of con-
glomerate, several hundredp feet of which
are expesad in the vicinity, dipping in such
a direction that it must be drilled through

o e e ek ek et e
23
==
a

o

B 'iﬁtthgd o hal

40— 430 .. .. .i ss ws se ss an oss Drig red, firm shale.

430~ 442 “ .. .. .. .. .. «» +o «» o Firm, red, shaly sandstone.

442~ 450 ° .. .. +i +- w4 +r s o .o Firm, red sandstone.

450 520 e we s ox os +» ++Shaly sandstone, red.

520- 540 vv s+ =e e+ »o o2 Conglomerate of coarse-grained sandstone.
540~ 580 .. .. we o se ve o oo Firm, bright-red shale.

680 < .. .. O -+ Red, shaly sandstone.
e A . es ss ss +e -+ - Firm, red shale.

710~ 740 “ .. ve e wv av e+ == - ++Coarse, red sandstone (co?lomerate).
740~ 790 “° .. +v v ee s+ ++ +- «» +-Shaly sandstone, red, and firm.

790- 80 ° .. .. 2x -+ +o +- <. +- +« Red shale.

800- 880 ¢ .. .. v 2+ 2+ 2+ ++ s+ Red, sandy shale.

880~ 890 “ .. .. « ++ =+ «« += +.Coarse, shaly sandstone or conglomerate.
390- o ve ar es +e =r s+ o+ ++Bhaly, red sandstone.

990-1,020 “ .. . v+ ++ + Firm, red shale,

.. -+ ++ Firm, red sandy shale.
« ee as s +» <o Firm, red shale,

. . . «.3haly sandstone, red.

W ve 2e ss s+ «oFirm, red shale.

1,170-1,190 * .. .. .. «4 «= «+ .. .. .. Shaly sandstone.
1,190-1,360 “ .. .. «. +e «o +o o .. oo Firm, red shale.
1,360-1,: - + vs sa sa ss o oo irm, red, sandy shale.
1,420-1,450 “ .. .. .. «4 4+ =x s +. ..3andstone, somewhat shaly.
1,450-1,560 “° .. .. .« +. +s ++ +. .. ..Shale, red.
1,560-1,595 .. .. .o e o .« +» ».Sandstone. i
1,505-1,620 ve ae e s [ .-ghaly sandstone.
1,620-1, O e e me s ap ae s es as e,
16401660 “ .. .i .. o er av o +- -.Shaly sandstone.
1,660-1,690 “ .. ...ie oe e «x s . ooSandy shale.
1,690-1,720 “ .. .. e wa ome se an ..girsfy shale.

20-1,730 . 4o b4 as e we e o,
}:gg:l,'ﬂﬂ “ n s e s e .+ +.Sandy shale.
1,740-1,760 “ .. .. <. v. «s s v 4. oo Sandstone.
1,760-1,770 O ..gﬁnily shale.

0-1,790 “ .. .. ++ v +e +a a» os seShale.
%:gn—l,slﬂ € 4i ws se s+ s+ sees s.Shaly sandstone.
LBI0-LB20 “ .. v. wn vr er an an s .. Bandstone.
1,820-1,830 .. .. v an en en e s ..glﬁaly sandstone.
TROTe80 « 1110l Il Il liShaly sandstone,
1,880-1,885 ““ .. .. 4. +s eo s+ os +- o.Shale, sandstonme.
1,885-1,970 ““ .. .. .. «v' ee +s ox +v o.Shale, red and firm.
1,970-1,980 “ .. .. .+ = <+ s+ +x .+ «sRed, sandy shale,
1,980-2,000 v+ 42 2s ue s+ s+ =+ o« Red, shaly sandstone.
20002010 < .. .. .. v ee +e «s .. .. Bed, sandy shale.
2,010-2,040 ““ .. .. .. st es oo as +a so Firm, red shale.
2,040-2,050 “ .. .. .. +s v+ oo +» =+ .. Sbaly, red sandstone.
2,050-2,082 “ .. .. . er +« s os s. oo Firm, red sandstone.
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Water was encountered in this well as follows :—
At 35 feet.. 25 5% wE seua
150

ss s B oas ows

200
mf

450 “ .. ..
540

o

890
910 « .
= e

e s owa owe oww

LR I

e ws was

L,010 “ .. ...

L1400 .. ..

1,190
Ld1s

1,85 “.. .. ......

1, 750 o

“”

e

1‘990 o
2,060 “

1,820 “r e
1,860 “ .. ...
1,895

Iy

s

X
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ve 4e os .. Balt water here

Li

T Y

M-

..o,

P

P I

e

.

e ow

..Large flow of fresh, hard water.
noticed to affect the

freshness of the water in the hole.

.. .. Water quite saline; 1 in well is af-
feetodbyrmandfallofthoﬁd

.. +. Above water cased ofi.

v+ +.Salt water encountered, but not enough to
flood the well.

.. «. Great flow of salt water in conglomerate or
coarse sandstone—too much to lumdlo with
bailer; rineu and falls with t

. .. Above cased off.

. .. ..Fresh water struck in this aﬁe
. +. .- Flow of water increasing becoming too

n&eﬁ‘ to bail out; dri continued under
.. .. Water becoming brackish.
.. .. Water decidedly saline,
-+ . Water up to tide level,
.+ +.Above cased off. :
+. .. Fresh water in small quantity, i
.. .. Considerable flow of fresh water.
+. .. More water.
. More water, too heavy to bail out.
. .. Above cased off.
.. .. A little brackish water.
v. ..Quite a large flow of brackish water.
.. ..Large flow of brackish water too great to be
. bailed out.

** Above cased off.
.. .. Moderate flow salt water.

.. Heavy and increasing flow of salt water.

¢ This hole was cased with 10 inch pipe to 890 feet; with 8} inch casing to 1,414
feet; with 6§ inch casing to 1,718 feet; with 5} inch casing to 1,895 feet. .

‘At the lowest depth, 2,082 feet, the pressure of the large flow of water was so
great that drilling could not be continued.

¢ Well No. 5 (Boring Files No. 208). Miminegash, near Ebbsfleet, Prince county,

“The log of this well is as follows :—

Surface to 220 feet.. .. ..

220- 870
870- 410 “
410- 440
. 440~ 470
470~ 515 **
515~ B40
540~ 730 *
780~ 800
800- 810 “
810- 840
840~ 950
950-1,060
1,060-1,140 “
1,140-1,340 “
1,340-1,440 “

1,440-1,490 *
1,490-1,560

1,560-1,660
1,660-1,670 “*

.
.
.
I
e

L I I T

. ows

. s .

e e s s e

.
-
.

L R TR

. «» ..Brownish-grey to grey, soft san
« v «.Grey, firm anndsbo

.. Bnght terra-cotta coloured, earthy looking

shales.

.. Paler terra-cotta coloured, sandy ghales,
.. Paler terra-cotta éoloured thales.
.. Pale terra-cotta ooloured sandy shales.
. Pnrphsh sandy shal
.. .. Pale terra-cotta ool-onred s.s,ndy shales.
- .. Terra-cotta coloured sh
.+ «. Paler pink, san s.lm.la

. «+ s« Coarse, grey
+ ++ «. Terra-cotta coloured, sandy shales.

«s »» Terra-cotta coloured, ahnliysandstona.

. «» .. Terra-cotta coloured, earthy shale.

.Grey, calcareous sandstone.

Lo .« Giey, soft shales, showing carbonized matter

as a scum on top of pumglngs

v shales.
nes. Pummngs showing
traces of ‘ carbonaceous matter,’

. .. .Brown shale.

e owe wa

.+ ..Grey, firm sandstone. Pumpings show scum
of carbonaceous matter.
. .. Brown, soft shale, lighter coloured at bottom.
.. Grey, soft sandstone. -

“ At this depth the hole had to be abandoned, the shale caving in and burymg the

tools.

¢ Fresh water was encountered in the hole at 230 feet; a very heavy flow, which
rose to within 80 feet of the surface, At 460 feet a very heavy flow of fresh water was

26—3%
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again encountered, the previous flow having been cased off. This water finally rose to
Aide level. At 620 feet the water began to get brackish. At 571 feet the water was
~cased off, and a heavy flow of salt water was encountered at 960 feet, which rose to sea-
Hevel when the boring attained a depth of 1,020 feet. The upper water was cased off
at 1,279 feet, but another heavy flow of salt water was met with at 1,350 feet, which by
‘the time 1,470 feet of depth had been attained had risen to sea-level. At 1,470 feet the
upper water was again cased off, but a further supply of very salt water was met with
at 1,480 feet, rising to within 100 feet of the surface. This was cased off at 1,562 feet.

“ Great difficulty was met with throughout the operations due to the heavy flow
«©f water and to the constant caving of the brown shales where encountered, and the
-difficulty of drilling in this class of rock when the hole was full of water.

‘In comparing the characteristics of the rocks passed through in the above-
described borings, the detailed lithological descriptions do not give the broadly distine-
tive contrasts which are evident when they are compared with each other as a whole.
A full series of samples taken at intervals of 10 feet is on file in the department,
from the study of which certain general differences are evident.

‘In holes Nos. 1 and 2 the general colour of the samples is brown-red—sometimes
mottled with greenish grey and toned down to purplish. For the whole depth of holes
Nos. 3 and 4 and the upper part of No. 5 to a depth of about 950 feet, the samples
exhibit a marked, bright terra-cotta red colour, toned down to purplish red in the
sandy strata. In the lower portion of No. 5, grey to purple-grey, sandy beds predom-
inate, with occasional recurrences of purplish-brown, shaly beds.’

Drill holes 2, 3, and 4 do not appear to have reached the bottom of the red beds
of the Permo-Carboniferous. ’

No. 1, judging from the drillings, reached the lower grey beds of this formation
at 1,800 feet, or 30 feet above the point at which the well had to be abandoned.

When I was searching for a site for No. 5 hole near Miminegash, it was noticed
that the rocks contained strata not seen in the eastern part of the island, and that
recrystallization about the sand grains was marked.” Thisled to the hope that the
surface rocks belonged to a lower horizon than those at the other bore-holes. Appar-
ently this is the case, for the red beds extended to about 950 feet only, the remainder -
of the hole, to the bottom (1,660 feet), being in the lower, grey beds of the Permo-
Carboniferous. -

As there seemed to be a chance of getting into the Carboniferous with this hole,
arrangements were made, through the kindness of Mr. Donkin, of the Mining Depart-
ment of Nova Scotia, for a core drill to replace the churn drill when the water
pressure would make it impossible to proceed farther with the latter. Unfortunately,
before this point was reached, a heavy caving occurred, which buried the tools and
the hole was lost. '

Consequently, the Carboniferous has not been tested. But though the question
of the extension of the coal basins from Cape Breton and Nova Scotia is still un-
settled, it has now only an academic interest, so far as Prince Edward Island is
-comoerned, since the work done has demonstrated that no coal cceurs within commer-
«cial reach of the surface. The bore-holes average nearly 2,000 feet in depth, and have
not reached the Carboniferous, which would have to be penetrated several hundred
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feet before the Coal Measures would be encountered. The unstable nature of the rocks
and their saturated condition would make sinking and maintaining a shaft a very
diffioult and expensive engineering feat.

No signs of oil or gas were obtained. The large column of salt water in the
deeper levels makes it improbable that they should be found within a reasonable
distance of the surface.

If, in the distant future, changed economic and engineering conditions should
render the possibilities of oil, gas, and coal in the island a practical, commerecial
question, the pioneer work now done will furnish definite data upon which plans and
estimates can be made, and the problem attacked in such a way that it can be con-
clusively settled. .

While it is disappointing that no atailable mineral resources should have been
discovered during this work on Prince Edward Island, it should be borne in mind:
that rarely in a limited area are rich agricultural and mineral resources associated,.
and of the two the island possesses in its agricultural land the more lasting and:
valuable asset.

OIL PROSPECTS OF ALBERTA.

As the attention of the public has been drawn to the oil and gas possibilities of
Alberta, and opinions of various officials of the Geological Survey have been quoted
and misquoted, it may be well to outline the known facts regarding the possibilities,
and the inferences to be drawn therefrom.

The geology of the northwest provinces is summarized by Dowling as follows :—*

¢ At the eastern edge of Manitoba, and extending northwesterly, appears the old
Archsan plain on which, to the southwestward, are laid successive beds of Palwozoie
limestones, in their turn covered by heavy deposits of shales and sandstones, mainly
of Cretaceoeus age; though remnants of Tertiary deposits are found on this Creta-
ceous plateau, The Palozoic rocks, which disappear under this mass of shales along
its eastern edge, appear again in the Rocky mountains by faulting, and their load of
softer rocks is there almost all removed, leaving traces only of the lower members in
some of the valleys.

‘The formations exposed in this part of the continent, therefore, range in age
from the rocks of the Archzan complex, through the Palmozoic and Mesozoic to the -
Cenozoic. As before remarked, lying on the Archsan floor in Manitoba are exposed
limestones correlated with the Ordovician and Devonian of other parts of the conti-
.nent. These consist mainly of dolomitic beds that are flat lying, and form incon-
spicuous topographic features. In the Rocky mountains, in addition to this series,
limestones and caleareous shales of Carboniferous age occur.

1 The Coal Fields of Manitoba, Saskatchewan, Alberta, and Eastern British Columbia,
by D. B. Dowling. Geol. Survey Publication No. 1035, pp. 19-27.
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¢ The Mesozoic section is complete only in the vicinity of the mountains.

‘The lower beds—red sandy shales—have been found north of the Saskatchewan
to contain Triassic fossils. This red series is in turn covered by dark shales of
marine origin, with fossils of a Jurassic type. They are everywhere found beneath
the lowest coal measures, which -are assigned to the Cretaceous, and form narrow beds
running parallel to the ranges. No exposures of these Jurassic rocks are known east
of the foothills. )

‘The lower Cretaceous consists of sandstones, and brown and black shales, in
which are numerous coal seams. These rocks do mot appear east of the foothills.
The thickness of the formation increases westward, and is at ite maximum in the Elk
River valley, where it has a thickness of about a mile.

‘The middle part of the Oretaceous, consisting of shales of marine origin, forms
the plateau extending from the mountains to within the borders of Manitoba. The
géneral topography, with its deeply incised valleys, is derived mainly from the erosion
of these soft rocks.

¢The upper part of the Cretaceous section, although for the most part marine
shales, grades upward to sandy measures of brackish water origin. The harder beds
of this upper part form many of the stronger topographic features, both of the foot-
hills and plains. Few exposures are to be found in the mountains, where they have
been almost entirely removed by erosion.

¢ The Tertiary rocks are . . . . . . sandstones with some shales and conglomer-
ates. Exposures are to be found in the higher plateaus, such as Cypress hills and
Wood mountain, and in the trough which extends north from the International
Boundary in the foothills, including the Porcupine hills, and the sandstones at
Calgary. The northern extension crosses the Saskatchewan west of Edmonton.

“The later deposits, such as the glacial till and the Saskatchewan gravel, will be
but briefly mentioned. The glaciation of the mountains spreads a mantle of till
through the foothills. The till of the Keewatin glacier does not always reach the
eastern margin of the Rocky Mountain till, and they are possibly of two distinet
periods. The eastern derived till is thin on the uplands, and often appears to have
been rearranged by deposition in water. Morainic deposits occur on the Coteaun in
eastern Saskatchewan, and in Manitoba. Glacial lake phenomena have been observed
at several parts; but the Lake Agassiz beaches of Manitoba, and the upper Red river,
have formed the subject of several interesting reports.

N ¢ Summary Description of Formations,
* Devonian—
*In Manitoba, the Devonian roeks are divided into three series, Upper, Middle,

and Lower.
¢ Upper Devonian or Manitoban—
¢ Light grey, hard, brittle limestone with red argillites at base; thickness about
200 feet.
¢ Middle Devonian or Winnipegosan—
‘Light yellow, hard dolomite, with porous beds beneath; thickness about 200
feet.
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* Lower Devonian—

¢ Mainly red shales; thickness about 100 feet. These beds probably represent
only the upper part of the lower Devonian of eastern Ameriea.

‘In western Saskatchewan these beds may be found near the Churchill river,
having nearly the same characters.

" #In Alberta, the most eastern exposure is in the neighbourhood of Athabaska
river. In the Rocky mountains they form the Intermediate series, deseribed by
R. G. McConnell as being brownish, irregularly hardened dolomites, and greyish,
crystalline dolomites, with some sandstones and quartzites.

* Carboniferous—

¢ As will be seen by the table, these rocks are found in South Dakota, Montana,
and Alberta. They are not exposed in Manitoba nor along the northwest
margin of the Cretaceous plateau, but are confined to the Rocky Mountain uplift.
They have been subdivided on lithological characters into upper and lower
Beanff limestones. These formations are each capped by shaly beds, from which have
been obtained a few characteristic fossils. The formation is generally a bluish lime-
stene, and forms the summits of Cascade and Rundle mountains near Banff, A
thickness of over 7,000 feet has been observed for the formation in the Bow valley.

“ Triassic—

‘A series of red, sandy shales, capped by a thin bed of yellow dolomitic lime-
stone, exposed along the western slopes of many of the ranges, occurs at
Banff, and has been called the upper Banff shale. Few fossils eould be found at this
locality in these measures; but in their continuation north to the Brazeau, several
shells resembling Monotis help the correlation with the Triassic rocks of the Peace
and Pine rivers. South of the Kootenay pass these rocks sre associated with a
voleanic trap outflow.
¢ Jurassic—

‘ Fernie Shale—

‘In the locality where this formation received its name—mear Fernie, B.O.—it
consists of a.series of black and brownish shales, 1,060 feet in thickness, overlying
500 feet of sandy argillites. Eastward, through the Crowsnest pass, the series
decreases in thickness, and at Blairmore, near the edge of the mountains, there are
only 700 feet, On the Cascade river the section is 1,600 feet, and consists of black
shale and grey sandstones, with an occasional limestone bed toward the base. In the
‘ Moose Mountain area—an outlier of the Rockies—the thickness is only 295 feet.
The formation has been traced northward to the Athabaska river, and preserves its
general black, shaly appearance. Few fossils have been obtained in these measures,
but these are characteristie . . . . .

‘ Cretaceous—
* Kootanie— _

‘The lower member of this series of deposits is found resting upon the Jurassie
in the Rocky mountains. In Manitoba it has not been recognized, and is
supposed to have formed but a very thin sheet to the east. It is recognized in the
southern part of Dakota, and in Montana. In the Rocky mountains the
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base of the formation is a heavy bed of sandstone, which is succeeded by sand-
stones and shales containing many coal seams. The maximum deposition during
this period was west of the axis of the Rocky mountains. In the Elk River escarp-
ment the formation measures 5,300 feet. East of this, at Blairmore, it iz reduced to
740 feet. North, near Banff, it has a thickness of 8,900 feet; and in Moose moun-
tain, east of the main range, there are only 875 feet. Northward, on the Bighorn,
the thickness is about 2,000 feet. It would seem that east of the mountains the
formation was not of great importance, owing to thinning of the beds. The fossils of
the formation so far described are plants—ferns, cycads, and conifers.

‘ Dakota—

‘In the mountains, above fthe coal-bearing sandstone, occurs a series
of conglomerates and sandstones that have a newer flora, The measures are not dis-
tinetly coal-bearing, though a few thin seams are found. Fresh water conditions
during this deposition prevailed in Dakota and Montana, and probably along the
western margin; but northward, on the Athabaska river, the Tar sands representing
a period contemporaneous with the Dakota of Manitoba, have a marine fauna.l

¢ The thickness of the formation in Manitoba cannot be much over 200 feet. In
the foothills a thickness of 150 feet seems to represent the formation; but westward,
in the Elk River valley, a much greater thickness of coarser material is found.

* Benton—

‘Dark grey, almost black, shale of marine origin. In Manitoba, the deposit is
about 175 feet in thickness. In the foothills it is over 700 feet; but this undoubtedly
includes the overlying Niobrara . . . . . . . .. ...

‘ Niobrara—

‘In Manitoba, the formation consists of grey calcareous shales, which
are an upward continuation of the Benton beneath. The thickness varies from 130
to 200 feet, though it is apparently much thicker in places. The upper part is rich in
calecite, and is used in making a common grade of cement in Manitoba . . . . . :

‘ Eagle—
“In the foothills the only exposure that can be correlated with the Eagle sand-
stone of Montana is a thin 50 ft. bed of light coloured sandstone.

* Olaggett— _

‘The ‘lower dark shales’ of Dawson, in the Milk River region of southern
Alberta—marine in origin, and holding fossils which are mainly the same
as in the Pierre—have, in that locality, been given a thickness of 800 feet. In Mani-
toba, the lower part of the Pierre—the Millwood shales—may represent this deposi-
tion ., .... '

‘ Belly River—
‘The Judith River formation .of Montana is found to continue north
into Alberta, and to constitute there the beds already called ‘Belly River” No
exposures occur east of Saskatchewan; but if the divisional line between the two

1 Ottawa Naturalist, Vol. XTI, p. 37.
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portions of the Pierre in Manitoba marks the horizon occupied by them, there may
be found thin beds to the east of those known. The formation is represented in the
north, on Peace river, by the Dunvegan beds. In Alberta it is described as consisting
of two divisions: an upper, pale series; and a lower, yellow part. In the upper,
brackish water molluses are found, consisting mainly of fresh water deposits. The
lower portion is distinctly yelowish in colour, and is mainly a brackish water forma-
tion.

‘The rocks are sandy clays with shales and sandstones, and the total thickness
of the formation seems to be 900 feet. The thickness of the part exposed in Alberta
may be not far short of 900 feet, though it evidently thins out eastward.

¢ Coal seams occur in the upper or fresh water portion, and the fauna resembles
very closely that of a Tertiary type in beds above . . . . .

‘ Bearpaw— .

“The Pierre-Foxhill of the writers of the geology of Saskatchewan and Alberta
is without doubt that portion of the Pierre which is above the Belly River
formation; but since it has been shown that the typical Pierre embraced beds below
this shallow water and land deposit, new names have been suggested by Messrs.
Stanton and Hatcher—Claggett for the lower shales, and Bearpaw for the upper . . .

‘In Manitoba, the upper part of the Pierre is called Odanah, and may represent
the same time interval as the Bearpaw,

-~

‘ Edmonton—

‘The Laramie rocks of southern Saskatchewan are, over a large part, divisible
into two distinet divisions. The lower one consists of about 150 feet of
feebly coherent, greyish, and pﬁre white clays, sandy clays, and sands with occasional
beds of carbonaceous shales and lignites.! This lower unnamed part bears the same
relation to the marine clays of the upper Pierre that the Edmonton of Alberta does,
and is here correlated with it.

‘In Alberta, the rocks of the southern part, described as Laramie, are divided
into three divisions, and the lower part of the lowest member—the St. Mary River
beds—is of about the same horizon as the Edmonton of northern Alberta. It is
distinetly a series of light coloured clays and sands, and contains numerous coal
seams. The deposits form a brackish water transition series between the marine clays
of the upper Pierre or Bearpaw, and the Tertiary, or purely fresh water formation . .

‘The thickness of the formation varies, but attains a maximum of 700 feet in
central Alberta.

" Tertiary—
‘ Paskapoo—

‘This series consists of fresh water deposits, generally of yellowish
sandstones and bluish-grey and olive sandy shales. It embraces the upper part of
the Laramie of southern Alberta and Saskatchewan, with a total thickness of about
5,700 feet. The remains of plants are numerous, and denote a flora of a temperate
climate . . . . .

1 Annual'Report, Vol. T, 1895, p. 67 C.
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“ Miocene—

‘Isolated exposures of coarse-grained material deposited on the eroded
surface of the Laramie (in northern Alberta the Paskapoo series) have been found
to contain a considerable number of mammallian bones. These beds are characterized
by the great quantity of waterworn pebbles derived from the quartzites of the Rocky
mountains.’ '

From this general description, it will be seen that the Cretaceous rocks which -
underlie almost the whole of Alberta have as their basal member, where exposed on
the plains, the Dakota sandstons, a porous rock and a suitable reservoir for oil. T,
in turn, along its exposed (northern and eastern) borders at-least, rests upon the
Devonian, and is overlain by shales that would form an impervious cover which
might retain any oil that found its way into the Dakota sands.

The Dakota sands are exposed along the Athabaska river and elsewhere in the
north, where they are charged with tar to the extent of 12 per cent of the whole mass.
The tar represents the residuum of petroleum which has escaped to the air along the
exposed edges of the rocks. Natural gas and some petroleum are still escaping.
MecConnell' estimates the area of Tar sands seen by him to amount to 1,000 square
miles, which with an estimated thickness of 150 feet, would give 28-4 cubic milles of
Tar sands, or 6.5 cubic miles of tar, equal to 4,700,000,000 tons of bitumen. Of course,
the Tar sands have not been fully explored. A large amount of oil has escaped, but
it is altogether improbable that this process has gone on indefinitely and that all has
been drained off, for the hardening of the oil to tar effectively seals the openings for
escape, and only the area near the exposed edges is likely to have lost its oil content.
That the distribution of oil is probably extensive, is indicated by the finding of tar
in sands near the surface; far to the south, in the Edmonton country, apparently
formed by the limited eseape of oil from minor fractures in the rocks. Oil seepages
also oceur in southwestern Alberta, in South Kootenay pass, and the Flathead valley.

Southward from the northern edge of the Cretaceous, the covering of later
Cretaceous formations over the Dakota sands becomes thicker. One of these forma-
tions, the Belly River, is thick and lens-shaped, and Calgary is just about over the
centre of the lens. Most of the borings have been put down near the railways where,
except in the east, the Dakota sands are far below the surface, and have failed to
reach this, presumably, oil-bearing horizon. The best place to test is, of course, in
the north, where the covering over the Dakota sands is thirner, and where the
presence of oil is indicated by tar in the sands, yet the spot chosen should be far
enough back to be beyond the influence of the leaks along the exposed edges. The
Geological Survey put down three test holes, one at Vietoria, one at Athabaska Land-
ing, and one at Pelican rapids. The latter represented the best judgment of the
Survey as to the location of a test hole. The two former, about 1,800 feet deep, failed
to reach the Dakota owing to the great thickness of the cover at these points. Farther
north, the Pelican well, at a depth of about 800 feet, reached the top of the Dakota
and struck a tremendous flow of gas. Pushed 20 feet farther, it struck another heavy
gas vein and some o0il. The escaping gas froze the oil on the drilling tools and pre-

1Reg_art on a portion of District of Athabaska, 1898, p. 65D, G.5.C. Ann. Rep., Part
I, Vol. V, 1800-1. .
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vented further progress, so that the Dakota sands were not proved as to their con-
taining commercial reservoirs of oil. None of the wells sunk about Medicine Hat,
Edmonton, or Calgary, have penetrated deep enough to test the oil possibilities.
The two Calgary wells, sunk to 8,400 feet each, were still considerably above the
Dakota, and separated from it by impervious shales, but here the upper Cretaceous
rocks are exceptionally thick.

In southwestern Alberta, in the Pincher Creek distriet, oil is being prospected
for in two areas, on the south branch of the south fork of Oldman river, and on Oil
creek, a tributary of Waterton lakes. The Survey has done no recent work in this
district, but in the first field the rocks are, so far as can be learned, Cretaceous.
The rocks on OQil creek were regarded by Dawson as Cambrian, a view which Daly
supports, but Dr. Waleott, of the Smithsonian Institution, believes them to be pre-
Cambrian—corresponding to the Belt terrane of Bailey Willis, On Oil creek a green
schist is exposed from which there is a seepage of oil. The oil has a paraffin base,
is of excellent quality, and free from sulphur. The Pincher Creek Qil Company
has two shallow wells in this shale which have not been shot. These yield 3 to 2
barrels of oil per day, according to information deemed reliable. As this shale out-
crops at the surface, apparently over a fairly wide extent of country, it would seem
that by sinking a number of shallow wells into it and torpedoing them to form ecatch-
ment basins, a considerable quantity of oil might be collected from it. Three other

companies are prospecting here: one has a well down 1,020 feet, which is stated to -

have yielded at the outset 300 barrels per day. A second well, at a depth of 1,170 feet,
is estimated by the drillers to be capable of producing 25 barrels per day. These
wells have not yet been shot. Three companies are prospecting on the south fork of
Oldman river: one has three holes down, the deepest of which is reported to be down
1,400 feet.

These districts lie within the front range of the mountains. Some uncertainty
as to the oil prospects of this section is introduced by the occurrence of heavy over-
thrust faults which may have allowed oil reservoirs that once existed to drain off.
Outside the mountains near Pincher Oreek, an anticline, parallel to the mountains,
appears to exist. While this structure is favourable for oil reservoirs, the thickness
of the upper Cretaceous rocks presents difficulties, and there is a possibility that the
Fernie shalet and Carboniferous rocks may extend out from the mountains and form
an impervious blanket which prevented the oil from reaching the Dakota horizon.
The driller should be prepared to go as deep as 3,500 feet, and the soft shales, etec,
of the upper Cretaceous present many difficulties in such deep boring. At Calgary
borings would probably have to exceed 4,000 feet to test the possibilities of the
distriect.

Near Edmonton the thickness of the rocks above the Dakota is not definitely
known, but it is probably considerably over 2,500 feet, as the holes at Athabaska
Landing and Viectoria, 1,800 feet deep, did not penetrate to the Dakota, and at both
these points the thickness of the overlying formations is less than at Edmonton. In
the vicinity of Pelican rapids a hole about 1,000 feet in depth is required. East-
ward the Cretaceous also thins out, so that at Medicine Hat holes of 1,800 to 2,000
feet in depth would probably reach the Dakota.

-~
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Natural gas seems to be widespread and to be present in large quantities. Pro-
ductive gas wells have been drilled in the east at Dunmore Junction, Medicine Hat,
Stairs, Suffield, Langevin, Bassano, and Bow Island. The surface rocks belong to
the Belly River formation, and the gas veins are encountered in sandstone bands in
the Niobrara shales. The gas horizons are tapped at depths of about 700 and 1,000
feet. S

The Dakota has not yet been penetrated, but will probably be prospected in the
near future, i

Farther west, at Bow Island, on the Orows Nest railway, a well over 1,900 feet
deep, which was drilled last spring, gives a flow of gas reported to be 8,000,000 feet
_ per day, with a rock pressure of 800 pounds to the square inch.

In the north, on the Athabaska, natural gas is escaping along the banks of the
river. In the Pelican Rapids well, about 180 miles north of Edmonton, an enormous
flow of gas was encountered at the top of the Dakota.

The presence of immense tar fields along the outeropping edges of the Dakota
in the north; the occurrence near Egg lake and other points near Edmonton of Tar
sands which seem to have been formed by oil escaping from fissures; the oil seepages
from the disturbed rocks in the mountains of southwestern Alberta, and the heavy
veins of gas encountered by boring in northern and eastern Alberta, warrant the
belief that good oil fields may be found in Alberta. The best pcints to prospect would
appear to be: in the south, near Pincher Creek (where it would be necessary to be
prepared for deep drilling); in the east, where it would be reasonably sure that gas,
at any rate, would be struck, or in the north at about the latitude of Pelican rapids,
where test holes would not have to be deep, and where the Dakota is known to have
had large supplies of oil. The neighbourhood of Pelican rapids would be far enough
back from the souteropping edges to find sand that may not have been drained of its
oil. The proposed railway to Fort McMurray would render this distriet accessible.

About Fort McMurray and north of that point, the Devonian is exposed without
a COretaceous cover. Although the oil, which formed the Tar sands of the Dakota,
probably eame from the Devonian, and although the Devonian almost everywhere in
the Mackenzie valley is more or less petroliferous, there are no grounds for supﬁosing
that the Devonian would be a particularly favourable formation to prospect, for oil
escapes so readily, and in this case is known to have escaped in such quantities that
it is uncertain that commercial reservoirs have been retained. It cannot, however, be
stated that an undrained oil horizon does not exist in it, but only that prospecting
in it is a gamble. If oil were found in the Dakota about Pelican and some informa-
tion gained as to its distribution, prospecting could be continued southward, in the
districts where deeper drilling would be necessary, with the element of chance to
some extent eliminated.

KOOTENAY COAL IN NORTHERN ALBERTA.

Samples of coal, with accompanying fossils, were brought down by Mr. J. R.
Akins, of the Dominion Lands Branch, from Smoky and Muskeg rivers, north of the
Grand Trunk Pacific railway. From these it appears that a basin of Kootenay coal-
bearing rocks occurs in this latitude. This is the coal formation which carries the
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high grade bituminous and anthracite coals of the Crowsnest pass, and Bow River
valley, and it is important to find it extending so far north. The points from which

the samples were obtained are in the neighbourhood of lots 3 and 4, township 57,
range 7.

The reports of the officials of the Survey concerning the more imi)ortant features
of their work during the year are herewith appended.
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THE WHEATON RIVER DISTRICT, YUKON TERRITORY.
(D. D. Cairnes.)

INTRODUCTION,

The season of 1909 was devoted to mapping and geologically investigating a
portion of southern Yukon, extending 5 to 7 miles on each side of Wheaton river,
commencing 6 miles above its mouth at Lake Bennett, and continuing over 20 miles
up stream. This tract flanks the Coast range of mountains on their eastern side;
while its southern edge is from 12 to 15 miles north of the 60th parallel of latitude
(the British Columbia-Yukon boundary).

Puring the summer of 1906 I surveyed and examined a portion of the
Conrad and Whitehorse mining districts,! including Windy Arm and the mining
properties in the vicinity, and the lower stretches of Wheaton river. Since this was
completed, a large number of mineral discoveries have been made along this latter
stream. Some are situated in the western part of the area described in the above-
mentioned report; but the majority are farther west. In fact, promising showings
are to be found in various places, nearly to the headwaters of the Wheaton. The belt
investigated during the past season includes all the known premising mineral pro-
perties south of the Whitehorse Copper Belt, and east of Windy Arm and the White
Pass and Yukon railway.

Claims have been staked in nearly all parts of the district surveyed this past
season, and, in spite of the extremely small amount of assessment or development
work of any kind that has, in most places, been performed, several properties present
a very encouraging appearance. Considering how slightly the district has been pros-
pected, it is somewhat remarkable that so many deposits of ore have been found; and
it is improbable that the best, or more than a small portion of all the valuable deposits
has yet been discovered.

As soon as transportation charges on the railway have been reduced, so that
outfits and supplies may be obtained at a more reasonable cost, and ore and concen-
trates shipped out at a moderate rate, there can be little doubt that prospecting and
mining will be stimulated, resulting in a number of these properties becoming
important producers.

A base-line, about two miles long, was measured along a tangent on the White
Pass and Yukon railway, commencing about half a mile north of Robinson. From
this base a triangulation was carried over the district. The topography was filled in
chiefly by the photo-topographic method, aided to some extent by plane-table travers-
ing. This latter method was also employed in strveying all roads, trails, ete.

During the season, I was assisted by E. W. Banting, B.A.S¢.,, and W. A. Bell,
who performed in an efficient manner the greater portion of the topographical part of
the work. Mr, Bell also assisted, at times, in the geological work.,

GENERAL CHARACTER OF THE DISTRICT.

Topography.

The distriet described in this report is included in the western portion of the
Yukon plateau, and extends westward to the eastern edge. of the Coast Range moun-

1 Cairnes, D. D., Geol. Surv., Can., Report on a Portion of the Conrad and Whitehorse
Mining Distriets, Yukon Territory. .
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tains. This plateau province, which has been described in previous reports,! is
strikingly developed along the Wheaton river. It is quite evident that the rolling
expanse of almost featureless upland is a portion of a recently unlifted, and subse-
quently, deeply dissected, almost base-levelled surface. The general level of this
elevated tract is from 2,500 to 8,000 feet above the main intersecting stream beds, or
5,760 feet above sea-level. Occasional monadnocks, or generally ronnded hills, rise
«4n places above the surrounding expanse of upland, and constitute the only consider-
able inequalities which subaerial erosive agencies have left to break the monotony
of the planated surface. The geological formations have no relation to, and do not
accord with, the land surface, the formations being, as shown farther on in this
report, of various origins, ages, textures, attitudes, ete.

The walls of the main valleys are generally steep, forming almost perpendicular
declivities at numerous points. This feature of the topography has been accentuated
and produced, in some instances, by glacial action. The main ice masses occupied
these depressions and were effectual in straightening them and planing the slopes,
and in widening and lowering their floors; causing the valleys to be wide, deep, and
steep-sided. The smaller tributary streams flow with gentle gradient in wide, shallow
depressions, over the upland surfaces, but generally plunge suddenly over the edges,
by a succession of falls, through ravine-shaped incisions, to jein the meain streams
below. .

Numerous well defined terraces, at various elevations up to 700 or 800 feet above
the stream beds, extend along the Wheaton valley and along Partridge pass, Becker
creek, and others of its main tributaries.

Below the Big Bend of the Wheaton, the river valley has an average width of
about one mile. Above the Big Bend, however, it is generally only one-quarter to
half a mile wide. The stream itself is still active, .removing the glacial gravels,
sands, clays, ete., which, at one time, filled the valley to a depth of several hundred
feet. The river channel is exceedingly tortuous, the course of the stream being easily
altered in these slightly resistant glacial materials. The valley walls rise abruptly
2,500 to 8,000 feet on each side.

~ Flora and Fauna.

. The district is but sparsely forested: trees and shrubbery growing prineipally in
the valley flats, and seldom extending up the hillsides more than 700 or 800 feet above
the main depressions, The only trees of any considerable size are the white spruce
(Picea alba); black pine (Pinus Murryana); and balsam fir (Abies subalpina); the
gpruce being by far the most plentiful. Some good groves of the latter species,
straight and well grown, were noted in the valleys, the trunks seldom being larger
than 12 inches in diameter, 3 feet from the ground. Black pine is occasionally
found interspersed with the white spruce, or at times forming separate groves, either
in the valleys or on the hillsides. The balsam fir is generally on the slopes near
timber line, The two latter varieties seldom have more than a 10 inch stump.
Willow (Saliz); dwarf birch (Betula glandulosa); aspen poplar (Populus tremu-
loides) ; balsam poplar (Populus balsamifera); and western balsam poplar (Populus
trichocorpa) ; cover a considerable portion of the valleys, and are found on the majority
of the sidehills up to an elevation of 4,000 feet above sea-level. The dwarf birch, in
places, also extends to the main plateau line.

Several varieties of wild fruit were noted in the district: mossberries; high-bush
cranberries (Viburnum paucifiorum); and low-bush cranberries, were quite plentiful

. 1D. D. Cairnes—Report on a Portion of the Conrad and Whitehorse Mining Districts,

Yukon. .
Summary Reports of the Geol. Survey Branch—1906, 1907, 1908.
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in places, also black currants (Ribes Hudsonianum); red currants (Ribes rubrum) ;
gooseberries; blueberries (Vaccinium); strawberries (Fragaria cuneifolia) ; Tasp-
berries, and Saskatoon berries (Amelanchior florida) were noted.

Moose and sheep are fairly plentiful in many localities, as are also black, and
grizzly bears. Caribou are less often seen. Wolves, wolverine, beaver, otter, marten,
and lynx, are somewhat common. Cross, black, and silver foxes are also occasionally
found. Ptarmigan exist in great numbers on the higher elevations, and grouse of
different varieties are fairly plentiful. Rabbits, which a few years ago were so abun-
dant, are now very scarce.

The streams and lakes are generally well supplied with grayling and trout.

Climate.

The climate of southern Yukon is similar to that of many districts in British
Columbia and other northerly but prosperous mining camps of the world, and in
actual mining few more climatic difficulties have to be overcome, here, than in localities
farther south. All necessary outside and surface work in connexion with mining
and similar industries may be continued at least six months in the year. Besides, on
account of the very long days at this northern latitude, surface work may be performed
during a considerable part of the summer by night as well as by day, without the aid
of artificial light. The ground, in many places, is continually frozen to varying depths,
but this does not interfere with mining operations, except while work is being done
at or near the surface.

The rivers generally open early in May, but on some of the lakes the ice remains
until the first week in June. Slack water stretches freeze over any time after the
middle of October, but occasionally the rivers remain open until well on in November.

Transportation® and Communication.

Two wagon-roads have been built from Robinson, on the White Pass and Yukon
railway. One leads to Gold hill, a distance of 20 miles,, and the other, which is over
80 miles long, extends up Wheaton river. From these and branch roads, which can
readx]y be constructed, access can be had to all parts of the district, the different
mining claims being from 12 to 85 miles distant from the railway. A road could also
eagily be built, if necessary, down the Wheaton valley to Lake Bennett, along the
eastern side of which the railway has been constructed. There is also an ex¢eptionally
good grade for a railway, to near the headwaters of Wheaton river, from either Robin-
son or Lake Bennett. The White Pass and Yukon railway connects at Skagway with
lines of boats sailing to Vancouver and Seattle.

GENERAL GEOLOGY.

The geology of this district is somewhat complex, and many types of rocks are
represented, mcludmg sedimentary, metamorphic, volecanic, and plutonic. Highly
altere.c'l schists, gneisses, and limestones, as well as more recent andesites, have been
extensively invaded by granitic rocks. This complex is overlain by Jurasso-Cretaceous
sediments which have been intruded, and, in part, buried in turn by andesites, ande-
sitic tuffs, eruptive breccias, granite and syenite porphyries, and basalts. Newer than
all these is a widespread series of trachytes, rhyolites, tuffs, and breccias, which are
hidden in places by superficial deposits.

20—4



50 GHOLOGICAL SURVEY

9-10 EDWARD VII, A. 1910
TABLE OF FORMATIONS.

Quaternary. ........ + 4. |Superficial deposits...... ..... Gravels, sands, silts, clays, volcanic ash, ete.
. Wheaton River voleanics. .. ...|Rhyolites; trachytes, tuff, breccias, etc.
Fleistocene and late { Carmack basalt. .............. Basalt and basalt tuffs, ’ X
Hermrsrnes Klusha intrusives. .... ....... Granite and syenite porphyries.
........ ces.ssv.....|Chieftain Hill voleanics....... Andesites, tuffs, and brescias.
Tantalus conglomerate....... Chiefly conglomerates with some sandstones,

Jura-Cretaceous shales and coal seams.

Urd-Iretieeous. . . . . . . Laberge series ................ Conglomerates, greywackes, sandstones, shales,

ate, 3

Jurassic...... OT P Coast Range intrusives.... . ... Granites, granodiorite, and diorites.
.................... Perkins voleanics ............|Andesites and andesitic tuffs.
Lower Pal=ogoic or older|Mt. Stevens series.... .. .. |Schists, gneisses, and limestones.

Mount Stevens Series—The oldest rocks comprise a series mainly of chloritie,
sericitic, and greenstone schists, schistose quartzites, limestones, and gneisses. The
. schists are chiefly fine-grained, greenish, cholritic rocls, varying in structure from
highly fissile to but slightly schistose. The sericite schists are generally softeand
friable, yellowish to greyish in colour, and finely foliated in structure. The greatest
thickness of limestone beds occurs on Schist mountain, where they have an aggregate
thickness of approximately 700 feet: the rock varying from white to bluish, and from
suberystalline to crystalline. The most prominent gneisses are fine-grained mica
gneisses and coarsely crystalline rocks presenting the appearance of crushed gabbros.
All these rocks, which are believed to be of lower Palmozoic age or older, have been
much altered and plicated, and occur in the form of small isolated areas brought up
as infolds in the newer rocks—chiefly in the granites. A considerable portion of the
ores of the distriet occurs in the schists of this series.

Perkins Voleanics.—More recent than the Mount Stevens group is a very homo-
geneous series, the Perkins series, consisting chiefly of considerably altered, hard, fine-
- grained, dark-greenish, andesites and andesitic tuffs. -

Coast Range Intrusives.—Invading both of the above-mentioned series are
numerous outlying areas of the granitic rocks of the Coast Range batholith, believed
to be of Jurassic age. These rocks are generally fresh and unaltered in appearance,
‘predominantly greyish in colour, and under the microscope prove to be generally
granodiorites, In places they are quite porphyritic—feldspar phenocrysts 1% to 2
inches long having been frequently noted. The greater number of the quartz veins
.of the district are found in these gramitic rocks.

Laberge Series.—Newer than the granites are the rocks of the Laberge series of
Jurasso-Cretaceous age, which consist of shales, sandstones, greywackes, conglomerates,
and breccias. These beds are similar to those seen along Lake Laberge and elsewhere
in the Braeburn-Kynocks and Tantalus coal areas. Medium textured, greenish-grey,
heavily bedded greywackes freguently alternate with fine-grained shales and slates.
The conglomerates consist chiefly of volcanic materials, the component pebbles and
boulders—which are as much as 6 inches in diameter—being usually firmly cemented
together. It is in the greywackes of this series that the ores of the Union mines have
been deposited.

Tantalus Conglomerate.——Resting conformably on the Laberge beds are those of
the Tantalus conglomerate series, which have here an aggregate thickness of 300 to 400
feet. These conglomerates, ete., which are associated with all the bituminous and
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anthracitic coals so far discovered in southern Yukon, have been described in the
author’s previous reports on this territory. The series comsists chiefly of generally
dark coloured, heavily bedded conglomerates, the component pebbles of which consist
entirely of chert, quartz, and slate. Associated and interbedded with the conglomerates
are a few beds of sandstone and shale, and coal seams. The sandstones are composed,
chiefly, of the same materials as the conglomerates, but in a more finely-divided state.
The shales vary from light grey to almost black, are generally thinly laminated, and
grade into typical slates.

Chieftain Hill Volcanics.—Cutting all the above-mentioned formations is a series
of mica-hornblende, and augite andesites, andesitic tuffs, breceias, ste. They occur in
some places chiefly as dikes, but in others form quite extensive sheets and flows. They
vary from miea andesites, with greenish-grey to reddish ground-mass, in which are
well defined plagioclase and biotite phenoerysts, to fine textured, dark green basaltic-
appearing augite andesites. They correspond to, and include the members of, the-
Schwatka and Hootchi series of the Brasburn-Kynocks and Tantalus coal areas; but
the characteristics that served to distinguish these formations in these latter localities-
are not here in evidence.

Klusha Intrusives—Newer than these andesites are numerous dikes of granite-
and syenite porphyry, from 4 or 5 feet to several hundred feet wide. These are gener-
ally light grey, coarsely crystalline xocks, and correspond to the ¢ Klusha Intrusives®
of the Lewes and Nordenskitld Rivers coal distriets.

Carmack Basali.—Dikes and sills of a medium textured, dark coloured basalt,
occur in numerous places, and cut all the above-mentioned formations. This basalt is
similar to that seen to the north, in Miles cafion, and at other points in the vicinity of
Whitehorse, also in the Tantalus coal area, farther north, and has, in the latter dis-
trict, been included in the ¢ Carmack Basalts.” These rocks and the Klusha intrusives
are considered to be of late Tertiary age.

Wheaton River Volcanics.~—The most recent consolidated rock formation of the
district consists of a series of trachytes, rhyolites, tuffs, breccias, ete. These are pre-
vailingly light yellow in colour, becoming reddish in places owing to the oxidation of
small particles of iron pyrites. They are generally soft, and weather and decompose
readily, breaking, as a rule, into thin slabs. The mountain slopes on which these rocks.
outerop—when seen from a distance—are bright yellow or red in colour, and are in-
variably covered with talus, ‘

Superfictal Deposits.—The main valleys in this district are floored with glacial
deposits, which generally reach well up on the hillsides, extending in places even to
the higher elevations. The channels of the main streams are entirely in these gravels,
gands, tilts, ete., insufficient time having elapsed since their deposition for the water
to remove them from these depressions. In fact, some of these principal pre-glaciak
waterways are still completely filled with such material. Overlying these Pleistocene
deposits are more recent accumulations, composed of fluvial and littoral sands, gravels,
and silts of the present waterways; muck, voleanic ash, and soil. The voleanic asl:,
which has been mentioned in nearly all reports on any portion of southern Yukon, is
a ‘notabl-e feature in this district, consisting of a single, very evenly distributed and
widespread layer, which is 8 to 6 inches thick along Wheaton river, and evidently due
to one continuous, but short period of outburst. It is much more recent than the
silts—the most recent of the glacial deposits; in fact, it is almost at the very surface,
the grass roots extending down into it.

ECONOMIC GEOLOGY.

With the exception of some coal seams found in one locality, this district, from
the standpoint of economie geology, is of interest chiefly for its ore deposits. These
might be arranged under three classes:—

26—43
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(1) Quartz veins generally carrying galena, and in places, telluride minerals;
chiefly sylvanite and telluric ochre. Arsenopyrite, zine blende, pyrite, grey copper,
bornite, chalcopyrite, malachite, azurite, ete., may or may not be present in small
amounts. .

(2) Fissure veins composed chiefly of stibnite with inferior amounts of zine
blende, in either a quartz or a caleite gangue.

(8) Contact deposits. ‘

Deposits belonging to this last class have been found only on one property; but
the veins occur in all parts of the district, those carrying antimony minerals being,
however, limited to the extreme southwestern portion of the area.

The mining properties are here considered in order, from east to west.

Union and Nevada Mines.

The Union Mines properties were located a number of years ago, and a general
description of them has already been published.! They are situated on the east face
of Idaho hill, and consist of three claims on which are a number of nearly parallel
veins occupying fissures in a fine-grained, greenish-grey greywacke. The majority of
the veins have a general strike of N 67° W,2 and dip from 60° to 80° to the south-
west. Ten veins in all were seen, having an average width of 4 inches to 12 inches;
and others probably exist. The minerals are chiefly galena, arsenopyrite, zine blende,
pyrite, and chaleopyrite, and occur in a quartz gangue. Several veing from 8 inches
to 10 inches thick, and highly mineralized with galena, arsenopyrite, and zine blende,
were noted. The thickest discovered is 2-6”, and consists, on the surface, of decom-
posed material, chiefly quartz, pyrite, and galena. These ores generally carry some
gold, but are chiefly of value for their silver and lead contents. All the work per-
formed on these properties is of the nature of surface prospecting. '

The Nevada Mines are a group of claims adjoining the Union mines. Several
quartz veins showing some arsenopyrite, pyrite, galena, and zine blende, have been
found in them, and, to some extent, have been developed.

Stevens Mountain Claims.

" The Buffalo Hump Group, owned by Mr. Geo. Stevens, and consisting of the Sun-
rise, Golden Slipper, and Wheaton—all located on the north side of Stevens moun-
tain—are probably the most widely known claims in the vicinity.

On the Golden Slipper claim, several hundred pounds of very rich quartz have
been found, containing free gold and sylvanite. Although, when visited in August,
the surface had been prospected somewhat carefully and a drift 85 feet long, with a
20 ft. cross-cut had been driven, the source of the high grade float ore had not been
discovered. The formation is chiefly granite.

On the Sunrise claim is a 7 ft. quartz vein in a fissure in granite, which carries
some galena and free gold. Little prospecting has been done here, hence it is not
known, even approximately, how much gold and silver the average quartz carries.

On the Aeme claim, owned by O. Dickson, is a lenticular quartz vein, in chloritic
schist, the quartz being in one place over 80 feet thick. It appears, however, to be
very slightly mineralized. '

On the Hawk Eye group of three claims, owned by the ¢ Tally-Ho Boys,’ and
situated on the Wheaton River slope of Stevens mountain, are two quartz veins averag-
ing 20 inches, and 8 to 4 feet, respectively, in thickness, which have been prospected
to some extent. .

> l:o Cairnes, D. D.—Report on a portion of the Conrad and Whitehorse Mining Districts,
ukon.

2 All bearings in this report are astronomic, or true, the magnetic meridian being
generally about 33° to the east of the astronomic. ]
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On none of these claims on Stevens mountain has ore been found in place so far,
rich enough to pay for mining. Still, extremely rich float has been found near the
summit of the hill in several places; and from the size, angular character, and amount
of the material, it is quite evident that it has come but a short distance, and belongs
to the hill on which it is found; so that it is hoped that the vein or veins from which
it is derived will be discovered. '

Big Bend Mountain Claims.

The McDonald Fraction, which is situated near the western edge of Big Bend
mountain, is probably the best appearing prospect on this hill. Outeropping on if,
and occupying a fissure in granite, is a 2 ft. vein of quartz, well mineralized, chiefly
with argentiferous galena, which, it is claimed, contains gold and silver in very
encouraging amounts.

The Silver Queen and Gopher claims are on the west side of Big Bend mountain,
near the MeDonald Fraction, and are the principal claims in a group of seven, owned
by the ¢ Tally-Ho Boys.” On the former is a 8 ft. vein of quartz in granite, and on
the latter in greenstone schist is a lenticular vein, which, at one point, is as much as 7
feet thick. These veins are reported to carry important amounts of gold and silver.

- | The Tally-Ho Group.

On the west side of the Tally-Ho guleh, which extends along the western end of
Big Bend mountain, the ‘ Tally-Ho Boys’ have located eight claims. The development
work, for this group, all of which has been performed on one claim, consists of a 250
ft. drift; a 10 ft. winze; a 40 ft. raise, and a cross-cut about 15 feet long. The ore
oceurs in a brecciated fault zone 4 to 5 feet wide in the granite formation, and consists
of a quartz gangue impregnated with galena, the quartz varying in width from 2
inches to 4 feet. Of five assays of samples taken by the authar, the average was close
to $80 per ton in gold and silver.

Becker Creek Claims.

On the east side of Becker creek, and on the west face of Anderson mountain, is
a strong, well-defined quartz vein, 4 to 5 feet wide, contained in a fissure in granite.
The strike of the vein is, approximately, N €8° W, and its attitude is nearly vertical.
It can be traced nearly the entire length of the Rip and Wolf claims, and, in most
places, is well mineralized with argentiferous galena. A basalt dike 2 feet wide has -
split the vein, and continues in it, for at least 2,000 feet.

On the Rip claim, owned by Wm. McGrew, a drift 90 feet long has been driven on
the vein, the basalt dike in this distance crossing from one side of the ore to the other.
The quartz obtained here should pay to work even under present conditions.

On the Wolf claim, owned by Messrs. Clark, Dickson, and Jchnson, the basalt dike
gplits the vein into two about equal parts. Approximately 40 feet of open-cutting and
drifting have been performed on this property.

The Fleming claim, located in July, 1909, by Mr. H. E. Porter, is situated on a
small hill on the west side of Becker creek, and facing the Wheaton river. Here,
certain beds of gneiss, which constitute a portion of the old pre-Ordovician series,
have been more or less replaced by quartz, calcite, epidote, garnet, hematite, magne-
tite, pyrite, and chalcopyrite with its oxidation products azurite and malachite, The
schists strike N 42° W, and dip at 60° to 70° to the northeast. To such a degree has
the replacement proceeded that for a width of 30 feet, one schist band has been almost
entirely altered to iron and copper minerals, with some epidote, quartz, ete. The 30
feet probably average about 1 per cent copper. Other similar but narrower bands
were noted.
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The origin of the ore is almost certainly directly due to the invasion of the
granites which outerop along the south side of the hill,

P Claims on Gold Hill and Vicinity.!

Considerable excitement was caused during the season of 1906 by the finding of
~quartz carrying free gold and telluride minerals on what is now the Gold Reef claim
on Gold hill—midway between the Watson and Wheaton nvers, and 20 miles south-
~west of Robinson.

Since 1906, considerable development has been conducted on the Gold Reef; but
«only a few pockets, from the size of a man’s head, to one of 500 or 600 pounds of the
wich ore—which contains free gold, sylvanite, hessite, and telluric ochre—have been
found: elsewhere, the vein, which is 4 or 5 feet wide, is almost barren, containing
only occasional disseminated particles of pyrite, and but slight amounts of gold and
silver.

Of the large number of other claims which were located in this vicinity in 1906,
the only one on which any development work, other than assessments, has been per-
formed is the Legal Tender, The vein on this property is in a fissure in granite, and
is 3 feet to 8-6” thick, and consists of a quartz gangue in which are disseminated
particles of argentiferous galena and chalcopyrite. The ore is claimed to have an
average value of $40 per ton. A 100 ft. drift has recently been driven on the vein.

During a recent assessment on the Lucky Boy prospect, a quartz vein—at least 7
feet wide—was uncovered, which carries some copper glance, chalecopyrite, and mala-
schite. As the vein is only stripped for a dlstanca of 6 feet, very little information
concerning it is available,

Carbon and Chieftan Hills, and Vicinity.

A number of claims were staked on these hills during the season of 1893 by two
mprospectors : Frank Corwin, and Tom Kirkman; who, during the season, did consider-
:able prospecting work on them. These men did not return again, and the ground
-remained vacant until rediscovered in August, 1906, by Mr. H. E, Porter, who located
-eighteen claims on the hills. This caused a general stampede to the vicinity, result-
<ing in the staking of a great number of claims.

A large proportion of these claims, located ‘during this rush, are still held, but on
-only a few has any work, other than assessment, been performed.

Mr. Porter and Mr. William J. Fleming, of Chicago, own three claims on Carbon
*hill, namely, tha Porter, the Empire, and the Excelsior, which have recently been
-gurveyed. On the Empire are the old workings—now caved in—of Corwin and Kirk-
rman. On the Porter claim a drift is being driven to ecross-cut a number of parallel
‘weins, and when measured on August 20, was in 160 feet. The veins which are all in
‘fissures in granite, strike about N 77° W, and dip from 40° to 50° to the northwest.
“The best appearing one of theses varies from 14 inches to 8 feet in thickness; can be
rtraced over 200 feet on the surface, and has every appearance of extending much
.farther. The ore appears to be chiefly stibnite and sphalerite, in a quartz gangue.
Tn-places there are 12 to 14 inches of stibnite, with very little gangue mineral. Five
feet below this yein is another, from 6 to 12 inches thick, and similar to the former,
- but not so highly mineralized. There are also two other veins within a few feet,
which -are from 2 to 6 inches wide, and consist of quartz with small disseminated
particles of galena and grey copper, and, apparently, no antimony minerals, Samples
from ‘these two veins have assayed as much as $80 per ton in gold and silver. In a
gulch on the north side of Carbon hill, Mr. Charles Goddell has located some claims
+on two parallel veins which are not more than 20 or 30 feet apart, and are exposed

«1.D. D. Cairnes—A Portion of the Conrad and Whitehorse Mining Districts, Yukon.
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for over 2,000 feet. These strike N 80° W, have an almost perpendicular attitude,
consist chiefly of quartz carrying some stibnite and arsenical iron, and are 2 feet, and
2 to 6 feet thick, respectively.

Besides the above-mentioned, a number of other veins from 6 inches to 2 feet
thick, were noted. These are more or less highly mineralized, chiefly with antimony
minerals, and occur, not only in the granite, but also in the overlying sedimentaries.

~ The two main claims on Chieftain hill are the Morning—owned by Messrs. Ander-
son and Eisenhauer; and the Evening—owned by Messrs. Dizon and Johnson. These
properties are located on the same vein, which, near where it crosses Chieftain guleh,
is 5 feet wide, and consists of quartz highly impregnated with stibnite; a portion of
the vein—2 feet wide—being almost entirely composed of this mineral, which exhibits
beautiful columnar and radiated structures. Fifty feet from this place, in each diree-
tion, the vein has narrowed to from 6 inches to 1 foot. This vein is in a fissure, in a
fine-grained, greenish andesite; it strikes almost due east and stands nearly perpen-
dicular.

Bush Mountain Coal Area.

_ The Tantalus conglomerates which, in the southern Yukon, are known to be coal-
bearing, were found outeropping about one mile west of the Union mines, on the ridge
joining Bush mountain and Idaho hill, and search was made for coal, which, if found

in this locality, would be of considerable value. Three seams were discovered: one
over 6 feet, one 18 inches, and one of unknown thickness, but at least 8 feet. There
were indications of other seams; but as the ground was frozen and the coal deeply
covered, to have made a section of the measures, or even to have determined the thick-
ness of the different beds of coal, would have entailed a very considerable amount of
work. The measures were traced from the summit of the ridge to near the valley
bottoms of Schnabel and Follé creeks on the south and north sides respectively. These
creeks are here two miles apart, and, opposite the coal, are about 2,000 feet lower than
the summit of the ridge between them. The belt of coal-bearing formation is about
half a mile wide, and the rocks comprising it are much folded and disturbed. The
coal, which is bituminous, and of the same age as that at Whitehorse and Tantalus,
ghould make a good fuel.

Quartz Claims East of Whitehorse.

After the close of the regular field season, a visit was made to certain quartz
claims east of the Lewes river, near Whitehorse.

These claims are situated near the summit of one of the most southerly of the
limestone hills in the range facing the town of Whitehorse on the east. The Lewes
river, after flowing along the southern end of this range, turns suddenly at nearly
_ right angles, and continues toward the north along its western face. Hence, the
claims, being on the southwest corner of the range, are about equidistant from the
river in either a southerly or westerly direction. They are about 8 miles in a direct
line, or 12 miles by trail, in a southeasterly direction from Whitehorse; and the shaft
on the Golconda claim is approximately 1,600 feet above the level of the town.

A good pack train, 7 miles long, has been built to these claims from Canyon City
at the head of Miles cafion. Canyon City is situated on the east side of the Lewes
river, on the opposite side of the river from, and five miles above, Whitehorse. A good
grade is obtainable for a wagon-road from the claims to the river, either at Canyon
City or other points above or below: the claims being nearest the river at points a few
miles above Canyon City.

The claims themselves and the greater portion of the higher elevations in the
vicinity are exceptionally well forested for this portion of the Yukon Territory. The
principal timber trees are the white spruce (Picea alba), and balsam fir (Abies salal-

!
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pina), the former being more abundant than the latter., Trees with 16 inch stumps
were noted, and those with 14 inch to 16 inch stumps are fairly plentiful. The average,
huwevgr, of the larger trees is mot more than 10 inches in diameter, 3 feet from the
ground.

There is also an abundant supply of water on the properties.

All the rocks seen on the claims and on the hills in the vicinity belong to the
limestone series which outerops so extensively along Tagish lake; in the neighbourhood
of Whitehorse; along the Lewes river; and elsewhere in the southern Yukon. Although
not positively proved, it has been supposed! that these »ocks are of Carboniferous age.
These limestones are, as a rule, very uniform, and generally appear as heavily bedded,
suberystalline rocks, varying from dark grey to almost white, but prevailingly light
grey in colour. The chief impurities in them consist of small siliceous—at times
cherty—aggregates. Rarely, beds of somewhat arenaceous or argillaceous material
occur in the form of calcareous shales, and it is in a series of these that the quartz
has been deposited, along which the Goleonda group of claims has been located.

The Golconda group consists of four claims;: the Golconda, ¥lorence M., Concord,
and Mohawk, all of which have recently been surveyed. The first two were located by
Mr. Arthur Thompson in 1899, and are still owned by him. The other two have been
located since and are owned by Mr. P. Campbell, of Whitehorse.

The quartz along which these claims are located occurs in a soft, friable, thinly-
bedded, somewhat iron-stained, calcareous shale, which will often split into large flakes
¢s, to § inches thick. These shales have a total average thickness of about 100 feet,
and are interbedded in the typical heavily-bedded limestones, which strike N 41° W
and dip 40° to 50° to the northeast. Veinlets of quartz traverse these shales in all
directions, the majority, however, following the bedding planes, and, in places, they
become plentiful énough to form considerable masses of quartz. In places, a great
part of the entire 100 feet is more or less invaded by these veinlets; individual
stringers widening out occasionally to several feet thick. The greatest amount of
quértz occurs near the centre of the shale belt, where for a width of from 6 to 26 feet
it is almost free from rock; the material for a few feet on each side also consists to a
greater or less extent of interlacing quartz stringers. This constitutes the Goleconda
vein, which can be traced the entire length of the four claims staked along it, which
comprise the Golconda group.

The main group follows the general strike of the shale and limestone beds, and
its dip appears to coincide with that of the enclosing strata.

. .The guartz, being much harder than the shales, weathers less readily, hence it
stands out as a ridge from 4 to 12 feet high.

,»»That the quartz is entirely confined to the shales and is not found elsewhere is,
appatently, entirely due to the fact that, the solutions carrying the quartz found
greater facilities for circulation through these soft, friable, thinly-bedded materials
than through the more compact, heavily-bedded limestones. Moreover, the shales have,
naturally, been more shattered, crushed, and broken than the stronger beds on either
gide; thus giving additional fracturas and planes of circulation in the shale belt for
the invading solutions.

Nearly all the work in t-hls group has been performed on the Golconda claim, and
congists chiefly of a vertical shaft, apparently 60 or 70 feet deep. The shaft may be
somewhat deeper than this, however, as when it was visited it was impossible to see
the bottom on account of water. A f&w small cuts, ete., comprise the remainder of the
development work on the group.

Except close to the Golconda rhaft the quartz is apparently entirely devoid of

mineralization except for rarely seen particles of free gold and a slight amount of -

‘1 G. M. Dawson—Report of Proﬁrub, 1887.
R. &. McConnell—Report one Whitehorse Copper Belt, Yukon Territory.
D. D. Cairnes—Report on Portion of the Conrad and Whitehorse Mining Districts, Yukon.
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pyrite, which, in weathering, gives the -quartz in places a somewhat reddish appear-
ance on the surface. Close to the Goleconda shaft the quartz contains some dissem-
inated particles of chalcopyrite, and its oxidation product malachite.

It is claimed that assays as high as-$40 a ton in gold have been obtained from
this quartz. I made, however, two earefully taken, average surface assays:
one at the top of the Goleconda shaft, and the other from a place on the Mohawk claim,
where some work has been done. Large samples were taken, and carefully quartered
down. These were assayed by the Mines-Branch, and in each case the result gave only
traces of gold and copper. The Mohawk sample ran only a trace in silver; but the
one from the Goléonda claim gave 0.11 ounces silver to the ton.

It is possible that these samples do the properties injustice, as it is well known
how difficult or next to impossible it is, in the case of a vein of free-milling quartz, to
obtain a correct estimate of its value from the results of a few samples. A great many
samples must be taken, and, when possible, a few tons of the material treated, before
it is possible to decide as to its worth.

WILLIAMS AND MERRITT- CREEKS.

After completing the work in the vicinity of Whitehorse, a few days were spent
on Williams and Merritt creeks, where recent copper prospects are attracting some
attention.

Merritt creek empties into Lewes river on its left limit, five miles below Yukon
Crossing; while Williams creek joins the river one mile farther down. These two
erecks, for several miles from their confluence with the Lewes, have almost parallel
courses, at practically right angles to this river. Yukon Crossing is about 155 miles.
from Whitehorse, measured along the Whitehorse-Dawson wagon-road, and 230 miles
from Whitehorse, by the river, and is midway between Whitehorse and Dawson.

Merritt creek was formerly known as Merrice creek; and was so called after
Homer Merrice, who discovered placer here in 1898. By a mistake, and believing it to
be the original, the present name has been adopted. Williams creek is named after a
prospector by that name, who was one of the first to locate on this creek in 1898,

During the season of 1898 these creeks were prospected for quartz and placer, for
25 miles from the Lewes river, and the old workings of this time can still be seen in
many places. From then until 1907—when practically all the claims now being held
were located—the distriet was unoccupied.

The only two rock formations which exist at all extenswely in this distriet con-

sist chiefly of granites and amphibolites. The latter are the older and are much
altered, dark green, sheared eruptives, which consist chiefly of plagioclase and green
hornblende, in neerly equal amounts. The schistose structure is generally quite pro-
nounced; still, the rocks are practically never thinly foliated. The granites are
generally greyish to pinkish, coarsely crystalline rocks. A thin section of a typical
specimen examined under the microscope showed it to be composed chiefly of ortho-
clase, mierocline, acid plagioclase, quartz, and biotite, with accessory apatite, titanite,
and magnetite, and a great amount of secondary epidote and chlorite. In all prob-
ability, these granites belong to the series of granitic rocks composing the Coast Range
batholith, which are generally considered to be Jurassic. The amphibolites litho-
logically correspond to certain pre-Ordovician rocks which have been studied in the
" vicinity of Dawson,! and elsewhere in the Yukon Territory.
" The granites have invaded the amphibolites to such an extent that the outecrops
of the two formations appear to be ahout equally extensive: tongues, dlkes, and
1rregular-shaped masses of the former being found everywhare, where rock, in place,
is to be seen.

1 R. G. McConnell -The Yukon Golcl Fields. Geol. Survey Branch, Canada.
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The ore-deposits of this locality occur either at or near the contacts of these two
formations, and are everywhere of the same character, consisting of veins of quartz
impregnated with copper minerals, chiefly bornite, chalcopyrite, and malachite.
Particles of free gold are also believed to have been found on one property. The only
apparent reason for the quartz being always so near the contact is, that the mineraliz-
ing solutions which have deposited the ores have found easier places for circulation
. in these somewhat decomposed and fractured zones. The ores are apparently geneti-
cally connected with the granites, the ore-bearing solutions bemg an after effect of the
intrusion of the granite mass.

The ores of the distriet are all of such a nature as to lend themselves readily te
treatment by concentration.

All the claims and copper grants in the wcxmty, on which any work has been
performed, or on which any ore is known to have been discovered, were examined.
The only ones, however, on which any considerable amount of ore was seen, or which,
from their surface showings, give promise of being of value, are the Bonanza King,
the Homestake, the Monte Cristo, and the Dawson. It is quite possible, and even

_ probable, that there is a considerable amount of ore in this locality which has not yet
been discovered, since the surface is, in most places, covered with superficial deposits,

The Bonanza King is situated about one mile from the Lewes river, on Nancy Lee
creek—a tributary of Williams creek—joining the latter on its left limit. This property
is one of eight claims comprising the Bonanza King group, owned by Messrs. J.
Munroe, J. View, and M. H. Boulais. All the development work on the group has
been performed on the Bonanza King and Dawson claims. The work on the Bonanza
King consists of 150 feet of drifting and cross-cutting, and a 80 ft. shaft. The
entrance to the drift is 250 feet above the level of the Lewes river, at the mouth of
Williams creek; and the top of the shaft is 250 or 300 feet distant from the mouth of
the drift, and 200 feet above it.

The shaft is sunk on a vein of quartz which is 6 feet wide at that point; but is
lens-shaped and nafrows rapidly in each direction. The vein is in granite, near its
contact with the amphibolite, and carries considerable bornite, chalcopyrite, and mala-
chite. Particles of free gold are also believed to have been found here. Two samples
of the better mineralized portions of the vein, one taken near the surface and the other
about 15 feet from the surface, were assayed, and gave, respectively, the following
results:! (1) gold—trace; silver—trace; copper, 3-29 per cent; (2) gold—trace;
silver—trace; copper, 4.21 per cent.

The vein in the drift occurs in the contact between the granites and amphibolites,
and, where first encountered, is wider than elsewhere observed, having a width of 5
feet. It narrows to a few inches in a distance of 20 feet, in the direction in which
the drift has been run. It was found, however, on the surface on a level with the
drift, and at a distance of 50 feet from where first cross-cut, and has here a thickness
of 3 to 4 feet.

Both the vein at the shaft and the one in the drift strike approximately in the
same direction: N 45° W, but are not connected with each other. It is possible that
other similar deposits exist along this contact, either between the two already found,
or farther to the northwest.

The formation has here been considerably shattered and broken., One very promi-
nent fault plane, indicating a displacement of considerable magnitude, was noted in
the cross-cut and drift, having a strike about parallel to the strike of the veins. So
that the faulting will serve to further complicate the working of these deposits. - .

An average sample of the 5 feet of quartz in the drift was assayed, and gave the
following: gold, 40 cents; silver, 0-30 of an ounce; copper, 1.56 per cent.

1 All assays given in t]ns report were made in Ottawa by the Mines Branch of the
Department of lﬁnes Canada
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On the Dawson claim a 40 ft. drift has been driven on a quartz stringer in the
amphibolites near their contact with the granite. The quartz, at the surface, was only
2 inches or 8 inches wide, but at the end of the drift was 18 inches. The ore is very
similar to that on the Bonanza King.

On the Monte Oristo claim, which is also on Nancy Lee creek, and is owned by
Messrs. Thompson and Granger, a vein has been discovered which, where exposed, has
a thickness of 5 feet. Within a few feet of this are several parallel stringers a few
inches wide. The vein filling consists chiefly of quartz, bornite, chalcopyrite, and
malachite. The surface is covered, nearly everywhere in this vicinity, with drift and
the products of weathering and decomposition, making prospecting very difficult; so
that the chances of finding ore, at all, are but slight, even though there were a number
of valuable veins on this and the adjoining properties,

An average surface sample of this 5 ft. vein was assayed, and gave as follows:
gold, 20 cents; silver, 0-20 of an ounce; copper, 1-00 per cent.

The Homestake is one of six copper grants of 160 acres each, located on Merritt
creek, and owned by Messrs. C. L. Johnson, Chas. Seagam, and I. B. Sanburn. The
development work for the group has all been performed on the Homestake grant, which
is located on the south side of Merritt creek, two and a half miles from the Lewes
river. The valley of the creek at this point is 300 feet above the average level of the
river, at the ereek mouth, and the main workings of the property are about 150 feet
above the creek bottom. There is a good grade for a road to this property, from the
river, up Merritt creek.

The widest vein found on this property, and on which nearly all the development
has been expended, is 6’-6” wide, where it outcrops on the surface. A drift has been
driven on it, which, including several cross-cuts run off it, has an aggregate length of
155 feet. The vein in the drift has a width of from 12 to 55 inches, and is in the
greenish schistose rocks near their contact with the granite formation. Besides this
main vein, other stringers up to 10 inches wide were encountered in the drift and
cross-cuts.

The formations along the face of the hill have been considerably shattered and
faulted, causing the veins in the drift and elsewhere in the vicinity to be often broken,
rendering the worklng of them somewhat difficult.

The main vein in the drift strikes about N 83° E, and dips to the northwest at
45° to 55°. Outcropping along the face of the hill, and a few feet below the drift, is
a connected series of elongated quartz lenses whose maximum width is 8 to 4 feet;
which is traceable for over 200 feet, and strikes N 42° W, the lenses usually dipping
at 80° to 85° to the northeast.

Higher up the hill four other veins have been uncovered, having, where exposed,
widths of 14 inches, 16 inches, 2 feet, and 3'-6”, respectively.

The wider veins are often of a composite character; consisting of a zone of amphi-
bolite, along the foliation planes of which, more or less quartz has been introduced.
In the drift, where it is widest, the vein consists of a number of layers of schistose
rock alternating with tabular masses of quartz, the two being in about equal amounts.
In places, however, along this vein, and along others on this and neighbouring pro-
perties, the greater part of the quartz in a cross-section occurs in a single mass or
lens; the lenses are, occasionally, connected, forming practically continuous veins for,
considerable distances, '

An average surface sample from the 6-6” of quartz above the drift was assayed,
and gave: gold, 20 cents; silver—trace; copper, 0.28 per cent.

An average sample was also taken of a number of large pieces of the better grade
of ore from the different surface exposures on the Homestake property., This assayed:
gold, $1; silver, 1.80 ounces; copper, 0-92 per cent.

The solid rock formations on the Homestake and nelghbourmg grants are nearly
everywhere covered, and the finding of the quartz has been generally due to some such
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fortunate accident as the finding of particles of quartz attached to the roots of an
overblown tree. Since quartz has been found at so many points, with little bed-rock

visible, it seems quite probable that a large number of veins would be exposed if the
mantle of superficial materials could be removed.
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THE SKEENA RIVER DISTRICT.
‘ (W. W. Leach.)

INTRODUCTION.

The construction of the Grand Trunk Pacific railway from Prince Rupert east-
ward towards the Yellowhead phss is now well under way, and in consequence, mue.h
interest has been developed in the country through which the line will pass.

" The activities of prospectors have been confined chiefly to those districts imme-
diately tributary to the main line of the railway, with the result that, in the last few
years, numerous promising discoveries have been made, including silver-lead, copper,
and coal deposits. These now await the completion of the railway, when, with ade-
quate transportation facilities (at present lacking), the owners of the various claims
will be enabled to develop their properties at a much less cost than is at present
possible. Until railway transportation is available most of the metalliferous deposits
and all of the coal properties must of necessity lie idle or, at best, work on them must
be confined to mere prospecting.

During the past year much attention has been paid to the silver-lead veins on
Ninemile mountain, close to Hazelton, which prevmusly had been overlooked; the
mineral deposits and coal fields of the Telkwa river and Babine mountain being "here-
tofore the centre of attraction.

A number of prospectors penetrated into the country lying north and east of
Ninemile mountain, and many silver-lead claims were staked; while on Babine lake
a few copper locations were recorded. No analyses have been made this year, by the
Department, of any ores from this district; but, judging from the assays shown to
the writer by the owners, a number of the silver-lead properties are well worth develop-
ing.

Several new coal areas at widely separated localities were briefly examined, but
none of them appeared to be of great importance; though more detailed work may, in
some cases, prove the existence of better seams than have been so far uncovered.

Field work was carried on from the end of May until the middle of September,
but an exceptionally wet and cold season, unfortunately, seriously impeded progress.

From a measured base-line a system of triangulation was begun, and connected
with the system carried on in previous years in the Bulkley valley, to the south, which
extended as far as the headwaters of the Morice river, With this triangulation, com-
bined with a road traverse through the Bulkley valley and other minor surveys, nearly
sufficient material is on hand for the compilation of a map extending from Hazelton,
on the Skeena, to Pleasant Valley, at the junction of the Morice and Bulkley rivers.
A number of fossils collected during the past two seasons have been cursorily exam--
ined by Mr. Lawrence Lambe, of the Geological Survey, the ages given to the various
formations being based on his determinations,

Location and Area.

The greater part of the season was spent within a radius of 20 miles from
the town of Hazelton, situated on Skeena river, at the mouth of the Bulkley, and the
chief distributing point for all the country drained by these rivers, as well as for the
placer camps on the Finlay, Omineca, and Manson waters to the east.



63 GHOLOGICAL SURVEY

9-10 EDWARD VilI,, A. 1910

At present Haczelton is reached by river steamers from Prince Rupert (about 180
“miles distant) during the short summer season of navigation; or by pack trail from
Quesnel, on the Cariboo road, a long journey of about 850 miles. The completion of
the Grand Trunk Pacific, however, will afford direct compunication by rail.

Previous Work,

Thig district has been, for many years, on the main trail to the old placer diggings
to the east, though but little attention was paid to the country immediately tributary
to Hazelton. Dr. Dawson briefly reviewed the geology in his report on ¢ An Explora-
tion from Port Simpson to Edmonton’ (Report of Progress, 1879-80), and Mr. Wm.
Fleet Robertson, Provincial Mineralogist for British Columbia, paid a hurried visit
to the mineral properties of the Telkwa in 1905 (Report of Minister of Mines, British
Columbia, for 1905). These reports, with the Summaries for 1908, 1907, and 1908, and
the preliminary report on ‘ The Telkwa River and Viecinity’ by the writer, represent
virtually all that has been written on this country.

Summary and Conclusion.

The geological conditions obtaining in the districts traversed during the past
season, vary little from those described in previous summary reports, with this excep-
tion, that the rocks there attributed to the Porphyrite group,! represented on the
Telkwa by a great thickness of voleanics (tuffs, agglomerates, andesitic flows, ete.),
are, apparently, gradually replaced to the north by sediments largely of voleanic
origin, but towards the top consisting of shales and sandstone.

The occurrence of mineral-bearing lodes appears to depend upon the presence of
eruptive areas later than the Hazelton group. This is exemplified on T'wentymile, Nine-
mile, and Sixmile mountains, where three comparatively small granitic areas have
numerous mineral eclaims located around their peripheries. It seems, therefore,
important that prospectors should examine closely the neighbourhood of any such
intrusive areas.

The coal-bearing beds overlie those of the Hazelton group, and are readily dis-
tinguishable from them in the Telkwa River region, but to the north, in the vicinity
of Hagzelton, the difference is not so marked. The coal beds, wherever seen, lie in
comparatively shallow synclines; the overlying rocks being so soft that they have
offered little resistance to erosion. Coal has been found in many places between the
Morice and Kispiox rivers, in most cases only in small isolated areas of which few are
of commercial value. In some cases, however, the acreage is comparatively large and
the quality of the coal excellent.

Up to the present, coal prospecting has been carried on in a very crude, unsys-
tematic manner, little or no attempt having been made to define the limits of the
varions areas. Before the boundaries of these areas are finally located, which will
probably necessitate some method of boring, little idea of the true value of the pro-
perties can be deduced. In a number of cases the seams have already been proved to
be of good workable thickness and of excellent quality.

TOPOGRAPHY.

The district is, generally speaking, mountainous, but isIl inlersected by a number
of comparatively wide valleys; those of the Skeena, Bulkley, and Kispiox rivers, and
Babine lake being the most important. They contain a large area of fertile land which
has attracted many settlers during the past few years.

1The name, Porphyrite group, a descriptive term objectionable on this account and,
s].Is regards the distriet now Eemg described, a misnomer, is replaced by a new name, the
azelton group. .
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The mountains in many places are high and rugged, reaching elevations of over
8,000 feet, but are usually found in irregular, isolated blocks rather than in definite
ranges, the mountain masses being separated from one another by low, wide passes.
The most noticeable examples of this structure are the Rochérs Deboulés, near Hazel-
ton, and the Hudson Bay mountains to the south.

The larger valleys all show more or less well-defined terraces, and in many places
the streams have cut through the ancient valley floors, forming secondary, narrow,
eafion-like channels. This is well shown at Moriceton eafion, on the Bulkley, and the
Kitseguecla cafion, on the Skeena, as well as at many other places.

GENERAL GEOLOGY.

By far the largest area in the district is underlain by rocks of the Hazelton group;
or, asnamed by Dr. Dawson in his report on the Frangais Lake distriet to the south,
and his exploration up the Skeena river; the Porphyrite group. This latter name was
used by the writer in previous summary reports, as it appeared appropriate to the
rocks of the Telkwa country, then under investigation. In the neighbourhood of
Hazelton, however, it would appear that this designation might prove misleading, as
there seems to have been from south to north a gradual transition -from rocks of
purely volcanic origin (chiefly porphyrites) to aqueous deposits such as those on Six-
wile and Ninemile mountains, near Hazelton.

These rocks are overlain conformably by the coal-bearing beds which represent
the youngest sedimentaries definitely known in the district; although it is very
possible that some small Tertiary outliers may have been overlooked. -

From a metalliferous miner’s point of view, probably the most important geolo-
logical factor is a series of granitic areas, younger than either the Hazelton group or
the coal-bearing beds, and around which most of the mineral locations have been made.

TABLE OF FORMATIONS.

Age. Name.
1. Tertiary ? .. .. «. <. +. .. .. ..Bulkley Eruptives.
2. Lower Cretaceous.. .. .. .. .. ..Skeena Series.
8, Jurassic.. .. .. +. v oo .. .. ..Hazelbon Group.

Description of Formations.

The terms-‘ Bulkley Eruptives’ and ¢ Skeena Series’ are here used for the first
time, but in reading this in connexion with previous reports no difficulty should be
experienced in identifying them, under this nomenclature, with the rocks deseribed
. heretofore.

Bulkley Eruptives.—The eruptives met with during the past season are very
similar to those noted in previous years on the Telkwa river and Hudson Bay moun-
tains, A number of small areas were seen, notably on Twentymile, Ninemile, and Six-
mile mountains, in no case of great size (probably none of them exceeding 13 miles in
greatest diameter), but, on account of their relationship to the ore bodies, of much
importance.

These rocks have mnot yet been microscopically examined, but, generally, are
granitic in appearance, often coarse grained, with much biotite and quartz developed,
and vary greatly in colour and texture. Towards the contact they become in places
porphyritie, and have canght up and apparently assimilated, to a greater or less extent,
masses of the surrounding rocks, forming a zone in which it is difficult to define their
boundaries. In eolour they range from a light pink to a medium grey.
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Practically all the known ore bodies are closely associated with these eruptive
areas, the ore occurring either along the contacts or in, and alongside of dikes and
fissures within a short distance of them. Nothing definite is yet known as to the age
of these rocks. They are provisionally placed in the Tertiary, but may be older.

Skeena Series—The Skeena coal-bearing series is met with in many localities,
but as a rule in small patches. These appear to be the remnants of one or more great
coal fields which, owing to the soft nature of the beds, have been unable, except in
protected places, to resist erosion. The lower members of this series consist chiefly of
conglomerates and coarse sandstone overlain by thin-bedded, shaly sa.sdstones, nodular
shales, and coal seams. Above the coal, shales are the predominant rocks, though in
some places soft sandstones are found. There does not appear to be more than a few
hundred feet of strata over the workable seams, except, perhaps, on the Morice river,
where the denudation, to all appearances, was not so marked.

Small patchee of these rocks are to be found at many places from the Kispiox to
the Morice rivers, folded in with the underlying Hazelton group.

From a few fossil plants, collected during the past three seasons, it appears that
these beds may be referred to the lower Cretaceous, about the horizon of the Kootanie
series.

Hazelton (Porphyrite) Group.—The Porphyrite group consists, for the most part,
of a great series of volcanics typically exposed on the Telkwa river and Hudson Bay
mountains, and which have been deseribed in previous reports. Northward and east-
ward from these localities, however, there appears to be a gradual passage from beds
of purely voleanic origin to others of aqueous deposition but composed largely of
voleanic material. At the top of the series fossiliferous sandstones and shales appear.
The mgurtains to the north of Hazelton on both sides of the Skeena river are com-
posed of rocks almost entirely of sedimentary origin, while the Rochérs Deboulés
range, between the Bulkley and Kitseguecla rivers, is largely built up of voleanic flows,
breccias, tuffs, ete.

From the fossil evidence so far obtained, the upper beds of this group (sandstones
and shales) appear to be equivalent to the Fernie shales of East Kootenay and Alberta,
and the ‘ Lower shales’ of the Queen Charlotte Islands series, now supposed to be
Jurassiec. No fossils have been secured from the lower part of the Hazelton group.

ECONOMIC GEOLOGY.

The intrusive granitic masses of the Bulkley eruptives have everywhere played an
important part in the deposition of ore bodies; all of the chief mineral claims visited
being situated either near their contacts or in, or alongside of dikes from them.

The eruptives have also affected the coal areas to a large extent; not only have
the coal seams in places been cut by dikes, but the coal usually becomes more anthra-
citic in character as the intrusive granitic masses are approached.

Groups'of Deposits.

COPPER AND SILVER.

_The copper ores of the Telkwa and the silver-lead veins of the Hudson Bay moun-
taing have been briefly described in the last two Summary Reports, and no new
information was obtained in regard to them during the past season.

SILVER-LEAD.

The most important recent development has been the opening up of a number of
silver-lead veins on Sixmile, Ninemile, and T'wentymile mountains, north of Hazelton.
At all these points the ore is of the.same general character, the prinecipal minerals
being galena, arsenopyrite, stibnite, and zine blende in a quartzose gangue. The veins
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are not large, but are reported to be rich in silver. Only two assays have been made
by this department, both of which show good silver contents. The gold values are

The veins occur as a rule either in fissures in a hardened sandstone near its
contact with intrusive granitic areas, or in sheared zones in the granitic mass itself.
In one case (the ‘Era, on Sixmile mountain) the ore appears to-follow the line of
contact between the two formations.

Up to the end of the season nothing but surface prospecting has been attempted,
and, except from the ‘ Lead King,’ no ore has been shipped. From this property about
five tons of galena were taken from an open-cut, sacked and packed on horses down to
Hazelton for shipment to a smelter.

Description of Prospects.

Jack of Hearts and Jack of Spades.—Jack of Hearts and Jack of Spades
claims are situated on Twentymile mountain. The ore appears to follow a bedding
plane in altered sedimentary rocks, the foot-wall consisting of rusty, decomposed
argillite, and the hanging-wall of hard silicified sandstone. The strike is about
N 380° E and the dip 50° northwest. The little work done—consisting of a few small
open-cuts—is situated in the altered sedimentaries, but the claims extend into a
comparatively large area of intrusive granitic rock to the west. The ore is much
decomposed, and consists of about 18 inches of zine blende, seamed with thin bands
of greyish-white, magnesian ankerlt.e and a little galena, with a small quantity of
rusty quartz gangue.

Silver Cup,—This claim, mcluded in a group of four owned by Messrs. Harris
and Trainer, is located on Ninemile mountain, about 6 miles north of Hazelton.
The ore occurs in a highly altered sandstone, in places approaching a quartzite, a
short distance to the east of an important granitic area. BStrike of vein is about
N 80° E, with a dip of 73° southeast, while the country rock strikes S 55° W, and
dips 15° northwest. Two open-cuts have been made on this claim, the lower of which
shows both walls well defined and the vein 1.2 feetrin width. The vein matter consists,
at this point, of nearly solid galena, with a little stibnite, arsenopyrite, blende, and
white quartz.

The following assays of this ore were shown the writer by Mr. Harris:—

No. 1. No. 2. No. 3.
Gold.. oo sv os ax b0 sb 1s e sr as e = fTace, trace, trace.
Silver.. .. .. .+ 4«2 vs 54 2r +a w2 +e -+ .. 1810 0Z8,  268:2 ozms. 1874 ozs.
Lead.. eroae T00 % 5040 % 584 %

(All by the Ca.m.dmn Consohda.tad Muung and Smelting Company.)

The second cut lies about 200 feet farther south. Here the vein opens out, being
about 2.5 feet in width; but the ore is mot so solid, less galena being present; while
there is more stibnite, and much more quartz.

Silver Dollar—The Silver Dollar claim belongs to the same group as the last
mentioned, and is opened by a cut about 2,000 feet south of those on the ¢ Silver Cup.’
Similar conditions are found here, and it is possible that this is the same vein. The
vein, where cut, is 8.2 feet wide, the ore consisting of milk-white quartz carrying
disseminated crystals of arsenopyrite, a little stibnite, iron pyrites, and a ‘very little
magnetite. .

Hazelton.—The Hazelton adjoins the Silver Dollar to the west, the geological
conditions being similar. Near the eastern end of this claim a small vein has been
ecut which has a strike nearly at right angles to that on the Silver Dollar, viz.,

about 30 degrees east
26—b5

Nom.—All bearings given are referable tfo the true meridien., Magnetic variation is
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S 70° E. with a nearly vertical dip. This vein is only 0.7 of a foot wide, with well
defined walls; the country rock being a hard, altered sandstone. The ore consists of
finely crystalline arsenopyrite associated with a little white quartz.

At the western end of the claim several open-cuts show a little ore. The rock
here is much shattered and altered, being very near the granite contact. One small
vein, 6 inches wide, was stripped, and here consists of white quartz with crystalline
galena and a little brown zine blende.

Sunrise—Sunrise claim is one of a group of four owned by Messrs. Harris and
Tosenthal, and is situated about one-half mile northeast of the ¢ Silver Cup.” The ore
occurs in the granite, not far from its contact with the sandstones, and appears to
follow a line of erushing and faulting. The vein strikes S 75° W, and dips to the
south at an angle of 60° where opened by a cut. The foot-wall is well defined, smooth
and slickensided, while the hanging wall is not so clearly shown and is much shattered
and decomposed. In the cut the vein is 2-7 feet in width, and shows 0.8 of a foot of
solid galena about the middle of the vein, the remainder consisting of quartz with
disseminated galena and a little stibnite.

The following analyses from samples of t.he solid galena were handed to the wnter
by Mr. Rosenthal :—

Gold. = Silver. Lead.
it vi 44 4e 4 s 44 ss a4 a4 as ws ss .. trace 1166 oms. 552 per cent.
Zis v we e b e e ae ar e a e e e ai 125.0 * 755 i
Bot de salnt mk o se ae en ws we s 44 re s o 1150 65-2 St
N “ 1200 750
Bav 4v ee 1a . ve ar e eh s ae as £ 1150 65-0 **

(All by the Canatlmn Consohda.ted Mining and Smelting Company.)

About 300 feet to the west of this opening another vein has been stripped on this

elaim. The vein is 12 inches wide, and strikes east and west, dipping south 15°,

"The ore is an association of white quartz with a little white dolomite, carrying very
small amounts of galena and zine blende.

Lead King—The Lead King mineral claim lies about one-quarter of a mile to
the west of the Sunrise, and is situated in the granite near its contact with the
sedimentaries. The granite here is much shattered, numerous small slickensided fault
planes at all angles being in evidence; the ore apparently occurring along a line of
weakness. The vein has been stripped at a point where it has been much disturbed,
and it is"doubtful whether the dip seen here can be considered as normal. In the cut
the strike is east and west, and the dip S 22°. The width of the vein is 3-1 feet,. .
the whole being heavily mineralized: the ore being an association of finely erystal-
line galena with some zine blende, together with a small amount of weathered s:heeous
gangue.

As before stated, a shipment of about five tons has been made from this property
for a smelter test, but as yet no returns are available.

~

Era Group—The Era group of four claims is situated on Sizmile mountain,
between Sixmile and Fourmile creeks, about 5 miles from Hazelton. A number of
open-cuts have been made on the property, all of which show some ore. There appears
to be a number of irregular veins developed along small fault planes and erushed zones
in a small granitic area (this eruptive mass being distinet from that on Ninemile
mountain). In one case, however, on the ‘Era’ claim, the ore appears to have
developed along the contact of the granite and the sedimentaries; the hanging-wall
consisting of highly metamorphosed sandstone and the foot-wall of granite. At one
point on this contact an open-cut has been made, exposing 8.9 feet of ore, the strike
being about northeast and dip 70° southeast. On the foot-wall the ore consists
of white quartz with small quantities of disseminated galena, while on the hanging-
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wall the mineralization is much heavier, there being from 18 inches to 2 feet of almost
solid sulphides of antimony, lead, arsenie, silver, and copper, with a little white quartz
gangue. It contains, also, a little free sulphur. .

Two assays of this ore by the Mines Branch, are here given:—

Gold. Silver. Lead. Copper.
No. Lo vr vv 4s o0 oo 2 a0 an os - 0-08 0zs. 358.17 ozs.” T-81 % 0-75 %
No. 2., vv vr v e ev ve we we we .. 0402 0zZa. 46-16 0z8., 690% 026 %

The samples also showed antimony and arsenic in considerable quantities.

COAL.

Shegunia River Area.—The Shegunia river (Salmon river) coal area is situated
on the east bank of the Skeena river, 2 or 8 miles above the mouth of the
Shegunia. The limits of this basin were not traced out, but sufficient work was done
to prove it to be of considerable extent. The strata, however, where exposed along the
Skeena banks, are so highly flexed and faulted that it seems improbable that mining
can ever be successfully undertaken unless further prospecting proves the seams to be-~
in a less disturbed condition in other parts of the basin. )

This property has been more or less prospected for some years, but never system-
atically, At present all that can be seen is an old shaft about 25 feet deep (now partly
caved), a few open-cuts, and a cross-cut tunnel 35 feet in length which has not yet
reached the coal.

At least three seams were noted, their relative position being somewhat doubtful
on account of the disturbed nature of the strata. An approximate section of the coal
beds, where the seams are stripped, is here given:—

N T Yy o ol P

Shales and sandstone.. S e Su waliaiimerins i He oEs Ge wa ar 2 4B

Black carbonaceous shala G aw sW is e hs ek we ke fea e e wen B
2. Coal.. 4o Enivaies 5§ mEws R WE SEierEs es aw seied 2.
3 %andstone and shale.. .. .. .. . . 0 I0 000 Labout 52
’ Grey 2nd 0aThONAcE0US BHALE.. -. vv ve se ve e ve ve me e e e s —

In all three seams the coal is very severely crushed, and in the case of seams 2 and
8 at least, is high in ash. Analyses of the two lower seams are as follows:—

Moisture. Vol. Comb. Fixed Carbon. Ash.

No. 2 geam.. .. .. .. .. .. .. 142 18-76 58-20 21-62
No. 3seam.. .. .. .0 oo oo s 118 20-63 57-27 20.92

No. 2 seam, non-eok:mg
No. 8 seam, cokes.

Babine Lake Coal.—A hurried trip was taken to a reported mew coal area on
Babine lake, Four claims had been staked on the Tuchee river about 17 miles above
its mouth. This stream flows into Babine lake from the west about 50 miles above the
outlet, and drains most of the eastern slope of the Babine range.

On arrival at the claims, it was found that very little work had been done, and
most of that had been obliterated by a small landslide. Without time and tools it was
impossible to determine the extent of the area or the size and value of the coal seams.
All that can be said in reference to these claims is, that the Coal Measures are present,
and that one small seam (about 2 feet thick) of impure coal was seen. It is possible
that other and better seams may ultimately be found underlying a considerable area,
but much prospecting is necessary before the value of this property is determined.

The following analyses is from a sample of the above-mentioned 2 ft. seam:—

26—53%.
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B = - :
B R Y« PO
Fizad OBTDOB... «0v oo vo sx s e =2 20 wn"su vr 3n vt me wn es dr wi as oo DR
Agh. .t o il Sl s i S el e W i mh W wa e e ma we e SRAOT

Does not coke. .
Since this visit, the finding of seams of coal of fair width is reported.

Morice Rwer Coal.—A mew coal area was discovered late las¢ summer on the
Morice river, below those deseribed in the Summary Reports for 1907 and 1908, and
about 30 miles above the junction of the Morice and Bulkley rivers. As the season
was rapidly drawing to a close, little time was available for examination of this basin.
From a cursory visit, it would appear that there is quite an extensive area here under-
lain by the coal-bearing beds, but only one seam has so far been atnpped, showing the
following section :—

Grey shale.. .. oo vv ve be bt th ve e e ee ws e ae msTee e ee ae as feet.
L0 - Y S | - S
= P | X1 I
Clean coal.. Seli E0 Be beelnine Ga B sRiauiEL LD RS Gevu. v e we ae Al %
Shalg' e F e N R S | B
b].oaky QOBL1n vr e ve e e en e e I 140
Gref o.lay -1 . L -1 || I
OOBNai:ciine on anenins ws saane S e e . 080 **

Of the following analyses, No. 1 is from the luwer bench (0-8 feat) and No. 2 from
the cleaner portions of the upper part of the seam:—

Moisture. Vol. Comb. Fixed Carbon.  Ash.:

No. L. o0 cv ov os as or as o 2-65 23-93 48-95 o 2447
No. 2.. .. .. .. es ee ee 205 2943 57.38 1114

No. 1 is-non-coking, and No. 2 cokes well.

It is to be hoped that future prospecting will bring to light some workable seams
gimilar in character to No. 2, as up to the present time, as far as the writer knows, no
satisfactory coking coal has yet been found in the Skeena River country.

*

Manson Creek Hydraulic Mining.

Although referring to a property outside of the distriet covered this year by the
writer, the following notes furnished by Mr. H, Beach, of the Kildare Mining Company,
may be of interest.

The Omineca placer diggings have been worked for many years, chiefly by indi-
vidual miners, the output of late years being insignificant.

The 43rd Mining Company, and their successor the Kildare Mining Company, have
for thirteen years been prospecting their territory on Slate creek, with the object of
starting hydraulic mining on a large scale. The difficulties of mining in this district
are very great, everything having to be packed on horseback over a poor trail for about
200 miles from Hazelton. Seven or 8 miles of flume and ditch have been built,
and a small prospecting plant installed. During last season bed-rock was reached in
an old channel, and during July and the beginning of August about $10,000 in coarse
gold recofered. This was accomplished with a force of 20 men and an inadequate
plaft. Work then stopped until proper machinery was installed, enabling the property
to be economically managed.

Mr. Beach reports that there are from 25 to 80 feet of gravel above bed-rock, the
whole of which he considers will average about $3 a yard.

Besides coarse gold, with many nuggets, the following metals and minerals were
recovered in the sluice boxes: native silver, native copper, platinum, arquerite
(native silver amalgam), iridium, and much galena.
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"TEXADA ISLAND AND MORESBY ISLAND, B.C.
(R. G. McConnell,)

The work of the season consisted in completing the geological mapping and
examination of the mines'and prospects on Texada island, and in a hurried visit of
seventeen days to some of the principal mineral districts on Moresby island, in the
Queen Charlotte group. I was assisted in the Texada Island work by Mr. A. O. Hayes.

TEXADA ISLAND,

The rocks and the prinecipal mines and prospects occurring in the northern part of
Texada island were examined in 1908, and briefly described in the Summary Report
of the Geological Survey for that year. During the present season the work in the
northern part of the island was completed, and the examination ext-ended to the
southern portion.

Topography.

The southern part of Texada island consists of a stesp-sided rocky ridge rising
directly from the sea, surmounted by occasional peaks, some of which reach an eleva-
tion of nearly 3,000 feet. North and west of Pocohontas mountain the general eleva-
tion decreases rapidly, and the surface, while still broken by oceasional rounded
eminences, such as Comet and Surprise mountains, becomes more even and in places
assumes a plain-like character.

The island nowhere exceeds 6 miles in width, and the streams draining it are
necessarily short and small. Many of them are intermittent, and only a few of the
larger ones flow steadily throughout the year. Lakes, varying in size up to half a mile
in length, occur at a number of points, mainly in the lowlands at the northern end of
the island, but also occasionally in depressions on the slopes and near the summits of
the higher elevations.

The greater part of the island is still well wooded, although a portion of the
original luxuriant forest has been destroyed by forest fires or cut for commercial
purposes. The principal tree is the useful Douglas fir. Other trees found with it
include species of hemlock, pine, spruce, and cedar. The broad-leafed varieties are
represented by the maple, arbutus, and alder. .

Summary of Geology.

The rock formations of Texada island are not numerous, are mostly of igneous

origin, and range in age from upper Pal®ozoic to middle Cretaceous. They have been
classified as follows:—

1. Pleistotene.. «. +o 2o vo ov o0 se 4n o ..Boulder clays, stratified sands and gravels.

2. Cretaceous.. .. .. «+ +v «v os +» ++ o .. .. 50ft sandstones, sands, clays, and sha

3 Lower Cretaceous or Upper Jurassic.. .. . Diorites and diorite porphyrites, dikes and

) small stocks.

4. Upper Jurassic P.. .. .. .. .. .. .. .. ..Quartz diorites; referred to parwd of Coast
Range batholith.

5. Triassic P.. .. .. +. .+ +v «v «s +s +v .. ..Porphyrites, Texada formation, Texada group
of Leroy (in part).

6. Upper Palwozoie.. .. .. .. +. «. +o <. .. ..Limestones, Marble Bay formation.

7. Upper Palwozoie.. .. .. .. «. .. .. .. ..Bchists, tufis, agglomerates, marbles, -etc.

Anderson Bay formation, Texada group of
Leroy (in part).
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Anderson Bay Formation.—The rocks of this group occupy a small area at the
southern end of the island, and a narrow band extends northward for some distance
along the east coast. They consist mainly of dark, light-greyish, and greenish schists
and shales probably mostly of tufaceous origin, interbanded with agglomerates and
oceasional narrow lenses of crystalline limestone. They were nowhere found in con-
tact with the limestones of the Marble Bay formation, and have been placed below
them principally on acccount of their greater alteration.

Marble Bay Formation.—The Marble Bay formation occurs mostly in the northern
end of the island, and was deseribed in the Summary Report for 1908. It consists
altogether of limestone usually whitened and erystallized hear contacts with igneous
masses. It originally extended southward over the greater puetion of the island, but
has been largely destroyed by the various intrusions of igneous rocks which followed
its deposition.

Texada Formation—The rocks referred to the Texada formation are widely
distributed over the island from Crescent bay southward to Mount Dick, and form all
the higher peaks and ridges. They consist altogether of porphyrites showing consider-
able diversity both in appearance and in the proportions of the constituent minerals.
Normally the porphyrites are brownish weathering; medium to fine-grained, greenish
or greyish rocks, made up of a ground-mass of plagioclase and varying quantities of
augite, hornblende, and chlorite, sprinkled more or less plentifully with plagioclase
phenocrysts which on the surface usually present a faded appearance. The ferro-
magnesian minerals seldom occur conspicuously as phenoerysts. The normal type
passes in places into a fine-grained, compact, greenish rock, and more frequently into
a medium-grained granular rock showing macroscopically only traces of the ordinary
porphyritic texture. ]

Amygdular rounded and elongated cavities filled with quartz, calcite, and epidote,
and lined with a dark chloritic mineral, occur sparingly in certain areas.

The porphyrites in many sections have a conspicuous nodular structure, and in
places closely resemble, and were at first mistaken for, a volecanic agglomerate. The
nodules are ususally finer grained and harder than the enclosing matrix, and project
on weathered surfaces. In shape, they vary from spheroids usually from 6 inches to
1 foot in diameter, to elongated, flattened, nodular masses 10 to 15 feet or more in
length, The nodular porphyrite occurs in small and large irregular areas, separated
by the normal uniform variety.

The nodules are similar in mineral composition to the enclosing matrix and the
massive variety, and they probably represent the first centres of erystallization in the
cooling magma.

Quartz ‘Diorites—The rocks referred to the quartz diorites occur mostly in small
areas fringing the northeast coast along the central portion of the island. One area
also occurs on the west coast at the Iron range, and one inland. - The quartz diorites
are mostly greyish granular rocks resembling granites, and were classed as granites
in previous reports. The present classification is due to a study of a number of thin
sections by Dr. Young, who described them as consisting essentially of plagioclase
with varying and much smaller amounts of quartz and biotite accompanied by horn-
blende, or pyroxene, or both. A small quantity of orthoclase is also usually present,
and magnetite is a constant accessory.

The quartz diorites are regarded as an extension westward across the Malaspina
straits of the Coast Range batholith rocks of the neighbouring mainland.

Diorites and Diorite Porphyrites.—The rocks of this group occur in small stocks
and in dikes distributed mostly over the northern part of the island. The stocks
intrude the porphyrites and the limestones of the Marble Bay formation, but have not
been found in contact with the quartz diorites. Some of the diorite stocks are younger
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than the typical quartz diorites, as inclusions of t.he latter were found in one area;
and dikes which occur as apophyses from the diorite areas are indistinguishable from
dikes cutting the quartz diorites. The two groups are, however, closely related, and
some of the stocks cannot be referred with certainty to either. -

The diorite and quartz diorite stocks are important economiecally, as most of the
valuable mineral deposits of the island occur either at or near their boundaries.

Cretaceous.—Cretaceous rocks oceur on the west coast of Texada island in small
isolated areas extending from Gillies bay southward to Cook bay. The areas were
probably connected originally, and have been separated by erosion. The rocks consist
of clays, shales, soft sandstones, and conglomerates. No coal or lignite beds were seen,
and it is unlikely that any exist, as the series is well exposed in the valleys of the
streams cutting the areas.

The porphyrite floor on which the Cretaceous beds rest is more or less decomposed,
to a depth, in one instance, of 100 feet or more. The decomposed material
occurs both in an unstratified condition filled with cores of the original rock, and
sorted by water into beds of soft red clay and loose reddish conglomerate. The red
clay beds are reported to contain about 13 per cent of iron, and may be of some
economic value, _

The Cretaceoeus beds show only slight disturbance, if any, are not cut by dikes
or other intrusive bodies, and are not mineralized. They were av1dently deposited
after vuleanism on the island had ceased.

Glacial Deposits.—Texada island was probably entirely covered with ice during
the Glacial Period, and deposits of this age consisting of boulder clays, stratified
sands, silts, clays, and gravels on the lower lands, and scattered erratics on the higher,
are present everywhere. The boulder clays and associated beds are not evenly dis-
tributed, and occur mostly in irregular areas extending inland from the west coast.
Over the greater part of the island the covering is thin, and ridges and hummocks of
the older rocks project through it.

Mines and Minerals.

The principal mineral deposits of Texada are situated in the northern part of
the island, and were briefly described in the Summary Report for 1908. In the
vieinity of Van Anda, work was steadily prosecuted during the season on the Marble
Bay, Cornell, and Little Billy mines; and in addition the Copper Queen was unwatered
and some exploratory work done.

. The principal work earried out on the Marble Bay mine during the past year
consistad in exploring the new ore body first encountered in the 10th level at a depth
of 863 feet. It has proved to be an exceedingly important one. At a depth of 960
feet, the present working level, this ore body, shaped like a flattened v/ with the apex
to the west, has a proved length of 180 feet and an average width of about 15 feet.
The grade of the ore is somewhat higher than usual, the first-class ores earrying about
11 per cent copper, $10 in gold, and from 5 to 6 ounces of silver per ton. Among the
more important changes noted in depth, in this mine, are the increasing proportion of
‘bornite compared to chalcopyrite, the better definition of the ore body, the copper
sulphides around the greater part of the periphery ceasing abruptly against a lime
wall in place of diminishing gradually through a bordering zone of secondary mnerals,
and the introduction between the 10th and 11th levels of native silver in small, thin
leaves, scales, and grains. The silver occurs mostly with the bornite, occasionally in
the calcite gangue, and never, so far as noted, with the chaleopyrite. The addition
of native silver to the ordinary minerals of the ores is marked by an increase in the
silver tenor from 8 or 4 ounces to 5 or 6 ounces per ton.
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. At the Cornell mine the extension of the 860-ft. level has resulted in the discovery
of several fair sized ore bodies, all, with one exception, carrying high grade ore. The
shipments from these average at present about 1,000 tons per month. Development
work is now in progress to ascertain if the ore bodies extend down to the 460 ft. level.
No ore has so far been found in this level. The ore bodies of the Cornell, while more
numerous, are smaller and more uncertain than those of the Marble Bay mine.
Development work on the Little Billy during the season consisted in running a
drift from the old workings to undercut a surface showing in the limestone. An ore
body enclosed in limestone was encountered, the full dimensions of which have not
yet been determined, although it has been proved to contain a considerable tonnage of
good ore. o
Some development work was also done on the promising Loyal Lease claims, near
Blubber bay, but no ore bodies of value were found. The important iron range on
the west coast briefly deseribed in last year’s Summary was idle during the season.
South of Raven bay a mining enterprise of some magnitude has been commenced,
viz., to drive a tunnel, starting near sea-level on the coast, inland under Comet moun-
tain. The tunnel as projected will have a length of 3,000 feet or more, and—except
near the mouth where it skirts a quartz-diorite-porphyrite contact—wil] pierce por-
phyrites holding occasional small inclusions of lime all the way. A number of small
and medium sized magnetite lenses usually associated with lime inclusions, and some
quartz veins, outcrop on Comet mountain and in its vicinity. The development work
on these consists of a few open-cuts, and shafts sunk to varying depths, up to 70 feet.
The magnetite lenses usually contain chalcopyrite, but no large body of shipping ore
has so far been uncovered, and the purpose of the tunnel seems to be largely explora-
tory. :
. The southern part of Texada island is not mineralized to the same extent as the
northern portion. Most of the important mineral deposits of the island eccur in
connexion with the limestone of the Marble Bay formation, and this stops, going
south, a2 short distance south of Davies bay. The rocks south of this point consist
of porphyrites cut by a few quartz-diorite -stocks, mostly distributed along the east
coast, and of the schists, tuffs, ete., of the Anderson Bay formation. Small lenses of
crystalline limestone occur in the latter, but these, unlike the Marble Bay limestone, °
which is bordered everywhere by intrusive contacts with various igneous masses, are
considered to be contemporaneous with the enclosing beds and form part of a regular
series. N
A few quartz veins, none of which, if a famous lost mine of fabulous richness
supposed to exist in the vicinity of Anderson bay is excepted, are noteworthy for size
or richness, constitute the discoveries up to the present. The veins carry, in places,
chaleopyrite and more rarely bornite, and some good gold assays are reported. None
of the veins have been mined and very little dévelopment work has been done on them.

MORESBY ISLAND.

Moresby island was visited in August. The trip occupied nearly a month,
although only seventeen days were spent on the island. As hotels are somewhat
scarce, my thanks are due to Mr. Tkeda, Mr. Parsons, and Mr, Morgan for accommoda-
tion and other courtesies, and to Mr. Sandilands, Mining Recorder, Mr., Nestelle, and
others for information and assistance.

General Desuriptit;n.

The Queen Charlotte islands, of which Moresby island forms the central member,
are situated in the Pacific ocean, about 450 miles northwest of Vaneouver. They are
separated from the islands fringing the mainland by Hecate strait, an open body of
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water about 100 miles in width. A regular steamship service with Vancouver is now
maintained, and one with Prince Rupert, which is situated almost directly east of the
north end of Graham island, will shortly be established.

The principal resources of the Queen Charlotte islands consist of extensive
fisheries, a luxuriant forest covering most of the islands, important coal seams on
Graham island, and a large mineralized area on Moresby and adjacent islands, the
possibilities of which are not yet fully known. Moresby and the southern islands are
not well adapted for agriculture on a large scale on account of their mountainous
character and excessively humid climate. Graham island, the largest of the group, is
much flatter and drier, especially toward the eastern coast, and possesses large tracts
capable of settlement.

The Queen Charlotte islands have been neglected in the past, and the development
of their varied resources has been slow and spasmodie. Attention has been drawn to
them recently, owing to their proximity to Prince Rupert, the projected terminus of a
great transcontinental road, and more rapid development is now expected. With the
completion of the Grand Trunk Pacific the islands will be within easy reach of an
important centre.

Moresby island, a portion of which was hastily examined during the past season,
has a length of 110 miles and a width in the northern part of about 25 miles. South-
ward, the average width decreases to about 5 miles. The coast line on the east is
extremely irregular, and is interrupted by numerous bays and branching inlets, some
of which cut nearly across the island. The east coast is also fringed by a multitude
of islands, ranging in size from mere dots up to areas 8 or 10 miles across. The
west coast has never been properly surveyed. It is more regular than the east coast,
is free from islands for long distances, and harbourage is cbtainable only at a few
points.

The interior of Moresby island, from the southern end, north to Tasoo harbour,
the portion visited, is hilly and mountainous throughout. At the southern end the
mountains rise steeply from the water’s edge to an elevation of from 1,000 to 2,000
feet and are wooded to their summits. Northward they increase in height, and, in the
vieinity of Tasoo harbour and for some distance north and south, the main range is
formed of a sierra of high, rugged peaks, rising far above the timber line.

The island is forested, densely in the valleys and more sparingly on the higher
mountain slopes, up to an elevation of about 2,000 feet, the timber line of the district.
The Douglas fir, the prinecipal coast tree of southern British Columbia, is absent, and
its place is taken by the gigantic Sitka spruce (Abies sitchensis), which furnishes excel-
lent timber. Several specimens of this tree were seen which exceeded 10 feet in
diameter, Other prominent forest trees are the red cedar (Thuya plicata), the
valuable yellow cedar (Chamacyparis Nookatensis), and a hemlock (T'suga hetbero-
phylla). Shrubs grow densely and render travelling, except along the timber line,
exceedingly slow and laborious.

The decay of the luxuriant vegetatwn has pnoduced a heavy muck covering which
is kept soft by the constant rains. The muck covering, encumbered as it usually is
with numerous large fallen trees, makes trail building for men difficult and trail
building for horses impossible except at great. expense, and at present all supplies fnr
the interior camps are packed up on men’s backs.

-

GEOLOGY.

A geological examination of Moresby and the other Queen Charlotte islands was
made by Dr. Dawson in 1878, and his report, published by the Geological Survey.in
1880, is still the prinecipal authority on their geology.
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Sedimentary Rocks.

The older formations are not represented on the portion of Moresby island visited,
and the principal sedimentary rocks seen consist of whitish and dark shales
and feldspathic sandstones, probably of tufaceous origin, filled in places with Triassic
fossils. The tufaceous beds are thinly bedded as a rule, and often pass into and
alternate with thin beds and bands of greyish limestone. They are usually disturbed
and faulted and are cut in all directions by numerous dikes,

Massive greyish limestones, usualb' more or less erystalline, are wxdely distributed
in small areas, mostly as inclusions in the later intrusive rocks. They were not seen
wth the tufaceous beds, and their relative age is not definitely known. Fragments of
limestone, ranging in size from a few feet to half a mile or more across, occur along
the east coast from Carpenter bay, north to Lockeport, and were also seen at Tasoo
harbour on the west coast. They are of considerable economic importance, as many
of the ore bodies of the island have formed in or near them.

Intrusive Rocks.

Porphyrites—The most widely distributed rocks in the district visited consist
of medium grained, dark basic intrusives made up mostly of hornblende and a plagio-
clase feldspar. They are usually more or less porphyritic in texture, and are classed
generally as hornblende porphyrites. The more granular varieties resemble diorites
in hand specimens.

The rocks of this group occur on Collison bay, on Ikeda bay, at Jedway, and at
points between Jedway and Lockeport, and on Tasoo harbour. They are massive and
comparatively fresh as a rule, but in places are strongly fissured. Numetrous magne-
tite lenses have formed in them, often near small inclusions of lime.

Diabase.—Rocks often showing a strongly marked ophitic structure, even in hand
specimens, are distributed over a considerable area in the vicinity of Klunkwoi bay
and Anna lake. Their relationship to the preceding group was not ascertained. They
are mostly dark greyish, medium grained massive rocks, slightly porphyritic in places
and occasionally amygdular. They are interesting economicsally, as considerable areas
are sparingly impregnated with copper sulphides.

Granites—Greyish granitic rocks, mostly granites, but probably including
several types, outerop on the Collison Bay-Huston Inlet summit and vieinity, on Apex
mountain, and on portions of Tasoo harbour. They are younger than the dark intru-
sives, and probably represent the period of the Coast Range batholith.

Dikes—Dark greyish dikes, mostly hornblende porphyrites, but ocecasionally
augite porphyrites, are numerous in the vieinity of Collison bay, Tkeda bay, Jedway,
and other places. They cut all the formations, both sedimentary and igneous, pre-
viously described, and are also found traversing the ore bodies. They are younger; in
some instances at least, than the mineralization of the district.

DESCRIPTION OF MINES AND PROSPECTS.
Collison Bay.

Collison Bay Mining Company.—The principal work in the vicinity of Collison
bay is being done at present by the Collison Bay Mining Company, Walter H. Parsons,
manager. The Company owns the Kenora claim and the Office fraction, and are
working the Black Prince under bond. The claims are situated about half a mile
from the beach at an elevation of about 500 feet above it.

The country rock is a massive hornblende porphyrite. It holds some small lime-
stone ineclusions and is cut by numerous dikes.
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The surface showings consist of seven vein-like leads, evidently followmg fissures
or zones of fissuring. Five of these rum nearly north and south and are approximately
parallel, while two have a NW-SE strike. ' The main lead has been stripped for 150
feet and uncovered at intervals for 800 feet. Its width varies from 1 to about 5 feet,
but it swells out to 12 feet at a point known as the Gordon Cut. The vein filling is
mostly magnetite, but varies greatly along the strike. At the Gordon Cut it consists of
chaleopyrite and pyrrhotite in a gangue of altered country rock. The sulphides are
accompanied by small quantities of garnet, dark amphibole, augite, and calcite.
South of the Gordon Cut, the main lead splits up into three branches, all somewhat
similar in character, except that the most westerly one follows for some distance a
limestone inclusion from 1 to 2 feet wide. Chalcopyrite occurs somewhat plentifully
in the lead where it follows the lime, while beyond it in both directions the vein
consists mostly of magnetite.

The main lead near the Gordon Cut outerops on a steep hillside, and is opened up
by a cross-cut tunnel which reaches the vein at a distance of 110 feét. From the end
of the cross-cut, & tunnel has been run southward along the lead for 28 feet and north-
ward 184 feet to & point under the Gordon Cut. An incline shaft 97 feet in length has
also been sunk at the end of the south drift, and some drifting done at its foot. The
development work has been planned judiciously, but the results so far have been
disappointing. The ore continues down, but at the depth reached is less concentrated
than on the surface and the values are stated to be lower.

At the time of my visit work on the main lead was suspended and one of the cross
leads was being opened up. This lead is traceable for about 200 feet, and at one point
swells out to a width of 20 feet. A cross-cut tunnel is now being driven towards it.
The vein filling on the surface is principally magnetite holding considerable chalcopy-
rite, and is said to carry good values in gold.

Oceantc.—This claim is situated -close to the beach at the head of Collison bay.
The country rock here is a porphyrite holding some small limestone inclusions. There
ig no defined lead, and the ore consists of the altered and mineralized limestone and
portions of the bordering intrusive. The vallable minerals present are chalcopyrite
and small quantities of bornite, The deposit has been opened ur by two shallow pits
80 feet apart, and some surface stripping. Twelve tons of ore, said to have yielded
8 per cent copper and small values in gold, have been shipped.

Meal Ticket.—The showing on the Meal Ticket is situated near the foot of the
ridge bordering Collison bay on the northwest, at an elevation of 225 feet above sea-
level, and consists of a tabular lens of magnetite apparently lying in a nearly hori-
zontal position in porphyrites. The lens has a thickness of from 3 to 8 feet and is
exposed on the hillside for a distance of about 200 feet. The principal minerals
associasted with the magnetite are chalcopyrite, pyrrhotite, epidote, garnet, and quartz.
The chalcopyrite is somewhat sparingly distributed through the magnetlte except
along a stretch about 80 feet in length near the north end, where it is fairly abundant.
A small, vein-like lead south of the magnetite lens contains some good ore, principally
chaleopyrite.

The development work consists of two tunnels, one 35 feet in length situated
immediately below the south end of the ore body, and the other 80 feet in length lower
down the slope, Neither of the tunnels affords much information.

- Princess Group—This group is situated at an elevation of 1,500 feet above sea-
level on the crest of a ridge overlocking Carpenter bay. The rocks consist of a wide
granite dike, cutting basic igneous rocks, too altered for recognition, and oceasional
outcrOpa of erystalline limestone. A lens of magnetite about 45 feet in length and 18
feet in width, holding considerable chalcopyrite at one point, outerops a short distance
below the summit of the ridge at the contact of the t.wo mtrumves A strong lead
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showing decomposed mggnetite in places also crosses the summit, and is exposed by
gmall open-cuts. The principal development work consists of a tunnel driven through
the magnetite lens and for some distance into the country rock beyond.

Iseroyd Group—These claims are situated about 8 miles from Collison bay
across the summit to Huston inlet, at an elevation of 600 feet above sea-level. The
rocks here are whitish altered tuffs cut by a granite stock. Both rocks are mineralized
along their contact over a considerable area with chalcopyrite and pyrrhotite. The
open-cuts which constitute the present development work show two small areas,
holding considerable chalecopyrite, both of which occur in altered granite. In the tuffs,
pyrrhotite is the principal mineral. -

Tkeda Bay.

Tkeda bay is situated a short distance northwest of Collison bay, and is connected
with it by a foot trail. Most of the claims in the vicinity are owned by Awaya, Ikeda
& Co., a Japanese company.’ This Company controls 47 claims and, under the manage-
ment of Mr. Tkeda, has done a large amount of work, principally on the Lily group.

LILY MINE.

The country rock in the vicinity of the Lily mine and ITkeda bay is a dark,
massive, medium grained hornblende porphyrite, resembling a diorite in hand speci-
mens. It is fissured in places, holds occasional inclusions of lime, one of which crosses
the Lily lead, and is cut by a numniber of porphyrite dikes which are later than the
mineralization. It is probably an extension of the intrusive area exposed at Collison
bay, but-is less distinetly porphyritic.

Development—The Lily mine is situated about a mile from the beach, The lead
outerops on a slope rising at an angle of 20°. The main workings consist of a tunnel
800 feet in length and two short tunnels higher up the slope, all following a long,
fissured zone. A fourth tunnel at an elevation of 300 feet above the main one and
starting 250 feet beyond it, has also been commenced. It follows a shear zone, con-
sidered by the management to be a continuation of the one followed in the lower
levels. In the upper level a small lime fragment is enclosed in the diorite.

Ore Bodies and Ores.—In the lower level two ore bodies were encountered, the
first 25 feet and the second 175 feet in length. The latter has been stoped to the
surface. Its width varies from 2 to 10 feet and averages about 4 feet. The ores
consist of chalcopyrite, carrying some values in gold and silver, associated with pyrr-
hotite, pyrite, and rarely, magnetite. The gangue is principally the more or less altered
country rock usually holding small quantities of various secondary minerals, prin-
cipally epidote, garnet, hornblende, calcite, and quartz. Shipments of 2,842 tons of
ore have been made from this vein, averaging about 10.4 per cent of copper, 4 ounces
gilver and 0.238 of an ounce gold per ton. No ore has been taken out so far and no
development work done below the level of the tunnel.

The shear zone striking nearly south and dipping steeply to the east has been
explored for some distance beyond the ore body. The fissured porphyrite is altered
and mineralized in places, but no shipping ore was found.

A drift to the west from the lower tunnel about 550 feet from its mouth led to
an important discovery. The drift followed a branch fissure carrying some scattered
ore, and at a distance of about 100 feet entered a large ore body, the full extent of
which is not yet determined. The present chamber has a length of over 70 feet and
a width of 51 feet. The porphyrite here is cut by two dikes and is fissured in various
directions, but not shattered. The ore is low grade, and consists of grains, bunches,
and small lenticles of chalcopyrite and pyrrhotite scattered through the country rock.
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Small quantities of ‘pyrite and magnetite are.also present. The porphyrite is some-
what altered, and various secondary minerals, including quartz, caleite, aqidote, garnet;,
and hornblende are sparingly distributed through it. The shipments yielded 2.99
per cent copper, 1-21 ounces silver and 0-076 of an ounce gold per ton. Shipments up
to the present aggregate about 6,000 tons. ) :

Eguipment.—The equipment at the mine includes an 80 horse-power boiler, an
Ingersoll-Rand compressor running three drills, and a donkey engine used for hauling
up the empty cars. A wharf with capacious ore bunkers has been built on Tkeda bay,
and is connected with the mine by a tramway 6,200 feet in length. The buildings
include an excellent boiler house, machine and blacksmith shops, and several cottages.

With the exception of the Lily group, the numerous claims of the Awaya-Tkeda
Company are still practically undeveloped. Some stripping and surface work has
been done on the Crysanthemum group, and several magnetite lenses, one about 100
feet in length, have been exposed. The magnetite, as usual, carries some copper and
iron sulphides. On the Wistaria claim a small calcite vein earrying free gold has
been explored for a short distance. Numerous exposures of mineral, mostly magnetite,
are reported on other claims, but were not examined.

Jedway.

Mining at Jedway, on Harriet harbour, was at a standstill at the time of my
visit, principally on account of litigation over various properties. Numerous dis-
coveries have been made in the neighbourhood, but with the exception of a tunnel on
the Copper Queen, little development work has been done.

Geology.—The rocks seen include tuffs, argillites, and interbedded limestones of
Triassic age. These are well exposed along the coast, but are replaced, going inland,
by a dark slightly porphyritic rock similar to that at Tkeda bay. The latter is intruded
at various points by greyish granite. Massive limestones also occur on Copper island,
and at various other points, as inclusions in the porphyrite and granite.

Copper Queen.—This claim is situated on the southwest side of Harriet harbour
at an elevation of 750 feet above sca-lev#l. A tram-line to the beach, 4,800 feet in
length, has been cut out. The mineral exposures consist of a number of magnetite lenses
outeropping along a creek over an area about 200 feet long by 50 or 60 feet in width.
The rocks here consist of hornblende porphyrite eut by granite, and most of the lenses
have formed along the contact or in the granite near it. A small lime inclusion occurs
at one point in the granite. The lenses so far explored are small, but carry consider-
able chalcopyrite in places and have yielded some good ore. A tunnel, designed to
cut the line of lenses at a depth of 110 feet, has been driven into the hillside for a
distance of 370 feet. The tunnel pierces granite for 300 feet, then a zone of altered
rock holding some iron, and terminates in porphyrite. No large body of ore was
encountered. The absence of ore along the line of the tunnel does not conclusively
prove that the lenses are confined to the surface, and a drift from the tunnel along
the granite-porphyrite contact will be necessary to test this point. '

Moresby Island—The Moresby Island mineral claim is situated some distance
south of the Copper Queen at an elevation of 750 feet above sea-level. A porphyrite-
lime contact crosses the elaim, and both rocks for some distance back from the contact
_are altered, and mineralized with the usual contact metamorphic varieties, Garnet
is present in considerable quantities, and also epidote and ecaleite. The metallic
minerals include chaleopyrite, pyrite, zinc blende, and a little magnetite. The develop-
ment work -on the claim is limited to a few small open-cuts and some stripping,
insufficient to determine either the extent of the mineralized area or the quality of the
ores.



78 ' GBOLOGIOAL SURVEY

9-10 EDWARD VII., A. 1910

Iron Mountain or Magnet.—This claim is situated about a mile from Harriet
harbour, on the divide between it and Huston inlet, at an elevation of about 1,300 feet
above sea-level. It contains a large magnetite body about 400 feet in length, with a
width at one point of fully 100 feet. The magnetite is enclosed in porphyrite, except
at the north end, where some crystalline limestone is exposed. It is unusually free
from impurities, on the surface at least, but contdins some garnet, epidote, calcite,
and cores of more or less altered country rock. TIron and copper sulphides in small
quantities and some blende are also irregularly distributed through portions of the
mass. The magnetite is reported to assay from $2 to $3 in gold. It has remarkable
‘magnetic qualities and acts as a natural lodestone. The development work consists
of some stripping, a surface cross-cut to determine the width of the ore body, and a
short tunnel along the foot-wall.

Dingo.—The ore outerops on the Dingo claim consist of a magnetite lens 10 to 15
feet in width., The lens is exposed by surface cuts at two points about 60 feet apart,
and is said to be traceable for a considerable distance, The surface exposures contain
little or no copper.

Magnetite lenses also occur on the Reco, Modoe, and other claims in the vicinity.

Copper Island.

Copper island is situated in Skineuttle inlet, about 4 miles north of Jedway.
The island is about half a mile in diameter, and several claims have been staked on
it, now mostly owned by A. Heino. A wide band of massive greyish erystalline lime-
stone crosses the island, and is bordered by a dark medium grained basic intrusive
resembling a diorite but classed with the hornblende porphyrites. The mineral occur-
rences consist of a number of small quartz and calecite veins, oceasionally carrying a
little copper, traversing the porphyrite, and an irregular but extensive contact meta-
morphic zone along the lime-porphyrite contacts, both rocks as usual being affected.
Garnets have developed in large quantities, and are accompanied by smaller amounts
of epidote, hornblende, calcite, and quartz. The metallic minerals present include the
two copper sulphides chalcopyrite and bom*te, pyrite, and some scattered magnetite.
In addition to these a small veinlet of tennantite, and some cuprite, both probably
derived from the sulphides, occur at one point.

The contact metamorphic zone on Copper island is the most typical one seen in
the district, and the geological conditions are very similar to those in the vicinity of
the rich copper deposits of Texada island. The exploratory work consists of a short
tunnel and some shallow pits and shafts. A few tons of picked ore have been shipped,
but no large ore body of commercial value has so far been found.

A large number of claims have been staked on Huston inlet and Burnaby island,
but as little development work was in progress on them, they were not examined.

Klunkwoi Bay and Vicinity.

From Jedway northwest along the coast to Lockeport, a distance of about 40 miles,
while claims have been staked at various points, little mining is being done.

In the vicinity of Lockeport, also, although practically the whole country has been
staked, few of the claim holders are doing more than the necessary assessment work.

Swede Groups.—The principal claims near Lockeport, or at least those on which
the most work has been done, are known as the Swede group. They are situated on a
steep-sided, wooded ridge about half a mile wide and 1,000 feet high, bordered on both
- gides by inlets from Klunkwoi bay. The group is formed of eight claims extending
across the ridge.
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The country rock is a dark, medium to rather coarse grained diabase, often
amygdaloidal in character. The cavities in the amygaleidal variety vary in size up
to about half an inch in diameter and are filled principally with yellowish green
epidote, usually accompanied by subordinate quantities of quartz and calcite, and more
rarely, chalecopyrite and pyrite. The diabase is quite massive, showing in hand speci-
mens no sign of crushing, It is crossed by a few strong fissures, but is not conspicu-
ously fractured or jointed. Epidote has developed abundantly in certain areas,
partially replacing the original constituents, but as a rule the alteration is not ex-
cessive. Occasional limestone inclusions, none seen being conspicuously mineralized,
ocecur in the diabase, and it is also erossed by a few dark basic dikes.

The ore consists simply of the diabase, usually more or less epidotized, sparingly
impregnated with chalcopyrite and occasionally a little bornite. = The chalcopyrite
oecurs in grains, small aggregates, and tiny veinlets scattered through the close tex-
tured, more or less altered diabase and also in the filling of the amygdules in the vesi- .
cular variety. It is irregular in its distribution, and seems to occur in patches often
of considerable extent, alternating with barren areas.

The development work on the Swede group consists of several long open-cuts, all
showing mineral situated at intervals up the steep mountain eide to a height of 700
feet, and two tunnels near sea-level, over 100 feet long. The tunnels were
driven by I. Wolffsohm, of Vancouver, who now holds the property under bond. Ore
in wide irregular patches occurs along both tunnels, but except in spots appears to be
low grade. A general sample from a 75 ft. face in one of the open-cuts, collected by
Mr. Fleet Robertson, Provincial Mineralogist for British Columbia, is stated by him
to have yielded a little over 2 per cent copper with traces of gold and siiver.! This
probably mnearly represents the average copper tenor of the diabase in “the larger -
mineralized areas, judging from the present limited exploratory work.

The outline of the copper-bearing diabase has not been defined, but it is known
to outerop over an area of several square miles, and numerous locations have been
made on it at widely separated points. It is quite possible and even probable that
with further prospecting higher grade ore in quantify will be found.

The genesis of these peculiar deposits is not fully understood. The intimate
intermingling of the sulphide grains with the other rock-forming minerals in some
specimens gives the impression that the chalcopyrite formed one of the original con-
stituents. On the other hand, the occurrence of the chaleopyrite in the amygdules
and in small veinlets as well as in grains, and the occasional highly altered and
epidotized condition of the diabase in its vicinity render this view unlikely; and it is
more probable that they are of pneumatolytic origin and that the sulphides were
deposited from gaseous emanations possibly emitted from the still liquid lower portion
of the diabase magma after the ulper part had cooled. The strong fissures oceasion-
ally seen cutting the diabase and the dikes which intrude it have had no apparent
effect on the mineralization, and both are probably younger.

Nelson Group.—These claims are situated near Lake Anna, on the trail from
Klunkwoi bay to Tasoo harbour. The country rock in the exposures seen at the lake
shore is a dark basic intrusive resembling that at the Swede group, and the mineraliza-
tion, consisting of an impregnation of the altered country rock with chalcopyrite, is
also very similar. The development work has only begun, and the extent of the
mineralized area is not yet known.

Magnetite lenses are reported in the mountains south of the lake, but were not
visited. ' \ :

Apex Olaims.—The Apex claim is situated about a mile southwest of Lake Anna,
near the crest of the high mountainous ridge which forms the watershed of the island.

1 Report of the Minister of Mines, B.C., 1907, p. 70.
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The ridge has a general elevation here of about 2,700 feet, and is surrounded by occa-
sional peaks rising 200 or 300 feet above it.

The rocks at the claim consist of a lime wedge, about 100 yards wide on the
surface, enclosed in a greyish granitic rock, both eut by porphyrite dikes.

A short distance below the sharp erest of the ridge a large magnetite lens outerops
on the south slope, and apparently extends through the ridge, here about 400 feet
across; as a similar magnetite is exposeed at about the same elevation on the north
slope. The lens on the south slope has a maximum width of 50 feet and is traceable
up the mountain side for a distance of about 100 feet. On the north slope the maxi-
mum width is 125 feet and the height about 60 feet.

The magnetite formed in and replaced a portion of the limestone, near its contact
with the granite. It includes a number of limestone cores and also small areas made
up mostly of garnet and calespar. It is stained nearly everywhere on the surface with
copper carbonates, and in places chalcopyrite is fairly abundant. The copper tenor,
judging from the surface exposures, seems important, but the percentage is not known
as practically no work has been done on the claim.

A second large magnetite mass outerops on a ridge about half a mile west from
the Apex lode. Only small quantities of copper are visible in the surface exposures.

Copper Belle.—This claim is situated in g high basin north of Apex mountain.
The claim is crossed by a strong porphyritic dike. The showing consists of a magne-
tite lens about 20 feet in width bordering the dike. The magnetite carries considerable
chalcopyrite in places.

Albia Clatm.—The Albia is situated in the Apex basin northeast of the Copper
Belle. The country rock is an altered greenstone, probably a porphyrite cut by a
porphyrite dike. Near the dike the country rock is erushed on the hanging-wall side
for a distance of 10 to 15 feet and impregnated with pyrites. Gold values of $10 per
ton are reported to have been obtained from a zone 4'-8” in width bordering the dike.

Tasoo Harbour.

Tasoo harbour is on the west coast opposite Lockeport, and is reached from the
latter point by a trail 3% miles in length. The trail starts from an inlet of Klunkwoi
bay, south of Lockeport, climbs 500 feet to Lake Anna and a further 1,300 feet to the
summit of the dividing ridge. The descent to the west coast is rapid, the flats border-
ing it being reached in less than a mile from the summit.

A second trail from the head of Crescent bay has been built by the Provineial
government. The summit crossed by this trail is reported to be very low, only 200 or
300 feet in height. '

Tasoo harbour is probably the best of the few harbours on the west coast, but is
difficult to enter except at slack tide, owing to the rapid current produced by the water
foreing its way through the narrow outlet. It is a large irregular body of water over
15 miles in length, consisting of a wide central portion and three deep bays known as
the North and South arms and Botany bay. It has never been surveyed, but is said
to have over 100 miles of shore-line. It is surrounded on all sides by high
ridges and mountains wooded up to a height of 2,000 feet and bare above, which rise
from the water at angles often exceeding 50°,

Geology.—Only a portion of the harbour was examined. The rocks seen consist
mostly of intrusives similar to those on the east coast. A medium grained greyish
granitoid rock classed as a granite outerops around the head of Botany bay, and is
also found on the South arm. It intrudes a dark basic rock referred to the hornblende
porphyrite group. Both intrusives are cut by numerous porphyrite dikes, and also
hold occasional inclusions of limestone.
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Contact Group.—This group includes a number of claims staked on a ridge south
of the head of Botany bay. The present workings are situated on the summit of the
ridge, at a height of 2,400 feet above sea-level. The country rock here is an altered
greenstone, much fractured, and crushed almost into a schist in places.- It is cut by
a number of dikes, mostly porphyrites, but including a few which are apparently
apophyses from a large granite area crossed ascending the ridge.

The showings consist of a number of irregularly distributed magnetite lenses
enclosed in greenstone. The magnetite ts oxidized on the surface and the red outerops
are very conspicuous, but the present open-cut workings have not so far disclosed any
large body carrying copper in commercial quantities. The principal minerals asso-
ciated with the magnetite are chalcopyrite, pyrite, pyrrhotite, epidote, and garnet.

A large magnetite lens is stated to outerop some distance below the present work-
ings, on the erest of the ridge, but was not seen.

Warwick Group.—These claims are situated south of the entrance to the South
arm of Tasoo harbour, and are distant about 8 miles from the end of the Locke-
port trail at the head of Botany bay. The principal workings are at an elevation of
1,160 feet above sea-level, and 2,000 feet from it in a direct line,

The country rock is a dark, medium grained hornblende porphyrite, holding a
large ineclusion of erystalline limestone. The mineral showings occur partly in the
limestone and partly in the porphyrite, and consist of magnetite in unusually large
masses, associated with chalcopyrite, pyrite, and pyrrhotite.

Development work was commenced on these claims in June of the present year,
and has been pushed energetically. Besides considerable surface work, consisting of
trenching, stripping, and open-cuts to define the ore bodies, a tunnel 100 feet in length
has been driven into the main magnetite mass. The tunnel section consists mainly of
magnetite, alternating at one point with a band of limestone 15 feet in width and cut
by some dikes. Magnetite interbanded with limestone is also shown by surface
exposures to extend 100 feet beyond the end of the tunnel. The full length of the ore
body is not yet known.

The magnetite is associated with chalcopyrite in grains and bunches, pyrite, and
pyrrhotite,. The non-metallic secondary minerals usually accompanying similar
deposits are not conspicuous. The copper sulphides occur somewhat plentifully in
the magnetite near the two ends of the tunnel, and in smaller quantities along the
central portion. A considerable proportion of the material extracted is considered by
the management to be of shipping grade, but the average copper tenor was not ascer-
tained.

A second magnetite mass, which has apparently developed in porphyrite, as no
limestone was seen, occurs 800 feet northwest of the one tunnelled. It has not been
fully defined, but is of large size—fully 100 feet in width and 200 feet in length, at
least. Magnetite outerops, probably marking a line of lenses, are also stated to extend
down to the beach.

GENERAL SUMMARY.
Principal Metallic Minerals.

Magnetite—This is much the most abundant mineral seen. It occurs in irregular-
shaped areas, varying in size from small bunches to great masses 300 to 400 feet or more
in length, in long vein-like forms, and in grains disseminated through the altered
rocks. It is usually associated with iron and copper sulphides, garnet, epidote, and
other contact metamorphic minerals.

Pyrrhotite—Pyrrhotite is common in most of the magnetite lenses and in the
alteved areas. No high gold values have so far been found in it
26—6



82 GEOLOGICAL SURVEY

9-10 EDWARD VII,, A. 1910

Pyrite—Pyrite occurs with the magnetite, but is less abundant than pyrrhotite.
A pyritic zone on the Albia is said to carry fair gold values.

Chalcopyrite.—This is the principal valuable mineral worked at present. It occurs
in grains and bunches in practically all the magnetite lenses; in altered contact zones;
in shear zones, as at the Lily, associated with the iron sulphides; and impregnating in
small quantities considerable areas of altered diabase. Its distribution in the magne-
tite lenses is erratic, and the proportion present is also very variable.

Bornite—Bornite occurs in small quantities associated with chalcopyrite on the
Oceanic, on Copper island, and in the copper-bearing diabase of Klunkwoi bay.

Tennantite.—A small vein of tennantite occurs in the altered contact rocks of
Copper island.

Cuprite—Cuprite is found in small quantities on Copper island.

Sphalerite—Sphalerite oceurs sRaringly in some of the magnetite lenses, and in
tha altered contact zone.

Gold and Silver.—A small caleite vein carrying free gold occurs at Tkeda bay, and
most of the sulphides carry small values in gold and silver.

Gangue Minerals—The gangue minerals consist of the usual contact metamorphic
varieties. Garnet and epidote, the most abundant of these, are present in some
quantity in nearly all the mineral occurrences seen. They oceur as individuals and in
small aggregates both in the ore and adjoining country rock, but have seldom developed
in sufficient quantities to form large pure masses as in the Whitehorse district. Other
gangue minerals commonly present are calcite, quartz, hornblende, augite, and chlorite.

Character of Deposits.

With the exception of a few small quartz and calcite veins of questionable value,
practically all the mineral occurrences seen are replacement deposits, most of them
situated at or near lime-porphyrite or granite-porphyrite contacts. A few occur in the
interior of th® intrusive masses, some of which follow evident shear zones, while others
are indistinguishable in appearance and contents from the ordinary contact lodes.

The majority of the ore bodies consist of irregular-shaped masses of magnetite,
most of them small; but a few measure from 100 to 400 feet in length and 100 feet or
more in width. _

The magnetite lenses always carry iron and copper sulphides in some quantity,
and oceasionally chalcopyrite is developed, in portions of the mass, in sufficient quanti-
ties to constitute shipping ores. The gold and silver values found so far are small.

The typical irregular-shaped magnetite lenses grade into long vein-like forms.
These, in some instances, have magnetite as the principal vein filling, and in others
chaleopyrite and the iron sulphides are the chief minerals present.

The gangue, in both the magnetite and sulphide ore bodies, consists of the country
rock in which they developed, usually more or less altered and partially or wholly
replaced by secondary minerals.

The peculiar low grade copper deposits in the Klunkwoi diabase are described on
a previous page, in connexion with the Swede group. In them, chalcopyrite, sparingly
distributed through the diabase, and epidote, are the principal minerals present.

Present Status of Mining.

While iron and copper minerals have been known to exist in the Queen Charlotte
islands for several decades, the present activity in mining practically commenced in
1906. Since then prospecting has been vigorously prosecuted, and has resulted in the
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discovery of several extensive mineralized areas in which nearly 1,300 claims have been
already staked. A large percentage of the discoveries consists of small and medium
sized magnetite lenses of doubtful value.

While prospecting has been active, development work has proceeded slowly, and
few of the numerous discoveries have been tested even superficially.

The Lily mine, the only one on the island on which any considerable amount of
work has been done, has been proven to contain two important ore bodies, one high
grade and the other low, and shipments totalling over 8,000 tons have been made from

them. Small shipments have also been made from the Oceanic and from Copper
island. -

During the season development work was in progress on the claims owned by the
Collison Bay Mining Company on Collison bay, and on the Contact and Warwick
‘groups in Tasoo harbour. A small amount of work, principally necessary assessment
work, was also done on a number of other claims.

The deposits of the so-called contact-metamorphic group are characteristically
bunchy and uncertain both in permanence and tenor of valuable minerals, and only
occasionally, as experience on the coast has shown, have the tonnage and values neces-
sary to make important mines. The development work on Moresby island, small as it
is, has led to several disappointments, but has also proved the presence of ore of
shipping grade at a number of widely separated points, although only rarely in
quantity. The results obtained so far, measured by the amount of work done, are not
unfavourable, and warrant more energetic development work than is being done at

present.

26—63
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SOUTHERN VANCOUVER ISLAND.
(Charles H. Clapp.)

INTRODUCTION.
General Statement.

The work carried on by the writer during the past field season, from June 22 to
September 17, in the southern part of Vancouver island, was entirely of a reconnais-
sance nature, although detailed work was done by his assistant, John A. Allan,
assisted by F. J. Barlow, on the east coast, During the last month, Mr, Allan extended
the reconnaissance farther to the north. The other assistants were: James Caffery,
Charles E. Blogg, and Frank Caffery.

The coast line from Point Nopoint to Bamfield ereek and the shores of Nitinat
lake were first examined. A traverse was made up Jordan river, across the divide and
down San Juan river to its mouth. Another traverse was made up Gordon river, with
a side trip up Bugaboo creek, across the divide and down Sutton Creek valley to
Cowichan lake. Three weeks were spent at Cowichan lake and immediate neighbour-
hood. The low divide at the west end of the lake was then crossed, and the coast
reached by way of Nitinat river and lake. The rest of the season was spent examining
the eastern and southern shores of Barkley sound and Alberni canal. Mr. Allan spent
the last month in the field on a reconnaissance across the island between Mount
Brenton and Alberni.

Location and Area._

The geological reconnaissance was confined to the southern part of Vancouver
island. In the past and preceding seasons, the area to the south of the Alberni-
Nanaimo road and to the east of Alberni canal and Barkley sound, has been explored,
covering, in all, roughly 4,000 square miles. The examination was necessarily con-
fined to the more accessible parts, and no work was done on the east coast north of
Ladysmith.

' Previous Work.

In the area explored, little previous work had been done, for Selwyn, Richardson,
and Dawson, of the Geological Survey, confined their attention to the extreme south-
eastern part and to the coal-bearing rocks of the east coast. Later, Dawson examined
the northern part of the island. In 1002, Webster and Haycock, on behalf of the
Geological Survey, made a cursory examination of the west coast of the island. The
writer's own work of 1908 did not extend into the area examined during the past
season. Uonsiderable work of a less general nature has been done by the Provinecial
Department of Mines, in special, scattered localities. Mr. E. Lindeman examined the
iron ores of Vancouver island for the Mines Branch in 1907, and reported upon the
iron deposits of Gordon river in the Summary Report of the Mines Branch for 1907-
1908.

Summary and Conclusions.

The rocks of the southern part of Vancouver island are largely crystalline. Two
main formations becur: the Vietoria group and the Vancouver group. The Victoria
group is the older, and is provisionally assigned to the Palmozoic. It forms a broad
belt underlying the southern part of the area, and consists of slates and schists, meta-
morphosed basic volcanics, and marbles.
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The Vancouver group is lower Mesozoic in age. It consists chiefly of voleanie
rocks, largely basic types, but dacites and quartz porphyries oceur. The basic members
have been altered to greenstones and schists. Some of the voleanie rocks, probably of
the upper part of the series, are interbedded with slates and shales.

The above formations have been subjected to mountain building foreces and
invaded by stocks and batholiths. The plutonic rocks have a wide range of composi-
tion, but the chief rock type is granodiorite; they are correlated with the Coast Range
batholith of the main coast, which probably is upper Jurassic in age.

During the Cretaceous, the sedimentary rocks forming the Cowichan group were
deposited unconformably upon all of the above erystalline and metamorphosed rocks.
It is probable that sedimentation was not continuous throughout the Cretaceous, but
that the group consists of two or more distinet formations.

In late Oretaceous or early Tertiary time, the Cowichan group was folded, and it
has suffered from the same erosion that planed off the underlying erystalline rocks.
The detritus of this Tertiary erosion was in part deposited in marine basing along the
southern and western shore of the island.

In the Glacial Period, the island was covered by an ice cap. Glaciers occupied the
prineipal valleys and widened and deepened them. On the retreat of the ice, the
morainal deposits were variously modified, and the present thick mantle of drift is of
glide, fluviatile, lacustrine, and marine origin. _

With the exception of the coal deposits of the east coast, the mineral resources of
the area have been but little developed. These resources, although possibly not exten-
sive, are varied and of prospective interest. Gold occurs in the gravels of the streams
draining the area underlain by the Leech River slates, and has been derived from very
low grade, quartz veins in that formation. The gravels are usually quite rich, but are
not very abundant. Large accumulations of gravek at the old mouth of Lost river and
near the mouth of the present Sombrio river, are being exploited at present.

Copper prospects are numerous, and some ore has been shipped from the Gladys.
mine on the Alberni canal. The deposits are chiefly developed in the contact-metamor-
phosed limestones of the Vietoria and Vancouver groups, and are, as a rule, small,
irregular, and of low grade. Some of them are, however, of considerable economic
interest. Other copper deposits occurring as disseminations in shear zomes and as
veins in sheared rocks, are of little importance.

Large bodies of magnetite occur along the contact of the Nitinat limestones and
diorite. The bodies are large, and low in phosphorus; but high in sulphur. The chief
deposits occur in the valleys of Gordon river and Bugaboo creek.

The limestones of the area furnish ample material for flux, and for the manufac-
ture of lime and cement. Low grade clays occur in the stratified Pleistocene and
recent deposits, Good building stones are not abundant; but some of the granites,
marbles, and sandstones are possibly suitable for this use.

Coal is apparently absent from the areas of Cretaceous rocks other than the
measures of the east coast, and it is almost certainly absent from the Tertiary sedi-
ments of the west coast.

GENERAL CHARACTER OF THE DISTRICT.

Topography.
The whole of Vancouver island is mountainous save for a relatively narrow strip
of lowland along the east coast. With the exception of a few isolated peaks and a
more or less broken chain of mountaing in the central part, the elevations are char-
acteristically flat-topped or ridge-like. This type of topography is the rule in the
southern part of the island, where the mountains and ridges rise rapidly from the
shore to a height of about 2,000 feet, and continue to rise inland to heights of 4,500
to 5,000 feet north of Ccmuchan lake, with, however, a few mcuntains rising a few
hundred feet above the general level of the ridges.
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North and west of Cowichan lake a more or less continuous mountain chain
extends to and culminates in Mount Arrowsmith: a mountain with several rocky
peaks, the highest of which is nearly 6,000 feet above sea-level. The mountain chain
extends southeastward from Mount Arrowsmith to Mount Moriarty, and then forks:
one chain extending to Mount Benson, west of Nanaimo, and another to Mount
Brenton and farther eastward, where it forms the low Mount Sicker range. This more
mountainous country, with rock peaks and small perpetual snow fields, is from 10 to 15
miles wide. The greater number of the peaks are under 5,000 feet above sea-level, but
all are rock peaks and have been carved by local glaciers, They are, therefore, in
great contrast to the flat-topped ridges and cone-shaped mountains, usually covered by
timber, which oceur to the south and east.

From the nature of the mountains as a whole, it appears that they have been
formed by the dissection of an uplifted, old erosion surface. The old surface or pene-
plain was probably developed in early Tertiary times and unlifted during the Pliocene.
Into this peneplain many rivers have cut deep and broad valleys, many of which have
been still further deepened and widened by glacial abrasion. The trend of the most
important of theservalleys is either northerly or westerly. Among the more important
northerly trending valleys, the Nitinat and Alberni valleys and the lower part of
Klanawah valley have been widened and deepened by glacial scouring, while the others
do not depart greatly from the V-gshaped character. The more important east and west
valleys are broad, this feature being in part due to glacial scour, but they are, however,
subsequent valleys dating at least from COretaceous times, as some of them are under-
lain by sediments referable to that period.

Alberni valley has been drowned, and it now forms the southernmost of the great
fiords which indent Vancouver island from the west. Nitinat lake is only a few feet
above low water, and at high tide the salt water rushes into it through a narrow rock
gate. With the exception of these two inlets and two broad bays—San Juan harbour
and Pachena bay—the west coast between Point Nopoint and Barkley sound is very

straight and affords little or no shelter. This character, so unlike that of the coast

north of Barkley sound, is due to the structure and uniformity of the comparatively
recent Tertiary sandstones and conglomerates which form the greater part of this
coast,

Climate and Vegetation.

The climate of the area varies widely in different parts. Along the west coast it
is exceptionally wet, with almost 120 inches of rain in a year, while on the east side of
the island—in the lee of the main range—it i8 comparatively dry, with from 80 to 60
inches of rain per year. The temperature along both coasts is remarkably uniform,
owing to the influence of the Japan current. The average temperature is 40° F. in
winter, and 55° F. in summer. On the mountains the differences in temperature are,
of course, much greater. .

Virtually the entire area is heavily forested; the chief forest trees being fir, cedar,
gpruce, balsam, and pine. The timber is in places of little value owing to old wind-
falls, snowslides, and forest fires; but over large areas is of excellent quality. The
western part of the area and the valleys are covered by a dense underbrush, composed
chiefly of ealalberries, huckleberries, and salmonberries, which, in places, are so thick
as to be well-nigh impassable.

As yet there is little agriculture, and there is only a comparatively small part of
the land suitable for farming purposes; not more than 10 per cent. Relatively narrow
strips bordering the rivers and lakes furnish good land, which, however, must for the
greater part be cleared of heavy, thick timber. Occasional, open meadow lands occur,
especially in the interior.

e
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Means of Communication.

Fiords, lakes, and rivers, and a few roads furnish ready access to the interior of
the island, and no very long inland trips need be made. Such trips ab the present
time must be made without the aid of pack animals, as the trails are not numerous
and, with two or three exceptions, are only suitable for men.

GENERAL GEOLOGY.

Table of Formations.

A provisional classification, based on the past two seasons’ field work, of the
formations exposed on the southern part of Vancouver island, is as follows :—

ggpgﬁ?ial d:posits.. se 44 w4 s ss ws 4. oo .. Pleistocene and Recent.
o ormation . . .
Oariranah form.atlon} Tertiary (Oligocene Miocens). .
Cowichan group.. .. .. .. .. .. .. .. .. .. ..Upper Cretaceous

Nanaimo, in part, (May include lower Cretaceous and J urasgic.)
Dike intrusion.. .. .. .. +. «« .2 «. .. .. ..Upper Jurassic?
Batholithie intrusion.. .. .. .. .. .. .. .. ..Upper Jurassic?

Granodiorite. .

Diorite and monzonite.
Sooka gabbroP .
Vancouver group.. .. .. .+« «4 +o 4+ «» .. . . Jurassic (or, and,) Triassic.
Metcho volcames?
Mt. Sicker formation?
Sansum formation?
Vancouver volcanics.
Vancouver limestone.
Vietoria group.. «« «v «v «v oo vo ve +s ov +o . Upper Pal®ozoic?
Nitinat formation. ME: hat?
Highland formation.
Leech River formation.

General Description of Formations.

Victoria Group.—The oldest group of rocks in the southern part of Vancouver
island is the Victoria group. This name was proposed by the writer to include the
older metamorphie rocks that oceur in the neighbourhood of Vietoria,! and which were
assigned to the Palsozoic, and provisionally, in part, to the Devonian, on the evidence
of fossils secured at Cowichan lake. A later, much more complete colleetion of fossils
from the same locality now shows the fauna to be either Triassic or Jurassic. The
<correlation of the formations is still doubtful, but it is probable that a large part of
the rocks assigned to the Victoria group belongs to an older group of rocks than those
in which the above fossils occur, and they are still assigned, provisionally, to tha
Palzozoie.

In the area explomd dn.nng the past season, the following formations are exposed
the Nitinat limestones, the Highland voleanics, and the Leech River slates.

The Leech River slates form a belt of rocks 5 to 8 miles wide, extending west-
ward from Leech river to the west coast. To the east of Jordan meadows, in the area
examined in 1908, the belt narrows and is not exposed north of the Metchosin
voleanics on the east coast. The southern contact, which is with the Metchosin vol-
canics, is a profound fault extending from the Royal Roads to the west coast near the
mouth of Sombrio river; a distance of about 40 miles. The northern contact is marked
by the San Juan valley and its eastward extension, Meadow creek. The contact is .
straight, and probably is a fault; in the eastern part of the area it is with the voleanics
of the Highland formation, while towards the west it is with the Nitinat limestones.

1 Summary Report, 1908, Geol. Survey, Canada, p. 55.
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The Leech River formation is composded chiefly of slates and slaty schists. Many
of them are dark coloured, and graphitic schists are abundant. Greywackes and
quartzose schists also occur. The rocks have a general eastward trend parallel to the
strike of the belt as a whole. The dips are high and usually to the north. The beds
are also contorted. It is probable that the entire formation has been folded into one or
more close, nearly isoclinal folds.

In the eastern part of the area, the Leech River slates are in contact wlth closely-
folded metamorphosed basic volcanies, chiefly tuffs and agglomerates, but including
some porphyries. These rocks are provisionally assigned to the Highland formation,
They are also exposed on the divide between the headwaters of Jordan river and Flood-
wood creek, with the Leech River slates on either side. They also form a belt lying
north of the Leech River formation and extending from the North Fork of Leech river
to Hero straits, east of Viectoria.

The Nitinat formation oceurs north of the Leech River slates, forming a belt 10
to 12 miles wide and extending westward from the mouth of Gordon river to Barkley
sound, a distance of over 30 miles. The northern contact is with the altered voleanic
rocks of the Vancouver series. The distribution of the rocks east of Gordon river is
not known; possibly they may be represented farther east by the Malahat limestones,

The rocks of the Nitinat formation are calcareous. There are many areas of pure
white, coarsely erystalline limestone, but a large portion of the limestone appears to
have been profoundly altered by invading magmas into siliceous and feldspathic
‘contact rocks’ as well as amphibglites. The formation over wide areas has been
replaced by the batholith of diorite and granodiorite, and the remaining areas are of
the nature of huge ‘roof pendants’ The strike is, in general, about N 65° W; the
dips are all high. :

Vancouver Group.—The Vancouver group embraces the great bulk of the erystal-
line rocks underlying the central part of the island. The group extends from the east
coast to Alberni canal; in the central and western part of the area, the belt is 85 to 40
miles wide, but narrower to the east. The southern contact is with the Nitinat forma-
tion. In the eastward extension it may be with the Malahat formation, or the group
may possibly include some of the voleanic rocks of the Highland formation. Along
the northern boundary, the rocks are in unconformable contact with the Nanaimo
group, which forms a relatively narrow band along the east coast.

The great bulk of the rocks of the Vancouver group are voleanics, chiefly basalts
and andesites, They have all been metamorphosed and in part recrystallized, though
not rendered typically gneissoid, and are seamed with quartz and epidote. Intrusive
dikes and sills of fine-grained, basalt porphyrites occur.

Crystalline limestones in masses more of the form of rather large lenses than of
beds, occur interbedded with the voleanics. The contacts are irregular, and small
pieces of partially altered limestone occur within the basalt flows. The limestones are
typically very finely crystalline, sometimes white or grey of colour but more commonly
blue. They have been crushed, broken, and recemented by calcite veinlets. On the
south shore of Cowichan lake, east of Croft creek, a lense of much less altered lime-
stone occurs that in places consists largely of fragments of organisms.

North of Cowichan valley is a belt extending interruptedly from the east coast
to near Alberni, which consists of shales and tuffs with interbedded porphyries and
intrusive masses of gabbro-diorite porphyry. These rocks, deseribed last year as the
Mount Sicker series, undoubtedly form one of the formations making up the Van-
couver group.

The Sansum formation is shown by Mr. J. A. Allan! to be con:Eormable with the
Mount Sicker formation, and hence belongs to the Vancouver group.

1 See Summary Report of J. A. Allan.
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Rocks similar to those of the Sansum formation are found in Chemainus valley,
where they appear to be conformable with and transitional into the schists of the
Mount Sicker series, yet cannot be separated from the shales of the Nanaimo group,
and, therefore, though probably belonging in part, at least, to the Vanecouver group,
they are deseribed under the general name of Cowichan group.

The Metchosin voleaniecs form the southernmost belt of erystalline rocks oceurring
south of the Leech River formation, and extend from the Royal Roads to the west
coast. The formation consists entirely of voleanic rocks having a diabasic habit. They
are much less altered than the voleanies of the Vancouver group, and contain no
caleareous members, and, therefore, are only provisionally assigned to the Vancouver
Zroup.

The strike of the rocks of the Vancouver group, though locally varying greatly, .
is, in general, N 65° W, while the dips are high. The determination of the age of the
group rests on their lithologic similarity to the rocks of the northern part of the island
as deseribed by Dawson and grouped by him under the name of the Vancouver series,!
and on the fossils collected at Cowichan lake.. This fauna, previously thought to be
possibly Devonian, has, on the evidence of a more complete collection, been determined
by Professor H. W. Shimer, to be upper Triassic or lower Jurassie.

Batholithic intrusion.—Intrusive into the Vietoria and Vancouver groups are
large plutonic masses. Although at the surface these masses are not usually conneected,
at a depth they probably are, since they are very similar in composition and relation-
ship. The individual masses are often separated by very narrow belts of the overly-
ing formations, and their outlines are very irregular.

As a whole, the batholith underlies the entire central part of the island. An
almost continuous section of plutonic rocks occurs along Barkley sound and Alberni
canal; while along the east coast, from Victoria to the central part of Saltspring
island, they form a number of large bodies. Small masses have been intruded into a
broad belt in the central part of the area near Cowichan lake, and to the south for 8
to 12 miles. A large body occurs in tHe catchment of the Franklin river and Granite
creek, while the same general batholith is exposed to the eastward mearly to Lady-
smith., Other similar intrusive masses are common throughout the area.

The chief rock type is granodiorite, though where intrusive in the Nitinat forma-
tion, diorite, sometimes monzonitic in character, is always in contact with the lime-
stones. The diorite is cut by the more acid granodiorite. The granitic rocks have
been broken and sheared exteénsively; many of them are gneissic, and all have been
subjected to thermal metamorphism.

The plutonie rocks are intrusive into the Vancouver group, and the Nanaimo
group (upper Cretaceous) rests unconformably upon them; they are similar to those
of the Coast Range batholith and are correlated with them.

Dike intrusions.—With the exception of the voleanic intrusives, relatively few
dikes were observed. A small number of andesitic and trap dikes cut the granitic
rocks, and are apparently directly connected in origin with the batholithic masses.
. The Leech River slates are, however, intersected by irregular, fine-grained, basic dikes
possibly not belonging to the same main period of igneous intrusion.

Cowichan group.—Throughout the region are long, trough-like areas of relatively
unmetamorphosed sedimentary rocks belonging to at least two unconformable groups
and possibly more. The different groups are, however, lithologically, very similar, and
for the present are grouped together under the general name of Cowichan group. The
members of this group occur in usually closely-folded, down-warped areas, and, being
sediments and, therefore, more easily eroded than the erystalline rocks, ocecupy broad
valleys which have, in general, a trend between N 60° W and N 80° W

1 Dawson, G. M., Report on a Geological Examination of the Northern Part of Van-
couver Island and Adjacent Coasts, Ann. Rep. Geol. Surv., Can., 1886, p. 10 B.
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The principal area occurs along the east coast, where the rocks belong to the Coal
Measures and contain the coal seams mined at Nanaimo and Extension. The other
areas are in the Cowichan valley, the upper parts of Chemainus and Koksilah valleys,
and Alberni valley.

The rocks of the Cowichan series are conglomeratea, sandstones, and shales—the
shales predominating. The basal members are conglomerates and sandstones, often
composed of detritus from the basic voleanic rocks, and have a characteristic greenish
colour. The shales are dark coloured and highly carbonaceous; in places they pass into
glates and apparently into graphitic schists interfolded with the chlorite schists of the
Mount Sicker formation.

In the Chemainus valley, and apparently also in the Koksilah valley, there appear
to be two unconformable series of sediments within the group. The lower, consisting *
of shales and slates, is interbedded with tuffs and dacites of the Mount Sicker forma-
tion, and is cut by andesitic dikes and gabbro-diorite porphyry. These sediments
should probably be correlated with the Sansum formation. They are overlain uncon-
formably by a group of sedimentary rocks similar to those of the Cowichan valley.

The lower series exposed in the Chemainus valley almost certainly belongs to the
Vancouver group, but the larger portion of the Cowichan group is clearly unconform-
able upon the Vancouver group and the granitic rocks, and is, therefore, of Cretaceous
age. They may be of the same age as the Nanaimo group, that is upper Cretaceous,
for they are apparently continuous stratigraphically to the east coast where the rocks
are almost certainly of the Nanaimo group. They are, however, more metamorphosed
than the rocks of the Nanaimo formation, and are, apparently, not coal-bearing.

Carmanah and Sooke Formations.—Along the west coast, from Beecher bay west-
ward nearly to Pachena bay, occurs a narrow strip of sediments, chiefly conglomerates
and sandstones, of Tertiary age. They have been divided by Merriam! into the
Carmanah and Sooke formations.

The Tertiary sediments form a series of elongated basins seldom more than a mile
in width, separated by relatively narrow ridgés of the underlying erystalline rocks.
The sediments consist of coarse basal conglomerates and sandstones with, in the larger
basins, thin-bedded, shaly sandstones and occasional thin lignite seams. The beds are
comparatively undisturbed, with gentle dips to the southwest, usually under 10°.
The entire thickness of the. sediments in any one basin is probably not more
than 500 feet, but though lithologically similar throughout, the sediments of the
eastern basins contain a stratigraphically higher fauna than those of the western
basins, so that Merriam divided them into the Carmanah (Astoria Miocene) and Sooke
(upper Miocene or lower Pliocene) formations.

ECONOMIC GEOLOGY.

The ascertained value of the mineral deposits of the distriet, excluding the coal
deposits of the east coast, is not large. The greater part of the area is still unpros-
pected, as prospectors have only explored the principal streams and the shores of the
lakes. The development work on the majority of the prospects has been small. The
metals that have attracted attention are gold, copper, and iron; silver, lead and zinec
ores have been reported. Other deposits of possible value are those of sulphur, coal,
fluxes, clay, and building stone.

Gold,

Gold has been knewn to occur in the Leech river since the sixties, and the gravels
and sands near the mouth of the Sombrio river have been known as a souree of gold
since the days when the Spaniards explored the Pacific coast in the latter part of the

1 Merriam, J. C., Bulil, University of Cal., Vol. 2, No. 3, pp. 101-108, 189.
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eighteenth century. Gold is known to oceur throughout the Leech River valley, and is
supposed to have been derived from the quartz veins in the Leech River slates.! Both
the gravels in the actual valley and the higher gravels of the tributary creeks to the
north of the valley are known to be auriferous, but the deposits are not extensive and
so have not been considered economically important.

A large accumulation of gravel and sand occurs on the coast, near the mouth of
Sombrio river. At the present time a partnership composed of Messrs. R. S. Gallop,
D. W. Hanbury, -and W. H. Kirkbridge, has been formed to build a hydraulic plant to
work these gravels, the plant being under course of construction during the past
summer. The amount of gravel has been estimated by an engineer employed by the
partners to amount to 8,000,000 cubic yards, and as sampled from a bank on the shore,
is considered by Mr. Gallop to run over 50 cents a cubic yard. Some of the gold is
flaky and fine, but the bulk is apparently fairly coarse.

Auriferous gravels oceur in the numerous valleys of the small streams crossing
the slate belt, but, as a rule, the amount of gravel is very small. The deposits of gravel
in the San Juan valley are probably low grade, as they are largely of glacial origin.
Along the west coast in the vicinity of Sombrio river and to the east as far as Jordan
river, black sands occur in the beach, and carry gold. The gold is, however, flaky, and
the actual amount of black sands is apparently not large. Mr. Gallop, who has pros-
pected the gravels and sands in the neighbourhood, reports the occurrence of native
mereury in the sands,

Though it is believed that the gold of the gravels and sands has been derived from
the quartz leads in the slate belt, the writer is confident t.hat the quartz veins so far
examined are too low grade to be of economic 1mportanee

Placer gold has been sought in Franklin river and China creek, but has not been
found in paying quantities.

Mineralized shear zones occur along the contacts of the limestones and voleanies |
with diorite and granodiorite. The deposits of this character are usually more
important as possible sources of copper, but they also carry small amounts of gold. A
typical example is that of the deposit on the Alfreda claim, situated on the east slope
of the valley of Gordon river 3 miles above the mouth. Here, the diorite, which
includes a block of what has probably been limestone, has been tremendously sheared,
forming a zone about 25 feet in width and striking N 50° W. The diorite and lime-
stone have been completely changed to a chlorite and to a graphitic chlorite schist.
In this zone lenses of guartz carrying a small amount of pyrite have been developed.
The rock is said to assay $2 a ton in gold and 5 ounces of silver. TInless considerably
larger and higher grade bodies are found, these deposits are of little or no commerecial
importance. .

Copper. ‘

The deposits of copper-bearing minerals which were examined during the past
season are all intimately connected with the granodiorite and diorite batholiths, and
usually occur in contact metamorphosed limestones adjacent to the igneous rocks., In
these zones the metallic minerals occur as rather small, irregular bodies of magnetite,
pyrrhotite, pyrite, and chalcopyrite; intimately associated in mest cases with garnet,
or they occur dissefninated through shear zones at or near the contact. Shear zones
in the metamorphosed basalts and andesites also oceur, which have been impregnated
by copper-bearing minerals. A less important type is that in which chalcopyrite
occurs in distinet quartz veins lying in shear zones; notably in the old voleanie rocks.

The contact deposits occur in both the coarsely erystalline limestones of the
Nitinat formation and in the compact blue, crystalline limestone lenses which are
interbedded with the volcanic rocks of the Vancouver group. They might also be
divided into two groups, those which are situated at the contact, and those which

1 Clapp, C. H., Summary Report, Geol. Surv., Can., 1908, p. 59.
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occur higher up in the contact metamorphosed limestones. The former are character-
ized by a higher percentage of magnetite and pyrrhotite, and the latter by a higher
percentage of pyrite and chaleopyrite.

The contact deposits in the Nitinat marbles are rich in magnetite and are of more
value for the iron they contain than the copper. The most important of these deposits,
those along the Gordon river and Bugaboo creek, are described under the iron deposits,
In Barkley sound, deposits containing copper minerals occur on the islands, and also
in the Sarita valley about 2 miles above the mouth. The limestones have been
altered to the characteristic diopside-garnet rock, and the siliceous and feldspathic
¢ contact rock,” locally called ¢ felsite’ They have also been sheared to a great extent.
Pyrrhotite is the chief metallic mineral. It oocurs disseminated through the sheared
rock, often replacing it so as to form irregular masses of nearly pure sulphide. Asso-
ciated with the pyrrhotite is more or less magnetite, and also chaleopyrite, which
oceurs as disseminated grains and small gash veins in the pyrrhotite. Sometimes the
veinlets or lenses furnish a very high grade ore, but they are small, usually less than
an inch in thickness, and none were seen that were more than 6 or 8 inches in width.
The deposits are irregular, essentially low grade, and none of those examined are more
than a few feet in thickness. The present economic value is, therefore, slight.

Considerable development work has been done on the Sarita River deposit.

Several deposits occur in the limestones of the Vancouver group in the neighbour-
hood of Cowichan lake. Those above the headwaters of the East Fork of the Robertson
river are located near the contact with granodiorite or quartz monzonite. The greater
part of the limestone has been metamorphosed to an amphibolite; but when the
metallic minerals occur abundantly they are associated with a garnetiferous rock,
called by the prospectors garnetite. Higher up, on the ridge, white, crystalline
marbles, which are fairly pure, are found. On the ‘ Hillside’ c¢laim, located 400 feet
above the river, a body of pyrrhotite and chaleopyrite, 3 feet wide, occurs in the
garnetiferous rock. The chalcopyrite occurs in veinlets and lepses in the pyrrhotite
up to 8 inches thick. The deposits near the river on the ¢ Alpha’ and ‘Beta’ claims
consist of disseminated magnetite and chaleopyrite in the garnet-bearing rock. The
metallic minerals have sometimes replaced the metamorphosed limestone, and on the
¢ Alpha’ claim, near the discovery post, a body 6 to 8 feet wide has been exposed, con-
sisting chiefly of chalcopyrite with some magnetite and garnet. The paragenesis of
the minerals is clearly shown in many cases to be magnetite, garnet, and chalcopyrite.
The garnet is, however, of more than one order of formation. Some of it occurs as
small well developed crystals of green andradite, while the copper pyrites occurs filling
the interstices between the garnet grains.

The deposits are not deeply weathered, and the unaltered sulphides oceur within
a few inches of the surface. Pyrrhotite is often spoken of incorrectly among the
prospectors as an ‘iron cap,” and they refer to it as if it capped a body of nearly pure
copper pyrite. This is a wrong interpretation of the facts, as there can be no enrich-
ment of copper below the surfdce by the formation of pyrrhotite, as there is when a
typical ‘iron hat’ or gossan is formed. It is readily seen that pyrrhotite has been
formed before the chalcopyrite, and as far as the investigations on the copper deposits
of the island have gone, pyrrhotite cannot be taken as a good indication of the presence
of any large quantity of chalcopyrite. Where the pyrrhotite is not abundant the
deposits are at least very favourable prospects.

The contact deposits which have apparently been formed at a higher zone of the
contact, occur on Mount Gordon, at the headwaters of the Gordon river, and on the
south elope of the Alberni canal near the entrance. The deposit on Mount Gordon
may be taken as typical. It occurs a little over a mile west of Gordon bay (Cowichan
lake), and several claims have been located on the deposit. It occurs in a contaect
metamorphosed and much sheared bed of dense blue, erystalline limestone, whick is
interbedded with sheared and altered basic voleanic rocks. The granitic rocks causing
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the metamorphism are not exposed in the immediate vicinity, but doubtless oceur at
no very great depth. The metallic minerals are pyrite and chalcopyrite, with garnet
and quartz as the chief gangue minerals. The absence or small amount of magnetite
and pyrrhotite is significant, and apparently shows that the mineralization has taken
place at a distance from the actual contact. The garnet zones are narrower and the
ore minerals oceur most abundantly in the sheared rock, largely altered to a chlorite
schist. In the deposit of the Gladys mine, Alberni canal, bladed amphiboles have been
formed in the sheared rock, There are small lenses of chalcopyrite in the sheared
rock, as well as disseminated grains. The deposits as a whole are low grade, but owing
to the absence of magnetite and pyrrhotite, they are one of the more promising types
of contact ore bodies.

Some ore has been shipped from the Gladys mine, but as the ore was gouged out
without developing the property, it is impossible to gain a fair idea of the extent of
the deposit. As a rule the deposits are probably small and irregular.

All of the above types are clearly of contact origin. The proofs are apparently
indisputable that the metallic contents were derived from the invading magma. In
most cases the original limestone has not only been changed mineralogically but
chemically.. The definite order of crystallization of the minerals forming the ore
deposits shows that they were deposited from solution, and the change in character of
the deposits in the higher zones apparently shows—since they contain the last of the
metallic minerals to crystallize—that there has been an upward circulation. The
nature of the minerals indicates that they have been formed at high temperature- and
pressure. It is, therefore, most probable that the deposits were formed by emanations
from the invading magma,

A contact deposit of somewhat different peculiarities oceurs on the divide between
the Chemainus river and Cottonwood creek, and has been developed on several claims.
The deposits occur in a series of thin-bedded, silicified shales, and quartzite-looking
rocks. They are apparently interbedded with the meta-basalts and andesites which
oceur to the south. They have a general strike of N 45° W, and a dip of about 40°
to the southwest. These rocks are cut by dikes and sheets of, or possibly interbedded
with, feldspar porphyry. The entire series is cut by granodiorite which underligs the
ridge on which the deposits occur at a very shallow depth and is exposed on the slope
down to the Chemainus river. These rocks are very similar to those which occur north
of Cowichan harbour, exposed along the Sansum narrows, and which were deseribed
last year under the Mount Sicker series. They were thought to be largely of voleanie
accumulation, with interbeds of shale.

The metallic minerals occur along certain zones, which are characterized by the
developiment of garnet. The garnetiferous beds are interbedded with slaty rocks
thought to be tufaceous. The garnet is the lime-iron garnet andradite. The garneti-
ferous beds are impregnated with pyrite and chalcopyrite, which sometimes occur as
lenses or veinlets with or without caleite. Quartz and molybdenite are usually present.
Conspicuous in some of the mineralized zones are massive magnetite and pyrrhotite.

The nature of the deposit, characterized by andradite garnet, suggests very
strongly that it is a limestone contact. No limestone or marble, distinetly recogniz-
able as such, is, however, exposed in the vicinity. Up to the time of the examination,
no limestones or calcareous rocks had been seen in this belt, which apparently extends
along the north side of the Cowichan valley more or less continuously to the shore.
TLater in the season limestones—white marbles—were found in the same belt, but always
associated with massive voleanic rocks, The banded rocks were considered last year
to consist solely of altered voleanics and shales, and this conclusion was confirmed by
Mr. Allan’s detailed work north of Cowichan harbour, At the time of the examina-
tion the writer was, therefore, quite certain that the deposit was formed by emana-
tions from the underlying granodiorite batholith, in a series of voleanie tuffs, por-
phyries, obsidians, and shales of sedimentary origin, which rocks had been silicified °
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and altered by the contact metamorphism. A qualitative examination of the garnet
has shown it to be the lime-iron garnet, and a hurried microscopic and qualitative
examination of the rocks shows the presence of considerable caleite, which also occurs
in the veins, so that it is possible that the garnetiferous bands represent beds of lime-
stone, which were probably impure.

In the schistose andesites and dacites that make up the western extension of the
Mount Sicker formation, several claims have been located in sheared zones which have
been impregnated with pyrite and chalcopyrite. In all these sheared zomes pyrite is

" much more abundant than chalcopyrite, and the deposits are apparently of little value.

On the ‘Brass’ mineral claim, of the Jubilee gronp, a shaft has been sunk on a
quartz vein, 18 inches wide, and traceable for about 50 feet along the outerop. The
vein ecarries pyrite and chalcopyrite, pyrite being greatly in excess. The vein occurs
in a mineralized shear zone in the altered basalts or andesites of the Vancouver series.

Similar impregnated shear zones occur in the voleanie rocks exposed along the
Nitinat river. Pyrite is the principal metallic mineral. On the surface the whole
impregnated zone weathers to deep réddish-brown, so that the mineralization appears
superficially to be much more extensive than it really is. Deposits of this type are of
little or no value. .

In the Metchosin volcanics, shear zones with accompanying quartz stringers
which carry metallic minerals occur. A deposit on one of the tributaries of the
Jordan, about 8 miles from the mouth, occurs in a dense ophitic basalt, which has
been impregnated and replaced along narrow shear zones—the strikes being N 25° E
and N 60° W—chiefly by pyrite, with some pyrrhotite and chalcopyrite. These
minerals are massive. Cutting the shear zones are quartz stringers up to 4 inches
wide. These contain small crystals of pyrite and chalcopyrite. The deposits are
small, very low grade, and are apparently of no economic value.

- A large number of claims have been staked on a group of deposits occurring at
the headwaters of the Franklin river and Ohma creek, These claims were not visited,
and their character is not known.

Ironm.

On the Gordon river and its tributary, the Bugaboo creek, which empties from the
west into the main river about 6 miles above the mouth, are developed large bodies
of magnetite which have been exploited for iron. These deposits occur in coarsely
crystalline limestones near the contact with diorite.!

There are several belts, at least five, of limestone, which are separated by diorite.-
The diorite, which is apparently a peripheral phase of the granodiorite batholith, is
intrusive into the limestone, and is itself ecut by the granodiorite. The limestones
were originally pure, to judge from the large beds of pure white, coarsely erystalline
marble that are found. They have been tremendously altered by the invading batho-
lith, which is to be expected, since the belts of limestones are only 75 to 200 yards
wide, and are of the nature of ‘roof pendants’ The large one, in which the prineipal
ore deposits are developed, is continuous for at least 8 miles, having a strike of
about N 70° W. It is parallel to Bugaboo creek, and occurs on the southern slope of
the Bugaboo valley. The limestone has been in part changed to the ordinary siliceous
garnet-diopside rock so characteristic of limestone contacts, Much of it has been
more prgfoundly altered to an amphibolite consisting chiefly of hornblende and
feldspar.

The igneous rock itself has apparently been subject to change Although the chief
rock type of the batholith is granodiorite, no granodiorite has been noted in direct
contact with limestone. The igneous types at the contact are chiaﬂy diorites, some of

1 The deposits have been described by E. Lindeman, Summary Report, Mines Branch,

1907-8, pp. 36-37.
ﬂcompare F. D. Adams. On the origin of the Amplga'l}gohbea of th> Laurentian Area of

" Canada. Journ. of Geol., Vol. XVIL., 150. 1, pp. 118, 1
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them monzonitic in habit. At the actual contact a very dark diorite occurs, extremely
rich in femic minerals. Since this is a feature only of the limestone contacts, it is to
be presumed that the limestone had a profound influence on the invading igneous
rock.

Along the Bugaboo Creek belt, as well as along the other smaller strips of lime-
stone, large masses of almost pure magnetite have been found. These vary in size up
" to masses such as are exposed in the Baden Powell claim, which is 125 feet wide, and
about 500 feet in length on the outerop. The magnetite, although nearly pure, is cut
by great numbers of veinlets of pyrite and chalcopyrite, An average of the three
analyses from these deposits given by Lindeman! is as follows:—

Silica.. .. v vt v i e e e e e e e e e e e .. T2300
) PP (1 8111
Sulphur.. .. .. o0 o i e e e e e e e e e .. 2.550
Phosphorus.. .. .. .. ..+ .. .. C e e en e we .. 0.048

This, doubtless, fairly represents the better grade ‘of depomts.

An interesting feature is exhibited at the contact of the magnetite body and the
marble, which lies below the magnetite, on Bently creek. Apophyses of magnetite
have penetrated the pure marble much as apophyses of an igneous rock would an
invaded formation. Irregular tongues penetrate and have included fragments of the
limestone.

The nature of the deposit is such that there appears little doubt but that the
batholith must be looked to for the source of the metallic contents. That the metallic
minerals, especially the magnetite, were deposited from very concentrated solutions,
is strongly suggested by the intrusive veins exposed on Bently creek.

Other deposits of a similar nature are known to occur in the same formation
south of Sarita river, as well as in the more northerly portions of the island.

That the deposits are large and extensive is strongly supported by their occur-
rence, and by the development work which has already been done. The high per-
centage of sulphides is extremely undesirable, and will doubtless always be present.
Lindeman! writes, however, that it is not too high to render the ores unfit for smelt-
ing.

. Sulphur.

The contact deposits which are rich in sulphides, especially pyrite and pyrrhotite,
are possible sources of sulphur. No such deposits were seen in the area examined
last summer which were large enough or rich enough in sulphur to be considered as
even possible sources of that substance.

Fuels: Coal.

Along the eastern coast of the island the Nanaimo formation oceurs, which
contains the coal seams which are the source of the extensive industry at Extension
and Nanaimo. ILarge areas of sedimentary rocks of similar lithological characters
occur in the region examined this season, These are: the basins underlying the
Chemainus river, the Cowichan valley, the upper part of the Koksilah, at Alberni,
and a narrow strip along the west coast. These sediments, on account of their litho-
logical similarity to the Coal Measures of the east coast, have been prospected
sporadically, yet sometimes quite extensively, for coal. The prospectors have often
been encouraged by the presence of very thin coal streaks, or thin lemses of lignite,
yet in no case have any deposits of even prospective value been found.

The sediments which fringe the west coast are of Tertiary age (Miocene), and it
is evident from the fauna they contain that they are of marine origin. The entire

1 Ihid.
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thickness of the formation which occurs on Vancouver island is not great—probably
less than 500 feet. They extend only a short distance inland; in one or two instances
over a mile, but usually much less. Almost the entire thickness is fairly well exposed,
and no coal is shown. A few thin lenses of lignite are known. Similar deposits in
the sediments to the east were considered last year to be of drift origin,' and the
evidence gathered during the past season bears out this conclusion. It is virtually an
assured fact that, these sediments do not contain workable beds of either coal or
lignite.

The other sedlmentary areas are much oldar, and may in part be]ong to the
Nanaimo group. However, at the present time, from evidence given in the above
gection on general geology, it seems probable that part of the sediments belongs to
lower formations than the Nanaimo: either lower Crefaceous or Jurassic. Fossil
remains of plants, and even thin seams of coaly material, § to  &f an inch thick, are
found. No larger seams are known. The sediments have been much more folded and
metamorphosed than the known Cretaceous Coal Measures, and are cut not only by
basic dikes, but possibly by granitic rocks. From the data on hand, it seems 1mprob-
able that coal of any great importance occurs in these beds.

Fluxzes, Lime, and Cement.

The crystalline limestones afford abundant material suitable for fluxes, also for
the production of lime, and for the manufacture of Portland cement. The more
compact, finer grained, often blue limestones which occur as lenses in the great mass
of voleanic rocks which make up the Vancouver series, are on account of their much
smaller size, the altered character of the material, and the numerous dikes or inter-
beds of porphyry, of less importance. On the other hand, the coarsely crystalline
marbles of the Nitinat formation have been profoundly altered by the invading batho-
lith, so that by far the larger bulk of the limestones of this formation is useless for
any of the purposes mentioned. However, large belts of relatively pure unaltered
marble occur, such as that exposed at the southern end of Nitinat lake to the north-
east of the Indian reservation, which afford an ample supply for the establishment of
a large industry. At present, none of the marbles of the district are utilized. The
only attempt to utilize them was made in the belt exposed on the eastern shore of the
Alberni canal opposite Nahmint bay. Although the limestone is apparently of good
quality for lime, the attempt was given up without even quarrying much limestone,
or burning any.

¥

Clays.

In this district, as in the area examined last season, only low grade clays occur,
and these are confined to Pleistocene and recent deposits. None of the shales of the
Cowichan series exposed in the area offer suitable material. Most of them have been
more or less metamorphosed, and they are all sandy and impure. The superficial
clays, largely modified glacial detritus, are also sandy and impure; although some of
them, such as those in the neighbourhood of Alberni and those underlying the flat
areas and meadows along the west coast and in the principal valleys, would perhaps
be suitable for common brick, tile, and the cheaper grades of stoneware. The clays
are not used at all, as there is at present no local market, and the wares would not be
of such quality as to stand high transportation charges.

Building and Ornamental Stones.

The fractured and sheared charaeter of the formations of the entire district
renders the great majority of the rocks useless for building stones. In relatively rare
instances the marbles may have escaped fracturing to such an extent that blocks of

18ee Summary Report, Geol. Surv., Canada, 1908, p. 60.
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a fair size may be obtained, and it is very probable that the size and quality of such
blocks would improve with depth. The granitic rocks have likewise suffered from the
general shearing. However, along the Alberni canal, notably north of Franklin river,
a basic granite (granodiorite) occurs which is massive, regularly jointed, and is
apparently quite free from small fractures, and which would possibly make a good
building stone.

Other stones available are the coarse, thick-bedded sandstones of the Tertiary
sediments along the west coast, and some of those of the Cowichan series. In no case
does the sandstone seem to be of euch a quality as to admit of its profitable export to
an outside market, but it might be used for local constructional purposes.

The traps, especially those of the Metchosin formation, offer abundant material
for an excellent quality of crushed stone.

26- 7
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SALTSPRING ISLAND, AND EAST COAST OF VANCOUVER ISLAND.
(J. A. Allan.)

LOCATION AND AREA.

The district examined this summer lies on the eastern side of Vancouver island,
about 25 miles north of Victoria, between Uowichan harbour on the south and the
town of Ladysmith on the north. On the main island this area is about 20 miles
long and 4 to 6 miles broad. The southern two-thirds of Saltspring island, compris-
ing an area of about 70 square miles, was also examined. The northern portion of
the island was not visited, as it is underlain by rocks of the Nanaimo group—Coal
Measures—and an examination of these rocks was not included in.the work outlined.
The total area covered was between 175 and 200 square miles.

The season’s work was, -for the most part, of a detailed nature, and occupied the
first two months of the field season, of which the first three weeks were spent on
Saltspring island. A large part of the area examined is accessible inland by roads,
and by boat along the coast. Saltspring island was examined largely from a boat
traverse around the shore.

GENERAL CHARACTER OF DISTRICT.

The general relief is low; the greatest elevation being that of Mount Bruce,
2,800 feet above the sea. The hills have well rounded tops, due in part to the action
of ice. The slopes are generally steep, are more or less densely wooded, and have a
rank undergrowth. .

A ridge with a relatively flat top strikes N 70° W across the area, and includes
Mount Bruce, Maple mountain, Mount Sicker, and others. On either side of the ridge
are flat-topped hills, such as Mount Baynes, Mount Erskine, Mount Tzouhalem, and
Mount Prevost.

The valleys in the area run in two directions: the prinecipal ones have a north-
west and southeast trend, while others run north and south., On the mainland the
Cowichan and Chemainus are the principal valleys. On Saltspring island two well
marked depressions with a northwest and southeast trend, divide the island into three
rectangular parts. One of these depressions extends from Fulford harbour to Bur-
goyne bay; the other connects Ganges harbour with Vesuvius bay, and is represented
on the mainland by Oyster harbour at Ladysmith.

There are few large streams in the area, this being especially true of Saltspring
island. The water is drained off immediately by small, intermittent streamlets, On
the mainland, Cowichan and the Chemainus rivers are the only large streams. The
first named empties into Cowichan harbour, and with the Koksilah river, which comes
from the southwest, forms at its mouth an extensive mud flat. Chemainus river has
also biilt up a broad, fertile, mud flat, over & mile wide, at its mouth.

GENERAL GEOLOGY.
The rocks of this area may be provisionally classified as follows:—

Superficial deposits.. .. Pleistocene and Recent.
Cowichan group (Nanalmo, in p&rt) .. Cretaceous (in part).
Dike intrusions.. .. . «+v o+ ++ Cretaceous (in part).
Saanich grmdmrito ae «+ Upper Jurassic?

Mt. Sicker formation (Ya.noouv\er gmrup) .. Triassic-Jurassie.

Sansum formation.. .. .. Triassio-Jurassiec.



SUMMARY REPORT -~ . 99

SESSIONAL PAPER No. 26

Mount Sicker Formation.—The Mount Sicker formation occupies a belt lying

north of Cowichan harbour, which, at Sansum harbour, is 5 miles wide. Westward
it underlies Maple mountain, Mount Richards, Mount Sicker, and Mount Brenton,
At the foot of Mount Sicker the belt narrows to less than a mile in width, but to the
west broadens out again. On Saltspring island it underlies a portion of the central
part, but is intruded, and replaced in part, by granodiorite. Interfolded with the
Sansum shales, it underlies the southern third of the island.
* The Mount Sicker formation consists of dacites, augite-andesites, and andesite-
" porphyries, extensively altered to chloritic, quartzose, and talcose schists. Rounded,
yellowish-green nodules of epidote are very common in these schists, giving them a
‘knotted’ appearance. A group of basic porphyritic rocks belonging to diorite and
gabbro-diorite types, has been intruded into the series. Some are intrusive along
the planes of schistosity, while others cut across these planes.

The formation has been intensely metamorphosed and closely folded along axes
having a general strike N 70° W. Dynamic and thermal metamorphism has altered
the rocks to schists. In this belt more or less mineralization has taken place, and in
it the well-known. copper deposits of Mount Sicker occur.

As no fossils have yet been found in the Mount Sicker rocks, it is difficult to say
definitely to what age they belong. Since there is an undoubted unconformity between
at least the higher divisions of the Cowichan group and the Mount Sicker formation;
and since the upper part of the Cowichams group as seen on Saltspring island, appar-
ently belongs to the Nanaimo group (upper Cretaceous), it is evident that the Mount
Sicker formation is older than upper Cretaceous. The Mount Sicker formation is cut
by the faanich granodiorite, which has been correlated with the Coast Range batho-
lith of upper Jurassic age; it is, therefore, probable that the Mount Sicker rocks are
Jurassic or Triassic in age, and that they are one of the series that comprise the
Vancouver group as defined by Dawson, and limited by Clapp.

Sansum Formation.~To the south of the schistose rocks of the Mount Sicker
formation, shales occur, more or less metamorphosed and with interbedded argillites,
tufaceous rocks, and sheets of andesite and dacite. Toward the south the shales are
unaltered, and to these unaltered beds the name, Sansum formation, has been given;
while those which are interbedded with the voleanic rocks have been grouped, provi-
sionally, with the Mount Sicker formation. Where the shales are interbedded with
the tufaceous rocks the contact is indistinet, but there is no doubt that the two types
merge into one another. The unmetamorphosed shales are soft, black, and very fine
in texture, with a pecuhar concretionary form of weathering in certain beds. This
type of weathering is also characteristic of many of the shales of the Cowichan series.
Pyrite is common in the shales, and numerous impregnations are frequently found
arranged parallel to the bedding planes.

~ TField evidence seems to show that the shales and tuffs underlie and grade
upwards into the greenstones. This would make the greenstones younger than the -
ghales and tuffs, contrary to the results obtained by Clapp! on the Chemainus river.
Before the relative ages of the two groups can be definitely decided, it will be neces-
gary to examine more closely the areas to the north of Mount Sicker, and along
Chemainus river. Bands of graphitic schists and sandstone are found toward the
southern part of the area occupied by the series, also conglomerates containing well
rounded pebbles of fine-grained sediments and voleanic material which may have come
from the Victoria group.

Saanich Granodiorite.—Intrusive into the Mount Sicker and Sansum formations
is an irregular mass of granodiorite, called the Saanich granodiorite. This rock
varies from-a quartz-rich granodiorite to a diorite. On Saltspring island there are
approximately 20 square miles of the granodiorite exposed. This batholith forms

1Clapp, H. C., Geol. Survey, Canada, Summery Report, 1908, p. 56.
26—71°
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a contact breccia with the Mount Sicker rocks on Saltpsring island; and at Lady-
smith apophyses of the granodiorite were found cutting the older chlorite and amphi-
bole schists. The extent of the granodiorite was not determined about Ladysmith.
‘This granodiorite batholith may be correlated, provisionally at least, with the Coast
Range batholith of upper Jurassic age.

Dike Intrusions.—Dikes are not numerous in this district; a few trap and ande-
site dikes, none more than 3 feet wide, cut the intrusive granodiorite and the older
rocks,

Cowichan Group.—~The Cowichan group, as defined by Clapp,! is made up of
those conglomerates, sandstones, and shales which cannot be definitely assigned to the
Sansum formation. The group consists of at least two unconformable series, and
perhaps three. The lower division; which is exposed in this area, undoubtedly belongs
to the Nanaimo group, as defined by Dawson,2 and as mapped by Richardson® On
Saltspring island these rocks are found to the north of Burgoyne bay; while to the
west, on Vancouver island, they underlie the Cowichan valley, and at Mount Prevost
are overlain unconformably by sediments apparently belonging to the Upper division
of the Cowichan group, or else belonging to the lower, and their present position is
due to overthrust faulting.

The succession of this lower division of the Cowichan group is, in ascending
order, conglomerate, sandstone, and shale.. To the north of Cowichan harbour the
sediments strike N 45° to 556° W, and dip 10° to 20° N. The dip increases north-
ward, and at Maple bay it is about 70° N; the shales are here faulted off against the
Mount Sicker rocks. In this locality the conglomerates are distinetly unconformable
upon the Sansum shales and the Mount Sicker formations, which are dipping steeply.
~ No evidence of extensive overthrusting is visible, and the conglomerate at the base
contains very large boulders of the underlying volcanics, fragments of the metamor-
phosed shales, and occasional boulders of Saanich granodiorite. :

On Saltspring island the same succession is found; Mount Baynes is capped by
%00 feet of conglomerate lying unconformably upon the granodiorite, and made up
almost entirely of boulders and well-rounded pebbles of granodiorite, granite, and
quartz. The conglomerate dips slightly to the north, and is seen to fill up the depres-
sions of the old erosion surface of the granodiorite. The same is seen at Beaver
point, on the east of the island, where the conglomerate is in contact with the under-
lying greenstones of the Mount Sicker formation. Continuing northward, Mount
Erskine and Mount Belcher consist of conglomerates interbedded with sandstones,
and dipping 25° to 35° northeast. To the north the sandstones and shales have been
folded into a syncline, or several small ones, underlying the depression between Ganges
harbour and Vesuvius bay (Booth bay). Beyond this the series again have a north-
erly dip.

Superficial Depcmts —The greater part of the area is deeply covered with glacial
detritus. There are also occasional Pleistocene and recent alluvial deposits. Some
of these along the present shore-line are at least 100 feet deep; the upper beds in
some places ‘consisting of fine sand. The wave action is rapidly washing away these
recent deposits, and as a result the shore is lined with out-fallen trees. Extensive
alluvial flats are found at the mouth of the Chemainus and also of Cowichan river.

STRUCTURAL GEOLOGY.

The rocks of the Sansum and Mount Sicker formations are tightly folded, and in
several places faulted. The axes of folding have a strike of N 85° to 75° W, with a
general direction of N 60° to 70° W. In general, the dip is toward the south. Fold-

1 Clapp, H., Geol. Survar. Canada, S ary Report, 1909.
pp onr of Sei., 3rd Series, Vol, 89, ﬁ.umm 1550 T
8 Geol ‘Surv., Canada, Annual Report, 1876-7, p. 170.
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ing is especially well seen on the southwest shore of Saltspring island, south of
Burgoyne bay. Three distinet synclines there ocecur in a distance of about 4 miles.
These synclines are composed of many smaller folds and contortions.

All the formations in the area have been broken by a series of faults which cor-
respond to the general axes of folding. Particularly conspicuous is one cutting across
Saltspring island between Fulford harbour and Burgoyne bay. On the north side of
this fault the granodiorite occurs to an elevation of 1,300 feet, and is capped by 700
feet of Cowichan conglomerate, so that the displacement here has been very great.
This break continues across Sansum narrows to Maple bay, and forms the contact
between the Mount Sicker formation and the Cowichan group. Another parallel
fault plane forms an escatpment in the central part of Saltspring island, to the north
of Cusheon lake, and on which Mount Erskine and Mount Belcher are situated. This
fault line may be connected with one running from Horseshoe bay to the mouth of
Chemainus river. Another fault plane, parallel with these two, is exposed at the
northeastern end of Cowichan harbour, and is probably the cause of the escarpment
on the southwest side of Mount Tzouhalem, and possibly of the Cowichan harbour.
Faults of smaller magnitudes are also numerous.

ECONOMIC GEOLOGY. i
Copper and Iron.

In this district mineéralized zones of shearing lie in highly metamorphosed
igneous rocks of the Mount Sicker formation. Most of the more important deposits
are of value on account of their copper contents; but in some cases magnetite is the
valuable mineral, while many of the sheared zones are highly impregnated with well-
crystallized pyrite. ’

On Mount Richards considerable mineralization has taken place. The ore con-
sists of chalcopyrite, pyrite, and some sphalerite; bornite occurs very sparingly, and
copper glance is reported. The gangue minerals are largely quartz with some barytes.
Quartz alone sometimes oécurs as veins in the sheared rock. The conditions here are
similar to those on Mount Sicker. The ore deposits are intimately connected with
the gabbro-diorite-porphyry and with the metamorphosed voleanies. The nature of
the alteration of the country rocks suggests that the minerals, in some cases at least,
have been brought in by heated solutions.

A large area—about 2 square miles—of diorite-porphyry, on Mount Richards,
to the north of the Lenora railway, contains finely disseminated particles of chalco-
pyrite (and probably some chalcocite), to such an extent that, in almost any part of
the mass, it is said to assay as high as one per cent in copper. The sulphides have
also become segregated out along certain sheared zones. No work is being carried on
at present, and the development to date consists of a number of small prospect holes.
The most work has been done on the Iron (Olad, Ureka, Lord Roberts, and Jena

. mineral claims.

The Iron Clad seems quite promising, but sufficient development has not yet been
done to warrant a definite conclusion. The deposits are necessarily low grade; but it
might be suggested that further prospecting along the contacts is advisable—espec-
ially between the more basic diorite and the sheared rocks. The rock along the
sheared zones is sometimes quite talcose, and in one of the shafts, at the 80 ft. level, a
8 ft. vein of talc is said to have been exposed.

On the northwest slope of Mount Sullivan, on Saltspring island, magnetite
occurs in a sheared zone in highly schistose rock. The zone is about 100 feet wide,
and is filled with very finely crystalline jasper, giving the rock a reddish appearance.
The iron ore is found chiefly toward the centre of the zone, and generally in narrow
bands of almost pure magnetite; the widest one noted was 3 inches broad, The
magnetite alo occurs in irregular lenses surrounded by microerystalline quartz.
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Some of the magnetlte has changed to hemat1te The zone contains fragments of the
sheared rock in it, and numerous, minute seamlets of quartz, while sulphides are
absent.

’ Non-metallic Deposits.

A brief note is sufficient on the non-metallic deposits in this area. A small plant
at Somenos is manufacturing common brick from the deep clay deposits which extend
from Mount Sicker to Cowichan river., The alluvial deposits along the shore would
doubtless furnish material for good, common brick, tile, and a cheap grade of stone-
ware.

The sandstone to the south of Vesuvius bay was the material used in the con-
struction of the dry docks at Victoria. It is a light-grey variety, and readily weathers
to brown, It varies in texture from fine to very coarse. The beds are thick and
massive, and are situated on the shore of the bay, so that the rock ean be quarried at
small expense.
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TOPOGRAPHIC WORK ON VANCOUVER ISLAND. )
(R. H. Chapman.) .

Field work in connexion with the preparation of a topographic map of Van-
couver island began early in June, and continued with little delay until November.
Topographic maps were completed over the region adjacent to the city of Victoria,
the whole of the Saanich peninsula, a small part of Saltspring island, and many of
the smaller nearby islands, comprising a total area of 150 square miles. Triangula--
tion, level lines, and road surveys were made in an area adjacent to Nanaimo,in the
direction of Ladysmith, but the topography was not finished, as bad weather set in
and field operations were discontinued. _

At first, one large party was organized, which operated in the vicinity of Victoria,
but as the season advanced this party was divided until there were three, and finally
four, parties working in widely-separated localities.

Tt was necessary to begin by obtaining a number of points to which the eleva-
tions and positions on the maps could be referred. This was done by extending
triangulation control from points on hills near Vietoria which had been located many
years ago, and by level lines, run with engineers’ level, starting from a bench-mark
near the old Custom House in Victoria.

The triangulation was carried about 90 miles up the island, and furnished more
than thirty points, including signals placed on mountain peaks, buildings, church
epiree, etc., all of which were used in connexion with the topographic mapping, or are -
available for future extension of it. Permanent marks were left on all points where
observations were made, in order that they may be useful in extending this work or to
local engineers and surveyors. About 45 miles of levels wers run and checked by
re-running, thus assuring good elevations and affording mumerous points, by which
the map work was controlled. More than thirty-five of these are permanently marked
for utilization in local engineering and surveying problems. The elevations are
dependent upon a bench-mark in Victoria which was referred to mean sea-level by
data obtained from the Tidal Survey of the Department of Marine and Fisheries,

The mapping was carried on by what is known as the plane-table method. This
combines a graphic triangulation giving many hundred locations, and the running
of lines with the plane-table and stadia rod. Tt requires the topographer to complete
the pencil drawing of the map in the field—with the country under survey actually
pefore him—and leaves only the finishing, the inking and lettering, to be done at the
end of the season, which necessitates a large field force that is not required in the
office. Field maps were drawn at a fractional scale of 1:48,000, about an inch and .
one-third to a mile, which is slightly larger than the scale of final publication, and
topographic features are shown by contours at an interval of 20 feet.

The following men rendered efficient services as assistants: K. &, Chipman, 8. C.
McLean, G. H. Burbidge, T. B. Williams, Oscar Barrette, T. A. McElhanney, F. 8.
Falconer, and J. D. Galloway.

Much valuable data was furnished by the Surveyor General of British Columbia,“
the City Engineer of Victoria, and by the officers of the Militia Department stationed
at Victoria.
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TULAMEEN DISTRICOT, BRITISH COLUMBIA.
(Charles Camsell.)

INTRODUCTION.
General Statement.

The greater part of the field season of 1909 was spent in the Tulameen district in
southern British Columbia, After a short time spent at Hedley obtaining some supple-
mentary information for the Hedley report, the Tulameen district was reached June
29, and work was carried on there until the beginning of October.

In the summer of 1908 topographical mapping of this district had been begun by
Mr, L. Reinecke, and by August of this year the field work had been finished. The
completed map will cover an area of about 160 square miles.

The geological work on this area proved to be of exceptional interest from a
scientific point of view; while the number and variety of metals, as well as coal, found
within its limits, ma.kee it a distinetly important one to the mining industry. For
these reasons more time was required to do justice to the district than was at the
disposal of the party, and about one-third of it yet remains to be examined.

Efficient aid was rendered in the geological work by the two assistants appointed:
W. J. Wright and W. Agassiz. Acknowledgments are also due to many of the
prospectors and residents of the district for information, and other a.salsta.noe given.

Location and History.

The Tulameen distriet forms a part of the Similkameen Mmmg division of
 British Columbia, and is in the Yale district. The southern border of the sheet
mapped is about 30 miles north of the International Boundary line; while the western
border is about 19 miles east of the Fraser river, at the town of Yale. The area forms
a rectangle, the sides of which are approximately 12 miles, by 18 miles ; and it embraces
within its limits the gold and platinum placers of Tulameen river and its tributaries;
the gold, silver, and copper deposits of Bear, Boulder, and Slate creeks; and the coal
basin of Collins gulech and Granite creek.

The history of the district prior to 1885 is obaeure. Traces of old placer mining
operations, which might be referred to the early gold excitement in the lower Similka-
meen in the sixties, are said to have been found by the placer miners in 1885 and later.
Apart from this, however, the region was known only to the voyageurs of the Hudson’s
Bay Company, and other travellers, who used the olcl trail run.nmg through the middle
. of the district from Hope to Nicola.

In 1885 the district first came into prominence by the discovery of placer gold on
Granite creek. The. discovery is said to have been made by John Chance, a cowboy,
who, in August, 1885, while riding up the bed of the creek in search of a lost horse,
stooped to get a drink, and saw a nugget of coarse gold glistening on the bed-rock.
The fact was soon advertised, but the season was then too far advanced for much work
to be done. In the following spring, however, there was a large influx of miners into
the region, and the greater part of the productive area on Tulameen river and its
tributaries was staked out in mineral claims. The village of Granite Creek, which now
has only a score of inhabitants, boasted a population of several hundreds; while

. Tulameen, 12 miles hlgher up the river, had twice as many. The high tide of
production was reached in the year 1886, when gold to the amount of $193,000 was
washed out of the gravals, pnnmpally on Gramte creek
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Since 1887 the district has gradually been on the wane as far as placer mining is
concerned, and at the present time only about a dozen men are actively engaged in
this class of mining. Several attempts have been made to operate on a large scale by
hydraulicking; but either from lack of experience in the operators, or from some other
cause, they were not successful. These attempts have merely served the purpose of
discouraging the investment of capitel in a region which otherwise offers some good
inducements for placer mining either by dredging or hydraulicking.

About the years 1898 and 1899 another class of miners began to enter and overrun
the country, in the search for the original sources of the rich gold and platinum placers.
High grade gold quartz veins were soon discovered in the Granite Creek basin, and in
1899 the gold copper ores of Boulder creek were staked out. In 1900 the properties on
the Bear Creek basin, known as Law’s Camp, were located, and in 1901 the copper ores
of Independence camp, on the head of Bear creek, were discovered. Since then, in
every year, some new mineral claims have been staked in various parts of the district,
and some of the prospectors have maintained a continuous search for platinum in the
solid rock. This search has not as yet been successful, and it is exceedingly doubtful
whether sufficient platinum will ever be found in the rock to make it worth the cost of
extraction.

For many years coal has been known to exist oh Collins guleh; but the date of its
discovery could not be learned. Four years ago the outeropping edges of the same
seams were discovered on the North Fork of Granite creek, and on these outerops a
great deal of work has been done. .

Little is at present being done in either placer or lode mining, but there is evidence
that with the advent of the Victoria, Vancouver, and Eastern railway, the various
companies owning properties in the district will commence operations.

Previous work.—The Tulameen district, though important, has not had much
attention paid to it previous to the work of this year. Dr. G. M. Dawson paid a
hurried visit to the district in 1888, and his observations are recorded in the Summary
Report for that year! In 1900, Prof. J. F. Kemp spent nearly three months in the
distriet, investigating the geology of the platinum along the Tulameen river2 Mr.
W. F. Robertson, provinecial mineralogist for British Oolumbla, made certain observa-
tions on its ore deposits, based on a trip through the district in 19013 In 1906 and
1908, the writer spent a few days at the close of the season exammmg certain of the
mineral claims which showed the most promise of developing into mines, and a few
notes on these are recorded in the Summary Report of the years indicated.f

GENERAL CHARACTER OF THE DISTRICT.

The distriet undergoing examination has partly the topographical features of the
Interior Plateau region and partly those of the more rugged bordering mountain
ranges. The east and northeast portions of the region have the lowest average eleva-
tion, and in this direction the upper levels slope gradually away to the general level of
the central plateau of British Columbia. To the south and west the elevations increase.
Although the topography in this direction is not that of a typical mountain range, the
vertical relief is much greater, and in a few miles the divide between the Fraser
and Columbia River drainage systems is reached. This divide is formed by the
northern extension of the Cascade range, locally known as the Hope mountains.
Followed southward to the International Boundary line, the Hope mountains broaden
and divide into the Hozameen and Skagit ranges, which are separated by the deep -

1 Geol. Surv. Summary Report, Vol. 8, Part I, p. 62 A.
- 27. 8. Geol. Surv., Bull. 193.

8 Report, Minister of Mines, B.C., 1901.

4 Geol. Surv. Summary Reports, 1907 and 1908.
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north and south valley of Skagit river. Continuing northward these mountains follow
the trend of the Fraser river, and gradually decrease in elevation until they die away
in the plateau region to the north of Thompson river.

The highest elevations in the district are in the southwest, where Lodestone
mountain attains an elevation of about 6,100 feet above sea-level. From this side there
is a general slope toward the northeast, where the highest points are almost 1,000 feet
lower. Looking over this region toward the east from any one of the higher points,
the summits are seen to be gently rounded, and of such a uniform level as to give an
almost horizontal sky-line. Little indication is conveyed from this viewpoint, of the
deep valleys by which the country is dissected. The lowest point in the map is the
Tulameen valley, at the mouth of Granite creek, and the difference in elevation between
this and the highest pomt gives a vertical relief of about 3,800 feet. The ]:ugher slopes
are as a rule easy, but in the lower levels the hillsides are so steep that z:g-zag trails
are necessary in ascending them. .

The whole area lies within the drainage basin of the Tulameen river. This stream
rises in the mountains to the southwest of the area, and flowing easterly through the
middle of it, passes out, and about 10 miles beyond joins the Similkameen river at the
town of Princeton. These waters then find their way down the Okanagan river, and
thence by the Columbia river to the sea. The most important tributaries joining the
Tulameen are Granite creek on the south, and Otter creek on the north. Other
branches—which are important from the fact that they hold rich gold and platinum
placers—are Bear, Slate, Champion, Boulder, and Cedar ereeks.

Below the mouth of Otter creek the Tulameen river occupies a broad, U-shaped
valley, and has a comparatively easy gradient of about 80 feet to the mile. This type
of valley is continued up Otter ereek to the north, with a still lower gradient, so much
so that several lakes have formed, the most important of which is Otter lake, over
3 miles in length. Above the mouth of Otter creek the broad valley on the Tulameen
continues for 3% miles. Beyond this there is an abrupt change in shape, and an
accompanying steepening of the gradient. Here the river occupies a narrow rock-
walled cafion cut for several hundred feet into the bed of 2 much broader valley lying
above it., This suggests a very recent uplift, at least post-glacial, of this portion of
the distriet.

All the streams tributary to both the Tulameen river and Otter creek have rela-
tively easy grades in their upper portions, but enter the main wvalleys either by a
series of steep falls or through narrow V-shaped cafions. They are, therefore, hang-
ing valleys. The most typical of these are the valleys of Slate and of Elliot creeks.

Virtually the whole of the area is heavily wooded. Parts of it are park-]il.{e in
appearance, and similar to the Nicola or Kamloops districts; but only in the higher
tracts, above the 6,000 ft. level, is there much open, grassy country.

The climate is considerably more moist than in the country farther east in the
Similkameen valley; and while the summer temperature does not rise as high, the
winters are much more severe. Except in the Tulameen and Otter valleys, there is no
land that is free enough from summer frosts to be entirely suitable for agricultural
purposes, and even in these valleys only the hardier vegetables are successfully grown.
Apart from the very few persons who have homesteads in these valleys, the whole
population is, directly or indirectly, engaged in mining pursuits.

Communication with the outside world is at present maintained by means of a
wagon road running through the northern and eastern portions of the district between
the Canadian Pacific railway at Nicola and the Great Northern railway at Princeton.
Surveys have, however, been made by the Great Northern Railway Company for a line
through the district, which, when built, will bring it within a few hours’ run of Van-
couver. -
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Owing to the fact that only a portion of the area outlined in the forthcoming
topographical map was geologically examined, it is impossible to give a complete table
of the different formations that occur within it. The following table, therefore, is
provisional, and merely covers the portion of the country examined:—

TABLE OF FORMATIONS.

Quaternary.. .. .. .. +v oo o4 vu o+ s or .. Stream deposits.
Glacial deposits.

Post-Oligocene,. .. .. .. .. «. .. .. .. .. .:Otter granite.
Voleanic rocks.

Oligocene.. .. «v +s 42 22 22 2+ 22 4s os .. .. Sandstone, shale, and coal.
Voleanic rocks.

Pre-Oligocene to post-Triassic.. .. .. ..%.. .. Augite syenite.
Pyroxenite.
Peridotite.
Boulder granite.
Eagle granite.

TriassiC.. «. «v ve 44 ve 4v e 4o 2v ws oo 2o .. Volcanic rocks with some argillites and
) limestones.

Triassiec.

Stratified rocks, provisionally referred to this age, are the oldest rocks
in the district. They still cover a wide area, though considerably diminished by later
intrusions of eruptive rocks. North of the Tulameen river they cover the greater part
of Bear Creek basin, and pass over the divide eastward toward Otter valley. South of
the Tulameen river they are found as a narrow strip in Champ!on Creak basin, batween
the Eagle granite and the pyroxenite. They occur again in Slate creek, but east of
this are covered by rocks of Oligocene age. :

A complete section of these rocks has not yet been worked cut, partly because no
top or bottom has been found, and partly because they have been so much cut up by
later igneous intrusions that a complete section is nowhere visible. The partial section
exposed in the cafion of Tulameen river between Champion and Bear creeks, shows at
the top some bands of limestone interbedded with hornblende schists succeeded by
great thicknesses of volcanic rocks in which some narrow bands of argillite and lime-
stone are intercalated. The volcanic rocks are largely agglomerates and breccias, with
andesite and diabase flows, the latter being metamorphosed to chloritic and other
schists. The prevailing strike is roughly in a north and south direetion, with dips
varying from 20° to 90°. The rocks have passed through severe orogenic dis-
turbances, and are traversed by many small quartz veins, some of which are highly
mineralized. They are cut by all the intrusive rocks of the region, and by all the dikes.

. No fossils were found in the limestones, but in the argillites on Slate creek some
plant remains were collected, which, however, are so badly preserved as to render
identification impossible.

These rocks are referred to the Triassic, from their lithological similarity to rocks
of the Niecola series in the Kamloops distriet, in which Triassic fossils were found by
Dr. Dawson. Their structure is such that they must have been involved in much of
the orogenic disturbances of Mesozoie times, and they may possibly be older than
Triassic, but are certainly not younger. They represent a long period of voleanic
activity, during which they were extruded and flowed over the surface. It is probable
that part at least, if not all, of the series was deposited under water, and that the
narrow bands of true sediments intercalated with them merely represent short periods
of quiescence.
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Pre-0Oligocene to Post-Triassic.

During the period between Triaseic and Oligocene no fossil-bearing strata were
deposited in this area, hence it is presumed that this was a period of continuous erosion.
Dunng this time, however, the region was not undisturbed, and its geological history -
is recorded in the intrusions of several large bodies of igneous rock. The sedimenta-
tion and accompanying vuleanism of Triassic times was brought to a close by the
Jurassic revolution of the western part of the Cordillera when these rocks were uplifted
and considerably disturbed. Immediately following this disturbance, and perhaps in
consequence of it, batholithic intrusion began. The relative ages of the intrusions have
not yet been all worked out, and, therefore, the positions asmgned them in the table of
formations are provisional only.

Eagle Granite—This granite occupies the whole of the western border of the area
from north to south, and has also been traced some distance to the south of it, so that
it has a length of at least 15 miles. To the west, the granite passes outside the limits
of the map, but it appears to have an average width of about 5 miles.

The Eagle granite is coarse-grained, gneissic in structure, and very uniform in
composition. Its constituents are quartz, white feldspar, and biotite. It is traversed

" by many small quartz stringers and by coarse pegmatite dikes. The gneissic structure
has in general a north and south alignment parallel to the general trend of its longer
contacts.

On its eastern border the Eagle granite is in contact with the Triassic stratified
rocks, It sends off many apophyses into these, and has effected in them a great deal
of contact metamorphism; it is, therefore, clearly post-Triassic in age. Outside the
limits of the map, to the southwest, is a belt of Cretaceous rocks with conglomerates
at the base which contain boulders of this granite, making the age of its intrusion pre-
Cretaceous. It is, therefore, approx:mately contemporaneous with the intrusion of the
Coast Range batholith.

Boulder Granite.—The area of this granite has not yet been completely outlined;
but enough has been mapped to show that it is an important item in the geology of the
area. It is found on the west side of Otter valley, running from Elliot ereek down to
the Tulameen river, while smaller bodies occur on Otter mountain and on Collins
gulch. Tt is an acid, coarse-grained rock, composed of quartz, light coloured feldspar,
and greenish hotnblende. It has been much fractured and sheared, and often shows
slickensided faces, Many of the fracture planes are filled with white quartz.

The relation of the Boulder granite to most of the other rocks is obsecure. It is
undoubtedly intrusive into the Triassic voleanic rocks, and on Boulder creek contains
inclusions of these. It is not found.in contact with the Eagle granite. It appears to
be older than the augite syenite, for it is much more fractured and sheared, but con-
tacts between the two are not exposed. The Oligocene rocks of Collinsg gulch, however,
rest directly on the Boulder granite, and are younger than it.

Pyrozenite—This rock is best developed in the region, from Lodestone mountain
northward to Grasshopper ridge. It enters the area as a band about 2 miles wide at
Lodestone mountain, and running northerly from there to Olivine mountain, splits at
that point, and continues on across Tulameen river as two narrow bands enclosing an
area of peridotite. Small isolated areas of pyroxenite are found at the forks of Bear
creek, and on Henning mountain at the head of Bear creek.

Normally, theé pyroxenite is a coarse-grained, black, glistening rock, composed
almost entirely of black pyroxene and magnetite. At times the pyroxzene is dark green
in colour and has some feldspar with it. Near the border of the peridotite, olivine
becomes an abundant constituent, and many of the pyroxene erystals are of great.size.
Hornblende is nearly always present, either as an original mineral or as an alteration
of the pyroxene.
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In age, the pyroxenite is certainly older than the augite syenite. Its relation to
the peridotite, however, is peculiar. Prof. J. F. Kemp, as well as the writer, has
found dikes of pyroxenite cutting the peridotite;! while the writer had undoubted
evidence of a dike of peridotite in pyroxenite. Generally, however, the contact between
these two rocks is-a transitional one, and it seems likely that they are merely differ-

.entiation products from the same magma. Several dikes of pyroxenite were found
cutting the Triassic rocks.

Peridotite—The peridotite forms an elongated body, about 3 miles long and a
mile wide, extending from the summit of Olivine mountain across Tulameen river to
Grasshopper ridge. It is surrounded by pyroxenite on all sides except the north, and
there it is covered by drift. A small dike is also found on the northeast side of Lode-
stone mountain.

The peridotite consists essentially of olivine, with occasional grains of chromite.
It is, therefore, the variety dunite. It is dark green in colour, sometimes dense
black. It alters readily on the surface to serpentine, and is traversed by a great many
small veins of this material. It is very resistant to weathering, and forms one of the
highest hills in the distriet. The outcrop has a typical dun colour, and the rock often
weathers in spheroidal shape. It is not found in contact with any other rock except
pyroxenite, and this contact, as already described, is generally a transitional one. The
relative age, therefore, assigned to the pyrozenite, would apply to the peridotite.

Augite Syenite.—This rock has a considerable distribution in the southern portion
of the area on the heads of Slate creek, and some of the western branches of Granite
creek. How great an area it covers in this direction is not yet kmown, for it passes
outside the limits of the sheet. The part examined indicates that it has the proportions
of a stock of very irregular outline. Dikes and small irregular bodies of similar rock
are found to the north of the Tulameen river at Otter lake, and in the basin of Bear
creek.

The augite syenite shows considerable variation both in composition and texture.
The most common phase is a rock of granitic texture, composed of white feldspar and
black pyroxeme. Black horrblende is a very common constituent, hut is, probably,
generally of secondary origin. The feldspars are mostly orthoclase. No quartz is
present. In structure it is massive, but it has been somewhat sheared in a north and
south direction. Along its contact with the older voleanie rocks it shows an incipient
schistose structure,.

On Granite creek it underlies the Oligocene volcanic rocks, and is undoubtedly
older than these. On the other hand it is intrusive into the voleanie rocks, which are
referred to Triassic age. Dikes of augite syenite are also found cutting the boulder
granite; while the contact with pyroxenite shows inclusions of pyroxzenite in the augite
syenite.

Oligocene,

The period of Oligocene sedimentation was inaugurated by a down-warping of
the surface, and in the down-warped area volecanic rocks were first extruded. This
was followed by a long period of stable conditions, during which true sediments and
coal beds were laid down.

Rocks of Oligocene age cover a considerable area in the southeast portion of the
district, in the angle between Tulameen river and Granite creek. Small portions of
the series are found on the north side of Tulameen river, on both sides of Otter lake.
Southward, in the basin of Granite creek, their extent has not been defined. These
rocks have been divided into two series: a lower, which is almost wholly voleanic in
origin; and an upper, which is sedimentary and coal-bearing.

1 Bull. U.8. Geol. Surv., No. 193,
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In composition the rocks of the lower series are basaltic, but become more andesitic
toward the top. A small band of conglomerate and sandstone is intercalated with
them, and outerops on the northern face of Jackson mountain, also on Blair creek
north of Tulameen river. The volcanic roeks are dark coloured and massive toward
the base, but very shaly toward the top. They dip at low angles toward the south,
and do not appear to have suffered much disturbance.

The upper series of Oligocene rocks is sedimentary, and contains all the Coal
Measures. It covers about 8 square miles, and is found in the basin of Collins
guleh, and passes over the divide into the Granite Creek slope. The rocks of this series
have not yet been thoroughly examined, but are known to consist of sandstones and
shales, with beds of coal. The sandstones are sometimes so coarse as to become con-
glomerates. The finer grained sandstones contain many plant remains, The shales
are very thin-bedded, and they also carry a great many plant remains, which have been
identified as mostly Oligocene forms. Four different coal horizons have been deter-
mined, and there are, possibly, one or two more. These rocks dip at angles varying
from 20° to 40°, and generally toward the centre of the area covered by them.
In Collins gulch they have been considerably disturbed, but where elsewhere examined
they appear to have a regular dip.

A collection of over forty specimens of fossils was made from two localities; one
on Collins gulch, and the other on Granite creek. These have been examined by Mr.
W. J. Wilson, of the Geological Survey, who has identified six species of plants. These
are: Comptonia diforme, Taxodium distichum miocenum, Sequoia langsdorfir, Sequoia
angustifolia, Sequoia heerii, and Sequoia brevifolia. Four out of the six species are
restricted to Oligocene rocks, while the other two range from Cretaceous to Miocene.

Therefore, the rocks are Oligocene in age, and correlated with similar coal-bearing
rocks at Princeton, Nicola, Kamloops, and other places in the southern interior of
British Columbiea.

Post-Oligocene.

Volcanic Rocks—Voleanic rocks which appear to rest unconformably on the
fossiliferous Oligocene have a limited distribution on the divide between Granite creek
and Collins gulech. They are not of great thickness, and are basaltic in character.
They are dense black in colour, and finely crystalline, while in texture they are
amygdaloidal, and in structure massive. They have an irregular or conchoidal fracture,
and weather to a dull reddish colour. They have not been disturbed, and are quite
fresh in appearance, exhibiting a strongly-marked columnar structure.

Otter Granite—A pink granite—which for convenience in differentiating it from
earlier granites has been called the Otter granite—is found on the west side of Otter
valley, at the northern end of Otter lake. The distribution of this granite has not yet
been outlined, but its western contact has been defined for a distance of about 7 miles.
It consists of pink and white feldspar, some dark hornblende, and a little glassy quartz.

~In places the quartz is so sparingly present that the rock almost becomes a syenite.
It is quite fresh in appearance, is unsheared, and forms bold outstanding cliffs, Tts
relation to the post-Oligocene volcanics is unknown, but apophyses from it cut the
voleanic rocks which form the lower helf of the Oligocene series, so that its age is
post-Oligocene.

Quaternary.,

As the whole area under discussion was covered by ice during part, at least, of
the Glacial Period, glacial deposits are widespread. These consist of erraties,
unassorted boulder clay, and some stratified clays. The boulder clays are the most
important. At Slate creek, stream deposits were noticed between beds. of boulder
clay, which might indicate an interglacial period. Stratified clays on Bear creek,
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associated with glacial and later stream deposits, are probably of glacial origin, and
due to deposition in a glacial lake formed by the damming of the outlet of this stream
to the Tulameen river.

The stream deposits are important from an economie point of view, for in them
were found the gold and platinum placers which first brought the country into notice.
These deposits are found in the valleys of all the streams. On the Tulameen river a
. complex series of terraces line the slopes of the valley up to a height of about 400 feet
above the present bed of the stream. The terraces are not continuous along the valley,
but are merely remnants of older, more extensive stream deposits, which have not been
washed away by later river erosion. In certain places, for example, at the mouths of
Slate, Cedar, and Champwn creeks, they no doubt represent old channels of these-
streams which have since been abandoned.

Dikes,

Besides the larger rock bhodies above described, there is a great variety
of dike rocks. Those identified in the field are rbyolites, granite porphyries, syenite
porphyries, andesites, and diabases. The relative ages of these have yet to be deter-
mined.

ECONOMIC GEOLOGY.

Considering the size of the Tulameen district, it is remarkable what a variety of
deposits of economic importance are found within its limits. Not all of these deposits,
however, have as yet been exploited, or even prospected. The following list contains
all those known to have any present or prospective value:—

Gold and platinum placers.

Gold quartz veins.

Copper and gold-copper deposits.
Silver and silver-lead deposits.
Magnetite deposits.

Chromite deposits.

Molybdenite deposits.

Asbestos.

Coal.

Gold and Platinum Placers,

The placers of the Tulameen district have, up to date, proved to be the most
important of its ore deposits. Since 1885 they have been worked more or less con-
tinuously, but the output has gradually decreased and is now very small. The most
important localities in which payable placers were found are Granite ereek and its
tributaries, Collins gulch, Cedar, Slate, Bear, and Boulder creeks, and the Tulameen
river below the mouth of Champion creek. All of these streams yielded coarse gold,
and in nearly all of them platinum was found with the gold. Other minerals found in
association with these in the black sands, were native copper and silver glance.

While the largest gold nugget found in the district—said to have been worth
$320—came from the gravels of Bear creek, the greatest amount of coarse gold was
taken from Granite creek, where nuggets weighing from 5 to 8 ounces were frequently
found. The Tulameen river was the richest in platinum, and the largest nuggets of
this came from the portion of the river between Bear and Champion creeks. The
proportion of gold to platinum on the different creeks varied. On Granite creek,
estimates by some of the es.rly miners give from 2 to 4 parts of gold to 1 of platmm
while on the Tulameen river between Bear and Champion creeks the proportion is
given as about 1 to 1.
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Platinum nuggets weighing, possibly, half an ounce, are now in the possession of
“ Mr. Cook, of Granite creek. Samples taken last summer from the bed of Granite creek
were found to consist of two kinds of grains: one magnetie, the other nmon-magnetic.
The magnetic grains were covered with small adhering particles of magnetite, while
the non-magnetic grains were quite clean. All of the grains were pitted with small
holes, and some of them had small particles of the country rock still adhering to them.
An analysis of nuggets from these placers made by Mr. G. C. Hoffmann,! gave 78.48
per cent of platinum for the magnetic portion, and 68-19 per cent for the non-mag-
netiec. The remainder of the sample was made up of iron, copper, and the platinum
metals iridium, osmium, palladium, ruthenium, and rhodium.

The source of the guld has not yet been definitely settled, but from its coarseness
and angularity it could not have been transported very far; and it is very probable that
it was derived from small quartz veins which traverse the voleanic rocks of Triassic
age. Prof. Kemp? has concluded that the platinum was derived from the peridotite
and pyroxenite rocks lying in the basin of Slate ereek and ecrossing the Tulameen river
below Champion creek. In the opinion of the writer, no other source is possible.

In testing for platinum in these rocks, Prof. Kemp’s best results were obtained
from the peridotite, or from pyroxenite dikes in peridotite; and particularly where
alteration had taken place to serpentine or where the rock was rich in chromite. No
uniformity in the results, however, could be obtained, and often no platinum could be
got where it was most expected.

With a view of getting additional information, samples were collected this summer,
and were assayed for platinum by Mr. M. F. Conner, of the Mines Branch. One sample
of peridotite, rich in chromite, gave 0-02 of an ounce of platinum to the ton of rock.
Two samples of magnetite, from the pyroxenite of Olivine mountain, gave nothing.
A shepred zone in pyroxenite containing some chalcopyrite, and a coarse pegmatitic
dike of pyroxenite cutting pyroxenite, also gave nothing. The results obtained seem
to show that of the two rocks, the peridotite is the more frequent host of the platinum,
while the pyroxenite when it is distant from any body of peridotite contains none.

The value of the gold in the various creeks is fairly constant; the banks paying
$17.80 for it. The gold from Boulder creek always brought a slightly higher price.

The total gold production of the Tulameen district up to 1908—as obtained from
the reports of the Minister of Mines for British Columbia—is about $725,000. There
is no doubt, however, that much gold was obtained from these creeks of which the
British Columbia government got no returns. From the same source it was ascertained
that the total value of the platinum produced was about $45,892. These figures convey
no idea of the quantity of platinum produced; for the price paid for it in the early
days, when the greatest amount was mined, was not more than $3.50 per ounce, and
in the first year or two, only 50 cents. Mr. C. F. Law, who has been closely connected
with mining operations in the Tulameen district for a number of years, has made an
estimate of the total production of platinum from Tulameen river and tributary
streams during the last twenty-four years, and he places the amount at about 20,000
ounces. Of this amount more than half is known to have passed through the hands of
certain white men in the district, while the remainder is accredited to Chinamen, who
of all placer miners have been the most persistent in their mining operations.

The price of platinum in recent years has fluctuated widely. In November, 1909,
it stood at $29.50 for refined platinum, and $33.25 for the hard metal. The hard metal
is that which is rich in iridium and osmium, these metals being allowed to remain
alloyed in the platinum of the ingots. The platinum of the Tulameen district contains
a sufficient percentage of both iridium and osmium to allow it to be classed as hard
metal, and it, therefore, brings the higher price. Figures bearing on the average per-

1 Geol. Surv. of Canada, Vol. IT, page 5 T.
2 Bull, U.8. Geol. Surv., No. 193.
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centages of platinum, iridium, and osmium in the Tulameen product are not yet avail-
able for publication.

Although little placer mining is now being carried on, this is not due to the
complete exhaustion of all the available ground. In the opinion of some of the best
informed mmers in the district, a great deal of ground yet remains in the valley of the
Tulameen and its tnbutanes—partlcularly Granite creek—that wounld repay working.
It is true this ground is what is called deep ground; but the chances of successfully
exploiting deep ground are greater than formerly. Only the 3 miles of Granite
creek below the mouth of the North Fork have been thoroughly worked; its tributaries
above this are yet largely untouched. On Slate ereek, also, and on the Tulameen itself,
there are deep gravels and bench deposits, which no doubt could be profitably worked;
but all of these require both capital, and intelligent, experienced mining.

On the main Granite creek, a short distance above the North Fork, R. A.
Lambert has been working for the last three years. He has built a dam across the
stream, from which 600 feet of flume carry the water over the creek bed below. Some
15 to 30 feet of the surface gravels from the bed of the stream have been ground-sluiced
out to within a few feet of the actual bed-rock. This portion of the creek bed has not
been previously worked, on account of the depth of the gravels, but good pay was
" obtained immediately above and below, and it is expected that this portion also will
give reasonable profit. A company called the British Columbia Platinum Company,
holding leases on Tulameen river and Slate creek, has been formed for the purpose of
recovering the platinum from some of the deeper ground and benches on these streams.

Gold Quartz Veins.

On the eastern side of Granite creek, and on the divide between it and Ninemile
creek, some very rich stringers of gold-bearing quartz cut the green schists. Two at
least of these have been worked in a small way, and the gold recovered by crushing
-and mortaring. The gold, however, was not evenly distributed through the veins, but
oceurred in bunches; hence the work was not always profitable.

In the lower part of Granite creek and in Tulameen river directly below it, coarse
nuggets of gold, found in the gravels, contained a great deal of white quartz, indicating
that the gold was derived from quartz veins higher up the stream.

Copper and Gold Copper Deposits.

Deposits containing these metals are perhaps the most important in the district,
and are certainly the most widespread; for the great majority of mineral claims are
Jocated on deposits of this nature. Some of these have been described in the Summary
Reports for 1906 and 1908, and are here only briefly referred to.

Thie Independence group, at the head of Bear creek, is one of those previously
deseribed as having an ore body lying in a granite porphyry intrusive between the old
Triassic schists and the gneissic Eagle granite. The ore body on this and adjacent
claims is a replacement deposit of the butte type. Fissures have been formed in the
granite porphyry, and the formation of ore has progressed along these fissures, passing
outward from them into the country rock. Secondary enrichment by descending solu-
_ tions, however, has not gone deep, and the ore body is simply the regult of uprising
solutions carrying sulphides. The sulphides present are chaleopyrite, pyrite, pyrrho-
tite, blende, and molybdenite with some tetrahedrite and chalcocite. The chalcocite
is undoubtedly a secondary mineral formed by enrichment from chalcopyrite. The
gangue of the ores is the altered country rock with some quartz and caleite. The
surface ore is said to have given assays of about 20 per cent copper, but the ore on
which the value of the deposits depends only averages about 3 per cent. There is also
a small amount of gold present with the copper.. The ore does not contain sufficient
caleite to make it self-fluxing, and the combination of minerals is such that it may
be difficult to concentrate.

26—8
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Law’s Camp, on the western slope of Bear creek, was also briefly described in the
Summary Report for 1906. The camp embraces a number of claims located on the
contact of the gneissic Eagle granite and the interbanded limestones and schists. The
deposits are gold-copper replacement deposits of moderately deep-seated origin. The
ore bodies occur in the limestone bands as lenses, which pinch and swell both verti-
cally and horizontally. The replacing sulphides are pyrite, pyrrhotite, blende, and
galena, and the values are in gold, silver, and copper. The limestone bands are
generally narrow, and the schists often form the walls. They dip at from 30° to 60°
to the west into the granite, and the ore often seeks the hanging-walls. The gangue
is limestone which has not been entirely replaced by the sulphides.

There are in Law’s Camp certain exceptions to the above class of deposits, in
which the ore bodies are of contact metamorphic origin, connected with the granite
or some of its apophyses. These are characterized by a development—along with some
of the above-mentioned sulphides—of magnetite, and the formation of a gangue of the
lime silicates, garnet, and epidote.

Other copper deposits on which work has been done are situated on Rabbit
mountain and on the divide between Elliot and Boulder creeks. These are replace-
ment deposits in Triassic schists, and are connected with inirusions of granite or
granite porphyry. The sulphides are pyrite and chalcopyrite, which replace certain
bands in the bedded rocks.

Other deposits in which the mineralization has been chiefly by chalcopyrite and
which occupy shear zones in pyroxzenite, occur on the western side of Slate creek and on
the slope of Olivine mountain.

Silver and Silver-lead Deposits.

Dr. Dawson states that in the early placer mining operations in this district,
pellets of -pure silver glance strung through with gold were found in the washings on
Tulameen river somewhere in the vicinity of the mouth of Eagle ereek.! The occur-
rence of these suggests the presence of some remarkably rich deposits of silver ore
somewhere in the region traversed by the Tulameen river or its tributaries.

In the bed of Champion creek, where dikes of granite are in contact with erystal-
line limestone, small veinlets of quartz containing pyrite, blende, and tetrahedrite,
traverse both the limesténe and the granite. From these veinlets, which are only a
few inches wide, remarkably high assays in silver are reported to have been obtained.
The silver is probably contained in the tetrahedrite in this case.

Argentiferous galena occurs in the replacement deposits of Law’s Camp; but
probably the most important occurrence of silver is in the galena of Summit Camp,
at the head of Tulameen river, about 12 miles by trail beyond the area mapped. These
deposits are apparently replacements by galena, blende, and pyrite, of limestones along
zones traversed by lines of fissuring. The deposits appear to be of considerable
importance, but are handicapped by being located at too great a distance from easy
means of transport.

Magnetite Deposits.

Bordering peridotite on all sides, and extending from the Tulameen river south-
ward to Lodestone mountain, is a large body of pyroxenite, which almost invariably
carries a certain proportion of magnetite. At Coutney’s cabin on Olivine mountain,
on Lodestone mountain, and elsewhere, the magnetite in the pyroxenite increases to
such an extent as to greatly affect the compass. It occurs as short irregular veins or
large bunches in the pyroxenite, the whole having in general an east ancd west trend.

1 Geol. Sur., Canada, Vol. IIT, p. 62 A.
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These magnetite bodies are not connected with any system of fracturing, but are
segregations formed, like the chromite in the peridotite, as différentiation products of
a cooling magma.

Several claims were staked on the outcrops of these magnetite deposits years ago,
but no development work has yet been done nor tests made.

Chromite Deposits.

Chromite occurs in varying quantities in the peridotite of Olivine mountain, Tt
appears generally along certain east and west zones, where the peridotite has been
most readily altered to serpentine, and occurs in short, irregular veins from half an
inch to an inch in width, and in irregular masses or bunches in the dark green olivine.
It also occurs in small disseminated crystals in the massive peridotite not connected
with any fracturing or fissuring. It is doubtless a differentiation product of the peri-
dotite magma in the process of cooling. In the experience of those working on this
peridotite area, some of the best assays for platinum have been obtained from peri-
dotite, very rich in chromite. This is in accord with the results obtained by Prof.
Kemp in his study of the geology of the platinum.

Molybdenite Deposits.

Molybdenite is found sparingly, as disseminated crystals in granite porphyry, at
Independence Camp on the head of Bear creek. On Champion creek, however, it
occurs in considerable quantity, in altered limestone at the contact of gneissic granite.
Being associated with garnet and epidote, it i presumably of contact metamorphic
origin. It occurs in flakes and grains, associated with pyrite and a little blende in a
gangue of reddish garnet, green epidote, and quartz. A few claims have been staked to
cover the exposures of molybdenite, but, owing to the form in which it occurs, it is
doubtful whether it can be successfully recovered.

Asbestos.

Numerous veins of asbestos traverse both the peridotite and the pyroxenite in the
Tulameen valley. Although many of the small veins in the peridotite contain a good
quality of fibre, the larger veins, and particularly those in pyroxenite, were found to
be either too brittle or too taley to be of commercial importance. But, since mno
systematig prospecting has been done, it is possible that deposits of commercial magni-
tude may yet be found.

- Coal.

The occurrence of coal in the district was briefly referred to in the Summary
Report for 1908. The coal has long been known, and recently an attempt has been
made to prospect the basin and find out its extent.

The basin occupies only about 8 square miles of territory, all covered by ecoal
claims. About fourteen claims have been staked and are being held, but only nine of
these seem likely to contain coal in workable quantity.

The coal basin is almost circular, and is occupied by sandstones, shales, clays, and
coal seams. These rest conformably on voleanie rocks consisting of agglomerates,
basalts, and andesites, and are in part covered by more recent voleanic flows. The
rocks have been tilted at low angles, and on the outer borders of the basin appear to
dip toward the centre. The angles are never more than 45°, and are generally
less. Small folds appear on Collms guleh, and in other places minor faults oceur;
but on the whole the disturbance is probably not great enough to seriously aﬁect the
mining of the coal.

26—8%
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The rocks have been determined from their fossils to be Oligocene in age, and in
consequence they are correlated with the coal basins of Princeton, Nicola, Kamloops,
and with other Tertiary lake basins of the interior of British Columbia.

The whole basin has not been thoroughly examined, hence it is impossible to say
how many seams of coal it may contain. Four coal horizons are known, and it is
possible that there may be one or two more. Three samples for analysis were taken
from the workings on the Granite Oreek side of the basin, and one from Collins gulch.
The analyses of these are given below. No.1 isfrom a seam 6—6” wide, taken from
an upraise to the east in No. 2 tunnel on the Granite Oreek workings. This seam is
17 feet above the floor of the tunnel, and the sample was taken across the face of the
seam, No. 2 is from the 5 ff. seam on which No. 2 tunnel is driven, and the sample
was taken right across the face. No. 8 is from a seam about 5 feet thick, in No. 4
tunnel, and was taken from the face of the tunnel, which is 168 feet long. No.4 was
taken from the outcrop of a seam of unknown wmdth on Collins gulch. The analyses
were made by Mr. F. G. Wait, of the Mines Branch:—

No. 1— !
Moisture. . .. . AR 2.0
Volatllecombustablematter..................... 31.88
Fized 0aPDOR. . «s 2s s ve v wome vo waies ps wwes wa as B
7. ¥ T 5
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Uoke, strong, ecoherent.. .. .. .. .. 0 vt vr ve vr en 65.08 per cent.
Fuel ratio.. .. T T TR R i B )
Colour of s.ah hght ash grey.
No. 2—
Moisture.. .. .. - 2
Volatile combuahble matter b: e iaie B W ew e oE Gew D108
Fized carbon.. .. .. v e vt vt e e ee ee ek wa o ae .. .. 48.80
BEN. - S0 Ll Ge s e B b Os s e im s weess 1509
100.00
Coke, strong, compact... .. .. .. .. .. .. «v «v o0 .. ..  064.58 per cent.
Fuel ratio.. .. . P 2 i [
. Colour of ash ash grey .
No. 8—
Moisture. . .. Tl B ih w B v s weaw. 207
Volatile combustlble matter i 3% e i Hatoes W e 56 secas  B1:2B
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Fuel ratio.. .. . TP £ .
Qolour of ash hght ash grey.
No. }—
Moisture.. .. .. E ik ia dp ntad s et a% aw en D00
Volatllecombustlb]ema‘tter..................... 43.33
Fized carbom.. .. .. oo vo v vt e i e e e e e e .. 49.70
AN, . .. ooie s v es T |
100.00
Coke, tender, coherent... .. .. .. .. <« .. +u <o .2 +. ..  B3.41 per cent.
Fuel ratio.. . el e .. 1:1.15
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The analyses of Nos. 1, 2, and 3 indicate a fairly high grade coal—one which
ranks as bituminous. They resemble closely analyses of certain Virginia coals:
and even compare favourably with some coals from the Pennsylvania coal field. The
coals are also somewhat similar to those of the Nicola field. The majority of the coals
of the interior of British Columbia, of this age, are sub-bituminous, or even lignitic;
but the higher grade of the Tulameen coal is accounted for either by the greater
pressure which it has undergone or by the presence of the volecanic rocks immediately
overlying it, which by their heat may have driven off a certain percentage of the
water, i

The ash is high, because the samples were not picked, and in taking a section
across the seam, small clay partings may have been included in the samples.

The coke of the three Granite Creek samples is strong and coherent, and has a
bright silvery lustre. A test of a larger sample would be advisable; but from the
information obtained from these samples it is evident that the coal will coke, and will
give a product which no doubt can be used for smelting purposes.

The coal exposed on Granite creek is undoubtedly of better quality than that
which outerops on Collins gulch, though both are in the same basin; and while the
latter will be of use for domestic purposes, the former is a better steam coal, and will
be in demand by the railways which are projected through that distriet.

The development work on this coal basin has all been done on a group of claims
recently sold to & company called the Columbia Coal and Coke Company, the members
of which are: J. T. Johnston, J. E. Grey, D. Donald, W. L. Parrish, and J. W.
Bettes, The work has largely been done on the Granite Creek side of the basin, and
amounts to almost 1,000 feet of tunmelling and raises, and a large quantity of open-
cuts and test pits. On Collins gulch three tunnels of unknown length have been
driven, but these are now caving in.

In a hurried reconnaissance to the head of the Tulameen river, an area of Cre-
taceous rocks was encountered just above the mouth of the South Fork of that stream.
These rocks are probably continuous with Cretaceous rocks which appear on the Skagit
river and on the International Boundary line between the Roche and Pasayton rivers.

" Float coal is reported to have been found on the Roche river, and also on the Tulameen
where these rocks cross. If this report is true, it is probable that the coal was derived
from these Cretaceous rocks; for no other probable coal-bearing strata were found.
No coal has, however, yet been found in place. -
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BEAVERDELL DISTRICT, WEST FORK OF KETTLE RIVER,
BRITISH COLUMBIA.

(L. Reinecke.)
INTRODUCTION.
General Statement.

The first part of the season—from July 1 to August 25—was spent in finishing
the field work for a topographical map of the Tulameen district, in southwestern
British Columbia. The party then moved 80 miles to the east, to Beaverdell, on the
West Fork of Kettle river. Work commenced here on September 3, and continued
until November 12. In this district our time was occupied chiefly in making a topo-
graphic map. Rock specimens were collected for microscopic study in the winter,
and four days were spent in an examination of the more important mines and pros-
pects. '

Messrs. S. I. Wookey, F. H. McCullough, and L. W. Berry—who acted as
assistants—did very satisfactory work. Acknowledgments are due the mine owners
and residents at Beaverdell for information and assistance.

Location.

Beaverdell is situated about 25 miles up West Fork, a branch of Kettle river, in
southern British Columbia. It is about 45 miles from Midway, on the International
Boundary, .

The map when completed will include 20 minutes of longitude and 15 of latitude:
that is, an area a little over 14 miles east and west, by 17 miles north and south. It
extends from the West Fork, including the mouth of Carmi creek, and the junction
of Wilkinson and Ferroux creeks (approximate longitude, 119° 9), eastward to the
valley of Kettle river. The southern boundary is south of the mouth of Cranberry
creek on the West Fork (latitude, 49° 24). The northern boundary passes about 2
miles beyond Arlington hill on the West Fork.

Within this area occur the silver-lead ores on Wallace mountain, and the gold-
silver deposit at Carmi. In addition, silver and copper prospects have been opened in
various parts of the area.

History.

Olaims were first staked on Wallace mountain in 1889. They were allowed to
lapse, however, and active prospecting was not begun until 1896. In that year and
the following the more important claims on Wallace mountain were located. Between
1896 and 1900, prospecting was carried on all over the district. The Triple Lakes
camp, just west of Kettle river, and the Arlington Hill—since practically abandoned—
were then located and worked. Development work was begun on the Carmi mine in
1899; and on the Sally group, on Wallace mountain, in 1900. Mining on a small
scale has been prosecuted on Wallace mountain from 1900 to the present date. The
Sally group, and the Bounty Fraction, Rambler, and Buster properties, are now in
active operation. The Carmi mine was worked between 1899 and 1900, and again in
1904. Tt has been shut down since then.



SUMMARY REPORT 119

SESSIONAL PAPER No. 26 _
GENERAL CHARACTER OF THE DISTRICT.

Topography.

The area examined lies entirely within the Interior Plateau of British Columbia.
The topography indicates a stage of mature erosion, modified by later glacial action.
To the north, wide valleys, with gently sloping sides, and broad, low divides, are the
rule; while farther south the main streams occupy typical U-shaped, glacial valleys.
The hilltops, everywhere, show evidence of glacial erosion. From the valley of the
West Fork the country rises gradually westward to the watershed between the Okan-’
agan and Kettle rivers; while to the northwest it is broken by buttes and mesas,
which appear to be remmants of a volcanic plateau., The Sawtooth mountains—
running north and south—rise abruptly from the valley of Kettle river to the east,
and serve to define the boundary of the Interior Plateau in that direction.

The area covered by the map is drained principally by the West Fork of the
Kettle and its tributary, Beaver creek; while a strip about 3 miles wide on the
eastern edge drains into the main Kettle river. The West Fork and the main Kettle
cross the area in slightly converging valleys in a north and south direction. About
6 miles due north of Beaverdell, the West Fork takes a wide sweep to the west and
comes back fo its original course at that place. Beaver creek, rising near the Kettle
river, flows to the south and west and enters a broad north and south valley about 4
miles above its junction with the West Fork at Beaverdell.

Within the area covered by the map sheet, the gradient of the main valley
bottoms is fairly uniform, perhaps 25 to 40 feet to the mile. Within this area the
Kettle river has the steep sides and flat bottom of a glacial valley. This is also true
of the West Fork as far as Beaverdell, and for 4 miles up Beaver creek. East of
Beaverdell, Wallace mountain rises abruptly to a height of about 2,000 feet above the
valley bottom. Between the mountain and the valley ‘of the main river, the country
is rolling, with but few prominent points. (oat mountain—which is the highest
point between the West Fork and Kettle rivers—though showing up in bold relief
from the east, is not very much higher than the flat-topped hills to the west and north-
west.

North of the transverse valley of Beaver creek the topography is flatter, and the
elevation gradually decreases toward the north and east. An area of marked relief
occurs in the northwest corner of the region, where Red mountain and The Nipple
form two prominent points overlooking the country to the scuth and east. Goat
mountain, Red mountain, and The Nipple, are nearly of the same elevation, perhaps
8,000 feet above sea-level; or about 3,500 feet above the lowest point in this part of
the valley of Kettle river.

Climate and Agriculture.

The climate resembles that of other upland portions of the Inmterior Plateau,
though it is perhaps drier than the western edge of tha: region. The summers are
cooler than in the lower lying valleys to the south, and the winters are not so cold.

Little land has been cultivated, hay, and vegetables being the only agricultural
produce, Fruit growing is still in the experimental stage, though it is understood
that it has been successfully begun at Rock Creek, 35 miles down the valley.

Timber.

The country is well timbered; bull or yellow pine (Pinus ponderosa) grows in
the lower valleys and on the more open hillsides, while tamarack (Larixz occidentalis),
and fir (Pseudotsuga mucronata) are more often found on the h}'lla. There is enough
large pine, tamarack, and fir left for extensive lumbering operations.



120 GEOLOGICAL SURVEY

9-10 EDWARD VIL, A. 1910
Transportation.

The district is connected by a good wagon road, which follows Kettle river and
West Fork through Beaverdell to Carmi, with the Canadian Pacific and Great
Northern railways at Midway. One branch of the road runs up the main Kettle to a
point almost directly east of Beaverdell. A switchback road, with a remarkably low
gradient, connects Beaverdell with the Sally and Bounty Fraction mining properties
on Wallace mountain. There are a number of good trails on the mountain and up the
main valleys, but pack trails over the remainder of the area are few and poor.

GENERAL GEOLOGY.

A large part of the area was not visited, and the following geological notes are
based upon the examination of specimens collected and exposures seen in the course
of preliminary topographical work. No attempt, will, therefore, be made to distin-
guish formations, to correlate them, or to define their areal boundaries.

Fine-grained aplites, in places cut by andesite and quartz porphyry dikes, occur
east and south of Triple Lake valley. Andesite outcrops extensively along the Kettle
river south of Canyon City; while older volcanics are found in the river bed north
of that place. ' :

Various plutonic types, such as granite, granodiorite, diorite, and monzonite,
outerop on the hills on both sides of the West Fork, also extensively along the east
side of Kettle river.. A large body of andesite occurs along the eastern side of the
West Fork near the mouth of China creek. Basalts, andssites, breccias, and tuffs
occur on the higher points near Goat mountain, and in the northwestern corner of
the area.

ECONOMIC GEOLOGY.

The more important mineral deposits of the district are the silver-lead ores of
Wallace mountain and the gold-gilver ocecurrence at Carmi. Good values in silver
have been found at many places along the West Fork valley. A good deal of prospect-
ing has been done near the Triple lakes, on Arlington hill, and in the country between
the West Fork and Beaver creek; and ores carrying fair values in copper, silver, and
gold have been opened up in several places.

Wallace Mountain.

" The silver ores of Wallace mountain occur in a series of fissure veins in granite.
The ores consist of galena, with argentite, sphalerite, ruby silver, and tetrahedrite.
These are associated with quartz, pyrite, and in rare cases arsenopyrite. Native silver
occurs near or in certain fault planes, and silver chlorides are sometimes encountered
near the surface.

OCCURRENCE AND STRUCTURE OF VEINS.

The veins vary in width from a thin stringer to perhaps 10 feet. They strike
east and west, and dip south, at angles varying from 45° to almost 90°., A dip to the
north has been noted, but may in this case be due to loeal displacement,.

The vein matter consists of silicified and altered granite, accompanied by one or
more bands of quartz. There is, generally, a sharp break between the composite vein
material and the fresh granite, forming a well-defined foot and hanging-wall. The
relative proportion of quartz and altered granite varies greatly; the stringers of
quartz are generally found near the hanging and foot-wall.

The heavy stringers of quartz, and occasional regular banding of the sulphides,
suggest that part of the vein was formed by fissure filling. The granite within the
veins shows evidence of erushing. Quartz fills the spaces between the fragments, and
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quartz and sulphides can be seen replacing the original minerals of the granite.
Replacement of the country rock in the walls is not very evident in the hand speci-
mens, and the sulphides appear to be absent; it seems probable, however, that micros-
copic study will show some replacement of the country rock to have taken place at
least close to the vein.

In some instances the ore occurs in or near dikes of dense, fine-grained apllte.
These are from 3 to 8 feet wide, and strike east and west,.

POST-MINERAL FAULTING.

The veins are cut by a series of fault planes with a north and south strike, and a
dip to the west of from 85° to nearly 90°. Instances of a northeast-southwest strike
‘are said to occur. The displacement, which varies from 1 foot to over 800 feet, is
toward the south, when following the lead from west to east. There are one or two
exceptions to this rule, but the displacement in such cases is not very great. There
appear to be two series of north and south faults. In the Rob Roy No. 7 tunnel of
the Sally group a fault plane with a dip of 80° cuts one dipping 35°. There appesars
to have been an upward movement on the western side of the steeper fault, with a
digplacement of over 300 feet.

Along the fault planes between the broken ends of the veins there is usually a
thin band of gouge—kaolinized vein material, and partly decomposed ore. Thin
plates of native silver and calcite are usually found in or near these fault planes.

OXIDATION.

There is little evidence of the oxidation of the vein material by surface waters.
In some of the mines of the Silly group, oxidized ore has been found to a depth of
75 feet, but in general the freh sulphides are encountered quite close to the surface.
The leached vein matter or gossan has doubtlessly been removed by glacial scouring.

ORE VALUES.

On account of the small amount of underground development, it is not possible
to determine variations in the character or values of the ore relative to depth from
the surface. Values vary greatly in a lateral direction: bunches of ore which after
sorting by hand averaged $200 to the ton, have been taken from leads which in other
places proved almest barren. The occurrence of pay ore along a lead is, however,
fairly constant. As an instance, the Sally mines—with 2,000 feet of tunnelling—have
shipped nearly 700 tons of ore averaging over $100 to the ton, and have about 4,000
tons on the dump averaging perhaps $25 per ton. This was done with very little
auxiliary stoping. .

DISTRIBUTION.

The boundaries of the area containing the silver-bearing deposits have not been
definitely determined. Properties of the shipping class lie within an area of about 38
square miles on the western and southern slopes of Wallace mountain. The Sally
mines are 3 miles by wagon road from Beaverdell, and 1,500 feet above the town;
while the properties on the far side of Dry creek are about 23 miles farther east.

MINING DEVELOPMENT AND PRODUOTION.

On the western slope of the mountain the ore has been worked by tunnels driven
along the veins; while in other parts of the area shafts have been sunk from 40 to 100
feet deep, and the ore taken out by drifting and stoping.

The ore shipped from three of the properties totals 925 tons, valued at about
$98,500. Of this, the Sally group produced $73,000; the Bounty Fraction and
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Dunecan, close to $16,000; and the Rambler, a little over $9,500. These returns were
furnishied by the managers or owners of the mines. . Ore has also been shipped from
the Bell claim.
A serious hindrance to the development of the ecamp is the excessive cost of
transportation, The cost of freighting from the mines to Trail, with smelter charges,
~amounts to from $30 to $35 per ton; the freight charges to Midway alone are $16
per ton. On this account, ore averaging less than $100 per ton cannot be handled
with any great profit. Railway connexions to Beaverdell, and a concentrator to
eliminate the slow and expensive hand-sorting of the ore, would greatly facilitate the
opening up of the silver deposits.

.The Carmi Mine.

This gold and silver bearing deposit is situated southwest of the now abandoned
town of Carmi, 5 miles above Beaverdell. The mine has been abandoned for some
" time, and the shaft is filled with water. The following notes were made from what
could be seen on the ore dump and surface outerops.

ORES AND THEIR OCOURRENOE, *

The ores consist of zinc blende, chaleopyrite, pyrite (probably gold-bearing), and
galena in a gangue of quartz, and ferruginous dolomite. A small amount of molyb-
denite is also present

The ore occurs in a vein from 2 to 4 feet wide, with an east and west strike, and
a dip to the south of about 45°. The country rock is a gneissic granite of the same
character as that on Wallace mountain. The vein filling consists partly of quartz
and partly of a dense, compact rock of the same appearance and texture as the dikes
on Wallace mountain. The proportion of quartz varie®along the vein. Ore is found
in both quartz and the compact vein filling mentioned above.

MINING DEVELOPMENT AND PRODUCTION.

A shaft 183 feet deep has been sunk on the western end of the property, and 200
feet of drifting done from it. There is also a tunnel 86 feet long, and another shaft
40 feet deep. A mill with a ten stamp battery was erected in 1904, and 400 tons of
waste treated with amalgam plates and by the cyanide process.

Between 1899 and 1900, nearly 900 tons—averaging $26 per ton in gold and
silver—were shipped to the smelter at Greenwood.
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A RECONNAISSANCE ON THE UPPER FRASER RIVER BETWEEN
FORT GEORGE AND TETE JAUNE CACHE.

- (G. 8. Malloch.)
INTRODUCTION.

The main line of the Grand Trunk Pacific railway, now under construction,
crosses the Rocky mountains by the Yellowhead pass, and descends to the Fraser
river, which it follows for 800 miles to Fort George, at the mouth of the Nechako.
This part of the route follows the line surveyed in 1876 by the Canadian Pacific
Company for their main line, but abandoned in favour of that by the Kicking Horse
pass. Their survey.of the Yellowhead route was begun in 1871, and in that year, also,
Dr. A. R. C. Selwyn began the work of the Geological Survey in British Columbia.
He received instructions to extend his explorations to the Yellowhead pass if time
should permit. Owing to the lateness of the season, he did not reach the pass; but,
after ascending the North Thompson and crossing to the Fraser, at Téte Jaune Cache,
he followed the river up to within 20 miles of his objective point.! In 1898, Mr.
James McEvoy made an exploratory survey of the old Canadian Pacific Railway
route between Edmonton and Téte Jaune Cache, an account of which is published
in the Annual Report for that year? From Téte Jaune Cache, however, to the
vicinity of Fort George—which was visited by Dr. Selwyn and Dr. G. M. Dawson
in 1875, and by the latter again in 1876°—no geological examination had been made
of the Fraser by members of the Geological Survey until the summer of 1909, when
the writer was instructed to undertake the work. He was assisted by A. 0. T.
Sheppard, and P. A, Fetterly. The Fraser river was ascended from Fort George in
canoes, and, on the return journey from Téte Jaune Cache, a traverse of it was made
with micrometer and plane-table. The distance between thase points is nearly 315
miles. The journey up river occupied twenty-one days, while twenty-six days were
spent in traversing,

The geological examination was necessarily a hurried one, and the scarcity of
exposures on the river banks added to the difficulty of studying the different forma-
tions. Twelve days were spent in climbing and exploring the mountains flanking the
valley, but although almost continuous exposures were seen on them, especially in the
gullies of streams descending their slopes, the strata were invariably so erumpled
and faulted that nowhere was an opportunity afforded for measuring a satisfactory
section. It is believed, however, that had time permitted, much more detailed informa-
tion could have been gathered by camping near timber line on the d).ﬁerent mountain
ridges and traversing their crests.

GENERAL CHARACTER OF DISTRICT.

Topography.

Topographically, the portion of the Fraser valley examined falls into two main
divisions. From Téte Jaune Cache down to the Grand eafion—100 miles above Fort
George—it runs between two parallel ranges of mountains, while for the remainder

1 G.8.C. Report of Progress for 18712, pp. 16-72.
2 3.8.C. Annual Report, New Series, Vol. XI, 1898, Part D.

8 (.8.C. Report of Progress, 1875-6, pp. 28-83, and pp. 233-265; and Report of Progress for
1876-7, pp. 17-94. .
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of the distance it traverses the Interior Plateau, where the hills are irregularly dis-
tributed, and usually cannot be seen from the river. The trough which the Fraser
occupies in the first of these topographic divisions is one of the striking features of
the mountainous region of eastern British Columbia. It extands from the Interna-
tional Boundary northwest for 800 miles, and in origin is evidently quite independent
of the present drainage system; for in it the Kootenay, Canoe, and Findlay rivers flow
southeast, and the Columbia, Fraser, and Parsnip, northwest. Moreover, the trough,
at the divides between the different drainage systems, is as wide and has as gentle a
slope as where it is occupied by any of the large rivers mentioned. This is well exem-
plified at Téte Jaune Cache, where the Fraser enters the trough from the east and
where, although the part below the elbow is drained by a small tributary only, carry-
ing about one-tenth of the amount of water in the main river, the trough is not
contracted nor the gradient changed.

On the other hand, the lateral tributaries of the Fraser break through narrow
gaps in the side walls of the trough and have steep gradients umntil they reach the
strip of flat land which lies along the river. This strip is from 8 to 5 miles wide,
while the distance across the trough from peak to peak averages about 10. The
ranges flanking the trough are lower than the succeeding ones, and deerease in height
from Téte Jaune Cache to their northern ends near the Grand cafion. At the former
place they rise 7,000 feet above the valley, while near the latter they are not much
more than 4,000 feet above it. There is, however, a break in this general decrease in
height. The range on the northeast side at a point opposite the mouth of Goat river,
and the range on the southwest side at a point below the gap of Dome creek, suddenly
increase in elevation. From these points the ranges become lower, but the rate of
decrease is much more rapid on the southwest side, so that the range there ends above
the Grand cafion; whereas the range on the other side extends to Toneyquah creek.
From the river a few glimpses were caught of a long range extending northwest from
near the mouth of Big Salmon river; this is, doubtless, the continuation of one of
the walls of the trough beyond the wide break through which the Fraser escapes from
it. The continuation of the trough in that direction is deseribed by Mr. R. G.
McConnell.t )

The Fraser pursues-a most tortuous course in the strip of flat land in the centre
of the trough, swinging from side to side in broad, sweeping curves, and sometimes
approaching within short distances of the enclosing ranges. In many cases very
narrow necks are all that remain to separate a higher from a lower bend, and
numerous ‘ oxbow’ lakes along the course of the river bear witness to the frequency
with which similar necks have been cut through in the past. The tortuous course of
the river is due to the excessive load of sediment which it carries, and not to a low
gradient. The sediment consists largely of flakes of mica and rock flour produced
by the grinding of large glaciers on the micaceous schists and gneisses, of which the
mountains are chiefly composed. Glaciers are comparatively rare on the side walls of
the trough, but are common in the higher ranges on either side of them, The Fraser
is not particularly turbid at Téte Jaune Cache, but several of its tributaries, espe-
cmlly Sand creek and Rau Shuswap river, are heavily loaded with silts. The latter
is the largest tributary the Fraser receives in this part of its course, and drains a
high, mountainous country, in whch many large glaciers were seen. On the other
hand, many of the smaller tributaries are clear, except after heavy rains. Many of
them do not head in glaciers, or else have lakes on their courses which act as eatch-
ment basins for sediment derived from glaciers,

As has been stated, the country through which the Fraser flows from the Grand
cafion to Fort George, belongs to a second topographic type known as the Interior
Plateau, and differs from the first in the absence of regular mountain ranges. It is

1 G.8.C.,, Annual Report, Vol. VII, 1894, pp. 18-19 C.
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characterized by extensive upland areas intersected by an irregular system of com-
paratively broad valleys. Numerous lakes occur both in the uplands and in the upper
reaches of the valleys, and the streams are clear and becoms quite warm in summer.

Climate and Agriculture.

The rainfall is heavy throughout the district, particularly in the country in the
vicinity of the Grand cafion, where the prevailing westerly winds, deflected by the
ends of the ranges bordering the river, are forced to ascend. Here, the rainfall is
excessive, and it is doubtful whether grain crops could be successfully ripened. The
temperature in summer is very equable, and in the valley white frosts are rare before
October. The area of farming land about Fort George is very large, and the soil
excellent. Westward along the Fraser, it is rather light, owing to the large quantity
of miea in the river silts.

Fauna and Flora.

The region abounds in wild game of various kinds, "especially between Little
Smoky and Rau Shuswap  rivers. Near Fort George and Téte Jaune
Cache, the quantity of game is kept down by the Indians, who have their headquarters
there, Black bear and moose are particularly numerous, and it is almost impossible
to land on any of the bars along the river without seeing tracks of both. Beaver are
numerous, and may often be seen swimming in the river in broad daylight; while
nearly every aspen near the water has been cut by them and many of their dams
obstruct the smaller tributary streams. One herd of wapiti was seen, near the timber
line. Numerous trails, beaten deep into the higher slopes, bear witness to the large
number of goats which winter there but doubtless summer on the higher ranges on
either side. Grizzly and cinnamon bears are reported to be common, but none were
seen. The smaller fur-bearing animals are numerous. Rainbow and silver trout, and
whitefish are plentiful in the Fraser and many of its tributaries. Salmon ascend the
river to Téte Jaune Cache, where they are speared in large numbers while crossing
gshallow bars; the run was at its height there about August 25.

The timber of the distriet is large, and grows thickly; the heavy rainfall in the
central portion of the district traversed has protected it from fire, though large areas
~ near Fort George and Téte Jaune Cache have been destroyed. Spruce, both black
- and white, is the principal tree, ranging from the timber line to the river bottoms.

Along the latter, balsam, white birch, and, in the more sandy parts, cottonwood, are
_nearly as common. Cedar, in most cases, is confined to the lower slopes of the moun-
tains, but also occurs near the river wherever the banks are rocky and the drainage
good. Some of them reach a large size; specimens 12 feet in diameter being seen.
Above the belt of cedar there is usually one of hemlock, and above that, spruce and
balsam to the timber line. No larch was seen nor pine, except Banksian pine, which,
with the aspen poplar, is common in the drier parts about Fort George and Téte Jaune
Cache. Douglas fir also occurs along the river terraces at the latter point, and some
fine tracts of it were seen in the vieinity of Fort George. All kinds of wild berries
abound, and are picked by the Indians and dried on leaves for use during the winter.
Underbrush is very thiek, except in the regions recently burnt over, and the alders
along the river and the stream often attain diameters of 8 inches, and grow so thickly
in places that it is almost impossible to force one’s way through them. They also
extend for a considerable distanee up the slopes of the mountains, The ¢ devil’s club’
is also present in unwelcome abundance wherever the ground is damp and sufficiently
shaded to proteet it from the sunlight.

" -

Transportation and Communication.

Fort George is reached from Asheroft by a stage line to Soda creek, and from
there by steamer. In seasons of high water a transfer is usually made from one
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steamer to another at Fort Gleorge cafion, 15 miles below the Fort. The steamers
being of Nght draught, and having powerful engines, might be able to ascend the
river to Téte Jaune Cache, though the Grand cafion would be difficult to pass and
might prove to be altogether impassable, at high water. Téte Jaune Cache can be
reached by pack train from Edmonton across the Yellowhead pass, or from Kam-
loops, by ascending the North Thompson. There is a waterway, also, up the Columbia
from Revyelstoke, or down from Golden to the mouth of Canoe river, then up the
latter almost to its head, where a short portage leads to Oranberry lake, which drains
to the Fraser by McLennan river. This route should only be attempted by expert
canoemen. :

Commercial Possibilities.

The building of the Grand Trunk Pacific will make the timber in the Fraser
valley valuable; for the low cost of hauling it over the easy grades of the Yellowhead
pass will, doubtless, enable it to compete successfully with the inferior timber growing
on the eastern slopes of the Rockies.

GENERAL GEOLOGY.

As already stated, the geological examination was much too hurried to permit
more than an examination of the outerops on the river banks, and, in a few places, on
the bordering hills and mountains. These data are insufficient to afford a complete
geological section in a region where the rocks have been folded, faulted, crumpled,
and greatly metamorphosed; and where there is a marked scdreity of fossil evidence.
The district lies between two areas in which the geology has already been worked out
in some detail, but except in a very general way the formations of the two districts
have never been correlated. The first of these areas is the Rocky Mountain region,
in which a section was measured by Mr. R. G. McConnell! along the main line of the
Canadian Pacific railway. This section was found by Mr. J. C. McEvoy? to corres-
pond closely to that exposed in the country immediately east of the distriet examined
during 1909, and in which, on the whole, the same parallelism hclds true. The second
area is the Interior Plateau of British Columbia, which has been deseribed in
numerous reports by Dr. G. M. Dawson®; while the Cariboo Mining district, lying a
comparatively short distance southeast of Fort George, was examined by Amos
Bowman 4 : '

TABLE OF FORMATIONS.

River drift.. .. .. .. .. .. .. .. .. Recent.
Glacial dnft  aa . v v s oo Quaternary,
(*a’ from west “b? from east} -
Lignite Tertiary?.. . . . Miocene.
Quesnel River series?’. .. .. .. .. ..Cretaceous?
Banff geries.. .. e Ry Carbomferous and Devonian,
Castle Mountain series.. .. .. . . Upper Cambrian.
Bow River series.. .. .. .. .. .. . Lower Cambrian.
Shuswap group?.. .. +v v 4o s s . ..PreCambrian?

Shuswap Group.~A series of mica schists, garnetiferous schists, and gneisses,
oceurring in the mountain range bordering the trough on the southwest, has been
referred to the Shuswap group by Mr. McEvoy. These rocks form the upper part of
the range from opposite Téte Jaune Cache to the gap of the Rau Shuswap river. Mr.

1@.5,C., Annual Report, 1886, Part D.

2 G.8.C., Annual Report, Vol XI, Part D.

8 See especially (.8.C. Annuwal Report, Vol. VII, Part B.
4 1.8.C., Annual Report, 1887, Part C.
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McEvoy! states that some of the finer grained gneisses are certainly intrusive. Mica
mountain, where Mr. McEvoy got his specimens, was not visited; and elsewhere no
rocks were seen by the writer from which this conclusion could be verified either from
a study of hand specimens or from the field relations, and the author is disposed to
regard the schists and gneisses as metamorphosed sediments. They dip to the south-
west at comparatively high angles, and overlie beds of garnetiferous schists, some of
which contain large crystals of staurolite. These in turn overlie beds of impure
crystalline limestone, resting on mica schists, the sedimentary origin of which is
revealed by weathered surfaces where rounded grains of quartz can be detected. A
similar section was seen at other points on the same side of the trough, and the author
suggests as an alternative hypothesis that, the schists and gneisses are the metamor-
‘phosed equivalents of the grey quartzites which occur in the Castle Mountain series;
while the trough may have been eroded along the outecrop of the soft calc schists at
the base of the formation. In a region where faults are numerous the evidenke to
support this hypothesis is far from being conclusive. The gneisses are cut by large
dikes of pegmatite holding crystals of muscovite, some of which measure over 20
inches across.

Bow River Sertes.—The Bow River series consists of a succession of fissile mica-
ceous and graphitic schists, dark coloured limestones, and a peculiar conglomerate
containing rounded pebbles of quartz and comparatively fresh feldspar, with numerous
flakes of sericite, which, in some cases, give the rock a certain amount of schistosity.
One of the quartz pebbles measured 6 inches in diameter. In some places the con-
glomerate contains fragments of the dark coloured limestone with which it is inter-
bedded. Many quartz veins, holding flakes of sericite and crystals of siderite, have
been developed in this formation.

This series forms the range bordering the trough on the northeast from Téte
Jaune Cache to the high mountain opposite the mouth of Goat river. The general
dip is southwest, as is the case in the range opposite, but the beds have been thrown
into a number of crumples. To the east, however, an anticline occurs, and the beds of
this formation were seen to dip under the limestones, dolomites, and quartzites of the
Castle Mountain series, which form the mass of Mount Robson and other high moun-
tains in that direction. '

Castle Mountain Series.—The beds belonging to the Castle Mountain series were
not examined closely, and the line between them and the succeeding Banff series was
not made out. In McConnell’s section® they are described as being composed of a
succession of massive dolomites and limestones, with cale schists and argillites; but
MecEvoy mentions® the occurrence, also, of thick beds of grey quartzite. Beginning
on the mountain opposite Goat river, this formation crosses the river at the foet of
Goat River rapids, where talcose and chloritic schists and quartzites were seen.
Similar rocks were found on the hills above the gap of Tom creek on the opposite side
of the trough, and if the suggestion as to the age of the Shuswap gneisses is correct,
it might be pqgsible to trace the progress of the metamorphic action, by which it is
supposed they were produced from the grey quartzites. The gneisses were last seen
a little above the gap of Rau Shuswap river.

Banff Series—As stated above, the Banff series could not be definitely separated
from the preceding series, nor could the position of the different beds relative to one
another be made out. This was due to the want of continuous exposures and to the
amount of crumpling and faulting which the beds have suffered. The predominating
beds are massive limestone, and are usually coarsely crystalline and fairly pure.

1 (.8.C., Annual Report, Vol. XI, Part D, p. 38.
2 .8.C., Annual Report, 1886, Part D, pp. 24-29.
8 3.8.C., Annual Report, Vol, XI, Part D, p. 32.
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Beds of brownish-yellow shale overlie large thicknesses of limestone on both sides of
the trough, and may be the highest beds represented. At the Grand cafion a section
was measured which showed thick limestone beds overlying dolomites, micaceous
shales, and quartzites. Some of the latter are banded in red and greenish layers, the
colours being imparted by quartz pebbles, some of which are as large as peas. Some
pebbles of black chert also occur in them. Above the limestone were seen talcose
schists and black carbonaceous shales, and above these, more limestone. Two varie-
ties of corals were found on the slope of Red mountain, which Mr. L. M, Lambe
believes to be of upper Devonian age; but, unfortunately, they came from beds separ-
ated by a crumple, and the sequence of beds observed here was not duplicated at any
other point examined. It is evident, however, that they do not represent the top of
the series.

Besides forming the ends of the ranges bordering the trough, this formation
forms an irregular line of hills across the valley through which the river has cut the
Grand cafion. The last exposures of the limestone occur in the river a little below
Thomas creek, where they dip to the west and evidently pass below younger strata.

Quesnel River Series.—Greenish schists, grey sandstones, and a heavy bed of
conglomerate containing pebbles of quartzite and of badly decomposed voleanie yrocks,
are referred to the Quesnel River series,! doubtfully, for it is possible that they repre-
sent the base of the Tertiary. However, the degree of metamorphism the schists have
undergone, and the comparatively high angles at which some of the beds dip, favour
the view that they belong to the Cretaceous. They outerop on both sides of Giscome
rapids; the conglomerate, the last seen, disappearing a little below the mouth of
Little Salmon river.

Lignite Tertiary—No exposures of rock were seen for 25 miles above TFort
George, but there is an exposure of the Lignite Tertiary a short distance below the
Fort; and Dr. Dawson supposed? that the measures underlie much of the country.
A small, jsolated exposure of these beds was seen on the east bank near the head of
the (Giscome rapids. '

Glacial Drift.—The whole region has been glaciated, and boulder clay occurs at
different points along the river. These deposits were formed by two sets of glaciers;
the first of which descended into the Interior Flateau from the mountains to the east,
and the second from those to the west. The drift of the latter is characterized by the
presence of granite fragments from the Coast range, and volecanic rocks from the
western part of the plateau. On the other hand, that from the east contains frag-
ments of older rocks, and it alone is seen on the river from Téte Jaune Cache to
Giscome rapids, where it is overcapped by the drift from the west. A band of gravel
separates the two boulder clays, and doubtless represents an outwash formed when
the second glacier was advancing. The rapids seem to be dus to accumulations of
boulders washed from the boulder clay through which the river has cut its channel.
The Goat River rapids, higher up, are also due to thick accumulatjons of boulder
clay, probably deposited during a temporary halt in the retreat of the glacier from
the east. An ‘esker, composed of sand and gravel, and about 300 feet high, occurs at
the foot of the rapids.

River Drift—Great thicknesses of river drift are exposed at different points
along the Fraser, Where it is exposed to the bottom, the river drift is usually found
to rest on boulder clay, but sometimes on bed-rock. The drift consists of clays, sand,
gravel, and beds of peat. As one would expect, the clays are found generally on the
banks along parts of the river where the current is comparatively slow; while the

1 G.S.C., Annual Report, 1887, Part C, pp. 17-19.
2 .8.C., Report of Progress for 1875-6, pp. 256-257.
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thickest deposits of sand occur below the different rapids. In many cases, however,
layers of sand and clay alternate, and when this is so, many landslips have taken
place from the cut banks. These are easily recognized by the discordance in dip of
the different layers and by the overturning of trees. Some of the slips. extend back
for some distance from the river; in one case an angle of only 18° was measured
from the foot of one of these slides to the top of the bank from which it had come.
Many of the clays have been hardened to some extent by calcareous cements.

The beds of peat seem to have been formed in two ways: many of the smaller
and more irregular beds have been formed by accumulations of water-logged drift
wood in the shallow water at the edges of the river, which were afterwards covered
by deposits of silt; while others are too pure to have had such an origin, and probably
represent vegetable matter which decayed where it grew, and was afterwards buried
by river deposits. In many cases the river would be forced to build up a portion of
its bed when its courss was checked lower down by the growth of fans of tributary
streams, and this may have occurred several times, so that more than one deposit of
peat might be buried. In one cut bank two regular seams of peat, each over 12
inches thick, were seen.

The fans of the tributary streams consist largely of gravel, and their oceurrence
at all the stream mouths emphasizes the difference between the gra.dianbs of their
valleys and that of the bottom of the trough. At the bottom of the river drift there
is usually a bed of gravel, which is stained to different shades of red and yellow, and
often cemented to a conglomerate by iron rust.

ECONOMIC GEOLOGY.

With the exception of a mica-bearing pegmatite dike gouthwest of Téte Jaune
Cache, and some small crystals of zine blende picked up on the mountdin north of
Téte Jaune Cache, and a piece of float in Tom creek  which contained a small
quantity of chalcopyrite, no evidence of mineralization in the district was seen except
in the sericite- and siderite-bearing guartz veins in the Bow River series. These are
very common, and evidently carry some gold, but it does not seem to be present in
paying quantities.

Beaver River Gold Claims.

The district has been very thoroughly prospected, but so far as the writer’s
knowledge goes, minerzal claims have been staked in only two localities. The first of
these is where the Beaver River Gold claims are located, about 30 miles below Téte
Jaune Cache. Here, two quartz veins traverse the schists and conglomerates of the
Castle Mountain series. The schists are very much contérted, and the veins expand
into broad pockets where they cross them, but are much narrower in the conglom-
erates. The westerly vein is the larger, and can be traced from the north side of
Beaver river to near the summit of the mountain south of it. It strikes N 41° W,
and dips at about 40° to the southwest. At the largest showing it is 150 feet wide.
Here, the quartz is traversed by veinlets of sericite, and at certain points crystals
of siderite occur which weather to iron rust on the surface. Near the borders some
graphitic and chloritic material occurs, which has doubtless been derived from the
dark micaceous schists which form the side walls. It was reported that samples had
been assayed and yielded as high as $60 per ton. Chippings taken at intervals across
the vein show only traces of gold, and similar chippings taken from a second point
higher up where the vein cuts the conglomerate, were no richer, The second vein
was examined at a point about a quarter of a mile north of the big showing. It is
about 80 feet wide, and containg rather more sericite and siderite, but a sample
yielded only a trace of gold. A trail has been cut from the Fraser to within a short
Jistance of the claims.

26—9
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Mica Claims South of Téte Jaune Cache.

The second group of claims is situated on the range southwest of Téte Jaune
Cache, and on either side of Sand creek. They are located on a pegmatite dike tra-
versing the Shuswap group, and containing large crystals .of muscovite of excellent
quality. The deposits.on Mica mountain were visited by Mr. McEvoy in 1898, and
are described in the Annual Report for that year. The deposit examined in 1909
was staked recently by Teare brothers, of Lacombe. Their claims extend from the
foot of Mica mountain across Sand creek and to the top of the mountain north of it.
The pegmatite dike, where the best showings occur, is over 50 feet wide, and sends
stringers into, and inecludes pieces of, the surrounding schists, The large crystals
occur on either side of a central filling of quartz about 5 feet wide. Tere, a crystal
14 by 22 inches was found, and many as large as 8 by 10 inches were seen.
The quartz of the central vein is massive, white in colour, and more opaque than that
in the rest of the pegmatite. The main mass of the latter also contains many crystals
of muscovite, but these are smaller, the largest seen measuring about 6 by 8 inches.
It is estimated that about 5 per cent of the entire dike was muscovite. Another
dike of pegmatite, also about 50 feet wide, occurs about 400 yards east of the first,
but the quantity of muscovite in it is much less and the crystals very small. It has
no central filling of quartz. The dip of the dikes is nearly vertical, and the first
strikes S 21° E. The muscgvite is of a slightly greenish cast, but thin lamellse
appear perfectly transparent. Inclusions of ferro-magnesian minerals occur in some
erystals, but they are too minute to seriously affect their value.

Clays, Etc.

Some of the elays on the river bank would probably be found well adapted to the:
manufacture -of brick. Some of the limestones of the Banff series are pure enough to-
make a good quality of lime. The deposits of peat mentioned are too small and too
impure to be of value. ' '

1(.8.C., Annual Report, Vol. XI, Part D, p. 89.
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SLOCAN DISTRICT, BRITISH COLUMBIA.
(0. E. LeRoy.)

INTRODUCTION.

The area covered by the Slocan geological map sheet will comprise about 260 square
miles in the mining divisions of Ainsworth and Slocan, It will include all the prin-
cipal centres in which the mining of silver-lead and zine ores is being carried on
between Kootenay and Slocan lakes, from Fourmile basin on the south, to White-
water on the north. In this district transportation facilities are afforded by two
railways, namely, the Canadian Pacific railway running from Roseberry to Sandon,
and the Kaslo and Sandon railway connecting Kaslo with MeGuigan., It is hoped
that before long the latter road will resume its service into Sandon. Owing to the
June freshet, the service was much disorganized this season, and Sandon was without
railway communication from June until the latter part of October, thus preventing
the shipping of ore during that period.

The greater portion of the area was geologically mapped this season, and a large
number of claims and mines were examined. In the case of the latter, the hearty
co-operation of the mine owners was of great assistance in facilitating the work. Tt
is expected that about half of another season will be required to complete the sheet.
During the season just past the writer was assisted in a most efficient manner by Mr.
C. W. Drysdale.

At the present stage of the investigation only a very general statement can be
made regarding the geology and the ore deposits, as it is felt that more data are
required before making public any definite conclusions.

TOPOGRAPHY.

The area comprised in the Slocan map sheet lies wholly within the Selkirk range,
which here is made up of a series of rugged ridges with no regular trend. The general
altitude of the crests varies from 6,000 to nearly 8,000 feet, with an occasional higher
peak. The upper portions of the ridges are usually steep and bare, while the lower
portions are covered with a mantle of ‘wash’ or glacial drift of varying thickness,

The distriet is crossed by one of the main transverse valleys of West Kootenay,
extending from Kaslo to New Denver. The valley is occupied by Seaton and Car-
penter creeks flowing west, and Kaslo ereck flowing east, the divide being at Bear and
Fish lakes. The tributaries of these creeks flow with steep gradients in rather sharp
V-shaped valleys. Kaslo creek flowing into Kootenay lake, and Wilson, Carpenter,
and Fourmile creeks emptying into Slocan lake, have built up considerable deltas, on
which are situated the towns of Kaslo, Roseberry, New Denver, and Silverton respec-
tively.

GENERAL GEOLOGY.

The principal rock series in order of age are the Shuswap, Selkirk, and Slocan.
The former is Pre-Cambrian; but at present no definite position as to age can be
assigned to the two latter series, owing to the structural relations not having been
fully worked out and to the apparent absence of fossils. Besides the above there are
numerous intrusions of igneous rocks, ranging from quartz porphyries and granites
to diorites and even more basic types. They occur chiefly in the area underlain by the
Slocan series.

26—93
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Shuswap Series.

The Shuswap series is developed as a comparatively narrow band along the west
shore of Kootenay lake, and consists of interbedded quartzites, crystalline limestones,
gneisses, and schists, with intercalated sills of granite, diorite, etc. The general strike
makes a slight angle with the trend of the shore, and varies from N 15° W to
N 25° W, with southwest dips from 45° to 85°. The series also occurs along the west
shore of Sloean lake in small, isolated exposures. B

Selkirk Series.

) The Selkirk series occupies a roughly triangular area in the north and northeast
part of the sheet, and is composed in the main of greenstone schists, with subor--
dinate quartzites, silicified ash rocks, breccias, limestones, and phyllites. Masses of
serpentine also occur, and represent completely altered basic intrusives. The trend
.of the series varies from N 15° W to east and west. No contact has yet been found
with the underlying Shuswap, and the contact with the Slocan series, where noted
has the character of a thrust fault along the axis of a sharp fold.

Slocan Series.

The Sloecan series occupies the main area of the sheet, and consists of inter-
bedded dark grey quartzites, black carbonaceous slates and argillites, and grey and
black limestones with all grades of transitional types. Adjacent to the granite intru-
siong the slates and limestones have been altered to andalusite and hornblende schists,
and impure marbles respectively. With local exceptions, the general trend is from
N 65° W to west, with high dips either fo the south or-north. Local crush zones
accompanying faulting are common, but, so far as noted, the displacements are small.

Igneous Rocks.

The igneous rocks later than and associated mainly with the Slocan series, are
of three ages at least. The oldest intrusives consist of a series of basic dikes and
gills which are now almost completely altered to carbonates, mica, and quartz. In
Jurassic or post-Jurassic time, quartz-porphyry, fine-grained granite, and quartz-
diorite were intruded as dikes, sills, and stocks; they are genetically connected with
the main granite batholith to the south, the northern portion of which enters the map
area along Fourmile creek and the south fork of Kaslo creek. Cutting all the above
rocks is a widespread series of basic mica and hornblende dikes and sills, which form
the last evidences of igneous activity in the distriet.

= . ECONOMIC GEOLOGY.

The silver-lead and zinc ores occur in fissure veins in the rocks of the Sloean -
series, and occasionally in the quartz porphyry and granite. The dry or siliceous ores
are found in the two latter rocks or adjacent to them in the quartzite and partly

" altered slate.

Of the depos:ta examined, the majority of the fissure veins follow the lines of
master jointing in the stratified rocks, with a trend varying from N 25° E to N 80° E,
with high dips either to the southeast or northwest.- In the Whitewater basin, how-
ever, the trend of the veins is about due east with a dip to the south, andl the fissures
cut across the highly inclined beds of slate and quartzite. The fissures vary in length
from a few hundred feet to 4,000 and 5,000 feet, and the width varies from a few
inches to 40 or more feet. In the wider portions of the fissures the vein filling is
largely crushed country rock.
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The ore shoots are generally composite in character, and consist of a series of
lenses of either clean or mixed ores of galena and zine blende, the former in its purer
state favouring the hanging-wall as a rule. In the granite the ore bodies are in the
nature of stockworks, the ore following the main longitudinal and transverse lines of
jointing. :

The numerous small intrusions of porphyry have had a marked influence on- the
ore deposition by rendering the slates more resistant and permitting the existence of
cavities. .

Tetrahedrite (freibergit&—-‘ grey copper’) is the most important silver-bearing
mineral present with the galena, and oceasionally with the blende. Native and ruby
silver have but a limited distribution. Chaleopyrite in small quantities is ususlly
present, and pyrite almost invariably, and in increasing quantity as the vein becomes
poorer in lead and zine. The lead-copper sulphate linarite was found in one locality
only, occurring as crystals in a mixed ore of galena and chalcopyrite, The gangue
mineral in most cases is siderite, with subordinate calcite and quartz. Occasionally
the quartz predominates to the almost total exclusion of the siderite.

MINING.

During 1909, the shipping mines were the Whitewater, Whitewater Deep, Ruth
(Hope eclaim), Richmond-Eureka, Rambler-Cariboo, Lucky Jim, Van-Roi, Cork,
Reco, Slocan Star, Slocan Sovereign, Last Chance, Standard, Wellington, Bismark,
Flint, Index, Utica, Alama, Gold Cure, Silver Glance, Fisher Maiden, Marion, Molly
Hughes, McAllister, and Panama. The three last were producers of dry ore, and the
Lucky Jim was the only property worked exclusively for zine ore.

The Surprise, Washington, Noble Five, Hewitt, Payne, Bluebird, Rio, and Moun-
tain Con are under development, and some of these will shortly become shippers.

Important development work has been carried on this season, which will have
considerable influence on deep mining in the district; this includes the cross-cut
tunnels on the Whitewater Deep and Sunset, the drift tunnels on the Surprise and
Slocan King, and the extension of the lower levels of the Payne mine. If bhodies of
payable ore are found at these depths, it will stimulate more active prospecting and
development on other properties now popularly believed to be worked out.

There are several properties now lying idle which should be producing; some of
these afford opportunities for leasing by small companies or groups of individuals,
and under a moderate royalty ought to yield satisfactory returns.

ADDITIONAL FIELD WORK.

& The Ceeur D’Alene District, Idaho.

In the early part of May a week was spent in the examination of the geological
formations in the vicinity of Wardner and Kellog. Through the courtesy of Mr.
Stanly Easton, the writer was given the opporfunity to examine the more interesting
sections of the Sullivan and Bunker Hill mine.

- The Pheenix Camp.

The latter half of May, and two days in October, were spent at Phenix in revis-
ing the work of the previous year, and in giving such assistance as was possible in
prospecting other mineralized areas adjacent to the town.

The Sheep Creek Camp.

Two days in May, and the first half of July, were spent at Sheep Creek in extend-
ing. northwards the geological boundaries previously laid dewn by Dr. R. A. Daly, in
order to secure data for the completion of a sketch map of the whole camp.
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TOPOGRAPHICAL WORK IN THE SLOCAN DISTRICT, B.C.
(W. H. Boyd.)

The past season—from June to nearly the end of September—was spent in
making a topographical survey of the Slocan district for the publication of a map on
a scale of 362500, or nearly one mile to the inch, with contours at intervals of 100 feet.
Mr. H. Matheson, of the Geological Survey, was appointed to act as assistant.

The area of the district to be covered by the map sheet is about 276 square miles:
23 miles east and west, by 12 miles north and south. The sheet includes the towns of
Kaslo, Three Forks, Sandon, New Denver, Silverton, and Roseberry, and all the prin-
cipal mines of the Slocan.

Photo-topographical methods were employed, aupplemented by plane-table and
stadia traverses of the railways, main roads, and areas around the more important
mines. Telemeter and aneroid traverses were also run of trails and some roads, and
were found to give very good results for work on this scale.

Owing to the lateness of spring, the snow was very slow in disappearing from the
summits and basins, so that during the month of June, and part of July, it was found
impossible to carry on the triangulation control for the sheet, since it was very
difficult, and in some places impossible, to erect signals or monuments. It was, there-
fore, found necessary to postpone the control work until later in the season, Work
was carried on in the valleys until the snow melted sufficiently to render the summits
accessible. Much valuable time, however, was lost from our inability to have the
control work done at the beginning of the season. In the future, therefore, for the
saving of both time and labour, as well as to secure better work, it would be advisable
to endeavour, as far as possible, to have the control work of a district completed
before the topographical work is commenced. In the Slocan much more work would
have been accomplished, and more satisfactory results obtained, if this course had
been followed; as it was, it was found impossible to complete the work this year;
hence, about one-third of the area is still unmapped. Field work closed on Septem-
ber 23.

The following field assistants were attached to the party: Messrs. O, C. Gallo-
way, M. 8. Archibald, and E. Bartlett. Mr, E. E. Freeland was engaged in the field
to complete the necessary staff of assistants. All did their work in a satisfactory
manner.

After leaving the Slocan, I accompanied the Director on a visit to the Ains-
‘worth cave, where we spent a day, and then made a trip from Argenta, on Kootenay
lake, across the divide to Wilmer, in the Windermere district. On returning to
Nelson, I went to Phenix, where part of a day was occupied in work connected with
the mapping of that area the previous summer; after which I left for Ottawa. On
my way east, a day was spent with the Director examining Turtle mountain at Frank,
Alberta.
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RECONNAISSANCE IN EAST KOOTENAY, B.C.
(Stuart J. Schofield.)

INTRODUCTION.

My instructions for the field season of 1909 were, to study the geology of, and
topographically survey an area in East Kootenay, B.0., enclosed by 115° 45’ and
116° 80" west longitude, and 49° 15" and 49° 45’ north latitude, the resulting map to
be published on a seale of 4 miles to 1 inch. The area thus outlined contains 1,156
square miles, of which the northern half was covered during the season. It lies a
short distance north of the International Boundary and east of Kootenay lake. The
town of Cranbrook is situated a short distance within the eastern boundary of the
sheet. ’ ’

The photographic method was used in securing the necessary topographical
details, and in connexion with this work and the study of geology, Mr. W. J. Gal-
braith proved a valuable assistant.

A topographical and geological map of the area made in 1899 by J. McEvoy has -
been published by the Geological Survey. The mining districts have been examined
and reported on by W. F. Robertson, Provincial Mineralogist of British Columbia.
Much valuable information concerning the economic geology of the distriet is con-
tained in the Report of the Zine Commission, published by the Department of the
Interior. The geology of the districts immediately south of the present one, along
the International Boundary, has been outlined by R. A. Daly in Summary Reports
of the Geological Survey. -

¢GENERAL CHARACTER OF DISTRICT.

: The district lies within the Purcell range, which, on the south, is characterized

by rather low, wooded hills; while north of Goat River summit the country becomes
more rugged, the mountains usually having large glacial cirques sculptured in their
precipitous walls. The vertical relief in the more mountainous region is from 4,000
feet to 6,000 feet. In marked contrast to this topography is that of the prairie region
situated in Kootenay River valley along the eastern border of the sheet.

The drainage of the area is effected by St. Mary river, flowing easterly into
Kootenay river at Fort Steele; Moyie river, emptying into Kootenay river in the
State of Idaho; and Goat river, flowing south to Yahk on the Canadian Pacific rail-
way, and thence west to join Kootenay river at its delta on Kootenay lake.

The climate is characterized by dry summers, rather long winters, and wet seasons
in May and November. The snowfzall in the prairie section is very light, but in the
mountains 8 feet of snow is not unusual. For agricultural purposes, irrigation
is necessary, and is practised in the prairie sections. Cattle and horses range all the
year round in the lowlands if looked after in the months of February and March.

Many valuable timber limits have been located in the region. The trees are
spruce, pine, hemlock, cedar, balsam, jackpine, tamarack, and poplar.

The larger animals of the region include the grizzly, cinnamon, and black bears;
caribou, deer, goat, mountain lion, wolverine, and lynx. The martin, mink, skunk,
weasel, and beaver are now becoming scarce. Marmots, gophers, and porcupines are
rather plentiful.



136 GEOLOGICAL SURVEY

9-10 EDWARD VI, A. 1910

Access to the region is furnished by the Crows Nest branch of the Canadian Pacific
rajlway, and by a branch line from Cranbrook to Kimberly. Numerous good roads
exist in the more thickly settled districts; while graded trails ‘built by the provincial
government penetrate the mountains.

The principal industries of the district are lumbering, mining, and agriculture.

GENERAL GEOLOGY.

Since the work of the past season was largely of a preliminary nature, much of
the time having been devoted to topographical work, the geology and economic
resources of the area are given but brief mention in this report.

The region is largely underlain by sediments, probably of Cambrian, though
possibly of Pre-Cambrian age, into which numerous sills of diorite have been
injected. A small stock of granite is the youngest rock in the district.

Mountain-building forces, acting probably at the close of the Laramie, have
folded and faulted the formations, throwing them into great, open folds, but some-
times giving rise to overturned anticlines, overthrust faults, and mashing.

The chief ore deposits, those of lead-zine ores, occur in the Kitchener forma-
tion, which contains the greater number of igneous intrusions. Copper-bearmg
deposits, gold-quartz veins and placers also occur within the region.

TABULAR DE.SOBlPTION' OF FORMATIONS.

Pleistocene.. .. +. 4 s 22 +s vs +a =0 =0 ». ++ Unconsolidated gravels and sands.
JUTASSICP .. «v vt vh ve we me ee e e ee e as .;Gra.mta

Moyie formation.—Very thinly bedded, brown
and grey weathering quartzites, met-
arglllltes and shales. Bstimated thick-

3,500 +
Gabbro and d.mnto sills.
Kitchener formetion.—Thin bedded, rusty-

. . ) weathering quartzites, argillaceous guartz-

Cambrian?.. .. .. cv v% e verie 0n ee e e 4 Toos aod motargiiiites.  Hetimaked | ek
mess, 7,500 feet.

- Creston formatwn.—Grey—weathenng. heavily

¢ bedded quartzites, argillaceous quartzites,

and meta-sandstones arated by thin

bands of mebargillite. imated thick-

\ ness, 9,500 feet.

Cambrian =—The boundaries between the three formations classed as Cambrian,
cannot be fixed with any great precision, as the well-bedded rocks of these formations
pass gradually and conformsably into one another, and no fossils were found t> aid in
their stratigraphic division, The whole series is classed as Cambrian, though possibly
belonging to ihe Pre-Cambrian. The presence of ripple marks, worm borings, and
mud eracks in all of the sediments points to a shallow water origin.

The sills: of diorite are numerous in the Creston and Kitchener formations,
especially so in the latter. They seem to be absent from the Moyie formation, and,
therefore, appear to have been intruded before the deposition of the Moyie beds. The
gills sometimes attain a thickness of 400 feet, are more acid at their upper contacts,
and become finer grained at both their upper and lower contacts,

Jurassic: Granite Intrusion—On a lake situated at the head of the second creek
on the south side of Baker creek, is an intrusive mass of granite (so-called in the
field) which is badly smashed, and cuts the Moyie and Kitchener formations, The
rock is of a grey colour, and varies from granitic to porphyritic in texture. The
mineral constituents are quartz and biotite, with alkali and lime feldspars. Cutting
this body are numerous fine-grained aplite dikes. As no younger formations are
present, the age of this gramta cannot be definitely determined, but is assumed to be
Jurassic.
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Fleistocene: (lacial and Recent.—Numerous records of glaciation are preserved
throughout the region. All the lower hills up to the height of about 7,500 feet owe
their rounded forms to the action of the Cordilleran glacier. In the higher moun-
tains, glacial cirques containing small lakes may be seen at the headwaters of almost
every stream. The valleys are all U-shaped, with meandering stream cutting channels
in the flood plains. Hanging valleys characterized by falls are found on all the
tributaries of St. Mary river. The direction of glacial stris was noted in many
places, but owing to the difficulty of diseriminating between the strie of the Cordil-
leran ice-cap and local glaciers, the direction of main ice movement is better deter-
mined from the erratics. The general direction seems to be from northwest to south-
east.

The lower portions of all valleys are covered with a thick layer of glacial drift,

* thoroughly cemented by the solution and reprecipitation of ecaleium carbonate. This
enables the drift to stand with steep cut banlks, well shown along St. Mary river. The
boulders found in the gravels consist of quartzite and diorite, and have not been
transported far. More rarely, boulders of grey granite are found, which have probably
been derived from a batholith situated about 20 miles northwest of the area exam-
ined. Near the present surface the gravels pass gradually into stratified clays and
sands, which in the vieinity of the St. Eugene Mission contain two seams of lignite.
The following section was measured :—

Eroded surface—

Blue clay.. .o vv ci i i i e e e e e e e e e L. O .
7 - ¢ € 4
Blue clay. . .o v cr ve v it it e e e e e e e e s .. OB
a1 I IR SIS U T S | £
Blue clay.. .. v v ve e e e e e e e e e e e . 204

The lignite is brownish-black in colour, and erumbles easily. The seams are too
thin to be of any economic value. Some of the clays are suitable for the manufacture
of brick.

ECONOMIC GEOLOGY.

The Kitchener formation contains the majority of the metalliferous deposits.
As noted above, this formation contains the larger number of gabbro-diorite sills.
The examination of the mining properties and prospects was of necessity a hasty one.
The deposits fall roughly under four heads: lead-zine deposits, copper deposits, gold-
quartz veins, and placers. The most promising ore-bodies are the lead-zine deposits,
of which the St. Eugene, North Star, and Sullivan are examples. These mines are
located in the Kitchener quartzites.

The North Star mine is sitnated on the east slope of the North Star hill, in an
area of disturbed Kitchener quartzites. These form the eastern limb of a huge anti-
cline. They have a general strike of N 75° E (magnetic), and dip 10° tuv 25° S.
The ore mined at present is purely the oxidized produet of argentiferous
galena and pyrite. It is brown in colour, earthy in appearance, and consists of

+ limonite and cerussite (lead carbonate), with some native silver in moss-like aggre-
gates. When the product of surface alteration has been exhausted the leaner
sulphides—consisting of fine-grained galena, pyrite, and zine blende—will have to be
utilized. The hard ore contains very little gangue, and oceurs on the axes and limbs
of local anticlines, replacing the country rock which, near the vein, is altered to a
white quartzite. The ore is mined by means of shafts, tunnels, and open-pits. Not
enough work has been done up to the present to make possible any definite statement
regarding the size of the deposit and its continuity in depth. The ore is shipped to
Trail for treatment. About 256 men are employed and the output for September, 1909,
was 300 fons.
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The Sullivan group of claims is fully described in the report of the Zine Commis-
sion on the zine resources of British Columbia.l At the time of the writere’s visit, no
work was being done on these claims, but since then the property has passed under the
control of the Consolidated Mining and Smelting Company, and the output will be
shipped to the Trail smelter. The lode is located in the Kitchener formation, on the
southern slope of Sullivan hill. The strata in the vicinity of the mine have a general
strike of N 50° E, and the dip varies from 10° to 25° S. About half a mile north-
west of the mine a large diorite sill is intrusive into the sediments, and a sill of
like character is to be found on North Star hill. The ore consists of very fine-grained
galena, zine blende, and pyrite, in intimate mixture. The percentage of zinc varies
in different parts of the mine; and at present, the ore—which contains a large amount

' of zinc—is not utilized. The workings consist of a number of shafts, open-cuts, and
one tunnel. These have not as yet exposed the size and relations of the deposit.

Pyramid basin contains a number of Crown-granted claims, and a considerable
amount of work has been done; but most of the workings were inaccessible, owing
to the filling of the shafts with water, and the caving of tunnels. On one claim,
situated in the middle basin in the Kitchener formation, is a 2 ft. vein of arseno-
pyrite, galena, and pyrite, in a quartz gangue. The deposit is associated with a
diorite gill, which has a dip of 50° 8, striking N 50° E (magnetic). Situated
on the west slope of Evans mountain, in an area of Kitchener rocks, is the Evans
group of claims. On the lower claims a tunnel about 200 feet long has been driven
into a low grade ore body, which consists of a coarse-grained gabbro-diorite, impreg-
nated with pyrite, copper bearing in part, and pyrrhotite. The ore is found in the
interior of a sill, and probably is of the nature of a differentiate. The upper claims
have a fissure vein striking N 45° E, bearing chalcopyrite, pyrite, and native copper,
in a quartz-caleite gangue. Pollen’s claims, located near the above claims and
probably in the same sill, contain a vein 8 feet wide, striking S 75° E. The ore
consists of chaleopyrite, pyrite, copper-bearing in part, with very little gangue. A
peculiarity of this deposit is the association of rather large crystals of pyroxene with
the ore. A tunnel about 200 feet long has been driven to open up the deposit.

A number of claims were examined on Perry creek. The ore-bodies consist of
quartz veins cutting across the Creston formation in various directions. No informa-
tion could be obtained concerning these claims, but they were presumably located as
free-milling gold. propositions. Although no visible gold could be detected, values
might be obtained by assay.

‘The only placer mining in the district is being carried on by the Perry Creek
Hydraulic Mining Company, Limited, on Perry creek, about 4 miles above Old Town.
Formerly the richest gravels close to bed-rock were worked over by means of tunnell-
ing and sluicing. At present a hydraulicking plant, consisting of 8 miles of flume
giving a head of 800 feet at the giant, and a sluice 550 feet long containing 250 feet
of riffles, is in operation, The lower portion of the gravels is unsorted, and contains
large glacial boulders of quartzite and gabbro-chonte. The upper part of the gravels
consists of stratified clays and sands. -

The future of the lead-zine deposits in East Kootenay is dependent on the
discovery of some method for separating the zinc mineral befors smelting. The ore
in the district consists of an intimate mixture of fine-grained galena, sphalerite, and
pyrites, which is extremely difficult to separate. For a fuller discussion of the problem,
the reader is referred to the report of the British Columbia Zine Commission.

The copper deposits occur, so far as known, in the gabbro sills, which in the area
examined never exceed 500 feet in thickness. Not enough work has been done to
prove whether the veins occurring in these sills are continued into the quartzites
above and below,

Zine Rmum of British Columbia, and the conditions affecting their exploitation.
w. R Ingalh,
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COAL FIELDS SOUTH OF THE GRAND TRUNK PACIFIC RAILWAY, IN
THE FOOTHILLS OF THE ROCKY MOUNTAINS, ALBERTA.

(D. B. Dowling.)

INTRODUCTION.

The coal areas of Alberta, although known to be large in extent, are not all—
owing to location or quality of product—available for supplying the coal required by
the railways; consequently there is still a great demand for coal of the bituminous
class, such as is found in the foothills and mountain areas. The areas containing such
coal near the present railway lines are fairly well known, and are being exploited as
fast as the-demand warrants, * The completion of the projected transcontinental rail-
ways through the Yellowhead pass will extend the market for coal so as to severely tax
the producing powers of the present mines; hence, prospecting for coal in the vicinity
of the projected lines has been very active. -

The Bighorn coal basin, which was discovered in 1906, has been examined by
Mr. Malloch of the Geological Survey, whose report will soon be issued. The report will
deal with the exposures between the Saskatchewan and the Brazeau. The continua-
tion of the area northward was hurriedly explored this season, and other exposures in
the lower foothills were also examined. The results of this rough survey are shown
on the small sketch map on page 144 of the present report. The general results of
the exploration were the tracing of a long strip of coal-bearing lands reaching north-
ward from the Saskatchewan to the sources of MecLeod river, a distance of over 60
mi]ea, and the locating of a smaller area east of Bighorn range. Another area lying
in the outer foothills had been explmted previously, but the honzon of the coal was
not known.

SUMMARY AND CONCLUSIONS.

South of the Grand Trunk Pacific Railway line, in the foothills, there are coal
fields of large extent. Of these, the nearest to the railway is situated in the outer
portion of the disturbed foothills area. From it, domestic, and a fair grade of steam
coal may be obtained. The area is situated on the headwaters of Embarras and
Pembina rivers, and may be of larger extent than outlined on the accompanying
sketech map, Over a portion of this area a seam of from 12 to 17 feet can be mined.

Higher grade, steam and coking coals may be obtained from more distant fields,
to which approach is more difficult, since they are situated behind high, rocky ridges.
The areas containing the best grade of coal extend in narrow strips from the Saskat-
chewan river to near the Athabaska, behind the Brazeau, Bighorn, and Nikanassin
ranges, respectively. The parts which seem mineable, and easy of approach through
gaps in these ridges, may be outlined ag: the Brazeau Range area, on the Saskatche-
wan; the Bighorn basin, from the Saskatchewan to the Brazeau rivers; and the
southern part of the Nikanassin basin, drained by the McLeod and North branch of
the Brazeau rivers. These areas may not be mineable outside a strip which is not
much over a mile in width, but they have a total length of nearly 80 miles. A section
of the measures near the Saskatchewan shows nearly 100 feet of workable coal, in
about nine seams. Northward, the seams possibly decrease in thickness and number,
but on the McLeod the upper part of the coal-bearing horizon was observed to have
about 20 feet of coal seams. This may be added to by further prospecting.
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The character of the coal is remarkably uniform; and in almost all parts of the
field, coking coals that yield 75 per cent of coke may be found. The Fiddle Creek
portion, at the northern end of the Nikanassin basin, has not been examined, but it
is reported that coal has been found at points within half a mile of the Athabaska.
Possibly there are anthrgeitic coals in this part of the basin, but the location of mine-
able areas is considered to be of more importance than the finding of harder coals.

GENERAL CHARACTER OF THE DISTRICT.

Topography.

The areas considered in this report as coal fields lie within the zone of disturb-
ance on the eastern slope of the Rocky mountains, in the region generally described
as the foothills, although including also spurs or short outlying ranges of mountains.

The Rocky mountains here consist of parallel ranges lying comparatively close
together; but in the neighbourhood of the Saskatchewan valley, two outlying ranges
oceur in front of the masses forming the mountains proper. The outer one, Brazeau
range, is cut transversely by the Saskatchewan valley, but exteud.s only a short
distanee to the north of it.

Bighorn range occupies a position midway between Brazeau range and the
mountaing proper, but lies wholly north of the Saskatchewan, terminating toward
the south, on the north side of the valley. The range parallels the Rocky mountains
northward to Brazeau river, where it loses elovation, and ends. To the north, after
a short -break, another range continues to the Athabaska river, which it reaches
between Drystone and Fiddle creeks. To this it is proposed to give the name
Nikanassin, from the Cree words meaning  outer range,

The foothill region outside the true mountain areas, may—for descriptive
purposes—be divided into two divisions: the rough foothills, and the undulating
plateau country.

The rough foothills west of the McLeod river form a narrow belt as far south as
Pembina river; from there, southward, the belt becomes wider, and the ridges more
prominent, so that between Brazeau river and the Saskatchewan the foothills are
arranged in very pronounced ridges parallel to the mountains.

The plateau country, bounded on the west by the rough foothills, merges easterly
into the undulating country through which the Saskatchewan flows on its way to the
more gently rolling prairie,

The greater part of the district drains easterly through the upper Saskatchewan,
Brazeau, and Pembina valleys; but to the north there is a northward slope, drained
by the MecLeod and Embarras rivers.

Both the Saskatchewan and Athabaska occupy deeplyneroded valleys. In the
neighbourhood of the mountains, the Athabaska seems to have reached, temporarily
at least, a grade at which erosion is proceeding slowly. The Saskatchewan is still a
swift stream, transporting a heavy load of coarse gravel, and at times of high water
is muddy with finer debris. The Brazeau river, with its many branches, is of next
importance, both in volume and extent of incision of its valley through the foothills
and mountains. The main branch rises near the source of the Athabaska, although
most of its water supply comes from glaeiers,. near Brazeau lake. Southesk river—
the next branch in order of importance—rises near the head of the west branch of
Rocky river, which flows into the Athabaska. The remaining tributaries of the
Brazeau are the north and south branches, flowing from the outer ranges.

Pembina river is a foothill stream, and does not reach large dimensions within
the area under consideration. McLeod river has no distinet valley through the
Nikanassin range, its branches flowing northeasterly through several gaps in the
range. These, after reaching a northward trending depression, unite to form the
main stream.
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Forest.

The whole area may be classed as forested, although much of the forest has been
destroyed by fire. Northward from Pembina river, one of these tracts of dead trees,
burned years ago, covers a large area near the mountains. Between the Pembina and
Brazeau the forest is still green, with local patches “of dead timber. Near the
Saskatchewan there is more open country, and the forested areas seem to be covered
by younger trees, as though the forest was encroaching on former open country. Near
the streams, spruce is the principal tree, but most of the hill forests are of Banksian
pine, which, as it has a tall, stra:ght tree trunk free from limbs, is of value for use.
as timber where great strength is not reqmred.

Transportation and Communication.

The projected railway is now graded from the east nearly to Wolf river, and rails
are laid to Pembina River crossing. A road designed for wagons has been cut out
almost to the mountains, but the western portion, owing to the swampy character of
the ground, is probably impassable for wagons. Hence, the principal means of trans-
portation during summer is by pack trains (horses) from the Pembina River crossing.
Trails have been cut through the forest for freighting and by prospecting parties, in
such number that now almost any point may be reached on horseback.

The main trails crossing the district from east to west are: (1) those following
the location of the Grand Trunk Pacific railway; (2) trails along the base lines—
the principal one being from Rocky Mountain house to the Bighorn range near the
11th base line; and (8) trails following the valleys of Pembina and Brazean rivers.

The north and south trails leading from the railway line include those from
Wolf creek to the mining camps on the head of Embarras and Little Pembina rivers;
and another (not well travelled) from Prairie creek which joins a trail up the valley
of McLeod river. The last named was the route traversed by Southesk when he pene-
trated the outer ranges to reach the headwaters of Rocky river. He entered the moun-
tains proper by a stream which is the source of the north branch of the Brazeau.

The southern portion of the country shown on the sketch map can be reached
from Laggan, Banff, or Morley, by following trails to the ‘ Kootenay plains’ on the
Saskatchewan, and thence north to the Brazeau by trails through the coal fields
between the Bighorn range and the main Rockies. These trails are well travelled,
and are on hard ground, so that they are preferable to the present approach from the
east, which, in places, is through soft muskeg for considerable disbances. Trails in a
north and south direction in the foothills east of the Bighorn range are very ill-
defined. Those shown on the sketch near the mountains are fairly well cut out.

Commeroial Possibilities.

Better access to the distriet by the construction of railways and roads is all that
is needed to ensure the opening up of important coal mines and the utilization of the
timber resources. The Saskatchewan valley offers a good route for a railway; since
the coal areas to be reached from it are extensive: as are also the agricultural and
grazing lands on its slopes. To show that a branch railway up this valley need not be
a mere spur line, it may be mentioned that the Howse pass, at the head of the valley,
is reported to afford as feasible a route to the Columbia valley as that by the Bow and
Kicking Horse river.

Surveys for railways into the Brazeau country are under way, and it is possible
that a route through the mountains to Yellowhead pass may be found by the pass
from Brazeau lake to the Poboktan; or, possibly, by the headwaters of Southesk river
which heads with the west branch of Rocky river. No pass low enough to afford a
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route to the valley of Maligne river was found; but connexion might be made by a
tunnel through the dividing ridge at its narrowest point. The coal fields at the head
of the McLeod velley could be reached by short branch lines up it, from the north.

The advent of railways will make available the excellent steam and coking coals
of the Bighorn basin and its extension to the morth.

GENERAL GEOLOGY.

The main ranges of the Rocky mountains are of the fault block type, with local
folding or curving, in the vicinity of overthrust faults. These blocks in the outer
ranges show a succession of beds ranging from reddish, sandy slates, of Triassic age,

.exposed on the western slopes of many of the hills, downward tl:rough massive Carbon-
iferous limestones to the yellow tinted Devonian. The Bighorn and Nikanassin ranges
are the upturned edges of such blocks; but on their western slopes there are found
remnants of newer rocks, some of which are upper Cretaceous: for example, the sandy
beds of the Belly River series.

The northeastward movement of”the fault blocks of the Rocky mountains has in
many eases caused an upturn of the beds in front, so that in the Bighorn basin the
lower Cretaceous coal-bearing beds lying on the eastern ridges, reappear on the western
edge of the fault block in highly tilted and often crumpled beds. In the field north of
the Brazeau, this structure was not actually observed, but the presence of drift coal
in stream beds in the centre of the belt indicates that the structure is probably similar
to that in the Bighorn basin.

In the foothills immediately in front of the outer ranges, exposures of folded
beds ranging downward to near the Dakota were observed on Pembina river. But fo
the east of the zone of disturbance, which was almost mountain building in its effect,
there seems to be a fault running parallel to the mountains in the outer foothills, and
beyond this line there is found the upper part of the Cretaceous—a great sheet of
sandstones and shales of the Edmonton series, covered in some places, by Tertiary
sandstones.

The areal distribution of the rocks in this district is greatly influenced by the
faults and folds in the bed, which run northwest and southeast. If the formations
were mapped they would be indicated, in many cases, by narrow bands having this
direction. In a general geological description, the area may be conveniently sub-
divided into four divisions, which correspond more or less closely to those given under
the topographical description, The sequence of formations is given from east to
west :— .

(1) The plateau country having exposures of upper Oretaceous, and probably
some Tertiary beds. -

(2) A foothill area made up of Cretaceous rocks, ranging in age from the Dakota
to the Belly River, with lower Cretaceous beds upturned in places at the base of the
first limestone ridge.

(8) An inner belt of foothills behind a barrier of limestone (Triassic to Devonian
in age), having exposures of Cretaceous beds ranging from the Kootanie upward to
the Belly River formation.

(4) The mountains proper, showing narrow bands of rocks which repeat the
succession from the Devonian to the Triassic.

The formations bearing coal in economic quantities are only two: the Kootanie,
and the Edmonton; only thin seams of coal, a few inches thick, are found in the
'Be]]y River rocks. The Kootanie, which in the type locality is believed to be of fresh
water or inland origin, in this district is of a character that seems to indicate that,
during its deposition, the land was low enough to allow the water of the.sea to ocea-
sionally flood at least the northern portion. Af the northern outerop of the rocks of
this formation, coal seams are probably fewer than farther south, and confined to the

top of the formation.
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Structure—The first great fault along which the lower Oretaceous beds are
brought into contact with the younger measures which cover the eastern glopes of the
foothill area, is found near Miry creck in the foothills, in front of the Brazeau range.
Northwestward, this fault crosses Pembina river 6 or 8 miles west of Little
Pembina river, and continues to the head of Prairie creek on the south bank of the
Athabaska. Northward from this point it follows the edge of the mountains. The
next important break oceurs in front of the Bighorn range; and, with some complexi-
ties near the Brazeau river, continues northward and crosses the Athabaska at Dry-
stone creek. Between these two breaks the rocks are folded into a trough or syncline,
followed west and southwest by an anticline. Throughout the foothills these folds
are not greatly compressed ; but near the Athabaska river, where the axes of the faults
are quite close together, the beds dip at high angles.

The upward displacement of this fault block between the above two main faults,
becomes greater toward the north, where the appearance at the surface of pre-Creta-
ceous, hard limestones marks the beginning of another range. The syncline decreases
in importance northward, and the crown' of the anticline, in the narrower part of the
block, forms the centre of the ridge. This feature is shown in the mountain called
Folding mountain at the Athabaska, where the beds exposed are of Carboniferous
limestone capped by Triassic and Jurassic beds.

The next fault bloek is bounded on the east by the westernmost fault abave mentioned,
and on the west by another which extends along the base of the main Rockies from
the Saskatchewan to the north branch of the Brazeau, where it enters the mountains,
reaching the Athabaska west of Fiddle creek. The block included between these two
fault lines has been uplifted, and its eastern edge uptilted on the block to the east.
The lowest beds exposed along the eastern edge are limestones of Devono-Carboni-
ferous age, overlain, except where erosion has removed them, by Triassie, Jurassie,
and Cretaceous beds. The western edge has in some places been overridden by the
next succeeding blocks of the mountains proper, but in most places the softer Creta-
ceous beds are buckled back, and in places the block forms a trough with stgeply
-upturned beds along its western border. Where the lateral boundaries approach one
another, as they do in the mountains, the block is tilted steeply to the southwest, and
the Cretaceous coal-bearing beds will probably be found to show the effects of pressure
and folding. ’

ECONOMIC GEOLOGY.

General Character of Coal.

The coal of the Kootanie measures in the Bighorn basin has been carefully
examined by several prospectors, and analyses have been published in the Summary
Reports for 1907 and 1908, which show th#t it is a bituminous, or steam coal, with a
high carbon content, not generally high in ash, and always low in sulphur. Practical
tests with a small coke oven on Bighorn river show that a very high grade of coke
can be made. Northward, in places, the fixed carbon content is higher, but it seldom
approaches that of an anthracite coal.

The eoal of the Edmonton measures in the foothills on Pembina and Embarras
rivers is of lower carbon content, and approaches what might be termed a low carbon
bituminous coal. Its coke is not as firm as that from the coal fields nearer the moun-
tain. This might be expected, as the measures are younger and have not been sub-
jected to great pressure. The results of analyses of these coals from individual
exposures will be found on a subsequent page.

Distribution.
Tn the Kootanie measures the coal seams found near the Saskatchewan are well

distributed throughout the formation. There appears to be in nine seams a total
thickness of 90 feet of workable coal. On Ggorge creek—one of the forks of the south
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branch of Brazeau river—Mr. McEvoy fourd ten seams, with 65 feet of workable
coal.- Near the north end of the range on Wapiabi creek, Mr. Malloch last year dis-
covered four seams near the top of the formation, with about 26 feet of coal. On the
north branch of the Brazeau, four seams are exposed in the same part of the measures;
and on McLeod river the coal is apparently all in the upper measures.

In the upper part of the Cretaceous, as exposed in the foothills on the Embarras
and Little Pembina rivers, the coal seams occur in the Edmonton formation—the
horizon in which the Big coal seam on the Saskatchewan, and that at the railway
crossing on the Pembina occur.

-

Details of Exposures.

Northern end of Bighorn Basin—In the Brazeau valley few exposures have been
found, but it is certain that the Coal Measures continue across the valley following
the direction of the ridges. Several small streams drain southwestward from the
Bighorn range to the Brazeau, and on these exposures of the underlying rocks will
probably be found. One such stream visited this season, and provisionally called
Race creek, crosses the line between ranges 19 and 20, through section 6 of township
43, range 19, Near the eastern edge of the section there exposed, two coal seams are
visible: an upper one of 4 feet, and a lower one of 5'-8”. Both seams are mineable,
and appear to be good steam coals, but are not certainly known to be coking coals.
The analysis of the haavxer seam, by Mr. Wait of the Mines Branch, Department of
Mines, shows:—

Moisture. . .. rd Thed v waes werah ge w1k
Volatile com.bustable matt.er 55 o4 40 ss se 2e ww sw an o0 2114
Fixed earbon.. .. .. .. vt th it vt vt e ve ee ee ee .. 0.08
’ 100-00

Coke, coherent, but tender.
Colour of ash, white, inclining to grey.

Other seams may probably be found by trenching, since the measures are con-
cealed over long strips by a clay and gravel covering.

On the main Brazeau, coal seams are reported to occur near the mouth of
Southesk river. This part of the valley, owing ta the thickness of the river deposits,
will require careful examination to determine the limits of the field.

North Branch Brazeau River—The north branch of Brazeau river rises in the
outer ranges of the Rocky mountains in two well-defined valleys that join at the
eastern edge of the northern coal field. The stream, a short distance below the junec-
tion, crosses a fold east of the fault which brought up the ridge to the north, and this
fold may represent a continuation of the Bighorn basin. On the south fork the
stream crosses the measures nearly at right angles, and several exposed coal seams
have been prospected. In descending the stream from the trail crossing, the shales of
the Colorado group are found dipping toward the mountains or to the southwest, at
angles increasing from 20° to 40°; then sandstones are encountered, supposed
to be of the Dakota formation, though the line of demarcation between them and the
underlying Kootanie is not apparent. These sandstones are not over 500 feet thick,
and coal seams occur just beneath them. The first or upper seam dips nearly south
at an angle of 55°, and has a thickness of 10'-5” (including 8 inches of dirty coal
occurring in two streaks near the middle of the seam). An analysis of samples taken
across the seam shows it to be a good quaht.y st.eam—probably coking—cqal. The
results given by Mr. Wait are:—
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Proximate analysis by fast coking—

MORSHAITE. o 2 e vv on se o0 o nn ne an 80 40 84 ve ns ar ve o0 122
Volatile combustible matter.. .. .. .. .. «v v0 v oo .. .. 2211
Fixed carbon.. vv oo vv vt vttt ve v e e e ae e e .. 69.06
Ash. v i i s i 761

100.00

Coke, firm, coherent—76-67.
Colour of ash, reddish-brown.

Ten feet below this seam a 4 ft. seam may be mined, but the outerop does not
promise well, the coal being very dirty. On the south bank, a few hundred feet below
the top seam, a 6 ft. seam of good coal occurs, but there is a local fault in the
medsures, and the coal may be too much crushed to mine. Below the middle sand-
stone rib on the south bank, an 8 ft. seam which dips at a steeper angle to the south-
west, appears to be unbroken, and is probably a good mineable seam; 2 feet at the
bottom is dirty, but the upper 6 feet is of bright, clean, steam coal, and probably a
good coking coal. The analysis shows an especially low ash content. Analysis by Mr.
Wait :—

Proximate analysis by fast coking—

I 1 0 P Y 5
Volatile combustible matter.. .. .. .. .. .. .. .. .. .. .. 23.76
Fized carbom.. .. ov c1 vc cv tv o1 we e an me wv e ve +- TOBO®

100.00

Coke, firm, coherent—77-82.
- Colour of ash, light brown.

Below the confluence of the two forks a few seams of coal are exposed in an anti-
cline of the Kootanie rocks opposite Cardinals grave at the Prairie camp, where the
trail to Pembina river turns northward from the morth branch of the Brazeau. No
prospecting has been done on the measures here, so that very few coal seams have
been found, but a group of four seams, close together, is known to occur near the
top of the formation, with thicknesses of 2, 8, 8, and 4 feet respectively. These, with
a 5 ft. seam, are probably repeated to the east at the narrow cafion, since seams
having corresponding thicknesses are found there. A sample from the lower 3 ft.
seam, which looked the brightest coal, is certainly of a high grade, judged by Mr.
Wait’s analysis:—

MOIETUYS. ¢ & i aies vs i adiasiien sf s chise e bs 5 wasw D00
Volatile combustible matter.. .. .. .. .. .. .. .. .. .. .. 24.52
Fixed earhon. . .o vv vr ch te vt te et et er ae e e es .. T0.88

il 100.00

The north fork of the North Brazeau runs for a long distance parallel to the
outer limestone ridge of Nikanassin range, but the exposures are mostly of the lower
part of the measures, and show thin coaly streaks only, Considerable faulting and
slipping of the beds on one another is apparent, but the hills to the west bordering
the valley may contain workable seams. The upward continuation of the stream
crosses the measures, but exposures of coal seams were not seen.

Continuing northwesterly along the strike of the rocks after leaving the waters
of the Brazeau, the drainage is northward. Streams from the mountains cross the

26—10
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Nikanassin range through three gaps, joining outside to form the McLeod river. On
the first branch north of the Brazeau, exposures of coal seams were staked by Thos.
Russell in 1906. A thick seam near the stakes measures 12 feet, and the weathered
coal sampled across the section (including dirty coal) shows, on analysis, high ash,
but remarkably low fixed carbon.

Analysis by F. G. Wait, of coal from 12 ft. seam, Russell claim, head of McLeod
river, township 46, range 23, west of the 5th meridian :—

Moisture.. .. . S > £
Volatile eombusttble matter i5 ma e i s e aean 22.68
Fixed oarbon.. .. .. cv vh v vr it on vt an ne ne o 0 +e DODT

100.00

Coke, non-coherent—71.53.
Colour of ash, light brown.

Below this seam, near the creek bed, a small, clean-looking coal seam 2-3” in
thickness was also sampled for comparison, in order to determine if the beds were
changing in general character. This ecoal is of the same general grade as those to the
south, giving the following resu]ts ——

Moisture. . .. . P I -

Volatmlecombustlble e Y 1
Fized carbon.. .. .. .. .. .. .. oo i e ie e ey e ae .. 73210
10000

Coke, firm, coherent—77.36.
= ‘Colour of ash, bluish-grey.

Several small seams were found in the same creek below the large one mentioned,
but were all too small to work.

In the third opening, through which the largest branch issues, the measures were
‘found and reported on by R. W. Jones, C.E., whose samples were analysed by Mr. J.
O’Sullivan, provincial assayer for British Columbia. A seam, which is perhaps a
continuation of the 12 ft. Russell seam, but measures 7-6”, gave the following
analysis:—

Moisture.. .. . e e e e e e e e e ee ee e .. 1.0
Volatile combuahble I oY
Fizxed earhon.. .. .. .. .v ot vt i st ittt et e ee .. .. BB.B

‘ £ 100-0

Coke, hard and firm,

Another, with a thickness of 4'-6”, is of better quality both in respect to ash and
fized carbon content, having:—

Moisture.. .. . O Tr TP SN - 1
Vo]ahlecombustlble - ) Y
Fizxed ecarbon.. .. .. .. .. oo ot vt vt v eh es eh e .. .. B1.B

100-0

Coke, hard and firm.
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This series of coal-bearing rocks extends into the mountains and continues onm,
west of the Nikanassin range, to the Athabaska; but the basin appears to be narrower,
owing to the convergence of the fault lines between which it lies. In this area ofe
great pressure and folding, coals may be found, having anthracitic characteristics.

Brazeau Range Coal Basin.—Exposures on Miry creek show that another belt of
Kootanie rocks crosses the valley of the Saskatchewan east of the Bighorn range.
These rocks were not critically examined owing to lack of time, and mno coal seams
were discovered in them, but no doubt seams will be found in them when the con-
struction of a railway line up the valley is begun.

Pembina and Embarras Coal Field—The coal seams on the Little Pembina seem
to oceur at about the horizon of the top of the Edmonton formation, like the thick
seams at the railway crossing on the main river.

The valley of the Little Pembina seems to follow a line of fracture, from which
the loose “material has been removed; the exposures near its mouth on the Pembina
river show this, and also those at the prospecting camp, where a 12 ft. seam in
one place is found buckled back, so that the face of the bank shows an exposure of
broken coal 25 feet between the walls. At other points, not visited, it is reported,
though the reports are probably exaggerated, that local swells in the seams give
thicknesses as great as 42 feet., The thickness of the undisturbed seam does not
appear to be less than 12 feet, and in places increases to 17 feet. This coal, which
has been altered by pressure to a coal of the bituminous class, may fall below that
class in its undisturbed portions. A sample from the 25 ft. exposure gave the follow-
ing analysis. (It is tabulated for comparison with one from the undisturbed coal
seam nearby.)

35 ft. mass. 12 ft. seam.

Mofsture.. v oo vv ve vnve e e s e we .. 438 6.32
Volatile., .. .. vv vt vt v e e ve e ee .. B83.52 35.71
Fized earbon.. .. .. .. .. .. . vt ee .. .. BT0Z 52.25
Ash. . .t i i i et e e an e e e e .. Be14 5.72

100.00 100-00

The area underlain by this seam appears.to be large, since the beds dip gently
to the west; it would seem advieable, therefore, to test the ground by boring before
mining operations are actually begun. The lease for this area is held by the ¢ Pacific
Pass Coal and Coke Company,” who are prospecting on the Little Pembina.

Another Company, ‘ The Yellowhead Pass Coal and Coke Company,’ has under
lease an area in townships 48 and 49, ranges 20 and 22, west of the 5th meridian, on
the upper waters of Embarras river. Extensive prospecting operations have been
carried out this year under the general charge of Mr. F. B. Smith, from whose report
the following notes were obtained :—

The coal field forms the southwestern portion of an anticline, the crest of which
is to the northeast of the property. The strike of the beds and the outerop of the
seams run, in a northwest direction. The dip of the beds near the crest of the anti-
cline is about 55° from the horizontal. To the southwest the upper members of the
series have gentler dips, and are, consequently, less disturbed.

Two heavy beds or deposits of coal are found, separated by 1,500 feet of sand-
stones and shales. The lower one shows in places a great thickness of coal; but is
so impure that without special means for cleaning or washing, it would not be all
available, Its greatest thickmess is found east of the outcrop near Embarras river,
where it shows about 36 feet of coaly beds forming two benches: an upper one of 24
feet separated by 2 feet of shale from the lower 12 ft. bench; it probably thins out
materially toward the edges of the field.

26—10%
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The upper heavy deposit or series of seams is found distributed through from 50

to 100 feet of beds. The prospecting on this, at points distributed over a distance of

# 33 miles of outcrop, shows a coal content of 35 feet, occasionally increased to 50 feet.

Of this coal, two benches seem to be fairly constant, with 9 feet of coal in each. Other

seams at the centre of the section may in places allow of an additional amount being
included in the estimate of workable coal.

The character of the coa] from the upper part of this series of seams may be seen

from the following analysis made for the Company by the Milton Hersey Company,
Limited :—

Prospect opening B 3, upper bench coal 9-6”.—

: Moisture. . .. . C e e 8.42
P Volatile combu.shble matt.er syt s+ we se -4 .. 38.88
Fixed carbon.. .. .. .. - 4550
Ash.. .. .. oo v e o 7.20

100-00

Heating value in B.T.U.—10-982.

The coal from the lower part of this horizon was also sampled in the same locality,
from a 7 ft. bench—the upper part of a lower seam, which is here about 17 feet in

thickness. The analysis was also by the Milton Hersey Company :—
Prospect opening B 8, lower bench.—
Moisture.. .. . s 20
Volatile comhust:b]e maf:ter cee we ae oo BTAT
Fixed carbon.. .. .. .. .. 49.33
; 100-00

Heating value in B.T.U.—11-957.

These two analyses show the lower eoal to be decidedly superior to the upper.

Other Reported Areas.—It is quite possible that an extension of the seams

deseribed above may be found on MecLeod river.

The character of the coal is, how-

ever, not of sufficiently high grade to place it in serjous competition with that obtain-
able near the mountains. Along the projected railway, coal of lower grade has been
found in'several places. Brief descriptions of these, with analyses, follow.

An 8 ft. seam is exposed on a branch of Prairie creek which is crossed by the
railway just below Brulé lake on the Athabaska river. It gave the following analyam—-—

an average of three samples:—

. =  Moisture., 10-10
: Volatile combustlhla matter 37.54
- Fixed carbon.. 45.07
x, Ash.. .. .. 7.29
i ]

! 100-00

A smaller seam in the same locality,
had:—

‘~8” in thickness, and hardly workable,

Moisture. . . 4.80
Volatile combustlble matter .. 33.20
Fixed carbon.. .. «v vv vr vr e on on w 43.10
Ash.. ., 18.90

100-00
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Several seams outerop on the Athabaska river, above the mouth of the MeLeod.
An outerop near the mouth of Oldman river is reported to be of workable thickness,
and a sample received from there is superior to the average from this locality. The
sample is apparently a coking coal, or very nearly approaches one. Analysis by F. G.
Wait:—

Moisture. . .. .. sa e wm e e e ws g e BRSO
Volatile combust.lble matter B 1 81 -
Fixed carbon.. .. .. .v o0 vr tt td e ee ee i v aate. ol 4897 i

100-00
Coke, firm, coherent—55-18.
Colour of ash, brown. _
L L]
On the Athabaska, 20 miles above the mouth of the McLeod, two seams are kmown
that are 10 feet and 3 feet, respectwely, in thickness. The fpllowing analyses are
from Geological Survey Reports:—

Thickness of seam.. .. .. .. .. .. .. .. .. 100" 3707
Mojsture.. .. .. .. .o 00 i i e i ey 1047 10-58
Volatile.. .. .. .t ci vi v th v an e aa o0 82.09 32.79
Fixed carbon. .. .. .. vt vr v e vn ww .. .. 4799 50-19
7 ) P - 11111 6.44

100-00 100-00

Samples sent in for examination from seams near the railway, the thicknesses of
which were not given, gave the following analyses, from which their character may be
inferred :—

MecTeod river, near railway. Sample contained :—

Moisture.. .. . R+ I X
Volatile combustlble Cr ev ee he ee awae ee e ee .. .. 39.94
Fixed earbon. . « v v vh ve v bt ie e e e e ea ee . .. 48.25

100-00

A sample from Jocks crossing contained:—,

Moisture.. .. . D 11523 |
Volatﬂecom’nusnhle T e e EE Ot P S SR - 7 | ¢
Fized carbon.. .. .o vt ci vr it i te e e ek e e e .. 43.52

100-00

A sample from near Wolf creek, in township 52, range 15, west of the 5th meri-
dian, contained :—

MICISEURE 5 v eins ov 59 = amaais s e e ags §4 ke bures | DT
Volatﬂecomhustlble O {15 1
Fixed CATDON. . oo vv v te v sa v ae s am e ee e wa .. 4674
N A T S ET A 1. |

. , 100.00
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These samples are very little higher in fixed carbon content than the coal from
the railway crossing of the Pembina, the general character of which is indicated by
the following analyses of two seams, exposed in the banks:—

Thickness of seams.. .. .. .. .. .. .. .. .. .. 18-0” 6’-0"
Moisture.. .. . e e e e ee e e. .. 18.78 13.07
Volatile combustlble Ce e e e e e .., B2.01 32.03
Fixed carbon.. .. .. .. .. .. v .t vu oo .. .. 47.835 47.56
Ash.. .. .. .. . . e e e e i e . .. B.8B 7.84

100-00 100.00

Kootanie Coal Measures in Smoky River Basin.

Samples of coal, with a few fossils, were submitted by Mr. J. R. Akin, from
exposures on branches of Muskeg river, in sections 2 and 4, township 57, range 7, west
of the 6th meridian.

The fossils (a few leaves and bivalve shells) are identified by Mr. F. H. Knowlton,
of the Umnited States Geological Survey, as being Zamites acutipennis, Heer, a plant
of the Kootanie formation. The shells are a marine genus, T'ancredia, found also in
the Jurassic. The analysis of one of the samples of coal by Mr. F. G. Wait shows
that it is similar in character to that in the Brazeau field, having :—

Moisture.. .. . P 8]
Vo]atllecombustlble Ce ek e e e e e e e e we .. 24.38
Fizxed carbom.. .. .. v vo ce vt i e e eh e ae e .. .. BB8.8T

100-00

Coke, firm, and coherent—74-40.

Several seams are reported, but there appears to be on each section a seam between
8 and 10 feet thick, in beds inclined at about 45° to the horizontal. This oceurrence
is possibly the southern end of a large area which crosses the Peace river in the
vieinity of the mountains.

General Development,

Although considerable expense has been incurred in the purchase and rental of
lands, as well as in location surveys, active work in the lihe of testing the seams has
been confined to sending out small parties during the summer months to do excavat-
ing by hand. In the Bighorn basin, the seams are fairly well known, and have been
reported on. , A small coke oven was built on Bighorn creek, and the coke produced
was of the best class.

On the Little Pembina, the Pacific Pass ‘Coal and Coke Company have built
several small houses, and maintain a staff of prospectors to open the seams of that
neighbourhood. The Yellowhead Pass Coal and Ooke Company, on Embarras river,
have also established a camp on their holdings.
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LAQ LARONGE DISTRIGT, SASKATCHEWAN,
(William MecInnes.)

DISTRICT EXPLORED.

The district exp]ored lies in the northern part of the Province of Saskatchewan.
It embraces the country in the neighbourhood of Lac LaRonge, including Nemeiben
or Sucker lake to the west, Wapawekka lake (Bear or Pipe lake) to the east, and a
part of Churchill river to the north.

Micrometer telescope surveys were made of Lac LaRonge, including the large
expansion to the east known as Trout lake, but exclusive of the west shore and adjoin-
ing islands, which were being surveyed by L. R. Ord, D.L.S., for the Surveys Branch
of the Interior Department; Wapaweltka lake; Rapid river and lakes; and a chain
of lakes forming a portage route between Lac LaRonge and Stanley. )

PREVIOUS WORK.

The region was visited by D. B. Dowling in 1892, who published a brief deserip-
tion of the lake in Vol. VIII of the Geological Survey reports, pp. 101-102D; and
by the writer in the autumn of 1908 (see Summary Report of the Geological Survey
of that year, pp. 80, 82).

The exploration of 1909 was undertaken primarily for the purpose of ascertain-
ing the value of the minerals of the district. Thomas Firth, B.A., acted as assistant,
and performed the duties required in a most satisfactory manner.

SUMMARY AND CONCLUSION.

A series of rocks resembling in many respects the Grenville series of eastern
Canada, and which, for convenience of reference, is called the Lac LaRonge series,
was found, in certain bands, to be impregnated with sulphides. Many locations have
been staked on bands of this deseription both on Laec LaRonge and on Churchill
river, and a little assessment work has been done on some of them. The result of |
assays of material taken from typical locations has been uniformly disappointing.

At the southern end of Lac LaRonge, the Pre-Cambrian rocks are overlain
unconformably by limestone of Devonian age; and farther east, along the south
gshore of Wapawekka lake, by Cretaceous sediments, thought to be of Dakota age.
The Cretaceous is made up in the main of white quartz sands and sandstones, very
free of impurities, and well adapted for the manufacture of glass. They contain also
a bed of lignite that, where exposed on the shore of the lake, has a thickness of 29
inches of clean coal.

GENERAL DESCRIPTION.
Topography.

The country is a gently rolling, profoundly eroded plateau region or peneplain,
lying at an elevation of about 1,200 feet above the sea. It is intersected by many
streams and lakes that occupy only moderate depressions in the surface. Excepting
in the south, where newer sediments overlap the ancient land surface and the Wapa-
welkka hills form a conspicuous ridge 800 feet or more above the general level, there

are no prominent elevations. The general drainage is northward and eastward to
Hudson bay. The most important watercourse is the Churchill river, which flows
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easterly through the northern part of the area. In this part of its course, 600 miles
or more from Hudson bay, it is already a river of large volume, flowing like most of
the rivers draining the great Pre-Cambrian peneplain, thiough a series of wide,
irregular, lake-like expansions connected by short rapids and falls. Rapid river, the
outlet of Lac LaRonge and its upward extension, Montreal river, drains the greater
part of the district, flowing northerly into the Churchill river. The water of Wapa-
wekka lake flows easterly into Pelican lake and reaches the Saskatchewan river by
way of Sturgeon-weir river. '

The river valleys of the old, Pre-Cambrian peneplain occupy pre-glacial depres-
sions in the rock surface; the valley of the Churchill river is an instance in point,
the river flowing over the rims of succeeding rock basins with little erosive effect.
On the other hand, the river valleys of the southern part of the area are now in
course of very active erosion by the rivers that occupy them. Montreal river is a good
example of a river flowing in such a valley, showing, as it does, at a number of points
along its course, high scarped banks where widening of the valley by the undermining
action of the current is progressing at a rapid rate.

Transportation.

The district can be reached in summer only by canoe routes, of which there are
two principal ones: one from Prince Albert, by an 80 mile portage to Montreal lake
and down that lake and the river flowing from it, a distance of 125 miles or more, to
Tac LaRonge; the other from The Pas, the present terminus of the Hudson Bay
branch of the Canadian Northern railway, by the Saskatchewan, Sturgeon-weir, and
Churchill rivers. In winter, when it is most easily accessible, the district may be
reached by a sleigh road about 160 miles long. Over this route the fur companies do
most of their freighting. A branch of the Canadian Northern railway, now building
northwesterly through the settlement on Shell brook, will shorten the distance by

only a few miles.

Commercial Possibilities.

A considerable area of good agricultural land is crossed by the road leading from
Prince Albert to Montreal lake, a continuation eastward of the area of such land
traversed by the railway along Shell brook. To the north, throughout the whole
region about Lac LaRonge and the Churchill river, the areas of good land are not of

- great extent, the larger part of the surface being either too sandy or too rocky for

general cultivation. Limited areas, chiefly about the northeastern part of Lac La-
Ronge and along the Churchill river, have a surface cover of clay that provides a fair
soil for agriculture.

Climate.

Though the winters are long and severe, the summer temperatures are relatively
high, and the hours of possible sunshine long in this high latitude : about 180 hours or
ten days (reckoned in sunshine) longer than in central Ontario during the months of
June, July, and August. For this reason the seasons are quite long enough for the
ripening of grain crops. On August 7, at Stanley, on the Churchill river (N lat.
55° 25”), potatoes were in full flower, and small fields of wheat, barley, and oats, planted
about May 20, were well grown; the wheat stalks averaged 30 inches in height, and the
grain was in the milk and beginning to harden. About August 20, a good crop of
wheat and oats was harvested from a small area under cultivation at the Anglican
mission on Lac LaRonge. At both places good garden vegetables of the ordinary
kinds were successfully grown.
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Fauna and Flora.

Large game is not plentiful in the immediate neighbourhood of Lac LaRonge.
In the country to the south of the lake, however, where the browsing is better, moose
are numerous; while about Red Deer lake and in the country to the south of it
Virginia deer are found. The common fur-bearing animals of northern Canada occur
_ throughout the district, and ducks of various kinds breed about the lakes and ponds.

Fish are abundant throughout the region: lake trout and whitefish of good size
and quality are plentiful in Lac LaRonge, and whitefish in Churchill river and -its
lake expansions; while pike of good size occur in all the lakes.

The larger trees occurring in the district are white, black, and balsam spruces
(the first named constituting the lumber tree of the district); tamarack; Banksian
pine; aspen and balsam poplar, and white birch. Ash-leaved maple grows as far north
as the south shore of Lac LaRonge.

The greater part of the region has been repeatedly burned cver, only a few islands
and small local areas having escaped. The largest of these unburnt areas lies to the
south of Lac LaRonge and east of Montreal river, where large white spruces cover a
belt extending south from the lake shore.

GENERAL GEOLOGY.

The greater part of the region under consideration is underlain by the very old
rocks of the pre-Cambrian complex. They consist of biotite gneisses of various kinds;
erystalline limestone; chloritie, hornblendic, and other schists; diorites; diabases, ete.;
with many intrusive masses and dikes of pegmatite and granite. Though over certain
.areas, notably on the eastern shores of Trout bay, the fine gneisses, associated with
sill-like bands of coarse gneiss and pegmatite, lie in a gently undulating attitude, yet
over the greater part of the area, they dip at high angles and preserve a very uniform
northeasterly strike. Lying on the upturned, profoundly eroded edges of the old
schists and gneisses, in the southern part of the area, are two series of newer sedi-
ments. On the north shore of Lac LaRonge these consist of fossiliferous, magnesian .
limestone of Devonian age; while farther east, on Bear lake, lignite-bearing sands and
sandstones of Oretaceous age directly overlie the Pre-Cambrian. -

TABLE OF FORMATIONS.
Quaternary—
Recent :—Lacustrine clays, sands, and river sands and gravels.
Pleistocene :—Morainic boulder ridges and erraties.

Mesozoic—
Cretaceous— :
Dakota :—White quartz sands and sandstones, with lenticular beds of quart-
zite grit and conglomerate (lignite bearing).

Palmozoic—
Devonian :—Buff-coloured magnesian limestones, sandstone and conglomerate
(fossiliferous).

Pre-Cambrian—
Lac LaRonge Series:—Fine biotite gneisses, augen gneisses, quartz schists,
erystalline limestone, ete.
Keewatin :—Chloritic and hornblende schists, diorite, diabase, ete.
Laurentian :—Biotite, granite gneisses.

Igneous—
Biotite granite and pegmatites. ,
. Diorite. o, ' f
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Pre-Cambrian and Igneous.

Rocks of Pre-Cambrian age underlie the yreater part of the shores of Lac La-
Ronge and its many islands, They consist, in the main, of a series of gneissic and
schistose rocks, all greatly metamorphosed, and showing the effects of pressure and
~ shearing. Biotite-granite gneisses are exposed over a considerable part of the area,
and infolded with them are fine, banded and stretched ‘beaded’ biotite gneisses (see
illustration, page 102 D, Vol. VIII, G.8.C.); augen gneisses; quartz schists, in places
calcareous; and crystalline, white magnesian limestones. The limestones form a
band, 1 to 5 chains wide, conforming in dip and strike to the general trend of the
gneisses. The band is made up of magnesian limestones of varying purity, all of
which are quite crystalline in structure, All about Lac LaRonge the dips keep a
very regular northwesterly direction and high angle, reversing along the east shore
to southeasterly, and becoming, still farther east, horizontal or undulating. There is
evidence to show that some of the folds are overturned, so that in a section across the
strike there is a repetition of the strata.

The general lithological resemblance of this set of rocks to the Grenville of
eastern Canada is strong, and the ocenrrence in them of white erystalline limestone, -
‘quite eimilar in character to the bands of that rock in eastern areas, makes the resem-
blance more striking. .

On Wapawekka lake, a series of diorites and schists of various kinds, that can
with some certainty be referred to the Keewatin, appears as a broad belt, emerging
from beneath the flatlying sandstones of the Cretaceous and trending almost due east.
This is the fifth belt of such rocks now known to occur, between Lake Winnipeg and
Lac LaRonge, in this relationship: namely, protruding from underneath the over-
lapping sedimentary cap and rapidly tapering to extinction in the gneisses. Small
boss-like and lenticular areas of diorite and schist, resembling the Keewatin litho-
logically, occur at other points, in the area mainly covered by gneisses.

Igneous.

Red granite made up of quartz, orthoclase, feldspar, and biotite mica, generally
rich in quartz and poor in mica, and varying in grain from coarse to fine, outcrops
over a considerable area along the eastern part of Wapawekka lake. Pegmatite
invades the fine gneisses, as dikes, sill-like bands, and irregular masses almost every-
where. Diorite, in a few places, invades and sends apophyses into the fine gneisses.

L]

Devonian.

No strata of this age were found that were certainly in place, but the oceurrence
along the south shore of Lac LaRonge of large angular blocks of buff-coloured mag-
nesian limestone or dolomite, with fossils that indicate Devonian age, leads to the
belief that they are in place immediately below. The debris of this limestone, mingled
with blocks of buff-coloured, calcareous sandstone, and angular pieces of a con-
glomerate holding pebbles of limestone and quartz cemented by a ecaleareous arena-
ceous paste, occurs at some points in such quantity as to make up the whole shore, to
the total exelusion of other rocks. Fossils collected from these rocks are thus described
by Mr. Lambe of this department:— ' )

‘The Lac LaRonge fossils consist of mature and immature specimens of Afrypa
reficularis L., and of portions of the stems of crinoids. Some of the mature speci-
mens of the brachiopod show the “ marginal fringe ” so well preserved in a number of
examples of this species from the dolomites of the Winnipegosis distriect. The frag-
ments of crinoid stems agree in form with those, from the Winnipegosis region,
referred by Dr. Whiteaves to a species of Ctenocrinus. They are of Devonian age, at
about the horizon of the “ Stringocephalus zone ” (middle Devonian).
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Cretaceous. :

Along the south shore of Wapawekka lake are scarped banks of white quartz
sands, in places coherent enough to form a sandstone.

Though no fossils were found in these rocks, they are assigned, with some degree
of confidence, to the Dakota division of the upper Cretaceous, from their strong
lithological similarity to strata of this age elsewhere, together with their stratigraphi-
cal relationship to the older rocks.

Pleistocene.

The only deposits in the district that can be assigned this age are morainie
ridges of boulders, in the southern part of the area; and erraties, scattered every-
where over the Pre-Cambrian peneplain. The region has been strongly glaciated,
mainly by a glacier moving in a direction 8 80° W as indicated by ‘crag and tail’
surfaces, chatter marks, and the prevalent strize. This direction is quite in accord
with the generally accepted idea of the direction of movement of the Continental
glacier. Not so easy of explanation are other stris, strong, and marking well the
direction of the ice sheet producing them, that are found both at the shore and on
neighbouring hills, near Trout narrows, on the east side of La¢ LaRonge. Their
direction is S 45° E, and they plainly override an earlier, southwesterly glaciation.

Post-Pleistocene.

The entire southern part of the district between the south shore of Lac LaRonge
and the North Saskatchewan river is covered by heavy deposits of post-Pleistocene
sands and clays.

Sections of a part of the sands are seen in scarped banks along the course of
Montreal river. These show 40 feet of finely-laminated, horizontally-bedded sand,
succeeded by 10 feet of sand characterized by very marked false bedding, where the
stratification is contorted in a most intricate manner, overlain by 15 feet of fairly
regularly stratified sand, extending to the present, plateau-like surface.

Beds of river silt and sands, made up of rearranged material derived from the
sands just referred to, are being laid down in the valley.

BECONOMIC GEOLOGY.

Clertain bands in the fine gneisses and schists of the Pre-Cambrian of Laec La-
Ronge and the Churchill river, are richly mineralized with sulphides of iron, and
sparingly with copper sulphides. In the Summary Report of the Geological Survey
for 1908, the results of six assays of material from these localities were given. None
gave more than traces of gold or nickel. It was then stated that, so far as observed,
copper had not been found in sufficient quantity to be commercially valuable.
Observations made this summer have served to confirm the opinion then expressed.
The results of assays of material taken this summer from two locations on Lac La-
Ronge and from two- on Churchill river are no more promising than those of last
year., The assays were as follows:—

LABORATORY OF MINES BraNcH, DEPARTMENT oF MINES,

No. 1477. Quartz from Bearcave hill, Churchill river:—
Gold.. Faliai gy B et e sa sta's BEAOS,

No. 1478. Siliceous rocks from Churchill river below the mouth of Rap:d river :—
Gold: :0 o7 50 5h it T Fates i am AV RS A A 4 5 bs du ETHROD,
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Mivton Hersey Co., L 15, MONTREAL.
Certificate of assay of two samples:— .
No. 7 (sample from north end of Mineral island, Lac LaRonge) :—

BOId. i s et 2 e eh he e e w S e W W e o4 RTEOB
Silver.. v i. i it hh i it bt et as te ae a4 se ae .e .. DIODE.
1 . P © LT3
No. 8 (sample from near south end of Mineral island, Lac LaRonge) :—
e S PRI ., 1. &
Silver.. .. ot it s i e e e ee e a4 e+ de 4 e e .. .. MIODE.
Wialeel, . i: viiviian on o5 i o ga seiaa % wa weise wd ae-TONG.

It may be said then, that exploration in the district, so far, has not yet resulted
in the finding of copper in commercial quantity; and that the sulphide-bearing belts
on which most of the locations have been staked, do not promise to yield either gold
or nickel in payable quantity.

A little assessment work was done on a few properties on Lac LaRonge, and a
shot or two put in on Churchill river; but, with these exceptxons, no actual mining
has been carried on.

Lignite.

In the white, quartz sands and sandstones, exposed in cliffs, on the south shore
of Wapawekka lake, a bed of lignite oceurs, varying in thickness from 4'-1” (with a
sandy 6 inch parting in the middle) to 2-5” of fairly clean lignite. The seam lies
about horizontal, and was traced in a longitudinal direction for a distance of 3}
miles, following the windings of the shore, thinning out westerly, or being repre-
gented by very dirty lignite or highly carbonaceous beds of sand; and not traceable
farther easterly, owing to the higher encroachment of talus on the scarped face of the
cliffs,

A proximate analysis, by fast coking, of a sample of this lignite, made by F. G.
Wait of the Mines Branch, Department of Mmes, gave the following results:—

Moisture. . .. O Y.
Volatile combustlble mat.ter - 11 8 ¥ ¢
Fixed ecarhon.. .. .. c0 ct vh i e e e e e e ee a. .. 84.80

100:00

Coke, non-coherent—57-80.
Fuel ratio—1:1-13.

Colour of ash, light orange.
Split volatile ratio—1-88.

From this analysis it will be noted that, were it not for the rather high ash per-
centage—which is, probably, owing partly to included sand—this might be classed as
a fairly lignite coal.

The seam is at its best at the extreme southwesterly point of the bay, where it
attains both its greatest thickness and greatest purity. Northeastward and north-
westward along the shore, it deteriorates both in size and purity; hence, there is a
reasonable probability that in the country farther south, back from the lake, where it
is not exposed, the seam may be better.

An analysis by Mr. Wait of a sample received in 1907, and described as ¢ from an
unsurveyed area lying northwest of Cumberland lake, Saskatchewan,’ is, from the
marked agreement between the two, probably either from the same bed or from one
occurring in the same strata elsewhere. It gave the following results:—
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Moisture.. .. . Riiave = e wiF Bey G e bire e e v 18020
Volatile combustlble matter.. N 21 15
Fized carbon.. .. .. o0 vt vt vh ve e e ee e e ee e .. 34280

' 100.00

Coke, non‘coherent—57.78.
Fuel ratio—1:1-19.
Split volatile ratio—1.76. .

Glass Sand.

The white quartz sand and loosely coherent sandstone, occurring as thick beds
in the Dakota formation, on the south shore of Wapawekka lake, seem to be well
adapted for the manufacture of glass. The quartz grains are subangular and are
fairly uniform in size, about 93 per cent passing through a 60 mesh sieve. An un-
washed sample of the sand, collected from the face of a scarped bank, was analysed
by H. A. Leverin of the Mines Branch. It gave the following result:—

BiO, (Siliea).. .o vv ee vt vt et ee e e h e e e .. 98460
Fe,O (Iron 0x1de) AI,O (Alu.m.ma) e v s ey e on 120
Other impurities.. .. .. .. .. «. vi ot 40 ti v oh . .. 0:20
' 100-00

As neither the iron oxide nor the alumina occur in the grains of quartz, but
rather as coating and cementing materials, this sand after washihig should be very
pure indeed. The sands occur in cliffs 30 to 40 feet high, facing the lake, and are so
loosely coherent as to be easily reduced and collected by the hydraulic method.
Certain bands in the crystalline limestone of Lac LaRonge seem to be well adapted
to furnish the lime and limestone that would be necessary in glass making. Though
now inaccessible by reason of distance, these sands are commercially interesting from
their close association with the lignite already referred to, and from the probability
of their occurrence elsewhere in the west, in close proximity to a supply of natural
gas.

Lime.

Crystalline, magnesian limestone occurs in a belt several chains wide, extending
from Lac LaRonge through to the Churchill river. Thick bands of this limestone
are quite guitable for burning for lime. OCliffs of the limestone border the left bank
‘of Rapid river just above its inflow into Iskwatikan lake, the trend of the band being
northeasterly (N 53° E), toward the Churchill river, which it strikes near the
mouth of Rapid river; and southwesterly toward Lae LaRonge, where it forms low
oliffs on some of the islands. From their highly magnesian character these limestones
might also prove of value in the operation of manufacturing wood pulp by the
chemical process, in the event of such an industry being inaugurated.



158 GEOLOGICAL SURVEY

9-10 EDWARD Vil,, A. 1910

SIMCOE DISTRICT, ONTARIO.
(W. A. Johnston.)

INTRODUCTION.
General Statement.

The field work of the past season consisted of the topographical and geological
mapping of a portion of the Lake Simcoe district, Ontario. This part of Ontario
includes an area for which good topographical maps are almost entirely wanting, and
in which little geological work has been done since the early exploratory work of the
Geological Survey over fifty years ago. The geology of the district, although for the
most part of a non-economic nature, on account of the absence, generally, of minerals
of economic importance, presents several interesting problems: among them being
the determination of the age of the limestones, shales, ete., which form the basal
portion of the Paleozoic column, and rest upon the old Pre-Cambrian rocks, and the
tracing and correlation of the abandoned shore-lines of the ancient great lakes. Omn
account of the difficulty of carrying on geological and tobographical work at the same
time, the geological work has suffered somewhat, and is not complete. The present
report serves merely to draw attention to some points in connexion with the general
geology of the distriet, which seem to be of especial interest.

The topographlcal work was carrigd on by means of plane-lable traverses, eleva-
tions being determined by instrumental levels and by aneroid. The plane-table sheets
were completed in the field; and control for the sheets was supplied by transit and
chain traverses run by Mr. Owen O’Sullivan of this Bu.rwey.

Field work lasted from June 4 until October 24, in which work the following
assisted: Jas. Hill, M.A., B.Sc.; Bert. R. MacKay, B.Sc.; L. B. Adams; R. H. Black-
well, and R. A. Rogers.

Location and Area.

During the past season the topographical work on three ‘15"’ sheets—to be known
as the Barrie, Orillia, and Mud Lake sheets—was completed, and these sheets will be
published on a scale of 1 mile to the inch, or ¥as00. The three sheets are bounded,
respectively, by latitudes 44° 15/, and 44° 30/, and longitudes 79° 80/, and 79° 45’;
latitudes 44° 30", and 44° 45", and longltudes 79°15%, and 79°30"; and hntudes
44° 80, and 44° 45’, and longitudes 79° 00’, and 79° 15"

Previous Work,

The previous work of the Geological Survey in the Simecoe distriet of Ontario
was done by Mr. Alexander Murray in 1852 and 1853, the results of which are given
in Geology of Canada, 1863. Since that time numerous papers, by various writers,
have been published: dealing chiefly with the glacial and post-glacial history of the
district. Some time was spent last year by Messrs. Taylor and Goldthwait, and the
writer, in an investigation of the Pleistocene geology of the district, and a short
account of their work was given in the Summary Report for 1908.
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Summary and Conclusion.

The examination of the solid rocks of the district has shown that the following
formations are represented: Trenton, Black River, Lowville (Birdseye), and Lauren-
tian granites and gneisses.

The age of the limestones, which have been referred to the Lowville formation,
has long been in question. These limestones are regarded as belonging to the Low-
ville formatmn, from the evidence of the fossils collected from the vicinity of Lake
St. John, Ont., which were determined by Mr. E. O. Ulrich of the United States
Geological Survey to be all Lowville species. This formation is widespread and well
represented in northwestern New York and Pennsylvania, and as far south as Ken-
tucky and Tennessee; and the wide acquaintance of Mr, Ulrich with the paleontology
:f the Ordovician formations of the United States makes his determination authori-

ative.

At the base of the Lowville hmastone there are generally from 10 to 20 feet of
shales, sandstone, and arkose, which are regarded as probably forming the basal arena-
ceous member of the Lowville formation. They appear to be perfectly conformable
with the overlying limestone; also, just such deposits would be expected whatever
formation first overlaps the old land. However, on account of the absence of fossil
evidence the age of these deposits is uncertain.

In connexion with the Pleistocene geology of the district, it may be stated that,
no definite raised beaches or abandoned shore-lines could be found above the Algon-
quin beach, at least up to an elevation of 250 feet above the latier.

General Character of the Distriet.

Over much of the district there is a heavy mantle of drift which is often of con-
siderable thickness. Within the limits of the Barrie 15’ sheet no solid rocks are
known to be exposed, and over the greater part of the sheet the drift is at least 200
feet thick; while in the northwest corner, where morainie hills rise to an elevation of
over 400 feet above Lake Simcoe, it is probably much thicker. Within the Orillia and
Mud Lake sheets, the drift is much thinner, and the Trenton, Black River, and Low-
ville limestones are often well exposed. The limestones generally form a low escarp-
ment near the contact with the Pre-Cambrian rocks, which oceupy small areas in the
northern part of the sheets. Several outliers of Black River and Lowville limestone,
surrounded by Pre-Cambrian rocks, oceur:in front of the escarpment, and sometimes
at a considerable distance from it.

GENERAL GEOLOGY.

The geological formations represented in the distriet may be summarized as
follows :—

Recent—
Humus, sand dunes, marls, ete.

Pleistocene—

(1) Raised beaches, fiuviatile and lacustrine sands, gravels, and clays.

(2) Glacial clays, boulder clays, and sands; fluvio-glacial sands and gravels.
(8) Sands, silts, gravels, and clay generally stratified.

(4) Till, or boulder clay.
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Ordovician—
Trenton.
Black River.
Lowville (Birdseye), including an unfossiliferous basal member of shales,
sandstone, and arkose?

Pre-Cambrian—
Laurentian granites and granite gneisses.

Description of Formations.

The Lowville (Birdseye) Formation.—The most important point to be determined
in connexion with the geology of the solid rocks of the district is the age of the basal
members of the Pal®ozoic series of limestones, shales, ete., which rest unconformably
upon the Pre-Cambrian rocks. The series includes upwards of 100 feet of limestones,
shales, sandstone, and arkose, lying immediately below the Black River limestone.
The difficulty in determining the age of these beds has been mainly owing to the fact
that, they could not be definitely correlated with any of the known formations of the
Ottawa or Champlain basins. The Trenton and Black River limestones are well
represented in the Ottawa and Champlain basins, and continue westward into western
Ontario and northwestern New York. In the Ottawa valley, at the base of the Black
River limestone, there are a few feet of dove-coloured limestone which was formerly
referred to the Birdseye, but lately has been generally included in the Black River.
The dove-coloured limestone contains comparatively few fossils, and passes downward
into the Chazy limestone characterized by a definite set of fossils. A similar succes-
sion of formations is found in the Champlain valley. As pointed out in the Summary
Report for last year, it seemed possible that, in the portion of Ontario lying west of
the Frontenac axis of Pre-Cambrian rocks, different conditions of sedimentation existed
immediately preceding the deposition of the Black River limestone, and that the lime-
_ stones, shales, ete., lying below the Black River limestone in that part of Ontario,

could be more readily correlated with some one or more of the formations of the
western basin. This torrelation has been rendered possible by the work of Messrs.
Cushing, Ulrich, and Ruedemann, in northwestern New York. In this district the
first formation below the Black River is the Lowville (Birdseye): regarding which
Mr. Cushing says:—!

¢ The Lowville limestone, while typically developed on the south and west side of
the region, is but thinly developed in the Champlain valley, and is not sharply
delimited from the formation above or below, as in the Mohawk and Black River
valleys.’

Last year a small collection of fossils was obtained from the lowest fossiliferous
{imestones of the vicinity of Lake St. John, Ontario, and sent to Mr. E. O. Ulrich
of the United States Geological Survdy. The fossils were collected partly from the
beds immediately underlying the Black River limestone and partly from fossiliferous
beds, 30 to 40 feet lower down, and they are all, according to Mr. Ulrich, fossils of
the Lowville formation. It may be stated here that the fossil deseribed in the
Summary Report for 1908, as Tetradium fibratum, and as occurring at the base of the
Black River limestone in the Lake St. John section, was identified by Mr. Ulrich as
Tetradium cellulosum—a characteristic fossil of the Lowville formation. Tetradium
fibratum occurs higher up, in the beds referred to the Black River.

It would, therefore, appear certain that, these limestones should be referred to
the Lowville (Birdseye) formation, and that they represent a formation which was
well developed in the western basin but thinly developed in the Ottawa and Cham-

1 Bulletin of the Geological Society of America, Vol. XIX, p. 172.
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plain basins.” In northwestern New York, the Lowville passes dewnward into a forma-
tion which: Mr. Cushing has provisionally named the Pamelia, and which he regards
as equivalent to the Chazy but deposited in an entirely separate basin. This forma-
tion, according to Mr. Cushing, also occurs in the vicinity of Kingston, Ontario; but
no evidence has as yet been found of its-extension westward into the Simecoe district
of Ontario.

The Lowville limestones of the Simeoe district become arenaceous and imptre
toward the base, and pass downward, without apparent break, into red and green
caleareous and arenadeous shales, with inferstratified beds or lenses of coarse sand-
stone, and occasional beds of comparatively pure limestone. At the contact with the
Pre-Cambrian rocks there are generally a few feet of coarse, caleareous grit or arkose
containing many angular-and sub-angular fragments of the immediately underlying
erystalline rocks. The whole series has & maximum thickness of about 25 feet in the
sections exposed in the Simcoe district. There is little definite evidence on account
of the absence of fossils as to the age of this series of shales, sandstone, ete., but it
is regarded as probably, the basal arenaceous member of the Lowville formation, for
the following reasons:—

Just such sediments would be expected at the base of whatever formatmn ﬁrst
overlaps the old Pre-Cambrian land.

The series is apparently conformable with the overlymg Lowville limestone, and
occasional beds of comparatively pure limestone, apparently similar to the Lownlle
limestone, are interstratified with the arenaceous beds.

The arenaceous beds are local in: character and distribution, and are frequently
absent on ridges and knobs of the crystalline rocks, where the Lowvﬂle or Black Blver
limestones rest directly on the old surface.

Pleistocene,

Algonguin Beach.—During the past season, the Algonquin beach was traced
northward from Kirkfield, Ont., to Uphill, and instrumentally levelled at a number
of localities. The beach is well developed, and can be readily traced as far as the
outlier of Lowville limestone at Uphill. On lot 11, concessivn IX, of Carden town-
ship, the elevation of the beach is 894 feet above sea-level; one mile east of Carden
post-office, its elevation is 907 feet, and one-half mile north of Uphill post-office, 923
feet. This gives a tilt rate of very nearly 4 feet per mile, from Kirkfield to Uphill, in
the direction of maximum uplift. Northward from Uphill the cpuntry is low for
geveral miles, but northeastward, in Digby township, granite hills rise above the
supposed level of the beach. It would be difficult, however, and no effort has been
made, to trace the beach in that chrechon, as there is little drift covering, and the
waves of Lake Algonquin left little impression on the bare rocks.

. Reported Higher Beaches.—The occurrence of raised beaches or abandoned shore-
lines higher than the Algonquin, in the Lake Simcoe district, has been reported from
time to time.

A favourable locality for the examination of the higher levels, up to 250 feet
above the Algonquin beach, is the district lying south of Allandale, Ont. ; where there
is a heavy mantle of drift which has suffered comparatively little erosion. In the
vicinity of Eolly and Thornton, the drift forms a plateau-like upland, the general
level of which is abou!; 300 feet above Lake Simcoe. '

In carrying on.the topographical work in this area, instrumental levels were
obtained over most of the roads, and an opportunity was afforded of detérmining the
glevation of all land forms which bore a resemblance to beach markings or deposits.
Numerous broad, flattened, kame-like deposits of stratified sand-#nd gravel occur at
various levels above the Algonquin beach up to an elevation of 1,025 feét above sea-

26—11
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level; but these deposits are generally lacking in any definite horizontality or accord-
ance of levels, and no cuttings were seen from which such deposits could have been
derived by wave action or shore currents. Hence, such deposits are regarded rather
as a product of fluvio-glacial action. It is possible that faint beach markings of local
glacial lakes may oceur, but none were seen that could be traced for any distance.

ECONOMIC GEOLOGY.

The Black River limestones of the district are used most extensively for the
manufacture of lime, and the Lowville limestones furnish the best building stone.
The latter are extensively worked at the Longford quarries, on the west side of Lake
St. John, in Rama township; and similar beds of limestone with little over-burden,
outerop in the vicinity of Sebright, Ont., and for several miles westward, where they
could be easily worked.

APPENDIX.

Since going to press, a report has been received from Mr. E. O. Ulrich, of the
United States Geological Survey, on a collection of fossils obtained by the writer
from the supposed Black River and Lowville limestones of the vieinity of Lake Couchi-
ching, Ontario. Mr. Ulrich concludes, from an examination of the fossils, that the
true Black River limestone as defined by the early New York State geologists is not
present, or at least not recognizable in south-central Ontario, and that the cherty beds
which have been included in the Black River formation should rather be given a
distinet name derived from some locality in the distriet, considering: (1) ‘that the
stratigraphie and faunal break between the cherty zone and the 7 ft. tier (the true
Black River) deserves recognition in stratigraphie classification; (2) that the Low-
ville formation as now fixed should not include the cherty bed.

To meet this objection of including the cherty beds in the Black River forma-
tion, Messrs. Cushing and Ruedemann, in a communication to the Director of this
Survey, propose to refer all the beds between the base of the Trenton and the Pamelia
of Stones River (Chazy) age to the Black River group, including the cherty beds in
the Lowville formation, under a distinet local name. This question in its relation-
ship to the formations of south-central Ontario will be taken up more fully in the
final report on the distriet. .

The following is a list of the fossils:—

(1) Lower Middle Lowville.—

The fossils were obtained from a small quarry in North Orillia township, Ontario,
3 miles west of Washago. The beds from which the fossils were collected are about 10
feet in. thickness, and constitute the lowest fossiliferous limestones seen in the district,
and are separated from the red and green shales, which form the base of the section,
by only a few feet of impure limestone:—

Refinesquina minnesotensis.

Cyrtodonta, n. sp.? closely allied to C. ;.-anesmllmsw and C’. Mroneﬂsu

C. sillimanensis? B

Vanuxemia rotundata.

Pterotheca attenuata. - 4w
. - Pterotheca, sp. undet. . Y
o -Hsi;cotoma, n. sp. .. :

... Liospira progne. ; e .
- oy BAOgpAra vitruvia. . - B b Tk P
por e willotontaria, vicinus. " : i R



SUMMARY REPORYT 153°

SESSIONAL PAPER No. 26

Clathrospira subconica.

Lophospira coneinnula, var.
Holopea, cf. ctncinnula.

Subulites, n. sp. (near 8. regularis),
Cameroceras, sp. undet.

Orthoceras, cf. recticamerata.
Isotelus, cf. obtusus.

(2) Upper Lowville.—

Fossils obtained in North Orillia township, Ontario, from beds which are about
20 feet in thickness, and are about 40 feet higher up in the section:—

Tetradium cellulosum,

Clenvdonta, cf. gibberula.

Liospira, sp. undet.

Hormotoma angustata.
Trochonema, sp. undet.

Orthoceras, near 0. recticameratum.

Cycloceras, sp. nov. (near 0. perrofi, Clarke)
Isochilina armata.

(3) Suggested new formation, which Cushing and Ruedemann propose to include
in the Lowville under the name of the Leray limestone member.

Fossils obtained in North Orillia township, Ontario, from the cherty beds, which
are about 20 feet in thmlmess, and immediately overhe the beds of the upper Low-_

ville:—

Girvanella, sp.
Columnaria halli.
Tetradium fibratum.
Streptelasma profundum?
Beatricea gracilis.
Escharopora subrecla?
Nicholsonella, cf. laminata and cumulata.

Strophomena filitexta, var.

Refinesquina minnesotensis?

Orthis tricenaria.

Camerella panderi, var. nov.

Ctenodonta, cf, logani. ,

Ctenodonta, cf. scofields.

Helicotoma planulata. !
Lophospira, sp. undet. b
Hormotoma saltert canadensis. )
Orthoceras, small, pencil size,

Orthoceras, large species, externally resembling Ormoceras tenuifilum.
Aetinoeeras, sp, undet.
Cycloceras, sp. undet.
CQycloceras? arenoliratum.

26—11% )
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FIELD STUDIES ON THE PLEISTOCENE DEPOSITS OF SOUTHWESTERN
ONTARIO.

(F. B. Taylor.)

Work was begun at St. Marys, Perth county, Ontario, on October 7, and closed
at Tillsonburg, Oxford county, Ontario, on November 6. The plan of spending two,
or two and one-half months on this work was unavoidably shortened to one month.
The first three weeks were spent in studying the glacial features and deposits of the
central part of the peninsula, in an area running north and northeast from Lucan
and St. Marys to Mount Forest and Orangeville. The remaining time was given to
studies near Dunnville, Caledonia, Hagersville, Simcoe, and Tillsonburg, collecting
further details where earlier independent studies had been made.

s ) .
The Glacial Features of the Central Plain.

Terminal Moraines of the Lake Huron Ice Lobe~In studies made before 1908,
four terminal moraines were mapped for short distances across the western and north-
western part of the township of London, in Middlesex county. These moraines are
slender and lightly formed, but are clearly defined as topographic features, and are
easily traced. They are simple ridges of stony clay with only one crest, and are
generally a mile or less in width. The height of the crest above the adjacent plain
varies from 15 or 20 feet, to 70 or 80 feet; though seldom rising above 40 or 50 feet.

In western London township, these ridges run nearly nerth and south., One
passes through Ettrick, to the Thames river 2 miles east of Melrose; another runs
through Lobo and Telfer, half a mile east of Ilderton; another runs close west of
Vanneck, one mile east of Denfield, and through Lucan; and another runs through
Dunerief, just west of Denfield and one mile west of Lucan ecrossing. From these
fragments previously mapped, the studies of the present season were carried north
and northeast.

All four of these terminal moraines belong to the Lake Huron lobe of, the ice
sheet: ie., they were made at the ice margin by ice moving toward the east and
southeast from the central axis of the Lake Huron basin. The most easterly ridge
of the four was, therefore, made first, the first one west of this was the next in order
of formation, and so on. These four moraines, with the intervening till plains,
glacial border drainage lines, and glacio-fluvial deposits were studied, in considerable
detail, up to Seaforth, Mitchell, and Stratford.

In the vicinity of Denfield the four moraines are set close together, the distance
across the series from east to west being not over 5 miles. This is because they lie
upon land that slopes rapidly down to the west, so that the ice was advancing up the
slope during the oscillations of its retreating phase. Going north, the moraines rise
gradually to the flat, central plain, and spread between Walton and Milverton to over
four times the space at Denfield. The moraines themselves are no wider or larger, but
they are spaced with wider stretches of till plain between them. In view of their
sharply-defined and continuous character as ridges running for many miles across the
country, I have, as a matter of temporary convenience, adopted names for these four
moraines. The first, which is the one that passes through Ettrick at the-south, also
passes through Milverton, and is called the Milverton moraire; the second passes
just west of Mitchell, and is called the Mitchell moraine; the third passes through
Luean, and is called the Lucan moraine, and the fourth pgsses through Seaforth, and
is called the Seaforth moraine.
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The Interlobate Area—The work from St. Marys and Stratford shows that the
country for at least 15 to 20 miles east of the Milverton moraine is an interlobate
plain, with no simple terminal moraines in it; but with several pronounced but:
rather small interlobate morainic areas. One of these—the only one which was®
examined—Ilies north of Shakespeare, in North Easthope. This is a characteristic
interlobate deposit, higher than an ordinary terminal moraine, and with prominent
knob and basin development. Many kames and other glacio-fluvial deposits are asso-
ciated with it. Beginning one mile east of Brocksden, this deposit extends toward
the northeast, with a width of 2 or 8 miles, and appears to extend into the northwest
part of Wilmot township, though it was not followed beyond 2 miles east of Amulree.

The Milverton Moraine—The desirability of completing the definition of the
western border of the interlobate area, and the shortness of time remaining for field
work, led me to drop for the time the detailed work on the three later moraines, and
push the study of the Milverton moraine.

From a point about 2 miles west of Hyde Park, where this moraine meets the
Thames river, it takes a fairly direct course toward the north-northeast, and was
traced continuously to a point near Conn, about 10 miles east of Mount Forest, a
total distance of about 80 miles on a straight line. In the last 10 or 15 miles the-
moraine loses much of its strength, and was quite difficalt to follow beyond Rivers-
town. Although its course is in a fairly direct line, its deviations show three distinet.
but faintly developed lobes projecting eastward, with rather sharp re-entrant angles
between. So far as they were followed the Mitchell, Lucan, and Seaforth moramea.
appear to show less tendency to the development of lobes.

1

Till Plains.—Throughout much of this area the till plains which lie between the
moraines and east of the Milverton moraine are excellent examples of their class. To
the eye they appear as flat_as the ocean in a time of calm. Such are the stretches
north of Stratford and east, west, and southwest of Milverton.. It might be thought.
that these areas are floored with lake clays, but the evidence seen was against this
view. The clays did not appear to be laminated, though sometimes showing obscure
bedding planes, like those oceasionally found in true till. In some places stones and
pebbles were very scarce, but they appeared to be always present. in small gquantities.
These characters are clearly distinguished from those of true lake clays such as cover
the country in some other parts of the peninsula: notably, those at Schomberg, and
between Caledonia and Hagersville.

Moraines on the East Side of the Interlobate Area—Some strongly developed
morainic deposits were found between Arthur and Alma, but their character and rela-
tions were not fully made out. Just east of Orangeville junction, crossing the rail-
way from the north and turning west so as to pass 2 or 3 miles souwth of
Waldemar, a very strong terminal moraine was found which belongs to the Lake
Ontario lobe of the ice sheet. This moraine was, therefore, made at the margin of ice
moving up the slope from the east and .sowtheast. It seems quite certain that this
moraine forms a part of the eastern boundary of the interlobate area, and probably .
includes the morainic fragment near Alma, Studies made several years ago disclosed
a great terminal moraine running north from Ayr and swinging in a broad curve to
the west so as to pass close west of Berlin and Waterloo; thence it runs west to
Bamberg, where it turns to the north. This Waterloo moraine, as it is called, belongs
to the Lake Ontario lobe, and appears to be another fragment of the eastern boundary
of the interlobate area. In the northern part of the .city of London a low morainic
ridge trends east and west, and may be another fragment of the same. Excepting;
these fragments, the eastern boundary of the interlobate area has not yet been worked
“out. The moraines east of the Waterloo, however, were mapped in considerable detail
in 1899. . ol
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Tt seems probable that the interlobate area extends to a point 5 or 10 miles
northeast of Dundalk, thus having a total length of about 100 miles. The Milverton
moraine, so far as it. has been traced, sharply defined its western boundary, and it
-seems probable, though it is not yet certain, that the Milverton and Waterloo moraines
avere made at the same time.

Ice Border Drainage Systems.—The drainage systems developed in the interlo-
bate ared and along the front of the ice at the successive halts on the above-mentioned
moraines, are well developed, but rather complicated. In some places they are quite
striking, as at St. Marys, where gravel terraces distinctly above the modern flood
plain record the former greater stream. There were many shiftings of drainage lines
as the iece front retreated. Tor instance, when the ice rested on the Milverton
moraine, a stream of considerable volume came from the northeast past Amulree and
Brocksden and down the Avon. From St. Marys it followed the Thames to London.

* But at the next halt of the ice (on the Mitchell moraine) this stream abandoned the
Thames at a point about 5 miles west of St. Marys, passed through to the rear side
of the Milverton moraine, north of Prospect Hill, south of Granton, just north of
Elginfield and west of Southgate, and on down Oxbow creek. This is a splendid
specimen of an abandoned river bed occupied only temporarily. South of Granton it
is a flat, swampy floor about one-third of a mile wide, and is not now occupied by an
stream. .

Glacio-fluvial Deposifs.—Asociated with the moraines, many kames and kame-like
gravel deposits were found, due evidently to waters issuing from dirty ice. In several
places eskers or serpentine kames were found, well developed. South of Blyth there
is a remarkable area of eskers running up the slope eastward and ending mostly in
kame clusters of very pronounced development. The most remarkable individual
esker observed extends for about 10 miles toward the southeast from a point 2 miles
east of Mount Forest. The end of this ridge was not determined in either diree-
tion, and it may be much longer. It seems to record a time when the ice was very
thin over the central area of the peninsula. Many other shorter fragments were
found, ' )

Some Events of Glacial History in the Central Part of the Peninsula.—The
history revealed by these formations is an interesting one from the point of view of
the influence of land relief upon ice movements. At its maximum extent the ice
sheet no doubt covered this entire region to a depth of several hundred feet, but even
then the lines of strongest ice flow were determined by the position and trend of the
relatively deep basins of the Great Lakes, and the flow was less rapid over areas of
high land. This effect upon the ice flow caused the surface of the ice, even at its ~
greatest extent, to be higher along the axes of the lake basins than over the inter- -

, vening areas of high land, and there was, in consequence, a depression in the surface
of the ice over the latter. This was true even before any part of the land of this
peninsula wgs uncovered, Thus, with the continued recession of the ice sheet the
covering of ice over the high ground became progressively thinner, until it finally
parted and drew back on both sides, leaving bare thé interlobate area which these
studies have disclosed. At the first halt of the ice front after the uncovering of the
interlobate area, the front restdd on the Milverton moraine on the west side and
probably on the Waterloo moraine on the east. At a point 5 or 6 miles west of
London, the Milverton moraine coming from the north wunites with the TLondon
(Waterloo?) moraine coming from the east, indicating coalescence of the ice of the
Huron and Erie ice lobes, one moving toward the southeast from Lake Huron, the-
other toward the northwest from Lake Erie. From this point the two ice lobes were |
undoubtedly united at this stage of retreat for at least 100 miles or more toward the
southwest. Thus, at its first appearance the interlobate area terminated at the south-
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west, where the two moraines now meet west of London. But, although the two ice
lobes coalesced, the surface of the ice must still have remained lower along the line
of contact than along the axes of the two lake basins. Hénce, there was in all prob-
ability a wide, shallow depression or crease along the line of comtact. In times of
melting, this crease must have carried a great amount of water derived from melting
over a vast extent of the ice sheet, and this occurred both before and after the
uncovering of the interlobate area deseribed above. It is interesting to note that
there are features in eastern Indiana and northwestern Ohio which are almost
certainly referable to the great glacial Crease river which came from the interlobate
depression in Ontario, and that these features do not appear to be otherwise explain-
able.

Notes on Glacial and Lake Features Between Dunnville and Tillsonburg.

The region between Dunnville, Caledonia, and Simecoe is one in which terminal
moraines have not yet been found with certainty. Whether this is due in reality to
their absence or to extreme faintness of expression because of deposition by ice
standing in deep water, has not yet been determined. Some fragments of doubtful
origin that were found in this area may turn out to be waterlaid moraines, but
further study in the field will be necessary to determine their character. '

A new area of drumlins was found on the plain north of Hagersville. They are
of the long, narrow type and are very well formed with axes running S 70° or 76° W.
They rise out of an extensive bed of lake clays, laminated and without pebbles. The
drumlins themselves are quite bouldery, so much so as to suggest that they may have
been washed to some extent by waves.

The strong moraine which passes just east of Waterford and Simecoe was found
to extend a little west of south toward Normandale. The plain reaching some miles
north and east from Port Dover is remarkable for its flatness. Tt appears, however,
to be composed of till with some stones, and with little or no lake elay upon it.

A strong terminal moraine belonging to the Lake Erie ice lobe, and hence made
by ice moving toward the north, was found running east from Tillsonburg, passing
_ just north of Cornell and a mile south of Otterville. What appears to be this same

moraine runs west from Tillsonburg, passing just north of Delmer, Brownsville, and
Springfield. A fragment of another strong high moraine of the Lake Erie lobe was
seen at Mount Elgin, with northeast and southwest trend. A well marked line of
glacial border drainage coming from the east breaks through the Tillsonburg moraine
a mile north of the town. TFor 10 miles or more east of Tillsonburg the country south
of the moraine is covered with fine sand, apparently marking a former lake border,
but no well-defined beach was gbserved here. Near Courtland, however, farther south
and at a lower level, there are some sandy beach ridges.
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THE FLORENCE LAKE, AND MONTREAL RIVER DISTRICTS.
(W. H. Collins.)

INTRODUCTION.

The geological exploration of the Montreal River district, begun in 1908, was
continued during the past summer. The silver-bearing areas of James township and
Maple mountain were explored for the Bureau of Mines in 1907 by Mr. C. W. Knight.
fn 1908, this work was continued by Mr. A. G. Burrows in the Miller Lake area.
These, and the area covered by the writer in 1908, although almost identical in
geological character, remained isolated. In order to establish a direct relationship
between these.separate areas, attention was directed, this year, to the unexplored
intervals, especially those between Montreal river and its East branch. Meanwhile,
Mr. Burrows of the Bureau of Mines, continued his detailed werk in the vicinity of
Gowganda, covering Van Hise, Haultain, Milner, Nicol, Leith, and Charters town-
ghips. Sufficient information has now been obtained, collectively, to map a con-
tinuous area of 900 square miles: which includes Elk Lake, Silver Lake, Miller Lake,
Gowganda, and Maple Mountain mineralized areas. In addition, 40 square miles
around Florence lake, which had attracted the attention of prospectors during the
summer, were explored. . .

Work was carried on between May 28 and September 28. In connexion with the
areal geology, micrometer-compass surveys were made along lakes and navigable
streams. A partial system of hand-levels was also carried from the Timiskaming and.
Northern Ontario railway at Latchford, along Montreal and Lady Evelyn rivers. Both
Montreal and Lady Evelyn rivers are sluggish streams with almost negligible
gradients, or form chains of lake expansions separated by falls and rapids. By level-
ling over these obstructions and the watershed which separates the two streams near
Smoothwater lake, and elsewhere estimating the gentle gradient, a closed circuit was
obtained in which the error for any elevation is probably less than 8 feet. Amneroid
determinations of hills and remote lakes are based on this series of levels.

The satisfactory progress of the work was due, in no small measure, to the
assistants of the party: Messrs, H. C. Cooke, J. D. Trueman, and J. R. Marshall.
Co-operation with Messrs. A. G. Burrows and W. R. Rogers, who represented the
Ontario Bureau of Mines, also proved advantageous; while from mine officials and the
people of the distriet a frank, courteous treatment was &lmost invariably received.

FLORENCE LAKE DISTRICT.
Access.

Florence lake—a headwater of Lady Evelyn river, lying 35 miles west of Latch-
ford—is most easily reached from Timagami or Latchford station, on the Timis-
kaming and Northern Ontario railway. From Latchford, Montreal River steamboats
may be taken as far as Mattawapika falls, but beyond that point Lady Evelyn river
~ must be ascended in ecanoes. The whole distance is only 65 miles, but travel on the
Lady Evelyn is rendered arduous by numerous and difficult portages. From Tima-
gami lake, steamers may be utilized for about one-third the distance. Details of both
routes are shown on the Timiskaming map-sheet published by the Department of the
Interior, Ottawa.



SUMMARY REPORT 169 .

SESSIONAL PAPER No. 26
General Character.

Florence lake is an irregular body of beautifully clear water, 6 miles in length,
lying 1,190 feet above sea-level. Tts shores are for the most part bold and rocky, and
for 3 miles inland in any direction—except to the north, where the ground is
swampy—the country rises in bare, rounded hills to heights of from 200 feet to 550
feet above the lake, As a rule, soil is scanty, but near the outlet the rocks are covered
by & heavy mantle of glacial sand. Timber is abundant and of good size. Lake
trout are plentiful. :

General Geology.

The geology of the distriet is simple: a quartzite of Huronian age, traversed by
sills and dikes of diabase, covers most of the area. The quartzite is ‘a greyish or
greenish-white rock, usually feldspathic, which frequently grades into arkose, or
becomes finely conglomeratic. The bedding planes are indistinct, so that the rock has
a massive appearance, and the dip and strike are seldom determinable. A few reli-
able observations of the dip indicate a gently undulating attitude, with a general
southeasterly inclination. The diabase is quite similar to that found in the Montreal
River district. It forms two sills and a number of dikes, of which only the sills are
of economic interest. The smaller of these lies immediately southeast of Florence
lake, the larger extends across it and, at the north end, spreads out irregularly. The
diabase exhibits the usual fine-grained and gabbroid types, and ocasionally an acid,
syenitic phase. It is cut by small aplite dikes and quartz-calcite veins. Movements,
unimportant in extent, are indicated by the vein-filled fissures, and by local shear
zones a few inches wide in the quartzite where the rock has been rendered schistose,
with development of sericitic material.

Economic Geology.

The quartz-calcite veins show the same structure as those in the Montreal River
distriet, but were observed to carry omly chalcopyrite, except at one point near the
middle of Florence lake, where a trace of cobalt bloom was perceived. Many pros-
pectors visited the district during the summer, though up to the middle of June
apparently without suecess. Two of these, however, Messrs. Roy and English, state
that native silver was discovered in August near the smaller diabase sill.

MONTREAL RIVER DISTRICT.
General Character.

As the work in the Montreal River district was an extension of that performed
last year, it is only necessary fo amplify the general topographical and -geological
accounts given in recent reports.! The area now explored, though presenting at all
points the uneven, rocky surface characteristic of the Pre-Cambrian region, exhibits
certain local differences, especially notable in the decreasing dip of the Huronian
beds as one proceeds from west to east. In consequence of this, the parallel north-
south, Huronian ridges, with steep western and gentle eastern slopes, which are such
a constant feature in the vicinity of the West branch, become less conspicuous farther
east, where the ridges run in various directions, and are partly replaced by hills of
irregular outlines. The townships of Farr, James, and Mickle, and most of the:
country to the sonth, are especially irregular. The central and eastern portions, which
are heavily drift-covered in places, are not very rugged, the hills being mostly under

1 Burrows, A. G., The Gowganda and Miﬂer Lake Silver Areas. 18th Ann. .Rap. Bureau
ines, .
('.!olllig&i W. H., Preliminary Report on Gowganda Mining Division, Geological Survey,
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200 feet in height; but north and west.of Duncan lake, and between Macobe and
Lady Evelyn lakes on the southeast, the relief is greater. Maple mountain, in the
latter locality, is approximately 2,000 feet above sea-level.

The above-mentioned topographlcal irregularity in the nelghbourhcod of Elk lake'
has evidently influenced Bear river and its branches, which ramify in various direc-
tions instead of pursuing parallel zigzag courses like the East and West branches.
All the branches are navigable in small eanoes; but meandering courses and pumertus’
shallow rapids greatly lessen their values as waterways. The North branch of the
river flows through a soil-covered area, and is consequently almost devoid of the rocky
lake expansions so common on the South branch, or the Sydney Creek system farther
west.

Access.

As roads continue to be opened through the country, canoe traffic is being gradu-
aly superseded. A graded wagon road, 27 miles long, has been constructed by the
Ontario government, between Gowganda and Elk Lake, with branches to Silver Lake,
and Miller Lake mining camps, thus establishing communication with the Timis-
kaming and Northern Ontario railway at Charlton during winter, and with Latchford
in summer. The Canadian Northern Railway extension from Sudbury is being con-
tinued, and before the end of the year will reach Oshawong lake (Gowganda Junc-
tion), about 45 miles southwest of Gowganda. A road now in preparation between
these points will replace the Sellwood route used last winter., Short wagon roads have
been constructed from Mountain lake to various mining camps in Willet township;
from Lady Evelyn lake to the Maple Mountain camps; and elsewhere.

General Geology.

For convenience, the general geological structure of the district is restated. An
uneven, erosion floor of highly metamorphosed, crystalline rocks- (Keewatin and
Laurentian) is overlain by a series of comparatively unaltered, gently tilted sediments
(Huronian). Both are penetrated by dikes and sills of diabase, and the whole so
deeply denuded as to re-expose portions of the old erystalline basement. Glacial drift
is spread unevenly over the solid rock surface.

In the area explored this summer, between Sydney creek and Montreal river, the
Keewatin-Laurentian basement is entirely hidden by the Huronian, except to the
north of the Stony Creek canoe route, whence granite and gneiss extend northward
and westward. As these rocks are neither of special economic interest nor largely
exposed, they need be given no further mention.

The Huronian is the most widely spread series. Structurally and in composition,
it presents considerable contrast to that seen farther west in the vieinity of Duncan
lake in 1908; a fairly steady variation in these respects being observable along a
northwest-southeast line through the district. In the northwest, about Duncan lake,
the series consists of conglomerate, greywacke, slate, and some quartzite, often com-
plexly alternating, and always inclined to the east, at angles of from 15° to 45°.
Toward the middle of the district, in Haultain and Lawson townships, the dip
decreases to from 5° to 15°, and quartzite, with its arkose and conglomeratic varieties,
becomes relatively abundant. Finally, the whole southern part as far as Lady Evelyn
river is wholly underlain by these varieties, lying in low folds with dips of only a few
degrees. It is possible that the quartzite stands high in the series, and that its wide
distribution in the south is due to the greater thickness of the Huronian in that
region; but at Gowganda, Duncan lake, and elsewhere, quartzite occurs near the base
of the series, and appears, in part at least, to displace rather than overlie the slate and
greywacke,

The continued examination of the diabase masses proves them to be either dikes
or sills. The former, which are very numerous, appear to have been the vents through
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which the sill-forming material arose. Though in many cases attaining widths of a
hundred feet, they are of no economic interest. The sills are associated with the
Huronian series, beneath or within which they have been intruded, and their attitudes
appear to be controlled by the Huronian beds. In the west, where the Huronian is
most inclined, the sills are also inclined, and outerop only edgewise in narrow bands; -
while in the. vicinity of Elk lake, where the Huronian is approximately flat-lying,
erosion has exposed large, equidimensional patches of the equally flat-lying diabase.
The Miller Lake and Gowganda sills are intermediate in this respect, exhibiting a
general north-south elongation.

In addition to the region already mapped, considerable areas of diabase were
found in Willet, Shillington, Trethewey, and (amble townships. Olivine-diabase
dikes similar to those observed last year were found at wide intervals over the entire
district. They are distinguished from the commoner quartz-diabase dikes by con-
spicuous feldspar erystals, ranging up to 4 inches in diameter.

Over most of the district the covering of glacial sands and gravels is thin and®
sporadic. However, an extensive area, including most of Chown, and portions of
Lawson, Mickle, and James townships is buried, in plaoas to depths of a hundred feet.
A smaller sandy area extends up the Montreal rivar from the one-and-a-half mile
portage.

Economic Geology. !

Explorations in the Montreal River district sustain to a remarkable degree the
idea of an intimate relationship between the quartz-diabase and the silver-cobalt vein
deposits suggested by W. G. Miller, the provineial geologist, who studied the condi-
tions existing at Cobalt. Throughout a mineralized region 80 miles in length these
veins occur always within or in close proximity to the diabase. It is believed that
the ores of sllver, cobalt, and nickel which they carry were eliminated from the dia-
base magma in the form of a lnghly aqueous solution. The quartz which forms part
of the gangue probably orlgmated in the same manner, but there is reason to believe
that the calcite, which is commonly a more abundant gangue mineral, was dissolved
from other rocks—probably the Keewatin—to which the vein-filling solutions had
acecess. .

The known areal distribution of the silver-cobalt minerals has been extended
during 1909. Silver was found about the end of June in the southeastern portion of
Leith township, near Flanagan lake. Aeccording to Mr. Burrows, the geological
features in this locality are identical with thuse of Gowganda; Huronian slate, grey-
wacke, conglomerate, and quartzite being intruded by a sill and numerous dikes of
diabase. Narrow ecalcite veins carry native silver, smaltite, niccolite, and native
bismuth: good showings of which were seen on H.S. 693 and H.S. T16. Silver has
also been found imr Lawson township, along the north border of Willet township, and
on the west side of the East branch a short distance south of Charters township. In
addition, seemingly truthful reports of the oceurrence of silver have been received
from Shining-tree Lake district, and from Rosie creek, 15 miles farther south along
the Algoma-Nipissing boundary line.

Discoveries, such as the Morrison vein 2 miles south of Miller lake, continue
to be made in the Gowganda and Miller Lake areas as further surface exploration is
prosecuted. When it is considered that certain Huronian areas, such as that lying
northeast of Elkhorn lake, are probably underlain at no great depths by the intrusive
sills, it would seem that attention has been too closely confined to the diabase. That
mineralized veins do occur outside but near the diabase, is instanced by the Blackburn
‘property near Miller lake, and the North American at Silver lake; in the latter case
a silver-carrying vein passes from, the diabase upward into quartzite.

Mining camps now exist at Elk lake, Silver lake, Miller lake, Gowganda, and

* Maple mountain, at each of which about the same amount of progress has been made
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under nearly identical physical conditions. The Elk Lake and Silver Lake camps are
somewhat older than the others, and have enjoyed better transportation facilities, but
at present all of them are reasonably well connected. The more active mines in each
camp are similarly equipped with boilérs, air compressors of capacities up to 900
cubic feet, hoists, and air drills, besides suitable buildings for housing from 10 to 70
men. The amount of work performed with these plants since their installation varies
greatly; in a few of the most progressive mines the underground work aggregates 800
feet in length, their shafts reaching depths of from 100 to 180 feet. Surface explora-
tion is being actively continued. At Géwganda, progress of this description is being
made on the Reeve-Dobie, Bartlett, Mann, and Boyd-Gordon properties; at Miller
lake, on the Gates, Blackburn, and Bonsall, where, however, operations have been
spsgended; at Silver lake, on the Otisse, Otisse-Ourrie, and North American; at
Elk lake, on the Elk Lake Discovery, Silver Alliance, Toledo, Gavin Hamilton, Moose-
horn, Elk Lake, Cobalt, Big Six, and others; and at Maple mountain, on the White
Reserve, and Maple Mountain properties. The Silver Lake Mining Company, at
Silver lake, is exploring with a diamond drill. There are also other properties, too
numerous to mention individually, where both underground and surface exploration
ig being performed without machinery.

As far as can be learned, a few tons, in one case seven, have been shipped by some

of the working mines; but a majority of those above named have two carloads or less
of rich ore, and larger quantities of low grade ready for shipment. Valuable ore was
seen in place in the Maple Mountain, Gowganda, and Miller Lake districts, but
estimates of the amounts available are only conjectural.

Underground exploration performed thus far in the Gowganda and Miller Lake
districts indicates that the rich ore—the discovery of which at the surface created
guch high expectations—is irregularly distributed. A number of veins, the surface

values of which were remarkably high, have become barren at moderate depths. This

erratic occurrence of ore is being recognized, and hope is entertained of the existence
of veins in which the mineralized portions lie wholly below the surface. Search for
these is often facilitated by a parallel arrangement of the veins, so that trenching or

cross-cutting at right angles to one will expose the others. Less is known about the

Silver Lake and Elk Lake properties, but those visited do not appear to yield the rich
masses seen elsewhere. At Maple mountain, some of the veins discovered on the
surface have disappeared at a few feet down; but, in one case, good ore has been
followed to a depth of 150 feet.

Future Possibilities.

The outlook of the district, as inferred from recent work, appears to be satis-
factory, although not equal to sanguine earlier expectations. Valuable discoveries,
such as that on the Morrison property, which continue to be made within the limits
of the mining camps, indicate how imperfectly known even the best explored locali-
ties are. Indeed, the advantage offered by an exposed, deeply-eroded rock surface,
in the search for ore has been under-rated, effort being directed to the much costlier
and but little more efficacious underground work rather than to trenching on the
surface, The possibilities of the surrounding country, judging from the recent
discoveries at Flanagan lake, Shining-tree lake, Willet township, and elsewhere, are
not by any means exhausted, nor are the limits of the silver-bearing region known.

This widespread distribution offers serious disadvantages to economical mining.
The ore bodies now known are large enough to be profitably operated, but, when these
are exhausted, extensive explorations through barren rock will be necessary to locate

new ones which may not reach the surface. By way of compensation, expenses in the’

Gowganda and Miller Lake camps should be reduced.by the unproved roads that will
be opened for -traffic this winter.

"~
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LARDER LAKE AND EASTWARD.
(Morley E. Wilson. J

INTRODUCTION.

The field season of 1909 was spent by the writer in extending the geological inves-
tigations commenced in 1908 in the vicinity of Lake Opasatika, Pontiac county,
‘Quebec, to Barridre and Kekeko lakes on the east, and across the interprovincial
‘boundary to Larder lake, Ontario, on the west. By the completion of this work the
necessary data have been procured for the publication of a geological map on the scale
of 1 mile to 1 inch, of a distriet having an approximate area of 600 square miles:
oumpnsmg the townships of McVittie, McGarry, Hearst, McFadden, Skead, and
Rattray, in Ontario; and the townships of Dufay, Montbeillard, the southern parts
of Dasserat and Boischatel, and the northern parts of Pontleroy and Degandrouins, in
Quebec.

Although this region is intersected by a number of township lines surveyed by
the COrown Lands Departments of Ontario and Quebee, very few of the mumerous
lakes and watercourses had been mapped with sufficient accuracy—if mapped at all—
to warrant their use in a map of the proposed scale; it was, therefore, necessary to
make surveys of all the hydrographic features of the 'region. During the past
summer this part of the work was carried on by Mr. Robert Harvie, of McGill Uni-
versity; while the writer devoted his attention to the geological features of the distriet.

A number of geological reports have been published at various times on portions
of the above area, but have all been of a reconnaissance or preliminary character. In
1872, Mr. Walter McOuat, in the course of an exploratory trip from Lake Timis-
- kaming to Abitibi, made a geological examination of the shores of Lake Opasatika,
an account of which appeared in the Report of the Geological Survey for 1872-8.
During the summer of 1901, Dr. W. G. Miller, Provincial Geologist of Ontario, made
a reconnaissance trip from Lake Timiskaming to the height of land, by way of the
Blanche river and Windigo, Larder, and Beaverhouse lakes. His observations along
the route were published in the Report of the Ontario Bureau of Mines for the year
1902. A geological reconnaissance of the country north of Lske Timiskaming was
made for the Geological Survey by Dr. W. A. Parks, of Toronto University, in 1904.
This work—an outline of which was published in the 1904 Summary Report of the
Geological Survey—included the geological examination and survey of some of the
principal waterways deseribed below. In 1907, Mr. R. W. Brock made a geological
report on the Larder Lake district for the Ontario Bureau of Mines. - This report,
however, was based on field work which occupied less than two weeks’ time,

TOPOGRAPHY.

The Larder Lake district, and the adjoining portions of Pontiac county, present
the typical physical features which characterize the Pre-Cambrian of northern Ontario
.and Quebee. To the east of Lake Opa.satlka, a large clay area occurs, in which rock
exposures are rarely observed. This comprises nearly the whole of Montbeillard town-
ship. In.the southwestern part of the area mapped—Skead and Hearst townships—
the rock surface is largely obseured by glamal sand and till. With the exception of
the two lecalities just mentioned, the country is comparatively rocky, more-especially
so where the rugged ridges of Hufonian rise to elevatlons of from 600 to T00 feet
above the surrounding country.
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Since nearly the whole of this region is on the south side of the height of land,
the drainage is largely into Lake Timiskaming: in the castern part by way of Riviére
and Lac des Quinze; in the western by way of the Blanche river, There are, how-
ever, a few lakes at the northern extremity of the sheet, beyond the St. Lawrence-
Hudson Bay divide, which drain into Island (Mattawagosik) lake, and thence to
Lake Abitibi and James bay.

GEOLOGY.

In a general way, the rocks of this area afford a very distinet record of geological
events, At the base of the whole region is a complex group largely igneous, compris-
ing the Laurentian and Keewatin, the members of which, althcugh of different age,
are all distinguished by their greatly disturbed and metamorphosed character, Rest-
ing unconformably on the uneven surface of this ancient complex is a series of but
slightly disturbed Huronian sediments—conglomerate, greywacke, and arkose, These
sediments—with the exception of a few local intrusives, which are post-Huronian in
age—comprise the youngest rocks in the region; any sediments that may have been
deposited between that time and the deposition of the glaecial drift, having since been
entirely removed by erosion.

The geological succession is outlined in detail in the following table:--

Pleistocene and Recent—
Post-glacial : clay, sand, and gravel.
[lacial: boulder clay, sand, and gravel.

Unconformity.

Post-Huronian—
Diabase, gabbro, porphyry, and lamprophyre.
Igneous contact.

Huronian—
Conglomerate.
Arkose.
Greywacke.
Conglomerate.

. Unconformity.

Laurentian—
Granite, gneiss, pegmatite, and aplite,
Igneous contact.

Keewatin—

*  Quartz-porphyry and porphyrite
Rusty -weathering carbonate rock.
Phyllite, slate, and greywacke.
QGreenstone, and greenschist
(Pontiac schisst:.}1

Keewatin.

The Keewatin series consists of a complex group of rocks, chiefly igneous,
although containing some sediments, all of which have been greatly disturbed and
more or less metamorphosed. These changes have beeen carried so far, in many
cases, that it is exceedingly difficult to determine either their original character or
structure. '

- -

1 Placed provisionally in the Keewalin
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Pontiac Schist.—To the east of Lake Opasatika an area of mearly 100 square
miles is occupied by very uniform, fine-grained mica schists, which, in their mineral-
ogical composition, correspond to metamorphosed quartzites and arkoses. They consist
chiefly of quartz and biotite, with usually some feldspar, either orthoclase or albite.
Owing to the widespread oceurrence of this rock in Pontiac connty, and the distinet
characteristics which separate it from all the other rocks of the region, it has been.
given the local name, Pontiac schist.

With regard to the age of the Pontiac schist, two facts are known: it is overlain
unconformably by the Huronian, and is intruded in a most complex manner over
wide areas by Laurentian granite and gneiss. It forms, therefore, part of the great
fundamental complex, which in this region suffered peneplanation during the long
interval that elapsed prior to the deposition of the Huronian clastics. Since the
nomenpglafure -adopted by. the International Committee for Lake Superior geology
mﬂﬁes no provmmn for this rock, if should properly be regarded as a distinet, new
series; but in “the’ absence of more definite knowledge with regard to its age and
importance, it has been placed provisionally in the Keewatin.

Greenstone and Greeﬂschist.—By far the larger part of the Keewatin is made up
of basie igneous rocks, which may be deseribed in general as greenstones and green-
schists. These include basalt, gabbro, diorite, and chlorite and hornblende schist.
They generally contain a considerable quantity of pyrite and carbonate, and in many
places show spheroidal and amygdaloidal structures.

-Phyllite, Slate, and Greywacke.—On the north shore of Larder lake, there is a
"belt—nearly 1 mile wide—of interbanded phyllites, slates, and greywackes, which
parallels the lake shore for several miles. These rocks have a nearly vertical attitude;
a uniform northeasterly strike; are in places, graphitic; and locally contain small
quantities of iron ore formation.

Rusty Weathering Carbonate Rock—In the neighbourhood of Larder lake, and
north of Lake Opasatika, are Jocal outcrops and bands of a rusty weathering rock,
consisting of ferruginous dolomite or ankerite, with varying quantities of quartz and
feldspar. It is always highly pyritie, and in most localities contains a large amount
of chrome mica or fuchsite, from which the rock derives its.characteristic green
colour. As a rule, the rock is cut in a most complex manner by two or more sets of
veinlets consisting of quartz or of quartz and ferruginous dolomite, the dolomite
occurring along the margin of the veinlet and the gquartz in the centre. The fractur-
ing to which these veinlets owe their origin has been carried so far in many places,

. as to convert the carbonate rock into a breceia.

Since the ecarbonate rock occurs, on the north shore of Lavder lake, as bands in
the slates, phyllites, and greywackes, it might be assumed that it owed its origin to
sedimentary deposition in the same manner as the other rocks with which it is there
associated. There is, however, an apparent relationship between this rock and the
quartz-porphyry and porphyrite of the area which this hypothesis does not explain.
In some places the carbonate rock forms well-defined bands within the porphyry,
while in other places the two rocks appear to fade into one another. The veinlets of
quartz and dolomite which cut the carbonate rock also occur in the porphyry. When
examined under the microscope, the porphyry is generally found to contain a con-
siderable amount of carbonate, which, from the brown colour of the weathered surface
of the rock, is evidently ferruginous dolomite. In view of these complicated field
relatmns, it has been t-hought, advisable to postpone the further discussion of the
origin of the roek until its chemmal and petrographical study has been eomp!eted.
This- subject wilt~be fully taken-up-in the final report on the distriet, which is now
being prepared.
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Quartz Porphyry and Porphyrite—Widely distributed throughout the older Kee-
watin rocks of the Larder Lake distriet, and the adjoining portions of Pontiac county,
are areas and dikes of intrusive quartz porphyry and porphyrite. In many localities
this rock and the greenstone have been so intermingled that their separation on the
map ¢annot be made except in a very approximate manner. It has even gone so far
in some places as to produce a rock which on the weathered surface looks like a con-

- glomerate, and hence might be described as autoclastic. The occurrence of dikes of
ga porphyry in the greenstone, however, seems to prove that it is the younger rock of
e two.

Huronian.

An approximately, regular succession can be recognized in the Huronian rocks
of this district. At the base there is a conglomerate which passes gradually upward
through greywacke into arkose, which in its turn grades into an upper conglomerate.
These sediments have been very gently folded into northeasterly and southwesterly
_ synclines and anticlines, the angle of dip averaging about 10°.

The character of the surface upon which the Huronian was deposited in this area
was, evidently, not uniform. A very sharply-defined line of junction can be observed
in some places; but in other localities, the underlying rock passes insensibly upward
through greywacke or arkose into conglomerate. Where the former type of contact

oceurs, the pre-Huronian rock surface had undoubtedly been subjected to very active
erosion; while in the latter case the conglomerate was apparently developed on a
surface which had suffered mechanical disintegration to a great depth, but with very
little accompanying chemical decompoaltmn

It will be observed that this series has not been assigned to any partieular divi-

sion of the Huronian, although it is, ‘without doubt, equivalent to the rocks which,
elsewhere in the Timiskaming area, have been called lower Huron.an or lower and
middle Huronian, as described by Dr. Miller in the Cobalt area There seems to be,
“however, a reasonable doubt as to whether the relationship of these rocks to the
original Huronian of the north shore of Lake Huron is sufficiently well known to
permit of such close correlation. In view of this fact they have been, here, deseribed
as simply Huronian.

Post-Hurontan Intrusives—The Huronian and older formations described above
are intruded, locally, by a considerable variety of rocks: including diabase, olivine dia-
base, gabbro, porphyry, and lamprophyre. The diabase and gabbro intrusive usually
differs from similar rocks occurring in the Keewatin, in its fresh, unaltered character
and coarser texture. It has a close resemblance to similar rocks, in the Cobalt area,

and is no doubt equivalent to them. To the east of the north end of Lake Opasatika, -

between Ollier and Renault lakes, the Huronian is cut by a dike of porphyry. It is
probable, however, that this is simply an acid, porphyritic phase of the post-Huronian
diabase and gabbro. The lamprophyre occurs, in a series of crumpled dikes cutting
sheared conglomerate, on the shore of Larder lake, at Larder City.

ECONOMIC GEOLQGY.
Gold.

~ The auriferous deposits which have attracted attention in the TLarder Lake
district and adjacent portions of Pontiac county, during the last few years, may be
grouped for the purpose-of deseription into two classes:—
(1) Veinlets of quartz,ver of quartz and ferruginous dolomite in carbonate rock
and porphyry.
(2) Veins of quartz, or of quartz and calcite.
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The first class of:deposit is much the more important The carbonate rock, which
in a number of places has a width of 300 feet or more, is usually cut- by veinlets of
quartz, or of quartz and ferruginous' dolomite, throughout nearly its whole mass; so
that, although the veinlets are small and irregular, they occur over extensive areas.
In several localities, to the northeast of Lake Opasatika and in the vicinity of Larder
lake, this type of occurrence has furnished good specimens of free gold, which in some
cases assayed from $1,000 to $3,000 to the ton. According to the report of Mr. Morley
Ogilvie, who had charge of the mining operations of the Dr. Reddick Company in
1908, a mill run of 100 tons from an open-cut on the Knott claim (HL.J.B. 29) yielded
from $10 to $12 to the ton, During the winter of 1907, a shipment of 1,500 pounds
from the Harris Maxwell sent to the mill at the School of Mining, Kingston, returned
$13.20 per ton. On the other hand, during the past summer a run of 230 tons from
the same open-cut on the Harris Maxwell averaged 45 cents per ton. Many of the
quartz stringers; even where best developed, have been found from assays to contain
little or no gold. Samples taken, at 6 inch intervals, across several open-cuts in some
of the best showings of quartz in the district, contained only traces of gold when
assayed by Mr. Leverin of the Mines Branch, Department of Mines. In one case, an
assay of samples from a drift from which some of the best specimens the camp has
produced were obtained, gave results of 20 cents in gold and 5 cents in silver to the
ton. .

The information obtained up to the present with regard to this type of deposit
may be summarized as follows:—

(1) The gold values are confined almost entirely to the stringers of quartz, or of
quartz and ferruginous dolomite.

(2) The veinlets of quartz, or of quartz and ferruginous dolomite, in many locali-
ties, contain no gold, or, if present, it is in insufficient quantities for profitable mining
operations,

(8) Locally, this type of deposit carries average values in gold of from $3 to $10
or more to the ton; but in most cases, at least, the ore body is too small to be worked
at a profit.

With regard to the future possibilities of some of these prospects, however,
further development work and mill tests are required to prove their extent and
average value. In the case of the Dr. Reddick, considerable work was accomplished
in sinking and drifting on the Knott claim during the past summer, but the rock
from these workings has not as yet been tested in the mill. As the surface showings
of gold are probably as extensive on this claim as anywhere in'the Larder Lake
district, the operations now being carried on by the Dr. Reddick Company have a very
important bearing on the future of Larder lake as a gold mmmg eamp.

The second class of avriferous deposit has been found in nearly every geological
formation of the region. They are usually well-defined veins, from a few inches to
several feet in width, carrying small guantities of sulphides such as pyrite, chaleopy- -
rite, galena, and blende, with gold values up to $2 or $3 per ton. The veins of this
class occurring in the Keewatin are commonly irregular and of small linear extent;
those found in the Huronian and Laurentian are more uniform and eontinuous.

MINES AND PROSPECTS.
The following are a few of the more important gold prospects in the distriet :—

Harris Mazwell—The Harris Maxwell Gold Mining Company holds two claims—
H.S. 114, and H.S. 115—on the shore of Larder lake, about half a mile northeast of
Larder City: Mining operations, however, have been confined entirely to H.S. 115,
the greater part of which is occupied by a hill of siliceous carbonate rock, more or
less cut by stringers of quartz and ferruginous dolomite, Rock has been milled from
an open-cut on the top of this hill, from a cut on its northeasterly slope, and from a

26—12
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tunnel about 80 feet in length which enters the hill on the eastern or lake shore side.
The equipment on the property includes a stamp mill, and ‘camp accommodation for
about 20 men. Development work was begun on the Harris Maxwell in the winter of
1907, and carried on more or less continuously until the autumn of 1908, when the mill
was closed down. In August, 1909, work on the property was resumed by the Lucky
Boys Mining Company, operating under option, but was disecontinued the latter part
of September.

Dr. Reddick—The property belonging to the Dr. Reddick Larder Lake Gold
Mining Company, comprises a half dozen claims situated at the eastern extremity of
the North East arm of Larder lake. Although some development work has been accom-
plished on nearly all of these, the more important operations have been confined to
the Knott claim—H.J.B. 29—already referred to. The development work completed
up to the present on this claim consists of a shaft 83 feet deep, 162 feet of drifting
at the 83 ft. level, and numerous test pits and open-cuts, one of the latter being 10
feet wide, 50 feet long, and 15 feet deep. The mining plant installed on the property
includes a 20 stamp mill, a compressor, one 80, and two 20 horse-power boilers. Only
10 of the 20 stamps, composing the mill, have been in actual operation, and those for
only a very short period in the autumn of 1908, About 150 tons of ore were milled
between the first of September and the middle of December of that year, but the work
was greatly hampered by frequent breakdowns. Operations on the property since that
time have been limited to development work, between 25 and 30 men being employed
during the past summer for that purpose.

Gold King.—The Gold King claim—H.F. 140—occupies the eastern portion of
the peninsula on Larder lake, to the east of Larder City., The greater part of the
rock on the claim is Keewatin greenstone; but on its northern border near the lake
shore, there is an area of porphyry cut by veinlets of quartz and ferruginous dolomite,
which carry some visible gold. The work done on the claim consists of some strip-

" ping, a few small cuts, and a narrow tunnel 30 feet long.

Tournenie—The Tournenie Mining Company-owns a large number of claims in
the vicinity of the north shore of Larder lake, including those which formerly belonged
to the Larder Lake Proprietary. A stamp mill ‘was erected on one of these claims
(C.E. 33) in 1907 by the Proprietary Company, but has never been put into operation.
During the summer of 1909, the Tournenie Company confined its efforts to develop-
ing its humercus claimé sufficiently to comply with the government assessment
requirements. .

Lincoln Nipissing.—The most important claims owned by the Lincoln Nipissing
Development Company are located on a northwesterly-southeasterly band of carbonate
rock, which crosses the south half of lot 5, concession VI, Skead township. A very good
camp building has been put up, and a boiler and hoist installed on claim C.E. 3. The
depth of the shaft was not ascertained, being full of water when visited.

Kerr Addison.—The Kerr Addison claims adjoin the Reddick on the west, and
hence are crossed by the same carbonate band as the Knott claim of the Reddick
group. Development work has been confined to H.S. 166, and consists of some strip-
ping, a few surface openings, and an adit tunnel 50 feet in length.

Pontiac and Abitibi.—The ciaims of the Pontiac and Abitibi l.ining Company
are located about 2 miles northeast of Lake Opasatika, along the north shore of
Renault lake. A few test pits and one 30 ft. shaft have been sunk on the property,
some of the former being in carbonate rock precisely similar to that on Larder lake.
A winter road has been built from Renault lake to Lake Opasatika, and thence to the
head of the northeast arm of Larder lake.
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Lucky Boys.—A large number of claims in the distriet are owned by the Lucky
Boys Gold Mining Company, but their chief development work has been confined to
H.S. 184, and the Chesterville claim situated between H.J.B. 28 and H.J.B. 29 of the
Reddick group. Two shafts have been sunk on the Chesterville claim and one om
H.S. 184, the maximum depth being about 40 feet. There is also an adit tunnel about
40 feet in length, on H.S. 184, which has been driven into the hill side to connect
with the bottom of the shaft, .

Silver.

There are two mineral oceurrences in the district which may be mentioned under
this head, one on B.G. 229, a claim belonging to the North Canadian Gold Mines
Company, and the other on the Mageaun claims, lot 12, concession V, Skead township.
In the first locality, the deposit consists of irregular veins of galena, blende, and chal-
copyrite, in Keewatin greenstone. One of these veins has a maximum width of about
10 inches, but pinches out quickly when followed along the strike. The galena is said
to carry 60 ounces of silver to the ton. On the Mageau claims, veins of quartz and
calcite occur cutting Keewatin greenstone, the calcite, in places, containing galena,
blende, and eobalt bloom.

Copper.

A few small deposits of quartz and sulphides of copper—chiefly chalecopyrite—
have been located in the district, among which are those on the Copper Queen—FH.S.
112; the Quinn claim, on Dushwah (Turtle) lake, and the Renault claim, north of
Nabugushk lake. In the last mentioned locality small quantitjes of native copper
have been found. .

Cobalf and Nickel.

Cobalt bloom has been mentioned above as occurring on the Mageau claims. Mr.
Brock notes its occurrence also in a caleite stringer, on one of the Chesterville claims,

Small deposits of pyrrhotite are of frequent occurrence in the Pontiac schist, one
of which, on the east shore of Lake Opasatika, was examined by Mr. McOuat in 1872.
A sample was analysed by Mr. Hoffmann of this Survey, and found to contain traces
of cobalt and nickel.

26123
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‘SERPENTINE BELT OF SOUTHERN QUEBEC.:
(J. A. Dresser.) 4

INTRODUCTION.

In accordance with the Director’s instructions, the past field season was spent in
~ an examination of a portion of the serpentine- belt of southern Quebee, between the
St. Francis and Chaudiére rivers. After a preliminary examination of a part of the
. county of Brome, where some prospecting for asbestos was being done, and a short
visit to some of the asbestos prospects of northern Vermont, I was joined, on June 10,
by Mr. A. MacLean, graduate student of Torento University. Camp was made at
_ convenient places in the district, and work was continued until October 24.

Using the Eastern Townships map—enlarged to a scale of 1 mile to 1 inch—
for a topographical basis, the geological mapping was carried on principally by chain
and compass surveys. Certain cross sectionssrequiring greater precision were measured
by transit and stadia. Material has now been obtamed for a preliminary map of the
serpentine areas thus far examined.

I am indebted to A. MacLean, B.A.—who acted as assistant for the third year—
_ for most efficient services; to W. J. Messenger, M.A., for valuable temporary assis-
" tance; and to the managers of the various mines of the distriet for many courtesies.

Dr. C. H. Richardson, of the Geological Survey of Vermont, spent several days of
his field work in showing me over a section across a part of that State. An oppor-
tunity was thus afforded of following the complicated structure of this region from

< Ordovician to Pre-Cambrian, including the serpentine belt, under most favourable

.+ conditions. I must acknowledge with warmest thanks Dr. Richardson’s valuable aid

and kindly courtesy.
: LOCATION AND ARBA.

The area examined forms a narrow belt which extends from the St. Franecis river
in the county of Richmond to a point mear the Chaudiére river, in the county of
Beauce. The northern extremity is mear the town of Beauceville, on the Quebec
Central railway, about 50 miles from Quebec city. Toward the south the work was
carried to Corris station, on the Grand Trunk railway, 81 miles from Montreal, on
the main line to Portland. The length of the area examined is about 80 miles, its
greatest breadth 8 miles, and the average less than 2 miles.

PREVIOUS WORK.

The first geological examination of this area was made by Sir William Logan,
whose work was supplemented by chemical and mineralogical investigations by
T. Sterry Hunt, principally between the years 1847 and 1863. The general distribu-
tion of the serpentines and associated rocks was ascertained, and their economic
importance pointed out.

In the Report of Progress of the Geologlcal Survey for 1880-1-2, Dr. . D. Adams
published the results of a microscopic examination of a suite of specimens of these
rocks, and showed that the serpentines are derived by alteration from peridotite,
an igneous rock, and not from sediments as had been previously supposed.

Between the years of 1883 and 1886, soon after the beginning of asbestos mining
in the distriet, a re-examination was made by Mr. R. W. Ells, who carried out an
extensive revision of the areal geology of the southern part of the Province of Quebec.
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In 1905, a2 monograph by Fritz Cirkel, M.E., was issued by the Mines Branch
of the Department of the Interior, which deseribes the occurrence, uses, and
methods of mining and concentrating ashestos. In 1908, a similar volume on the
subject of chromite, also by Mr. Oirkel, was issued by the Mines Branch of the
Department of Mines.

In 1907, a detailed examination of the serpentine belt was begun for the Geologi- -
cal Survey by the writer, and in 1909 a short paper on the mode of occurrence of
ashestos was published in Fconomic Geology, and a somewhat more general one on the
mineral resources of the serpentine belt, in the Journal of the Canadian Mining
Institute.

OBJECT OF THE PRESENT INVESTIGATION.

The present investigation, which was begun in 1907, was designed to obtain the
fullest information possible regarding the geological structure and economic resources
of the serpentine belt, with especial reference to the asbestos and chromite deposits.
Accordingly, the work of the first season, which was a short one, was principally spent
in a study of the character and mode of oceurrence of the mineral deposits themselves,
and was confined to the mines and their immediate vieinity. The work was suspended
during the following year, but was resumed in 1909, when a study was made of the
distribution and extent of the mineral-besring rocks and of the geological features
which govern the occurrence of the mineral deposits.

The work is now so far advanced as to permit of issuing a preliminary report and -
map of the portion of the district which lies between the Chaudiére and St. Francis
rivers. Further field work is necessary to the south, through the counties of Rich-
mond, Sherbrooke, and Brome to the International Boundary, before a final report
can be prepared.

SUMMARY AND CONCLUSIONS.

Asbestos occurs in serpentine of two varieties which are thought to be of different
ages. They ma¥y be conveniently called the Thetford and the Broughton types, and
the rocks associated with them, the Thetford and the Broughton series, from town-
ships in which they are well known, .

Asbestos of the Thetford type occurs in veins, and is generally longer and stronger
than that of Broughton. Chromite also occurs in the Thetford series. The asbestos
of Broughton occurs principally as ‘slip’ fibre, or fibre arranged parallel to cleavage
faces of the rock. It is more cheaply mined than that at Thetford, but being ‘shorter
and of less tensile strength it has a lower market value, The Broughton asbestos deposits
are often associated with talec or soapstone, which is not found in any important
amount at Thetford. There are no deposits of chromite in the serpentine of Broughton.

In both quantity and quality of the minerals produced, much the greater value
is obtained from the serpentine of the Thetford type. It forms the greater part of.the
serpentine belt, and includes the mines of Thetford, Black Lake, and Danville, with .
much of the interveming areas. It also extends southward beyond the St. Franeis
river.

The Broughton serpentine contains the mines and prospects of East Broughton
and the vicinity of Robertson. The property of the D’Israeli Mining Company,
Limited, in Garthby, and some prospects in ranges I, I, and III of Tring, also belong
to this class. .

The production of asbestos has increased steadily from the beginning of mining
in the distriet thirty years ago to the present. It now has an annual value of
$2,500,000. ¥

Chromite occurs in workable deposits in the Thetford serpentine, but not, as far:
as known, in that of Broughton. The value of thé annual production for several years
has been about $80,000.
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Soapstone, or tale, is found in important quantity associated with the Broughton
serpentine, but not with that of Thetford. Some shipments were made from these
deposits over twenty years ago, but a stable industry has not yet resulted. '

The serpentine of the Thetford class has been derived by alteration from perido-
tite. The origin of the Broughton serpentine has not yet been satisfactorily deter-
mined, but it has doibtless been derived from the same, or from a closely allied rock.

In both cases the original rock was a member of a series of Intrusive rocks differ-.
entiated from a single magma. The series comprises peridotite, pyroxenite, gabbro,
diabase, porphyrite, and hornblende granife, the latter sometimes passing into aplite.
The granite has usually been injected a little later than the other members of the
series, and, therefore, in many places forms dikes and sills or intrusive sheets. These
probnbly had a favourable influence in the formation of asbestos deposits, especlally
in the vieinity of Thetford Mines.

The igneous complex takes the form of a bathohth, or thick laccolith, in the area
between Thetford and Danville, and elsewhere is in sheets or sills. The serpentine
of the Theéford type occurs both in sills and batholithic masses, while the serpentme
of Broughton is only in sheets or sills,

The different rock varieties are arranged in order of decreasing density: in sills,
from the base upwards; in batholithic masses, from the centre outward. This order
is peridotite, pyroxenite, gabbro, diabase, and porphyrite. The peridotite alters to
serpentine, and the serpentine is purest and so most likely to carry asbestos, near the
base of a sill, or the centre of a batholithic mass.

A result of this arrangement of the igneous rocks is, that, when the structure is
known, the location of the purest serpentine may be determined. Most of the sheets
dip towards the southeast, and in such areas the best prospecting groind is along the
northwest side of the igneous belt. Where the sills dip to the northwest, the best
prospecting ground is near the southeast border.

In the batholithic bodies serpentine is exposed only by erosion of the original rock
masses. This has been most effective on the northeast side of the hills, that being the
side against which the ice has moved in the glacial period.
¢ Besides the purity of the original peridotite, which is necessary that pure ser- -
-pentine may form, the degree of alteration of peridotite to serpentine is an important
-factor in the formation of asbestos, The degree of alteration is indicated by the rela-
tive hardness of the rock. If the original rock were a pure peridotite—that is, com-

-posed essentially of olivine—the more completely it is altered to serpentine the softer
the resulting rock and the better the prospect for asbestos. But, if the original rock
wontained a considerable amount of pyroxene which has been altered to soapstone,
‘the resulting rock may be softer than the purest serpentine, but will be unlikely to
contain asbestos. Therefore, soft rock is a good indication of asbestos, if there is no
soapstone present. i

i The presence of granite, also, seems to have a bearing upon the occurrence of
ashestos veins, The granite rock has generally been injected later than the other
rocks; it fills fissures formed in the solid peridotite and forms dikes and sills. Either
the fissuring or the action of the granite in filling the fissures has probably aided in
forming asbestos.

Since the parent rock of the serpentine was a deep-seated one, and since the
alteration to serpentine may occur at great depths, there appears to be no reason why
the asbestos deposits also may not continue to as great depths—probably to the limits
of profitable mining.

The chromite occurs in segregated masses, that are thought to be primary, in the
outer part of the peridotite or serpentine portions of the batholithic masses, near the
pyroxenite zone.

- Chaleopyrite and pyr&te oceur in bodies of possible 1mportance, in the diabase of
Garthby and other places in the distriet. They are thought to be primary segregations.
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Antimony oceurs in South Ham, a8 a contact deposit in schists, adjacent to
serpentine and diabase. The deposit contains native antimony, kermemt.e, valen—'
tinite, and a little stibnie.

Platinum is known to occur in the drift, and this has come from the dlrectmn of -
the chromite deposits, which are the probable source of the metal. E

-
GENERAL CHARACTER OF THE DISTRICT.

Physical Features.

The portion of the Province of Quebee which lies south of the St. Lawrence river
consists of two distinet parts, the St. Lawrence plain, and the Appalachian highlands.
The St. Lawrence plain, so-called, is really a broad, flat valley, which, since it has an
average gradient of scarcely 10 feet in a mile, appears to be a level plain. Tt extends
southeast of the St. Lawrence river for a distance of 50 miles near the International
Boundary line, but grows narrower farther down the river, and terminates where the
Notre Dame highlands reach the river about 100 miles below Quebec city. The St.
Lawrence plain is part of the greater lowland which extends from the lower part of the
St. Lawrence river to Georgian bay.

The highlands which form the rest of the Province south of the St. Lawrence are
known as the Shickshock mountains, in the Gaspé peninsula; while in the southern
part of the Province, or Eastern townships, they are sometimes called the Notre Dame
hills. They are a northward extension of the Green and White mountains of New
England, and form the most westerly member of the Appalachian mountain system in
Canada.

The topography of the district is in an early stage of matunty The altitude
varies from 400 feet to 2,000 feet above sea-level. The relief is characterized by
numerous northeast and southwest running ridges and valleys, and a smaller number
of larger, transverse valleys.

The transverse valleys are those of the Ohaudlére, Becancour, Nicolet, and St.
Francis rivers. These rivers all follow northwesterly courses, and empty into the St.
Lawrence. It is not yet known whether they are older than the present hills and have
cut through the folds as they were formed;. or have been superimposed upon them by
the removal of later formations, of which remnants are found in the distriet.

The tributary streams often run in structural valleys, and are probably younger
than the main rivers. The;y generally have narrow valleys with steep sides, and fre-
quently enter the main rivers by distinet falls.

These furnish the principal water-power of the district, and have given rise to
such manufacturing centres as the city of Sherbrooke, at the junction of the Magog
with the St. Francis; or Windsor Mills, at the entrance of the Wattopekah to the same
river.

While the country as a whole is fairly well cleared of timber, many parts of the
more rugged -surface of the serpentine belt are still densely wooded. In the valley
through which the Quebec Central railway runs there is generally a heavy drift cover-
ing, which, with the thick second growth that covers the surface for several miles
between Coleraine and Thetford Mines, makes detailed work in some places difficult.
On the high land and hill tops forest fires have recently exposéd much of the surface
to view.

Transportation and Communication.

The parts of the district in which the principal mining is done have good raﬂway
facilities. The asbestos mines of Thetford, Black Lake, and East Broughton are in no
«case more than a mile from the Quebec Central railway, and little farther from ship-
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ping statioms. Most of these mines have sidings, or short spurs connecting the mills
with the railway. At Danville, the Asbestos and Asbestic Mining Company, Limited,
has built a branch line, about 3 miles in length, connecting the mine with the Grand
Trunk railway.

The areas remote from the railways are all accessible by public highways of the
ordinary character. The chromite mines are less favourably situated in this respect,
but none are more than 7 miles from a railway.

GENERAL GEOLOGY.

The region of southeastern Quebec is underlain by strata of Palsozoic age, resting
upon the Pre-Cambrian complex, which emerges from beneath the later roclks a short
distance north of the St. Lawrence. The Palmozoic strata form an ascending series
toward the south, except where folding and subsequent erosion have disturbed the
order of exposure. Every formation from Cambrian to Devonian is represented.

The structure, however, is far from uniform. In the northwestern part of the
St. Lawrence plain, the strata are conformable from Potsdam to Hudson River. They -
are little disturbed in position, and dip toward the southeast at a low angle, usually
5° or 6°. This regularity ends abruptly at the line of the St. Lawrence and Champlain
fault, a great dislocation which extends from the foot of Lake Champlain northeasterly
to Quebec city and thence to the Gulf of St. Lawrence, running in or near the present
channel of the river. On the southeast side of this fault the strata are highly folded,
and have otherwise suffered greatly from regional metamorphism. The conditions of
deposition were also different. The marine fossil fauna indicate cold, perhaps sub-
arctie, conditions, and an unconformity is found at or near the base of the Ordovician,
which is not found on the west side of the fault.

Over considerable areas east of the fault, the folded rocks have been planed down
by erosion, so that they now underlie the eastern part of the St. Lawrence plain
without expressing their structure in the topography. The sediments of the region
congist of shales, limestones, and sandstones, with schists, slate, and quartzites on the
east side of the great fault.

The highlands, or Notre Dame hills, consist of three anticlinal ridges running in
a northeasterly direction, with two broad intervening basins, which each have a
width of about 25 miles. The ridges are usually distinguished as the Sutton, Sher-
brooke or Stoke, and Lake Megantic anticlines, The last forms a part of the boundary
line between the Province of Quebec and the State of New Hampshire. The first
mentioned is the most westerly of the Appalachian folds in this region, while the
second forms the Capelton hills and Stoke mountain, in the vicinity of-the clty of
Sherbrooke, and the hills of Weedon farther to the north.

The ridges contain a considerable development of ancient voleanie rocks,
porphyry, and greenstones, These are overlain by sediments, some of which are
probably of Pre-Cambrian age.

On the southeast side of the Sutton ridge and closely following its course is the
series of basic intrusive rocks which form the serpentine belt. Entering the Province
at the Vermont boundary line, they continue northeasterly, with little inter-
ruption, to the vicinity of the Chaudidre river. They are part of a series of similar
rocks which appear at frequent intervals in the eastern part of North America, from
Georgia to Newfoundland. In Quebec, they consist of peridotite and serpengine,
pyroxenite, gabbro, diabase, porphyrite, hornblende-granite, and aplite, and are regarded
as differentiates from a single magma. They form hills 1,600 feet in elevation,
covering 10 to 20 square miles in some parts, and in others appear as only narrow
bands a few hundred feet wide. In width they rarely exceed 5 miles, and are usually
less than 1 mile. In structure they are considered to form batholiths or thick Iaceo-
liths, and intrusive sheets or sills.

F o
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In the area to be described the rocks of the serpentine belt cut no rocks later than
Sillery (upper Cambrmn), though they probably alter some Ordovician strata. To
the south of this district, however, in the county of Brome, they cut Ordovician, and
alter strata of Devonian age.' It is not yet proven, however, that the rocks of the
geries were all intruded at or nearly at the same time. The rocks of the district thus
far examined appear to be of at least two different ages, and other periods of intrusion
may yet be found. Hence the age of the series as a whole can only be determined
approximately.

TABLE OF FORMATIONS.

BEDIMENTARY.

1. Quaternary.. .. .. .. vv er ae own e s ..gandsﬁzgd ravels.
trati clay.
Boulder clay.

2! Ordovician—Farnham?.. .. .. .. .. +. .. .. Black slates. '
. Conglomerate.

3. Cambna.n—Sﬂlery.. we e+ 4e se e +s . .. Red and green slates and sandstones.
Llslet.. .. .. o0 oo o0 . Quartmee, grey schists, and guartzite.

IGNEOUS.
(Intruaiva. and of different ages.)

Post-SlJlelB in part, at least, Iater than

evonian—Thetford Series.. .. .. .. Peridotite, altering to eerpentine.
Pvroxenite, gabbro, diabase, porphyrite,
Granite and aplite.

Post-L’'Islet—Broughton Series.. .. .. .. .. .. Serpentine.
Soapstone. .
Greenstone schists.

Sedimentary.
QUATERNARY. '

The covering of drift throughout much of the district is heavy. Sands, gravels,
and stratified clays are found in all the depressions, and obscure the geological strue-
ture, especially in the valley through which the Quebec Central railway runs from
D’Israeli to Thetford Mines. In the valleys of the principal streams well marked
terraces have often been davelopad An especially good example may be seen on the
northeast side of the valley in which the road runs from Broughton station to Harvey
hill.

No marine fossils lhave been found in these deposits. In oomp031tmn they repre-
sent complementary parts of the underlying boulder clay, from which they have been
prmclpally derived.

The ice movement which has had the most marked effect on the surface of the
country has come from the north-northeast, “the general course being S 20° W.
Another set of glacml striee running northwest indicates a weaker glacial movement.
The former of these ice movements has eroded the northeast side of the principal hills
so far as to have an important effect on the exposure of the serpentine. '

ORDOVICIAN.

A series of sediments which are near, but not in contact with, the intrusive rocks
in this dmtmct, consists of graphitie, argillaceous, and sometimes calcareous slates.
They are in many places soft and very fissile, and everywhere steel grey or black in
colour, _ [
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. They occupy a large part of the basin between the Sutfon ridge ahd the next to
the east, and so appear on the southeast side of the serpentine belt throughout the
district, usually at a distance of less than a mile. They occupy the troughs of many
of the minor synclines in the underlying sediments, and in such cases generally
contain pebbles of earlier sediments. Such outliers approach nearer to the intrusives
and may be cut by them, but no such contact has been found. The series is the lowest
member of the Ordovician here found, and is tentatively referred to the Farnham
series of the lower Trenton formation.

CAMBRIAN,

The rocks which in most placed border the serpentine belt are believed to be of
Cambrian age. They occupy an area 5 to 10 miles wide, in which is included the
outliers and erosive remnants of Ordovician mentioned above. The primcipal rocks of
the series are red, green, and grey slates and schists, sandstone, and quartzite.

Sillery.—The red and-green slate and the sandstone are assoutherly extension of
the Sillery formation of the vicinity of Quebec city and the lowet 8t. Lawrence plain.
This formation is regarded by Dr. Ells as belonging to the upper part of the Cambrian
system.

L’Islet—The grey schists and quartzites are lower members of the series. No
fossils have been found in them, and no basal conglomerate, or other mark of uncon-
form.lty, to indicate that the base of the group has been reached. While the rocks
are principally sedimentary, some of the grey schists and slates may prove to be altered
voleanices,

This formation has been previously called the I’Islet, from its large and well-
defined development in I’Islet county beyond the northern boundary of the present .
district, where it is distinguished by its geographic position and stratigraphic rela-
tions; as well as by the lithologic characters of the rocks comprised in it.

STRUCTURAL RELATIONS OF THE SEDIMENTARY ROCES.

The boundaries between the Ordovician and the Cambrian are usually definitely
marked by the conglomerate at the base of the former. This consists of pebbles of the
underlying Cambrian sandstone in a matrix of the overlying Ordovician schist. It,
therefore, marks an unconformity, indicating a time break between the two formations,
and shows this part of the Ordovician to be the base of that system.

The lower limit of the Cambrian is not so well defined. No basal conglomerate,
or other certain mark of an unconformity, has been found in this district, and it is a
matter .of some doubt whether the earlier intrusives of Broughton lie ‘wholly in the
Cambrian, or partly in still older rocks.

The strata here described are on the southeast side of the Sutton anticline, one of
the major axes of the Notre Dame hills. Consequently the strata have a general dip
toward the southeast, with minor folds giving dips in the opposite direction.

The axis of the first important syncline runs across the township of Broughton
on lots 21 and 22 or 23. The trough of the syncline in Broughton is occupied by
Ordovician strata, while Sillery measures appear at a distance of a mile
on either side. The valley in which the Quebe¢ Central railway runs from Thetford
Mines to East Broughton is on the axis of the same synecline at Thetford Mines, but
come 2 miles west of it at East Broughton. In the southwestern part of the distriet -
the structure is not as well expressed in the topography, but the general relations. -
continue the same.
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Igneous.
THETFFORD SERIES.

The rocks of the Thetford series make up the greater part of the serpentine belt.
In this district they extend southwesterly from Broughton mountain, in the township
of Broughton, through Thetford, Coleraine, Ireland, Wolfestown, and Garthby to Big
Ham mountain. After an interval of 4 miles they reappear in Little Ham moun-
tain, and continue in a southwesterly direction to Danville, and thence to the St.
Francis river. Diabase occupies the largest area of any rock of the series, peridotite
and serpentine the next. (Gabbro and pyroxenite also form considerable masses, while
granite and aplite are of relatively small extent.

Peridotite and Serpentine—Serpentine forms the country rock of all the mines,
and, with less altered peridotite, makes up many of the larger hills in the mining
district. The hills near Little Lake St. Francis, near Black Leke, in the southern
part of Ireland, and between Belmina and Chrysotile, as well as smaller areas in other
parts of the serpentine belt, are composed of serpentine and pendot1te

It is difficult, and often impossible, to distinguish these rocks in hand specimens.
In the field, and in mining operations, they are collectively called serpentine. The
peridotite is composed of olivine, a small amount of pyroxene, and a little chromite
and magnetite. The serpentine is merely an altered phase of the peridotite.
The mineral serpentine is derived from olivine by a process of alteration,
which consists principally of the addition to it of water, and the loss of
its iron content. Pyroxene may also alter to serpentine; but it changes
less readily than olivine, having originally more silica in its composition; and more
frequently it alters to soapstone or tale. The olivine is sometimes completely
altered to serpentine, while the pyroxene remains little changed. On freshly broken
faces of serpentine, the pyroxene crystals, when any are present, show as glistening
graing, usually 3 inch or less in diameter. On weathered surfaces they stand out in
relief, giving a rough surface to the serpentine, like raised nail heads, or knots in a
worn floor. This is well shown in the rock near the summits of tle serpentine and
peridotite hills, as, near the top of the hill above Black Lake village.

Pyrowenite—When pure, pyroxenite consists of the mineral pyroxene. There is
usually present, however, more or less olivine or feldspar, the former if the rock is
approaching the composition of peridotite, the latter if it tends toward gabbro.

The pyroxenite near the Danville asbestos mines is singularly coarse-textured,
and much of it is composed of large pyroxene crystals, some of which measure 2
inches or more upon single faces. In general, the pyroxenite is somewhat altered to
soapstone.

Gabbro—When there is feldspar as well as pyroxene present, the coarse-grained
types have been classed as gabbro. It can be distinguished by its coarse texture, shown
by angular grains of grey feldspar and green pyroxene. Gabbro forms a large part
of the hills above Lac Coulombre, about Nicolet lake, and Little Ham mountains. Tt
may be seen along the roadside néar the southeast shore of Black lake, and in many
other places near the foot of serpentine hills. The pyroxene is sometimes altered to
hornblende; the rock is then more correctly called a gabbro-diorite.

Diabase—~The diabase has the same mineral composition as the gabbro, but is
much finer grained, and generally has a quite different appearance. It is a fine, green
rock sometimes showing small, grey grains of feldspar. In other cases ng individual
mineral can be distinguished by the unaided eye. The rock ean often be readily
recognized by nodules and stringers of yellowish-green epidote, a mineral that has
been formed by the alteration of feldspar, and, in part, also of pyroxene. There is
frequently a little quartz with the epidote.
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Diabase may be well seen along the Quebee Central railway between Black Lake
and Thetford Mines; also near the Roman Catholic church at Black Lake. It forms
the hills about Clapham lake, and near the Little Nicolet lakes. It carries copper
and iron pyrites, in places, as at Lac Coulombre. In places, the diabase, by becoming
more acid in composition, and losing much of the pyroxene, passes into porphyrite near
the outer edges of the mass.

+ (Granite—The granite in this area is composed of feldspar, quartz, and hornblende
or mica (biotite), or both. Tt is light grey in colour, and occasionally shows a pinkish
tint. Portions wlthout hornblende or mica—principally dikes—are more properly
classed as aplite. |

The granite is in small amount in the distriet, but is important, as it probably -
indicates conditions that favoured the development of asbestos. It forms hills in the
northeastern part of Coleraine, dikes in most of the mines;, and, in places, isolated
masses grading into the enclosing diabase or porphyrite. These isolated masses are,
probably, primary segregations,

Struetural Relations.

(a) External.—The rocks of the Thetford series are very obviously intrusive in
their relations to the enclosing sediments. Evidences of this are: alteration of the
sediments in the outer contact zone; deflexion of their dip and strike; and develop-
ments of contact breccia.

The alteration of the sediments is sometimes shown by a hardening of a band near
the contact, producing a hornstone rim. The grey slates are often given a rusty,
reddish colour, due apparently to the oxidation of sulphides developed near the con-
tact; while the originally red Sillery slates are usually bleached to pale pink. Trag-
ments in the brececia, and larger portions of sediments near the contact, show partial
absorption by the igneous magma. Some of these rocks still preserve the lines of
foliation of schists on weathered surfaces, but on freshly broken faces they cannot be
distinguished from the enclosing, or adjacent, igneous rock.

Dikes are very rare, and altogether there is a very mnoticeable absence of evidence
of any violent eruption. The intrusion seems to have progressed slowly, and without
any marked cataclysmic action. The contact is thus of the batholithic type.

The bodies of igneous rock appear to take two principal forms. From Broughton
mountain to Little Nicolet lake, where the igneous belt crosses the stratification
somewhat obliquely, the intrusions occupy elliptical or rounded areas, bordered
by breeceia, and giving evidence of downward enlargement. With the exception of one
district, and two doubtful intervals, they form a continuous mass, and so are inter-
preted as being a batholith, or very thick laccolith.

In other parts of the district, the boundaries of the ‘intrusions conform miore
clogely to the stratification, are generally brecciated on one side only, and oceupy long
narrow areas. In cross section they can sometimes be seen to form sills or intrusive
sheets, and are consequently considered to more generally take this form.

(b) Internal—The peridotite, pyroxenite, gabbro, and diabase, form a continuous
series, passing by gradual transitions from one variety to another in the order named.
In the case of larger exposures, all of these rogk types can sometimes be found in a
single intrusive mass. In other cases, the differentiation is sharper, and peridotite
passes into diabase with only a few feet of transitional rock between. In general,
peridotite, or the serpentine derived from it, and diabase, form the larger portion of
a rock mass. At the outer edges, the diabase, in places, passes into hornblende porphy-
rite, and this oceasionally into hornblende granite, or aplite. .

The granite and aplite have usually, however, been intruded a little later than the
more basie rocks. The edges of these acid intrusions are generally as well erystallized
as the central parts, showing that they were brought in while the basic rocks were still
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. heated. Occasionally, too, an injection of diabase has taken place somewhat later than
the intrusion of the greater part of the mass. This may be seen at Louise mountain,
in Garthby, and probably near Shipton Pinnacle, but such oceurrences are not common, ~

The rocks of this igneous complex are generally distributed in one or other of two

- different modes of arrangement, according to the form of the igneouns intrusion. They

are arranged in order of decreasing basicity and density :—
(a) In sheets from the base upwards.

(b) In batholithic intrusions from the centre outwards. Serpentine, or dial!rasa,
may sometimes be much in excess of the other rocks, and thus give an asymmetric
arrangement. But the more acid rocks, wherever present, are, as far as known, invari-
ably nearest the tops of sheets or the margins of batholithie intrusions, and the basic
rocks in correspondingly opposite positions.

In the case of sheets, the arrangement of the rocks accords with the relative
densities of the principal minerals of which they are composed, and also with the
order of their crystallization.

In the case of batholithic intrusions, the differentiation from basic to acid
extremes, from the centre outwards, is in agreement with well known cases of mag-
matic segregation in intrusive rocks where differentiation has taken place prior to
intrusion. The igneous complex of Magnet cove, Arkansas, is a parallel in alkaline
rocks.1

An_instance is given by Mr. Chas. Camsell (see Mr. Camsell’s Summary Report
in this volume) of a voleanic stock from the platinum locality in the Tulameen district
of British Columbia, where a core of peridotite is bordered by a differentiated rim of
pyroxenite. An adjacent intrusion of augite syenite took place a little later.

The batholithic intrusions near Thetford characteristically consist of a dome-.
shaped central mass of peridotite, bordered, or sometimes nearly surrounded, by an
erosion valley. The outer side of the central mass is formed by a ridge of diabase, or
porphyrite, which passes into breccia at its outer edge. These fractures can be seen
in a section extending from the top of the hill above Black Lake station, which is part
of the central dome, to the valley of the Thetford river, and thence to the diabase at
the Roman Catholic church in the nortkern part of the village. (See diagram, page '
185.)

BROUGHTON SERIES.

The Broughton series consist of serpentine, soapstone, and greenstone schists.
They are the rocks containing, and adjacent to, the asbestos and tale deposits of
Robertson, East Broughton, and Broughton, and of several isolated loeations in the
vicinity. )

The rock differs from that of Thetford and Black Lake, in being much softer
and more shattered. It is almost completely serpentinized, the only exception being
certain hard blocks which carry mo asbestos, The asbestos that is recovered here
rarely oceurs in veins, but generally as slip or parallel fibre, being, in fact, only the
softer and partially fibrous, outer portions of the individual pieces into which the rock
is shattered. A microscopic examination of these rocks is still necessary in order to
determine the actual mineral ecomposition of these hard blocks, and to find out, if
possible, whether the asbestos-bearing portion was originally similar to that in the
Thetford series. The presence of considerable bodies of tale,and steatite or sodpstone,
indicates that there was a good deal of pyroxene in the original rock. There is very
little chromite in the serpentine of this olass.

The altered greenstones are chloritic and epidotic schists, which probably were
originally diabase, together with hornblende schists which grade into them. The latter

1 Washington, H. 8., © Igneo'us. Complex of Magnet Cove.” Bulletin, U.S. Geol. Burv., Vol.
XTI, pp. 889-416, 1900, .
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may be the altered, more acid parts of the primary rock, perhaps corresponding to the
porphyrite of the Thetford series. The precise character of these rocks can only be
determined by detailed lithological examination, which has not yet been made.

The greater alteration of these,rocks indicates that they are earlier. in age than
the Thetford series. The rocks enclosing them are the grey schists and quartzites—in
no case the red slates, of the S:llery formatian. It ean, therefore, only be said of their
relations that, they are intrusive in, and hence later than the L'Islet format.lon which
conformably underlies the Sillery.

ECONOMIC GEOLOGY.

The minerals of economic value that have been found in the serpentine belt are
asbestos, chrome iron ore, tale, antimony, copper, and platinum. Of these, asbestos
and chrome iron ore are at present being mined; the former constituting in value
one-half of the total mineral production of the Province of Quebec, and producing
upwards of 80 per cent of the world’s supply of asbestos. Antimony and tale have been
mined; there has.been a small development of the copper ore; and platinum has been
found in the gravels. .

Asbestos.

History.—The discovery of asbestos in commercial quantities in this district dates
from 1877, although it was known for many years previously as a mineral occurrence
of prospective value. Mining operations began at Thetford, Black Lake, and Danville
very shortly afterwards, and have continued ever since. Since the introduction of a
successful method of mechanical concentration, about 1893-4, the production has
increased regularly, until it now has an annual value of $2,500,000. Notwithstanding
this steady and increasing production, no well-established mine has yet been worked
out. Aside from the abandoned pits incidental to early prospecting, the only closed
works are those of ill-judged enterprises that probably ought never to have been begun.

The production for the past four years has been as follows:—

Tons. Value.

J90B.. o cv e 40 vr ve 20 2a 1e se 0 se o0 50,089 $1,486,359
1906. . .. .. ot it et e e e e ee ee .. .. 60,761 2,036,428

- 1907.. AR 52 311 2,484 767
1908. . T [ B, 5.1 2,555,361

In addition to tlns, there has been produced ¢ ashestic’ to the value ‘of $17,974
during the past year.

The asbestos is of the chrysotile variety—hydrous silicate of magnesmm—and has
the same chemical composition as the serpentine rock which contains it, but is dis-
tinguished from it by its fibrous form.

Character of the Veins—In the Thetford-Danville section, the asbestos occurs
almost wholly in veins which are usually 2} inches or less in width, the greater number
being less than } inch. The fibres lie at right angles to the walls of veins, hence the
length of the fibre is limited by the width of the vein; but it rarely equals it: for
there is usually a parting in the vein which is marked by a film of iron ore, generally
magnetite. The veins are invariably bordered by a band of pure serpentine on each
side of the vein, whether the country rock be a serpentine or partially one, or even a
slightly- altered pendotite These serpentan.e bands bordering the veins are.usually as
well ‘défined as the vein itself, and in width fre proportionate to xt, each being nearly
three times the width of the asbggtos vein.

; From a consideration of these facts, and of the number, size, and diréctions of the
. veins, it is believed that they were formed not by the filling of once apen fissures, but
-by the replacement or crystallization—more or less perfeet—of the pure amorphous
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serpentine of the side walls. This process is thought to have begun at a fracture now
indicated by the parting or film of iron ore within the vein, and to have extended into
the wall rock on one or both sides to a distance proportionate to the width of the
gerpentine bands. They thus belong to the class of veins sometimes called oxogenous
or outward growing, as distinguished from those that are formed by filling a fissure
from the edges inward. Measurements of many veins have been made, which show
the proportion of asbestos to the two bands of serpentine and the included asbestos to
be 1:6-6, or that approximately 15 per cent of the serpentine has taken the crystalline
form of asbestos.

Origin of the Fractures.—In the Thetford or later serpentine many of the larger
veins can be seen to follow joint planes in the original rocks. Amnother class seems to
have grown from fractures caused by regional folding, as is indicated by their approxi-
mate parallelism. Fractures produced in early stages of disintegration of the rock
by casting off shells from the jointed blocks give a series of crescent-shaped veins,
surrounding a core of peridotite. Where all of these classes of veins are found
together there results a very intricate network, but by careful observation many of
them can be referred to one or other of these classes.

In the supposedly older serpentine of East Broughton there are comparatively
few veins. The exact mode of oceurrence of the asbestos in this rock has not yet been
- studied in detail, but the asbestos seems to occur as ‘slip’ or * parallel’ fibre, which is
on or in the rock, parallel to cleavage faces.

Other causes of the shattering of the rock, such as hydration, rapid cooling, and,
" possibly, original gneissic structure mear the edges of an intrusion, require a full
investigation covering the entire process of serpentinization.

Mining.—All the mines are worked by open-cut methods, The ground at the
bottom of the pit is usually eut into a series of benches, generally about 8 to 15 feet
high, which afford a number of faces from which the rock ean be quarried at the same
time. At the Bell mine, Thetford, extensive underground work has been carried on
in winter with apparent success. Generally, the mines are operated only by day. At
the King mine, Thetford, work is carried on in the pit at night by the aid of search
lights. At the Danville mine, some underground work was earried on by night during
the last summer. Several of the pits have reached a depth of about 200 feet, with two
or three times greater horizontal extemsion.

Handling and Dressing—In some of the mines the asbestos-bearing portion is
separated from the barren rock in the pit, and in part the erude from the mill stuff,
and each is loaded into separate boxes and hoisted to the surface. A certain amount
of hand cobbing is also done in some pite. In most, however, all hand separation is
done at the surface. There, the separate products are emptied into tramecars, which
are usually drawn by small locomotive engines; the dead rock is then taken to the
waste dump, and the rock which will afford erude asbestos, to the cobbing sheds, where
it is separated by hand work and put in bags. The remainder; usually 85 per cent to
60 per cent of all the rock handled, goes to the ore bins, or, in some cases, directly to
the mill for mechanical concentration.

This concentration is an ingenious process, which has been developed by some of
the pioneer mine mansgers of the district. The essential features are successive
erushings and sereenings of the rock, and the removal of the asbestos thus liberated by
means of suction fans. The crushing is effected by jaw and rotary crushers of the
standard type, and a finer crushing is frequently effected by means of rolls. After the
first erushing much or all of the material is dried gn rotary driers, with direct heat.

A final pulverizing of the rock is accomplished by a specially designed machine
known as the cyclone. This consists of two ‘beaters, or heavy screw propeller-like
fans of chilled iron, set end to end, which revolve at a speed of 2,000 revolutions per
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minute, or more, in opposite directions in a closed chamber. The small rock fragments
are thus driven together with such force as to reduce them to powder, and the smallest
particles of asbestos are released and collected as before.

The fibre drawn off at the various stages of the milling process is collected in
gettling chambers, and conveyed to a rotary classifier, by which the product is separ-
ated into various grades according to the length of the fibre.

Suction fans for the removal of dust from the cyclone, the classifier, and some-
times from the mill are important accessories to the equipment. Magnets are usually
employed over the shaking sereens to eliminate particles of iron ore.-

The various mills differ from one another in details, some of which are regarded
as more or less secret features, but the general practice is essentially uniform. The
milled fibre is classified into three or more grades, and the crude asbestos usually in
two. The question of adopting a standard classification is being discussed.

Prices—The following production by classes, as compiled by Mr. J, MecLeish,
Chief of the Division of Mineral Resources and Statistics, of the Mines Branch,
Department of Mmes, shows the proportions of different grades, classified according
to value:—

Short Range of Average
- Value. price price

tons. per ton. per ton.
¥ § cts $ cts. $ cts
CrudeNo. 1..c.vveeecnvnchininnnns 857% 257,752 | 267 00 to 350 00 300 59
N0 2..iiniinararnaanaaaanans 2,488 411,480 75 00 to 225 00 165 38
Mill Stoek No. 1.....oveeveeennnnnen 5,282% 425,448 60 00 to 100 00 80 54
“ N0‘2 .................... 4:5,54ﬁ 1,345,750 20 00 to 50 00 29 33
. b 12,37 114,931 5 00to 13 00 9 29
Total Asbestos............... 66,548 2,555,361 5 00 to 350 00 38 40
Total Asbestic............... 24,225 17,974 '35to 116 74

Grand Total................. 90,773 2,573,335

Uses.—A. small proportion of the asbestos produced, all of the highest grades,
is used in making asbestos cloth and various fire-proof textiles; while much the greater
part is used for covering, and insulation purposes. Boards, shingles, and roofing felts
for fire-proof construction, materials for electric insulation, and protection from acids,
boiler and pipe coverings are among. the products in common use.

The manufacture of asbestos goods has hitherto been ecarried on practically only
in Europe and the United States. During the past year, however, a plant for the
manufacture of asbestos shingles, mill-boards, and covering material has been estab-
lished at Lachine, Quebec, by The Asbestos Manufacturing Company, a Company
allied to the long-established manufacturing firm of Keasbey and Mattison, of South
Ambler, Pennsylvania.

Mines.—A list of the mines, with more or less detailed description of their equip-
ment and capacity, as well as their finaneial organization, has been published in the .
* Report of the Mining and Metallurgical Industries of Canada, issued by the Mines
Branch of the Department of Mines, in December, 1908, and hence need not be
vepeated here. The following are the mines that have produced asbestos during the

1“The produotmn of Asbestos in Canada,” 1907-8, by John MecLeish. Mines Branch Pub-
lication No.

26—13
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past year, and all in operation at the close of the summer. They are named in order
of location, and the names of the owners and of the shipping stations are also given :—

King: Owners, The Amalgamated Asbestos Corporation, Thetford Mines, Quebee
Central railway.
Bell: Owners, Xeasbey & Mattison, Thetford Mines, Quebec Central railway.
Johnson: Owners, The Johnson Asbestos Company, Thetford Mines, Quehec
Central railway.
Beaver: Owners, The Amalgamated Asbestos Corporation, Thetford Mines,
Quebec Central railway. .
Union: Owners, The Black Lake Consolidated Mining Company, Black Lake,
Quebec Central railway—re-opened late in the season.
" Johnson: Owners, The Johnson Asbestos Company, Black Lake, Quebeec Central
railway.
British American: Owners, The Amalgamated Asbestos Corporation, Black Lake,
Quebec Central railway.
- Danville: Owners, Danville_Asbestos and Asbestic Company, Danwlle, Grand
Trunk railway.
Standard: Owners, Amalgamated Asbestos Corporation, Black Lake, Quebec
Central railway.
Dominion: Owners, Amalgamated Asbestos Corporation, Black Lake, Quebec
Central railway.
Robertson: Owners, Robertson Asbestos Mining Company, Thetford Mines, Grand
Trunk railway. )
- Broughton: Owners, Broughton Asbestos Fibre Company, East Broughton,
Quebee Central railway.
Eastern Townships: Owners, Eastern Townships Asbestos Company, East
Broughton, Quebec Central railway.
A Quebec: Owners, Ling Asbestos Company, East Broughton, Quebec Central
railway. :
Frontenac: Owners, Frontenac Asbestos Mining Company, East Broughton,
Quebec Central railway—equipped late in the season.

¢ Properties under Development—The Thetford Asbestos Company, about to be
reorganized as the Jacobs Asbestos Company, has done some development on lot 28,
range VI, of Thetford, with promising results. The construction of a mill has been
begun, and the property is likely soon to be an important producer.

On the property of the Imperial Asbestos Company, a short distance south of
Black Lake station, some development has heen done by the Black Lake Consolidated
Company, and it is announced that a mill is to be built. On the Southwark property,
lots 27 and 28, range B, of Coleraine, the same Oompany made some very successful
developments, and propose oparatlng the property in conjunction with the Union mme,
which it adjoins. A new mill is to be built to serve both properties.

The adjacent property of Dr, James Reed, in range A, Coleraine, which has had
considerable development, and is partially equipped with a mining plant, has remained
unused for some time.

The King property, lot 26, rangﬁ I11, of Ireland, and the Belmina, lots 28, 24 and
25, range 11, of Wolfestown, are also part.m]ly developed properties which have not
been recently worked. Both seem to give promise of favourable development,

The D’Israeli Asbestos Company has built a mill on lot 18, range IIT, of Gar[:hb‘y,
and upwards of 4 miles of track to conneet it with the Quebec Central railway, and is
now preparing to develop the property.
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At lot 24, range 1V, of Wolfestown, an extensive mining and concentrating plant
was installed a few years ago by the Asbestos Mining and Manufncturing Company,
of Providence, Rhode Island. But the development of the property proving unsuccess:
ful, the plant has been partially dismantled after lying idle for two years, and the
property has lately changed hands.

At the Boston -Asbestos Company’s property, East Broughton, a mill has been
built, and some development work done on a property adjoining that for which the
mill was built, The mill and mine were not in operation at the time of our visit.

In lot 9, range V, of Thetford, the Beaudoin and Audet Company has done some
" development, as has also the Berlin Ashestos Company on lot 2 of the same range.

In lot 14, range VII, of Broughton, the old Fraser mine, once celebrated for the
remarkable quality of the asbestos produced from a single vein, remains unworked.
There seems likely to be a workable quantity of lower grade fibre in this property.

In all the mines of East Broughton the principal work has been done near the
hanging-wall or top of the serpentine sheet, and the opinion prevails that the lower
portion, that is the northwest side of the serpentine, is unproductive. The rocks of
this locality have not yet been examined microscopically and chemically, hence, com-
parison is difficult. But in the rocks of the Danville sheet the best serpentine is at the
north side, or near the foot-wall

It would, therefore, seem advisable to test the serpentme at East Broughton near
the northern edge, where asbestos, if it occurs at all, is more likely to be in well-
defined veins and of greater tensile strength.

Prospects—Asbestos has been found in various places in the distriet, by prospect-
ing at different times, where little or no work has been done. In the East Broughton
distriet, lot 18, in ranges III and IV, serpentine-bearing asbestos is shown by pits or
natural exposures for a distance of several hundred feet in each range. The access to
the railway is somewhat less easy, but the quality of the rock seems to compare
favourably with that of the working mines at East Broughton.

Southwest of the mines of East Broughton, serpentine is found on lot 18, in
ranges VIII and IX, of Broughton. In range IX it passes into lot 12, about 600 feet
from the north end of the lot, and next appears near the northeast end of lot 11, in
range X. From this point the serpentine appears at frequent intervals in two sheets

- running in a northwesterly direction to lot 2, in range XI. This change of direction
in the outcrops of serpentine is caused by an arching of the strata across the strike,
which gives the rocks a low northeasterly piteh, instead of a southeasterly dip. Conse-
quently some parts of these serpentine sheets have a nearly horizontal roof of slate,
and will be unavailable, since both the serpentine and the slate are too much fractured
to admit of underground work, even if the prospects otherwise warranted it.

On the southwest side of this arch the serpentine is again found on lot 12, range
XTI, of Broughton; and in lots 1, 8, 10, 11, and 13, in range V of Thetford. Lots
2 and 9 in this range contain the properties of the Berlin Ashestos Jompany, and the
Beaudoin and Audet Company, respectively, already mentioned; while the Robertson
mine is situated on lots 16 and 17, in range XIII. The occurrence of serpentine on
lot 18, range V—the property of Dr. James Reed—has led to some development work
whwh seems to indicate that the rock is fairly productive in asbestos of the East
Broughton or older type.

In lot 24, of ranges I, II, and III of Tring, a small amount of serpentine is
exposed, which contains a little asbestos. A very small amount of work was done here
twenty years ago. The Tring branch of the Quebec Central railway cuts the sarpentme
near the line between ranges IT and ITT.

Near Thetford Mines, prospecting was pushed on the Clarke property, lot 24,
range A, Coleraine, and some work was also done on lot 27, range VI, of Thetford, by
Jos. Demers and others.

26—13%
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The property in block B, Coleraine, formerly owned by the Coleraine Mining
Company, but now belonging to the Black Lake Consolidated Company, is not being
worked. A little prospecting was done near Coleraine during the past summer on lots
85 and 40, range II, of Garthby, and on lot 2, range VI, of Coleraine. No very
definite results had been reached at the time of our visit. "

South of the road from Coleraine to Wolfestown, several properties along the
Belmina hill, chiefly in lots 28, 25, and 26, of ranges ITI and IV, show a little asbestos,
but they have, generally, been little prospected. In lot 13, range VI, of North Ham,
theré is a small knoll of serpentine, on the south side of which there is a perpendmular
face about 25 feet high, On part of this cliff face, about 15 x 20 feet, several veins of
asbestos from 1 to 2 inches in width, and of excellent quality, are exposed. A small
cutting on the top of the cliff did not show the veins to extend beyond a foot from the
face of the cliff, while four small pits on other parts of the knoll did not disclose any
veins of asbestos. The serpentine, which is several miles from any other known
exposure, has a maximum breadth of 850 feet, and can be traced upwards of 1,000 feet
on this property, and is recently reported to have been found to extend to lot 11 in
range V. In view of the excellent quality of the small amount of asbestos exposed, it
is to be hoped that the property will be thoroughly tested.

In range XI, of Tingwick, lots 20-25, there is a considerable area of serpen-
tine, which has not been well prospected owing to the thickly wooded character of
the area. Near the boundary of lots 21 and 22, the property known as the Ladysmith
mine has had some development and equipment, including an extemporized mill. Work
was closed at the time of our visit in July. There are other prospects between this
property and the shore of Nicolet lake; but practically no work has been done upon
them. .

On lot 10, range IIL, of Shipton, adjoining the mine of the Danville
Asbestos and Asbestic OOmpm, the presence of asbestos-bearing serpentine beneath
several feet of soil has been proven by a shaft. The question of economiecally utilizing
the property at present has been further complicated, if not rendered impossible, by
the sale of a portion of it in small building lots to several different owners.

A band of serpentine extends from the Shipton Pinnacle to the St. Franecis
river, a distance of 8% miles. It occupies a part, or all, of lot 10, range VII, and
lots 8 and 9, in range VIII, of Shipton; and in Cleveland, Icts 8 and 9 in range
IX, 7, 8, and 9 in range X, 7 and 8 in ranges XI, XTI, and XIIT, 6 and 7 in range
X1V, and 6 in range XV. The northwestern edge of this band is a soft, but generally
massive serpentine, and asbestos up to 1 inch in length has been found in several places.
This is the largest unprospected or little prospected area in the district. It is not to
be confused with a series of isolated outcrops of serpentine which are found nearly a
mile to the northwest of the main band, running through lots 9, 10, and 11 in Cleve-
land, and 12 in Shipton. These are usually composed of a harder and less promising
variety of serpentine; but on lot 12, range V, of Shipton, where it is associated with
granite, one of these outcrops of serpentine contains a limited amount of asbestos.

Chromite,

Chromite, or chrome iron ore, is an oxide of chromium and iron. It is useful not
as an ore of iron but for its content of chromium.

Various attempts to mine this ore in Quebee were made between 1860 and 1890,
but it was not until 1894 that any considerable production was made. Since that date
over 400,000 tons of chromite have been mined, which had a value at the railway of
about $600,000. The production for the last four years has been as follows:—
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Tons. Value.
- P UV ACTLICI, T - ' $104,565
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JO0B. . cn co Li gk 44wk va s 48 d en v e oe THEE 82,008

Mode of Occurrence—The ore is in irregular masses, sometimes having the shape
of flattened lenses. The largest single body of ore known in the district is 80 feet long
x b feet to 50 feet wide, and has been proven for a depth of 300 feet or more.

Chromite in disseminated grains is found throughout practically all of the serpen-
tine and pendotlte but in gquantities large enough to form ore bodies it has been found
principally in the.peridotite near its outer edge, that is, close to the pyrogenite margin.
The Dominion pit of the Black Lake Consolidated Company is at the southeast edge
of the serpentine, and some 200 feet from diabase. The intervening ground is drift-
covered, as is commonly the case in that portion of the batholithic masses. The
American mine is on the northwest edge of the same mass. The Caribou pit, and the
Black Lake pit No. 1, are near the southwest edge of the peridotite, where the latter
carries considerable pyroxene. The Canadian Chrome Company’s mine is on the
southeast side of the same mass as the Caribou and Black Lake., The Breeches Lake
or Leonard property, in Garthby, is on the south side of a serpentine hill with the
acid rocks running around the foot, while the St. Onge, Adam, and Brosseau pro-
perties are similarly situated with regard to the serpentine hill northeast of D’Israeli.

The masses of ore are separated from one another by bands of rock of varying
thickness, which makes regular production difficult. The ore occurs in a zone, that
can probably be defined by a study of its place in the rock series; but this involves
more detailed examination and mapping than has yet been found practicable,

Mining.—Mining is carried on in open-cuts, except at the Black Lake pit No. 1,
where a shaft has been sunk. As the ore bodies are often small and discontinuous,
the least expensive methods of working have usually been adopted. Power drills and
derrick hoists are the principal equipment used. The diamond drill has been used
successfully for prospecting.

Concentration.—The ore is bought and scld on a basis of 50 per cent chromie
oxide. If higher than this, a premium is paid, if lower the ore is penalized. Conse-
quently ore carrying approximately 40 per cent is shipped as erude; all from that
quality to about 10 per cent is concentrated to 50 per cent or a little higher. The
highest percentages reached in either crude or concentrated ore is rarely above 55 per
cent, Cr, O,

The method of concentration that has been followed recently consists, succes-
sively, of crushing, stamping, and concentrating by means of Wilfley tables. The
middlings from the first Wilfley’s are usually treated on a second table, and a product
rarely exceeding 51 per cent or 52 per cent is obtained. No data is at present at hand
as to the percentage of recovery. There is, however, an apparent loss in ‘float,’ or
very finely crushed ore, which is carried from the tables with the lighter rock particles.

Uses.—A limited quantity of these ores was used for a time by the Electric
Reduction Company of Buckingham, Quebee, in the manufacture of ferro-chrome.
Except for this, and occasional small shipments to Europe, the Canadian production
is shipped to the United States. It is there used in the manufacture of bichromates
for use in dying textiles, tanning leather, for pigments used in printing and painting,
and in making chrome steel, and the lower grades for lining furnaces.

The only occurrence of this mineral that is yet known in the distriet is in range

I of South Ham, lot 28 of the old, or 56 of the later numbering, on the property of
Dr. James Reed, of Reedsdale, Province of Quebec.



198 GEOLOGICAL SURVEY

9-10 EDWARD VIl, A. 1910

The ores are native antimony, with less amounts of stibnite, kermesite, and valen-
tinite, The deposit is said to have been found in 1863, and to have been soon after
developed and equipped with a mining and concentrating plant. After a t-lme the
works closed, and the property passed into the hands of the present owner.

The development, as far as could be made out in the present state of disrepair,
consisted of four shafts. An adit, which could not be entered at the time of our visit,
starts at a lower level some 800 feet from the main shaft, and is said to reach it at a
depth of 100 feet. Considerable drifting is reported to have been done along the length
of the ore body.

Character of deposit.—This is a contact deposit, in which the ores occur in schists
along their contact with an intrusion of diabase and serpentine. The schists strike
N 50° E maghetic, and have a vertical dip. A serpentine ridge runs east and west,
The serpentine just north of the main shaft ig exposed for about 150 feet in length,
east and west, and has a breadth of 75 feet. It is bordered by diabase on the west
ard northwest sides, but on the southwest comes direetly in contact with the slates
of which it contains fragments. The principal workings are at the south contact of
the serpentine with the schists, with one small shaft on the northwest side of a similar
hill, about 1,000 feet east of the mouth of the adit. As these two intrusions of ser-
pentine are doubtless connected at no great distance beneath the slates, it is not
improbable that antimony may be found in the intervening distance, On the other
hand, this structure lesséns the probability of the deposit continuing to a great depth.

No distinet veins of any considerable width could be found in the present state
of the workings, but the prihcipal amount of ore seems to be in flakes, along the
cleavage planes of the sehists. Tha proportion of ore becomes greater as the contact
is approached.

. Two specimens of antimony ore from this property which have been assayed for
gold by Mr. H. A. Leverin, of the Mines Branch, yield only a trace.

Tale.

. Steatite or soapstone—as well as the purer forms of tale—occurs in numerous
places in the townships of East Broughton, Broughton, and Ireland. It g-enara]ly
bears the same relation to the older serpentine that pyroxenite has to peridotite. It is
an altered form of pyroxenite, and in soime places shows distinet pseudomorphs of
steatite after pyroxene.

" Soapstone has been quarried to a small extent at the old Fraser mine, East
Broughbon,-lot 14, range VII, and on lot 5, range V, of Thetford. A considerable
guantity is easily available on lot 2, range XI, of Broughton, and Ham, lots 42, 43,
and 50, range L
" " A better quality of talc is found on the farm of W. I Porter, lot 2, Craigs Road
range of Ireland, where it probably occurs in workable quantity.

Platinum,
+ - A small amount of platinum was reported to have been found in the gravels near
the Chaudidre river, in the county of Beauce, by T. Sterry Hunt, in 1852, The
natural habitat of platinum is in chrome-bearing peridotites. These gravels are 30
miles southeast of the serpentine belt, and it is altogether probable that they have
been in part derived from it. A nugget of platinum has also been found at Plattsburg,
N.Y., some 50 miles south of the serpentine belt in Brome. In the Tulameen distriet
of British Columbia, Mr. Camsell finds the platinum t¢ oceur with the chromite, Two
gpecimens of chromite from Black lake, which have been assayed by Mr. H. A. Leverin,
Mines Branch, Department of Mines, have yielded no platinum.
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! Copper.

Chalcopyrite is found in small quantities, apparently as primary segregations,
near the outer edges of the diabase in many places in this distriet. Most of them, how-
ever, are mere mineral oceurrences, and not of commercial importance. .

On lot 22, range I; of Garthby, is the property known as the Coulombre mine, on
which a shaft was sunk over forty years ago. The ore is a compact pyrite carrying a
small copper content. It is extremely free from silica, and should be useful in con-
junction with some of the siliceous copper ores of the Capelton distriet.

While there is little facility for finding the limits of the ore body, the extent over
which isolated exposures are found indicates the possibility of an important ore hody:
perhaps like one of those found under similar conditions to the southwest of this
district, at the Huntingdon and Lake Memphremagog mines.

Smaller amounts of a better grade copper ore occur near the north shore of
Clapham lake, on lot 15, range VIII, of Thetford. This is also in diabase near the
contact with slate.

In lots 8 and 9, range I, of Wotton, diabase carries a little disseminated pyrite
over an area of some 20 acres. It is possible that by stripping the soil from the rocks
the ore might be found to be concentrated in places, into workable deposits.
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OIL-SHALES OF EASTERN CANADA.
(R. W. BElls.)

INTRODUCTION.

The work of the past season was largely in connexion with the oil-shales of
eastern Canada, and was a continuation of that of the previous year. The extent,
distribution, and economic value of the oil-shale deposits of New Brunswick, Nova
Secotia, and Gaspé were ascertained as carefully as was possible in the time available.
Collections of samples were made from various points in the several provinces where
such shales are exposed, and these were examined by Mr, H. A. Leverin in the labora-
tory of the Mines Branch, Department of sfines, at Ottawa. In this way their
contents in crude oil and sulphate of ammonia were ascertained.

OIL-SHALES OF NEW BRUNSWICE.

In the following account of the season’s work, the various areas of oil-shales in
New Brunswick are treated in the order in which they were visited. The first to be
described is that of tHe Albert shale series of Albert and Westmorland counties, as
found in an area situated about 80 miles from the Intercolonial railway, and extend-
ing from Memramcook and Upper Dorchester on the east nearly to the western line
of Albert county, with a breadth varying from 1 to 6 miles. Farther west the
formation is found in Kings county, between Sussex and Bloomfield, south of the
Intercolonial railway. These several areas have been described in former reports on
the district, and are all easily accessible.

At Albert Mines, which, in so far as mining is concerned, is the most
important oil-shale area of New Brumswick, and is distant about 20 miles by road
south of Moneton, large samples of the several varieties of oil-shale were collected,
sent to Ottawa, and carefully analysed. The results of these analyses will be found
under the heading, Albert Mines.

Thence, the examination extended eastward past Hlllsborough and across Petit-
codiac river to the Memramcook, where the village of Taylorville, easily accessible
from Dorchester, is located. Here, also, samples of the black, oil-shale bands were
collected, and, on being tested, were found to be very high both in crude oil and
ammonia; the results of the analyses will be found under the head of Taylorville
shales. Returning by way of Memramecook and Dover, other collections were made
near Dover, mostly in somewhat thin shales which, however, were of good quality.
The results of the analyses of these shales are given under the head of Dover ghales.

Returning thence to Albert Mines, the areas westward were further examined,
and specimens obtained at most of them, or wherever—according to our field test—
the quality of exposed: shale seemed worthy of further examination. These areas, in
their order westward from Albert Mines, are: Baltimore, Turtle creek, Prosser brook,
Pleasant Vale, Mapleton, and Elgin and Goshen near the western limit of the county.
The results of the several analyses from the various localities are given under the
proper heading of the district.

Throughout the several areas, it will be observed from the analyses that, the
values in crude oil and ammonia gas, of the oil-shales from the different places,
vary very considerably. The shales themselves vary much in character, ranging from
a thin-bedded, brownish or blackish-grey, sometimes quite flexible and elastie,
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often rich in fish remains, and usually known locally as ‘paper shales,’ to massive
hands of black or brownish-black, tough shales, which occur as interstratified beds in
the formation as a whole, While the greater part of these shales are bituminous, the
black, massive beds, which range in thickness from 3 to 7 feet, are, on the whole, by

- analysis, much richer in ammonia gas and crude oil than the great mass of the
thinner shales; though even in these, as far as tested, large portions are sufficiently
rich in hydrocarbons to render them available for distillation.

In the western part of Albert county, toward Mapleton and Elgin, the shales,
while preserving the general character of the Albert shales, have, on analysis, been
found to be much poorer in hydrbcarbons than those of the Albert Mines and Balti-
more district. This is also true of the deposits found in Kings' county.

It is interesting to learn from the work of the past season that, the ascerfained
values of many of the Canadian deposits greatly exceed what was at first supposed.
It may be readily asserted that, in these deposits, considering the richness of much
of the shales, their large extent—especially in the Province of New Brunswick—and
their general accessibility and the facility with which they ean be worked, Canada
possesses a source of mineral wealth, the great value of which, if properly developed,
can be scarcely overestimated.

In view of the great interest now being taken in the bituminous and oil-shales of
the Albert series, both as regards the proposed extraction of oil by distillation, and
systematic boring, the following synopsis dealing with the geological sequence of the
strata of which the oil-bearing rocks are a part, may possess some points of interest.

The bituminous or oil-shales found in New Brunswick belcng to what is known
as the Perry formation, which wunconformably underlies the marine limestone,
asgociated gypsum, red marls, and the red, grey, or green conglomerates of the
lower Carboniferous. In New Brumswick, the basal part of the Perry is represented
by some hundreds of feet of reddish-brown, sometimes greyish-green, conglomerates,
with which shaly beds, both red and green, are interstratified.

The lowest conglomerates of the Perry formation, as seen in the section on
Kennebecasis island, are made up largely of fragments of Pre-Cambrian rocks, includ-
ing crystalline limestone, granite, felsite, diabase, etc. At the base the pebbles are
often from 12 to 18 eighteen inches in diameter. The conglomerates contain inter-
stratified, irregular beds of red, sandy, and micaceous shale. Ascending in the series,
the conglomerates gradually become finer, and are regularly interstratified with beds
of grit and shale, the red and brown colour gradually gives place to grey, and the
series becomes almost entirely a shaly one, the beds being grey and dark, sometimes
black, shales interstratified with beds of a rather coarse, greyish grit. The darker
gshales have an abundance of plant and fish remains, corresponding, in this respect,
with the shales of Albert and Westmorland counties. There is only a slight trace of '
bituminous matter in the shales of Kennebecasis island; but following them eastward
they change in character and become bituminous, sometimes brown, pyroschists,
containing sufficient hydrocarbons to render their ignition easy. Above these shales,
and even forming a part of the shale series, are beds of greyish, sandy grit, containing
oil, which can be obtained by boring in well selected spots, but, so far as yet known,
in small quantities only. The bituminous shales, popularly designated as the Albert
shales, do not yield oil in the free state as far as known.

In former years, in the selection of sites for boring, sufficient attention was not
paid to the generally much disturbed character of the formation as a whole, the
strata of which are often highly inclined, considerably faulted, and in places completely
overturned, thus presenting features opposed to the formation of oil-reservoirs of any
size. In recent operations—mnow being carried on in the Petitcodiac district by Mr.
J. A. L. Henderson—this feature of the complicated structure is being taken into
consideration, and the borings now being made have been located with due reference
to the stratigraphical relations of the oil-sands proper. As a consequence, in the area
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west of the Petitcodiac river and south of Stony creek, recent boring—though much
delayed owing to loss of tools in the operations—has resulted in finding crude
oil in fairly satisfactory quantity in at least one hole, and natural gas in at least two
holes. Work in this area is now contemplated on a large and commercial seale, the
present indications being quite favourable.

An interesting feature in connexion with the rocks of the Perry formation is
seen in the elevation known as Indian and Lutz mountains, about 8 miles north of
Moncton. In 1881, a short time was spent by one of my assistants—Mr. W. Broad—in
making a survey of a part of the district, but the work was not finished. He recog-
nized, however, the presence of a considerable mass or ridge of felsite which was
supposed to be an extension of the Kingston formation and to be of Pre-Cambrian
age. This was surrounded by a series of dark red conglomerates, at that time supposed
to be of lower Carboniferous age, which in turn were overlaid by shales of various
colours, among which were areas of brownish Albert shales,.low in bituminous matter,
but with the characters of Albert shales well developed. These conglomerates, on a
recent examination, were recognized as a part of the Perry conglomerate, and they
evidently underlie the mass of shales which make up the great bulk of these two
mountains, As a rule, the associated shales are steeply inclined, and show the presence
of faults and, possibly, overturns as the igneous mass is approached. They are
succeeded elsewhere by a series of sandstones which may represent the oil-sands of the
Petitcodiac River section; but in order to establish definitely the actual structure of
this area a more detailed survey of the district will be necessary.

Albert Mines.

During 1909, several weeks were devoted to a further study of the shale areas of
Albert and Westmorland counties, which had been tested—to some extent, during
previous years, In the eastern part of Albert county, it was ascertained that greater
value than previously given was to be attached to several areas, owing to the fact
that analyses of the thin-bedded or ¢ paper shales,” with which the black oil-bands are
associated, showed that this variety, to which previously little value was attached
as a source of supply for crude oil, was mnearly equal in its contents of
crude oil and ammonia gas to the black oil-shales tested in the previous examination.
These well banded, paper or thin shales form a very large proportion of the
shale areas of the old Albert Mines property, and the importance of this discovery can
be realized from the fact that these thin shales have a thickness of not much less than
1,000 feet, the greater part of which is well worth retorting. Much of this shale can
be raised and sent to the retort very cheaply, since the greater part of the mining can
be done by open-cut or steam-shovel methods; while in the old dumps derived from the
mining of the original albertite vein, many thousands of tons of high grade shale are
found, a great part of which can be put through the retorts without further treatment.
As large quantities of albertite are also found in the mass of the dumps, the value of
the whole is greatly inereased, since, by, analysis, the albertite carries over 100 gallons
of erude oil, and more than 60 pounds of sulphate of ammonia to the ton.

During the past winter, analyses of several samples of thin or peper shales were
made, which illustrate fairly well the character of the greater portion of the mass of
the shale deposit along Frederick brook: the nature and extent of which can be
inferred by comparison with the development work in connexion with the mining of the
main albertite vein, Thus, in the Albert mine, in which the mass of shale passed
through was largely of the thin-bedded variety, and in which the great vein of
albertite occurs with a thickness, in places, of nearly 17 feet, the principal shaft,
at the west end of the area, reaches a depth of 1,250 feet, and from it drifts are sent
off on both sides. The thin shale is, as a whole, highly bituminous, and beds of the
black shales were encountered at a number of places, as can be seen from the material
~ in the dumps and from the records of the several levels. From the bottom of the main
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shaft, a tunnel was driven north for 500 feet, all in shale of high grade, in which a
well-defined anticline was cut through at a distance of about 400 feet from the bottom
of the shaft. The workings at other levels showed material equally as good. On the
whole, the bulk of the shale traversed by the several levels and exploratory pits is of
very high grade as a material for distillation, and probably but little inferior to the
black oil-bands on which the original estimate of value was based.

To the south of Frederick brook, which traverses the area of the Albert mines, a
second tunmel, known as Robertson’s tunnel, was, several years ago, driven south for
850 feet in a further search for albertite. This tunnel started from near the level of
the brook, and was run toward the hill on which the manager's house is buil. The
tunnel traversed, for the whole of the distance, rich, thinly-bedded oil-shale; and this
material can be seen to constitute the greater part of the hill, which lies in this direc-
tion. As to the character of the shale forming this hill, it may be said that it ignites
readily under the flame of a match, thus showing that the contents in hydrocarbons
are very high throughout. Similar shales in enormous amounts can be seen on the
geveral branches of Frederick brook, both to the south and west, and also on those
from the north,. The shales are then covered over unconformably by the great mass
of greenish conglomerate so conspicuous on the road to Salem, and along the upper
part of Peck creek., Well-defined anticlines can be seen at several points in these
ghales. In the western part of the area, near the foot of Caledonia mountain, they
are overlain by beds of greyish oil-sands, which when opened up some thirty years ago,
gave off large quantities of gas. In one of the old tunnels driven in this saudstone,
small quantities of oil were encountered.

- Analyses made by the Mines Branch of samples from the five principal beds of
black oil-shale, both curly and plain, uncovered last year along Frederick brook, are
as follows:—

Crude Oil. Sulp. Am,
= Sp. Gr. =
Imp. Gallons| of Oil Lbs. per
s per Ton, Ton.
Bed No. 1. feet thick...... e e e e S ke i 48°5 0892 828
m 2. " SO R PR 388 0892 60-3
" 3. B saerssrressaese te 3 o+ sErarsarEsr ceeras 455 0-891 48 0
" 4. M ususs wsrsEcishatsiassisen Eetassssreran 4356 - 896 568
uw B See below.
n 6 Glestthick ........... ¢. sever Ters cvrseennas 270 0895 49-1
(interbedded with thin paper shule]

- Bed No. 5 consiste of alternations of thin paper shales with hard thin bands, all appar-
ently of exoellant quality, and aggregating an unknown but very large thickness.

From samples of paper shale taken from Frederick brook near the north end of
the large dump, at a well-defined anticline, were obtained the following results, with
whlc.h are shown the results of analyses of oil- shale from Robertson’s tunnel, and for
comparison of a specimen of albertite:—

= - Crude Oil. Sulp. Am.
— Sp. Gr. —
Imp.Gallons, of Oil. Lbs. per
per Ton. Ton.
40 8. 0892 410
180 0892 408
336 0890 470
. 32'5 0885 330
ATDArtite. . coor anrevniie e iaeaaaans et 1120 Undt. 654
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Taylorville and Dover Areas.

The bituminous shales exposed at the Albert mines are concealed from thence easterly
to the shore of Petitcodiac river at Hillsborough by red marls, green conglomerates,
ete.,, of lower Carboniferous age, with which are associated large deposits of marine
limestone, and gypsum. Across the river, the rocks of the Albert shale series appear
at Beliveau, but are covered over within a short distance by grey sandstones of the
Millstone Grit. The shales, however, emerge frome this covering near the west bank
of Memramcook river at Taylorville, where they form good exposures on the Taylor
and Adams farms, which adjoin the road leading across the river to Upper Dorchester
station on the Intercolonial railway. There, on the west bank of the river, a well
exposed section of the oil-shales can be seen, showing several faults and overturns.
Their presence is also recognized in the bed of the stream at low water near the Upper
Dorchester bridge. On the east side of Memramecook river, the shales outerop along
the road leading from Memrameook village to Dorchester, and are again covered over
in this direction by marine limestone and red marls. Northward, the shales outerop
in force near Memramecook, and on the west side of the river at St. Joseph’s college
and village, whence, with a covering of Millstone Grit and lower Carboniferous, they
apparently extend in a northwesterly direction to Downing ereek near Dover on the
Petitcodiac. In this direction the shales form the north side of a syncline, the south
side of which appears at Beliveau village.

Dover Shales,

The shales of Upper Dover ignite readily from the flame of a matech, and should
be valuable material for distillation. Samples from several points along Downing
creek were collected by my assistant, and were mixed so as to give a fair average
sample of the whole mass, The analysis of this mixed sample has been made by Mr.
H. A. Leverin, of the Mines Branch, with the following result:— :

Crude Oil. Sulp. Am..
— Sp. Gr. —
. Imp. Gallons| of Oil, Lbs. per
. per Ton. Ton.
Average of four samples from west bank Downing creek....... .... 27°2 0-921 296

Taylorville Shales.

A series of samples from the Taylorville shales was collected last year, and sub-
mitted for analysis to Dr. Baskerville of New York, since at that time the distilla-
tion plant of the Mines Branch had not been completed. These samples were taken
from four beds of black oil-shale, both the plain and curly varieties. The thickness
of these seams or beds as measured was, in two cases, 22 inches, while the third had
a thickness of 86 inches, and the fourth, one of 60 inches. The results of the analyses

of these samples, as made in Dr. Baskerville’s laboratory and kindly furnished me,
were as follows:—

Crude Oil Sulp. Am.
- - Sp. Gr. -
Imp.Gallons| of Oil, Lbs. per
- per Ton. Ton.
Adams farm, Taylorville........... e Mradvasrrarrerrraranys 43-0 0-900 930
Taylor " k[ Rl s A A . 480 0-910 980
" " " P f N P S SR N i ST 370 0-925 11070
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On the completion of the plant in the laboratory of the Mines Branch, Ottawa,
a second series of samples was collected from these beds and analysed by Mr. Leverin,
with the following results :—

Crude Oil. Sulp. Am.
— — Sp. Gr. -

Imp, Gallons| of Oil. Lbs, per

3 per Ton. Ton.
Ad.nms farm, No. 1.......... PRI Ce e e e A 42°3 0897 96°5
No. 2 it aeeeeiaaens 473 0 901 887
Tny]or farm, No. L. viririis cr v i e eaae 46°8 0-902 850
" Mo i B N S PR S S R U U R 450 0-903 1010

These black shale beds, like those of the Albert Mines, are interstratified with
the thin, bituminous or paper shales. This location is about 1 mile west of Upper
Dorchester railway station, and the same distance from a high water shipping pier
on Memramecook river. The various bore-holes sunk in the area between the Petit-
codiac and Memramcook rivers penetrated several beds of the oil-shales, and showed
in several places the presence of interstratified beds of oil-sand with an appreciable
quantity of erude oil at several points.

Baltimore Shales.

The results of the examinations of the shales of the Baltimore area, and the analyses
of several of the black sands as furnished by Dr. Charles Baskerville of New York,
were given in the summary of last year, Further examination confirmed the state-
ments then made as to the wonderful richness of the black shale beds of the Balti-
more area and of the grey shales of the West branch of Turtle creek, especially in
erude oil, an analysis of one of the grey beds from this locality yielding no less than
56.8 imperial gallons of crude oil; while the yield of ammonium sulphate was 30.5
pounds per ton, the specific gravity of the oil being 0-891. Samples of these shales
were subsequently taken from fresh openings and tested in the laboratory of the
Mines Department, with the following result:—

Crude Oil. Sulp. Am.
- Sp. Gr. —_
Imp. Gallons| of Oil, Lbs. per
per Ton. Ton.
BRIZIEY ....oiiii ciiinn e e aees e ereeeereae s 540 0°805 1100
B BRI i ciaiiaodeiaes die aedbieass rras Gabaasis e 490 0°892 670
(A LIERE o e rnee e vndarnraredmanimnnsd ShiE gmbhdbmmanndann- 400 0 895 770
West Bra.nch (grey shale).........ocovt v tiiriiiiiiiieen 56°8 0 891 30°5

The Baizley bed has a thickness of 6} feet: 4 fect curly, the rest plain.

A tunnel was driven into the Baizley area from the level of the brook north of
Rosevale post-office for several hundred feet in a southeast direction. The material
on the dump shows that the tunnel for the greater part of its distance passed through
heavy bands of black oil-shale, both curly and plain, all apparently of high grade as
regards crude oil and ammonia, the quality not differing greatly from that already
tested.
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Prosser Brook Shale.

A further test of the shale taken from Hayward brook, a branch of Prosser brook,
some 4 miles west of Turtle creek, gave :—

Crude Oil. Sp. G Sulp. Am.
— r. -
Tmp. Gallons| o( Oil. Lbs, per
per Ton. Ton.
........ 300 | 0895 75°0

Pleasant Vale Shale.

A further examination of the shale outerops of Coverdale river near Pleasant
Vale, and of those at Mapleton and at Elgin, was also made. In these deposits the
percentage of hydrocarbons appears to be much less than in those already described
and, as a whole, too low to be of much value for distillation purposes; although in
physical features, their resemblance to the bituminous shales of the Albert series is
easily recognized. At Pleasant Vale, the shale deposits were opened to some extent
during the period when the Baltimore and Westmorland shales were exploited, nearly
fifty years ago. A tunnel is reported to have been driven in the bank of shales on the
east side of Coverdale river for some 140 feet, and a shaft was sunk on the west side
of the stream to about 20 feet. It is also reported that the shales of this area were
sufficiently rich in hydrocarbons to kindle readily with a match flame, and that small
veins of albertite were found. A later examination of these shales was made, but they
did not promise to be sufficiently rich in hydrocarbons to warrant a complete analysis
being made.

Mapleton and Elgin Shales.

Westward through Mapleton the shale is exposed at a number of places followmg
along the main road between this place and Elgin corner. Samples were collected
south of Parkindale on the James Prosser farm, but here the shale appeared to be too
gandy and lean to be of much economie importance. Several samples were, however,
collected, and the analyses by Mr. Leverin showed the amount of crude oil to be only
4 imperial gallons per ton, with a specific gravity of 0.891. The shales of the area
extending through Mapleton were not deemed sufficiently rich to warrant analysis; but
at Bannister brook, where in 1876-7 much work was done by tunnelling and boring,
samples were collected which gave, on analysis, 14 gallons crude oil per ton, with
gpecific gravity, 0-893. This place is about 2 miles east of Elgin corner.

Goshen Shale (Montgomery Hollow).

The same lean character appears to affect the shales west of Elgin along Robert-
gon brook; but on, Montgomery brook near Goshen, which is 8 miles west of Elgin
corner, beds of bituminous shale are exposed which appear to be much richer in hydro-
carbons than those seen elsewhere in this area. Samples were selected, and on
analysis by Mr. Leverin yielded :—

>

Crude Oil. Sulp. Am.
o - Sp. Gr. —
Imp. Gallons| of Oil Lbs. per
per Ton. Ton.

............... S 275 0897 360
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Sussex and Norton Shales (Kings County).

All the shales occurring south of Sussex and thence west to Norton, that were
examined during the past season, appear.to be so lean in hydrocarbons as to be value-
less for distillation. Samples were frequently tested in the field, but none would
kindle even with strong heat, though, in several cases, there was a slight smell of
bituminous matter. )

These lean shales are well exposed along the road running south for some miles
up Wards creek, or almost to Wards mills; and, going west along the road to Camp-
bells corner by way of Ratters corner, frequent outerops are seen. Along the course
of Moosehorn brook, which shows an interesting section of the rocks of this forma-
tion from the line of the railway to Campbells corner, the bituminous shale is not
well defined; but the shales are again seen on a road leading southeast from Bloom-
field station until they are terminated in this direction by great ledges of the red
Perry conglomerate,

OIL-SHALES OF NOVA SCOTIA.

Prior to the work of the past season, much of the information possessed by the
public relative to the oil-shales of Nova Scotia was obtained from the examination
made by Mr. J. Campbell,. whose results were contributed to the Mineralogy of Nova
Scotia, published in 1868 by Dr. Henry How. As this publication did not give the
exact distribution of the several oil-shale areas nor the analyses of the various
deposits, it was deemed best to take up this aspect of the question and to ascertain,
as far as possible, the actual value of these shales as regards their contents in crude
oil and ammonia gas. The areas are indicated on maps by the late Mr Hugh

. Fletcher, published by the Geological Survey. ILarge and representative samples of
the various shales, many of which had not been previously examined, were collected,
especially from the counties of Antigonish and Pictou,

Attention was first given to the deposits of shale found along the Avon river, at
Hantsport and Horton, Cheverie, Walton, etc., all of these areas belonging to the
same geological formation, and the sediments being of the same general character.
The oil-shales of this area were mentioned in How’s Mineralogy of Nova Scotia (1868),
and were thought to also outcrop at the village of Newport, on the line of railway
between Windsor and Halifax, a few miles east of the former place. In all the places
named above, black shales are abundant, but are carbonaceous rather than bituminous.

Hantsport and Horton Shales.

In bore-holes for coal put down a few years ago near Hantsport, a depth of 1,500
feet was reached, and though no regular log is now available, it was ascertained from
information obtained from oné of the drillers who had charge of the work at that .
time, that the formation passed through for the first 600 feet was a greyish sandstone.
This passed down into a black carbonaceous shale, and at 800 feet the drill was
reported as cutting 10 to 12 feet of black oil-shale. Below this the drill is said to
have passed through sandstone and non-bituminous greyish shale. The specimens
obtained from the reported oil-shale band are said to have burned readily when
exposed to a flame, but at the time of our visit, no specimens could be obtained for
analysis, though large pieces of the core taken from the grey, sandy portion occur in
the vicinity of the boring. Along the banks of several brooks, cliffs of grey and black
shales were seen and carefully examined, but no beds of oil-shale of commerecial value
were found at any point in the vicinity. Ledges of a hard, white sandstone, almost
a quartzite, occur, with black and grey shale holding numerous plant remains. Some
parts of this shale are reported to burn readily, and are quite carbonaceous. None of
the samples examined by us were, however, capable of being ignited in an ordinary
flame.
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The carbonaceous black shales, which occur along the beach between Hantsport
“and Horton bluff, are regarded as of the same geological horizon as the Albert shales
of New Brunswick. They were carefully tested for several miles along their outerop,
and sampled by means of the usual field tests for bituminous shales, but without any
promising result, the splinters of the shale not even igniting with a strong flame,
though their flaggy, fossiliferous character is pronounced.

Cheverie and Walton Shales.

On the whole, it may be said that the sediments about Hantsport and thence
north to Horton bluff resemble closely those extending eastward from the mouth of
the Avon, between Cheverie and Noel, good sections being seen along this part of the
shore east from the mouth of the river for some miles. The black shales and asso-
ciated beds at Split rock and thence to Walton are often very black, but are
carbonaceous rather than bituminous, though several thin bands are reported as being
exposed at low water on the beach at Cheverie, and are said to ignite. Their exposed
volume must be small, however, since along this part of the shore they are eapped
directly by masses of plaster and marine limestone of lower Carboniferous age, in
which traces of erude petroleum are found. These reported oil-bearing shales were
not visible during the time of our visit to this locality. They do not appear to possess
much economie value.

Lochartville Shales.

In the vieinity of Lochartville, several miles northwest of Hantsport, oil-shales
were also reported to occur. On examination, black, carbonaceous beds, with grey
sandstone and grey and bluish shales, were found at several points. Several bands -
of these were said to ignite and burn readily, but in a close examination of this area
no such rocks were observed. Several shafts and bore-holes have been sunk in these
sediments, presumably for coal, but nothing of economic value has yet been discovered.

Newport Shales.

Two areas near Newport, east of Windsor, are supposed to be part of the shales
described in How’s Mineralogy, 1868; but a somewhat close examination of the .
distriet showed the shales there exposed to belong, in part, at least, to the black
carbonaceous variety, and, in part, to be hard, altered shales with quartz veins; nor
could any of the residents of that loeality who were interviewed, give any informa-
tion as to where bituminous shales, such as had been described as. eccurring there,
might be found. A small shaft was sunk some years ago in the black carbonaceous
shale, apparently in a search for coal, as the place is still locally known as the ‘coal
mine,” but nothing of the nature of a true oil-bearing or bituminous shale was
observed. ;

While, therefore, from the testimony of several residents of this part of the

" Province, it would seem that certain bands of bituminous shale exist in the shale
formation of the area about the mouth of Avon river, thus confirming to some extent
the statement of Mr. Campbell.in How’s Mineralogy, it must be said that in our
examinations of the past season no person could be found who could indicate where
bands of oil-shale could be loecated. i

Shales East of Parrshoro.

Crossing Minas basin to Parrsboro and going east to Moose and Harrington
rivers, large ledges of black and grey shales were observed on these streams, on several
other brooks, and also along the roads from Parrsboro to Five Islands. At the
crossing of Moose river there are cliffs of greyish and black shale, some portions of
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which are quite black and carbonaceous. All are highly inclined, often much folded,
and without much indication of bituminous matter. On the whole, they are like the
rocks of the lower Avon just described. As a rule, greyer beds predominate over the
black and hold interstratified beds of hard sandstone, sometimes quite quartzose, and
like those in the vicinity of Hantsport. The rocks are generally steeply inclined,
sometimes at angles of 75° to 90°. They are often splintery or pencil-gshaped, a
structure induced evidently by pressure. The series as a whole, in so far as examined
at a number of widely separated points, is but slightly bituminous. Similar ghales
outerop in the vicinity of Parrsboro village, but no bituminous shales of the aspect
or type of the Albert shales were seen at any point in the area.

Shaleg of Truro and Onslow.

An examination of the shale deposits near Truro and vicinity, as seen along the
North river in Onslow and the streams flowing from the south side of the Cobequid
range, shows them to be very similar to those of the Avon river just described. The
shales are generally hard and dry looking, varying in colour from grey to reddish-
brown and black, with hard, sometimes quartzose, greyish sandstone. So far as
examined, the series appears to be largely mon-bituminous, the black portions being
of the carbonaceous variety, like those already desecribed elsewhere. No trace of oil-
shale was observed in this series, which extends along the south side of the Cobequid
mountains for some miles. In places, as on Debert river and at Cottam settlement,
small seams of coal are found, generally too thin, impure, and dirty to be of much
economic importance, They resemble in some respects the seams found at Hallowell
Grant in Antigonish county, the rocks of both places being apparently of the same
geological horizon. In all places where the rocks of this formation are found, they
are unconformably overlaid by the limestones of the lower Carboniferous. The black
earbonaceous shales of the North River distriet oceur in large cliffs along the stream,
and it was hoped that a careful examination of this area would have shown some
indication of the bituminous or oil-bearing series of New Brunswick, to which horizon
they seem to belong. So far our expectations in this direction have not been realized.

Shales of Pictou and Antigonish Counties.

Farther east, in the counties of Pictou and Antigonish, both carbonaceous and
bituminous shales oceur in large quantity. The formation in Pictou was very fully
described by Sir William Logan and Mr. E. Hartley, in the Geological Survey Report
published in 1869, a book long out of print. During the past season, the principal
outerops there mentioned were carefully investigated, and large samples were collected
for analyses by the Mines Branch in order that their contents in crude oil and am-
monia gas might be ascertained.

Shales of McLellan Brook, Pictou County.

The principal development of the shales in Pictou county is along McLellan
brook, south of New Glasgow. This stream is a branch of the East river of Pictou,
along which, in this area, the shales are also exposed in a series of cliffs often of large
extent ; they also appear on several other branches, notably on Shale and Marsh brooks.
The greater part of the shales are of the black or carbonaceous variety rather than
the bituminous, but large quantities contain sufficient hydrocarbons to ignite readily
in the flame of a forge, in which a number of them were tested in the field examina-
tion. At a point on McLellan brook known as the old Fulling mill, the shales are
associated with oil-shales which closely resemble the stellarite found in the Acadia
Coal Company’s areas at Stellarton, described by Sir William E. Logan in the Report
for 1869,

26—14
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Eight samples, to make a good average test of the shales of this area, were
collected from points along the main stream and from other outerops adjacent, The
results of the analyses of these, made by Mr. Leverin, are given below. Sample No. 1
taken on McLellan brook, is from Patrick’s slope, a short distance below the old
Fulling mill; the area is affected by faults; the width of the bed, in places, is as
much as 8 feet, but, in the old workings, in places, is a few inches only:—

Crude OiL. Sulp. Am,
-— Sp. Gr. —

Imp. Gallons| of Oil. Lbs. per
. per Ton. Ton.
No.l MecLellan brook. ... e ...uienrirercnoenruninss s asceees 420 0889 41
No. " (naar Black's old mill site).............. . 1456 0892 35
No. 3 Marah brook, tribu from the east, lowerend............ 80 Undt. Undt.
No. 4, 150 feet above McKay's house, .....oocvvven vuivunnn cens 30 Undt Undt.
No. 5. Marsh brook, 300 feet above McKay'shouse ................ 140 0903 Undt.
0. 6. Shale brook, trlbutaw from west, near forks with main brook 9-0 0921 Undt.
No. 7. Shale brook near u end of brook.......c.oooiii il 40 Unds. *Undt.

No. 8, One mile west of Woodburn station, on small brook, and

. 500 feet north of railway track, bed of shale 10 feet thick...... 14°3 0°902 Undt.
No. 9. Stellarton, stellarite from old dump.............oovvunnnt, 448 0876 14°5

The original description of stellarite, given in Logan’s and Hartley’s report, 1869,
shows the amount of crude oil to vary greatly at different points in the shale bed,
ranging from 45 to 180 gallons per ton; apparently no tests for sulphate of ammonia
were made at that time.

Antigonish Shales.

In Antigonish county an examination was made of the shale and coal deposits
found at Big Marsh or Hallowell Grant, about 9 miles north of the town of
Antigonish. This was one of the areas described by Mr. Campbell in How’s Mineral-
ogy of Nova Scotia, 1868. Both the plain and curly shales were found in consider-
able quantity, and eight samples were collected from various points in the field.
These have been thoroughly tested in the laboratory of the Mines Branch by Mr.
Leverin,

The Big Marsh (Dan McDonald’s) location is situated near the corner of the
road beyond the post-office, about 9 miles from Antigonish station on the Intercolo-
nial railway. The deposit was opened about 45 years ago by a shaft, sunk to a reported
depth of 60 feet, of which the upper 40 feet is said to be in a plain, black carbona-
ceous shale. The lower 20 feet of the shaft is said to be in a black, curly shale,
portions of which ignited quite readily. Samples of both varieties were collected. On
testing in the field, the black, plain, carbonaceous variety kindled with difficulty in a
stove with a strong draft. The curly variety on examination proved to be for the
most part a carbonaceous shale containing only a small amount of crude oil, the
analysis in the laboratory giving only 4.8 gallons, and of sulphate of ammonia, 8.7
pounds, per ton. This part of the deposit, therefore, has but small economic value.

On the road east to the shore of George bay, black shales are well exposed at a
number of points. These were all examined. On both sides of the post-road near Big
Marsh post-office, outcrops of black carbonaceous shale occur, with other beds which
are greyer, siliceous, and micaceous. Near the post-office there is a seam of dirty coal
from 5 to 8 feet thick, which has been opened to a small extent. Samples of this
analysed in the laboratory show the percentage of ash to be so large as to render the
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coal practically unfit for fuel, the amount of ash being 45 per cent. The associated
ghales are apparently devoid of hydrocarbons, the black portions not igniting even
under a strong flame. *

Other outcrops of the black carbonaceous shales of this formation are seen for
several miles along the road toward Antigonish; but these, while very black, would
not ignite even under the flame of a blow-pipe. They contain plant stems and fish
scales, the fossil Lepidodendron corrugatum being fairly conspicuous. They resemble
the shales found farther west, at Avon river and near Trure. No analyses were made
of the shales associated with the coal seams of this place, since their general char-
acter was so unfavourable.

Going east from the corner near Big Marsh post-office, a small stream known as
MecLellan brook crosses the road and shows ledges of black shale, both the curly and
plain varieties. Samples of these were taken, which were analysed by Mr. Leverin,
the results being, for the curly portion, 6 gallons of crude oil per ton, while the plain
shale gave neither crude oil nor sulphate of ammonia. On Sawmill brook, a short
distance east of John Boyd’s house, large outerops of very black and greyish shales,
both of the plain and curly varieties, are found, forming cliff-like banks with an
elevation of 100 feet or more. These were tested at a number of points, and gave the
most favourable returns of any of the shale deposits found in this area. At a place
known locally as the ‘Banks,’ from which the timber has been largely burned, the
shale, of which the banks are composed, was ignited several years ago, kindled
probably by a bush fire, and continued to burn for many months. The shale thus .
exposed appears to be comparatively rich in hydrocarbons, and shows a very large
development along this part of the stream. An analysis of the shale from this area is
given below :—

Crude Oil. Sulp. Am.
- Sp. Gr. -
- Imp. Gallons| of Oil Lbs. per
per Ton. Ton.
The“ Banlka”, . oo tismiiansm: vii Sanseasiadaaa . fah s e 11-0 0917 22°6
Sawmill brook—curly shale............ c.iiiiein ciiiiiiianane 100 0-893 350
Sawmill brook —plain shale. ... ....coiiiiiiin v ceniiinan s . 2306 0°906 340 .
e e e A e s e N R 100 0-890 17-0

It would appear from the results of these analyses, that portions of the immense
quantities of shale exposed at this place might be profitably mined, since the returns
both from the plain and curly varieties are good both in crude oil and ammonia.
The fact that these samples were taken from near the surface, and may have been
affected by the burning which devastated the area, leads to the belief that, possibly,
samples taken from deeper excavations might give, on analysis, better results.

Farther east, at what is known as the Beaver, near the shore road, considerable
areas of very black, carbonaceous shales occur. These, some years ago, had been
opened by small pits at several points; among other places, on the land of Mr. Hugh
MecInnis. The shales at this place are jet black, and contain in some layers an
abundance of plant stems and fish scales. The yield of these shales in the laboratory
gave of crude oil, 745 gallons per ton; the amount of sulphate of ammonia was not
determined. The horizon of these shales seems to be the same throughout the area.

26—143 S S o
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Cape Breton Island.

The rocks about Hastings on the east side of the Strait of Canso, and thence
north for some miles, are apparently of the same series as those of Antigonish just
described, and, like them, are unconformably overlain by lower Carboniferous lime-
stone and gypsum. No shales of a bituminous nature were anywhere observed, though
such shales may exist at some points inland, concealed by overlying formations, The
only deposits in Cape Breton, so far known, are those of McAdam lake, which were
described in last year’s Summary Report. They are not, as far as they have been
tested, oil-bearing to any marked extent. ’

OIL-SHALES OF GASPE, QUE.

In August, accompanied by my assistant—Mr. S. C. Ells—a visit was made to
Gaspé basin, to examine the reported occurrences of oil-shales in that part of Quebeec.
In this work traverses were made along several of the rivers for considerable dis-
tances, the area cursorily examined being not far from 300 square miles, or 30 miles
in length by 10 miles in width. The reported oil-shales, which are rather of the
nature of a resinous, shaly sandstone, occur in the vicinity of the village of Gaspé
and along the York and St. John rivers, which flow into Gaspé basin. These oil-
bearing rocks were referred to in the report by Sir W. E. Logan on this country,
1843-4. The presence of several oil springs in this area was also pointed out by
Logan, and subsequently many thousands of dollars were expended in boring opera-
tions for oil. The companies principally engaged in this work were: the Petroleum
Oil Trust of London, England; the Canadian Petroleum Company of Manchester,
England; and the International Oil Company of Minneapolis, U.S,A. In all, more
than fifty wells were sunk in the Gaspé area, several of which reached a depth of over
8,500 feet. A description of the geological structure of this district, with an account
of the various borings and an unabridged record of most of the logs, was given in the
Summary Report for 1902,

The so-called oil-shales are quite distinet in character from those of New Bruns-
wick and Nova Scotia already described. They belong to the upper Devonian, and are
of the nature of greyish sandstones, which are shaly in places, These rocks contain
layers of plant remains, among which Psilophyton princeps is particularly abundant,
and certain beds of the shaly rock are almost made up of the remains of this fossil.

The possibility of the future economic value of these shaly rocks about Gaspé was
alluded to by Sir W. E. Logan in his early report above noted. It was found that the
oils obtained by boring were of two kinds, viz., a light-amber coloured oil which was
obtained chiefly from the upper or sandy portion of the formation, and a dark-, ,
heavier oil which was obtained from the calcareous, underlying rock, which appar-
ently was more closely allied to the upper Silurian. The upper or sandstone series,
represents what is known as the upper portion of the Gaspé Devonian. The layers
which show the plant remains most abundantly are greyish-black in colour, kindle
readily when a lighted match is applied, and burn with a strong, yellow flame. These
beds are heavily charged with a black or sometimes yellowish resin, which appears to
represent the gummy portion of the plants. The residue after ignition is almost a
pure, greyish, quartz sand.

Large samples of these sandy oil-shales were collected at a number of points, and
"have been analysed at the Mines Branch by Mr. Leverin. Three samples were chosen
for analysis, of which two were from York river and one from the St. John near
Law brook. The results of the analyses are as follows:—
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Crude Oil. Sulp. Am.
e —_ Sp. Gr. -
Tmp. Gallone| of Oil Lbs. per
per Ton. Ton.
8t. John river, on Law brook :—

No. 1. from band 14 inches wide...... R 3070 ) 0962 4220
No. 2, " Sinches « Oiltarry.......... oo coven venn 815 0977 40°00
No. 3. from loose piece on York river, pieces large and numerous 360 0-958 59°50

The principal places where the oil-shales occur in Gaspé, as observed during the
past season, are mentioned in the following - descriptions. At the site of Shaw’s old
mill (now demolished) in the west part of the village of Gaspé Basin, where ledges
of grey sandstone with associated grey shales outerop, portions of the sandstone are
shaly and contain an abundance of plant stems, apparently for the most part of
Psilophyton. The outcrops near the mill site are now largely obscured by debris, so
that the beds rich in hydrocarbons are concealed. The thickness of the oil-bearing
sediments at this place, as seen and deseribed by Logan, was from 12 to 15 inches,
and the outerop was traced for a distance of about 200 feet, until covered by the over-
lying sandstone. .

Referring to the presence of bituminous matter in these rocks of Gaspé, Logan
remarksl: ‘Some beds of these rocks contain, besides, a peculiar resinous matter,
which forms the cementing material. It appears on the fraciured edges of the beds,
in the form of irregular laminz rarely an eighth of an inch in thickmess, and gen-
erally much less. It has a vitreous lustre, a conchoidal fracture, and is tough, with a
hardness nearly equal to cale-spar. Its'colour is deep reddish-brown, but it gives a
fawn-coloured powder, and when in thin plates or fragments is translucent, and has
an orange-red colour. The substance has neither taste nor odour; it is insoluble in
aleohol, naphtha, or potash lye, and is but slightly attacked by nitric acid. It is
scarcely fusible; but at a high temperature is decomposed, with a slight softening
and swelling up, giving off abundance of inflammable vapours, and leaving a small
quantity of brilliant spongy coke. It has the appearance of fossil resin, something
like amber, but in its general characteristics approaches more nearly to what have
been named schleretinite and middletonite.

‘The portions of the sandstone impregnated with the resin burn when kindled,
with a brilliant flame and much smoke, and the residue which consists chiefly of
siliceous sand has very little coherence. Partial analyses were made of four frag-
ments of this rock which were supposed together to represent an average of the mass.
The amount of volatile matter, of fixed carbon or coke, and of the incombustible
residue was as follows:—

—_ I. II. III. v,
O T = oe esiets 324 22°8 428 80-4
Carbon.. .. .......... it e e e o e i R e i 89 81 74 -]
2 1 LTS 87 691 408 607
100°00 10000 100° 00 160°C0

1 Geol. Canada, 1863, p. 791.
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¢ The purest specimen is seen to yield the smallest amount of fixed carbon. The
excess of this in others is due, in part, to the small portions of mineral charcoal
generally present among the layers of this resinous sandstone. The material could be
made to furnish large quantities of illuminating gas and lubricating oils, by a process
of distillation similar to that applied to coal and bituminous shales. In some experi-
ments made on a small scale to test its powers of producing illuminating gas, it was
found that a few pounds of this material, which lost by distillation' 26 per cent of its
weight, yielded 2} cubic feet of gas of superior illuminating power, to the pound. As
this quantity of volatile matter corresponds to about 83 per cent of resin, it is evident
that if obtained in a state of greater purity this material would become valuable as a
substitute for coal in gas-making)’

The specimens from which the preceding analyses were obtained were taken from
the bed in the vicinity of Shaw’s mill already referred to. An examination of the
shore of the York river was made for some miles up-stream, and although the sand-
stones of the formation could be traced at intervals, for a long distance, the presence
of the resinous sandstone portion was not seen in place along the lower part of the
stream, though large, loose pieces, evidently from a bed of this substance in the near
vicinity, were found along the beach and in several small streams flowing from the
hills to the north and cutting across the measures. About 3 miles above Shaw’s
mills, the blocks of this resinous shale were large and numerous along the beach, algo
in the bed of a small brook; but owing to the large covering of drift the position of
the bed from which these pieces were derived could not be determined.

' By means of a canoe, a traverse was made by my assistant up the York river for

nearly 80 miles, in which distance bands of the resin-bearing shaly sandstone were
seen at a number of places. Owing to the prevailing rainy weather during this trip,
the examination of the several beds was necessarily curtailed to some extent, but the
bands were found to be from 4 to 12 inches in thickness, extending in lenses, some-
times for 100 feet. Of these bands Sir W. E..Logan says:! ‘Some of them are com-
posed in great part of laminm of a brilliant brownish-black matter; which when
examined in thin fragments show the same reddish translucency as the resin just
described, and are apparently similar to it in composition; although in some cases
mingled with more coaly matter and containing less ash. A specimen from one of
these beds on the York gave of volatile matter, 52.4 per cent; carbon, 26-3 per cent;
residue, 21.8; total, 100-00. The greater portion of volatile hydrocarbons which may
be obtained from this would render it still more valuable for distillation than the bed
whose analysis has been given above. These curious deposits are evidently worthy of
future study from an economic point of view.

A brief report on the results of this recent trip of my assistant up the Gaspé
rivers is here given, and confirms, to a large extent, the views stated in the Geology
of Canada, 1863, already quoted.

With the exception of the statements already quoted, practically nothing definite
was known as to the occurrence of oil-shales anywhere in the Gaspé peninsula. The
results here given are of a six days’ trip up the York river, along the lower part of
the St. John, and of the stream flowing into Seal cove, farther south. The several
samples collected may be considered as representing the best quality of the oil-bearing
bands found in the eastern Gaspé district, though several outcrops of inferior quality
were also noted.

Owing to the rapid rise in the streams, due to numerous rapids and small water-
falls, the thickness of the shales in which hydrocarbons might be looked for, could not
be definitely ascertained, but it embraced several hundreds of feet. Several streams,
ineluding the Dartmouth, York, St. John, and Seal cove, all flowing into Gaspé basin,
were traversed, the distance varying according to the development of the underlying

1 Geology of Canada, 1863, p. 792.
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Silurian formations. Thus, on the south side of the Lower Dartmouth, which flows
irsto the north arm of Gaspé basin, grey sandstone and shales appear in almost
continuous ledges westerly from the village of Gaspé Basin, the dip for this portion
being northerly, and the axis of an anticlinal at the village following along the north
side of York river. Along the south side of the Dartmouth, approaching Calhoun’s
mills, the grey sandstones pass up into reddish beds; while on the north shore, the
ledges have a southwesterly dip, showing the presence of a synclinal along this part
of the stream, The rocks along the north shore seem to represent, in part, the portion
of the formation which passes from the Devonian into the upper part of the Silurian.
Westward on this stream, igneous rocks, including serpentine ag at Ladysteps brook,
appear, and the underlying Silurian occupies the valley from a short distance above
the falls of the Dartmouth, No trace of the oil-shales was seen on this lower part
of the river. -

The York river was ascended to a point a short distance above Falls brook, or
. about 30 miles above the mouth at Gaspé village. The St. John river, which is the
next to the south, was ascended to a point about 3 miles west of Law brook, or
well into the area occupied by the Silurian, and the Sealcove river to a distance of
about 6 miles from its mouth. On this last stream, owing to the generally low and
swampy nature of the banks, rock outcrops were rarely seen, so that in this direetion
nothing as to the economic value of the shales could be ascertained. Several tributary
streams were also traversed, in all of which indications of the resin-bearing shales
were observed either as drift or in place. The area of country from which samples,
considered to be typical of the oil-bearing strata, were collected, is about 150 square
miles. :

In all, some twenty-three small seams were found, ranging in thickness from 1 inch
to 5 inches. A more extended examination of the district would, probably, show double
the number. These thin beds sometimes unite to form zones. Thus, on St. John
river near Flat Rock, zones of 5 to 8 feet carry numerous thin bands of the resin-
bearing shale separated by sandy partings. Of these small bands, the heaviest appear
to be about 13 inches in thickness. None of the outcrops seen at this place or else-
where would seem to warrant much expenditure in development work; but if analyses
indicated high contents in hydrocarbons, then further detailed examinations, either
on the surface or by the aid of a light drill, would seem to be advisable,

The sandstones along the lower York and St. John rivers show the presence of
three main anticlines, the strata, for the most part, being inclined at angles of less
than 30°; but in places the angle of dip is much higher. Through these sandstones,
fossil plants are generally widely distributed, and accumulations of these organic
remains appear to have given rise to the bituminous matter and the contained hydro-
carbons. Unlike the oil-shales of New Brunswick, in which the oil appears to be a
chemically combined constituent of the shales, the oil in the Gasps shaly sandstone
oceurs often in the form of hardened patches of bitumen, sometimes in appearance
resembling albertite, and distributed in greater or less amount as a physically com-
bined constituent of the sandstone. It was also noted that in the more massive beds
of the sandstone, the layers are of larger size and of apparently richer quality than in
the thinly laminated sandstone.

Regarding the oil-shale or resin-bearing bands, irregularity both in thickness and
in longitudinal extent constitutes a very serious feature. In fully 50 per cent of
the outerops seen, they pinch eut within a distance of 150 feet, forming lenses rather
than uniform beds or seams. In other cases, the beds split up into very fine narrow
bands of an inch or even less in thickness within a distance of not more than 200
feet, thus showing the rapidity with which such changes may be expected. It is
difficult to say whether conditions favourable to the formation of heavy seams would
be also more favourable to greater uniformity as to thickness and quality..
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From the evidence obtained in this brief reconnaissance, the conclusions so far
arrived at relative to the occurrence of deposits of oil-shale of commercial value fn
the Gaspé basin cannot be regarded as favourable, though careful prospecting of
detailed character may lead to the discovery of seams of oil-bearing rock of more
promising dimensions. .

In the event of such prospecting being attempted, the following suggestions
herg be given. The rivers are easily navigable by poling in canoes, and on these
streams and on some of the small branches, practically all the roclk exposures of the.
region may be found. In many cases, cliffs, 25 to 125 feet in height, either skirt the
shores or are found at a distance of a few yards back from the shore-line. Consider-
ing the many low-lying ledges, the season of low water, including the months of July
and August, will obviously be the most favourable period for prospecting. The oil-
bearing bands are difficult to distinguish from the bed-rock proper at a distance of
more than a few feet, thus making a traverse on foot of each shore practically a
necessity.
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BATHURST DISTRICT, NEW BRUNSWICK.
(@. A. Young.)

INTRODUCTION.

The field season of 1909 was spent in the neighbourhood of Bathurst, N.B., with
the object of extending southward the mapping of an area commenced in 1908.
During the first season there was mapped a strip of country running south from
Chaleur bay along the west shore of Nipisiguit bay, measuring about 18 miles long,
with an average width of 8 miles. During the past season, 1909, a contiguous area
of about 150 square miles, lying immediately south, and including the town of
Bathurst at the mouth of Nipisiguit river, was topographically and geologically
surveyed. An additional area of about 1 square mile, situated south of the limits
of the map-sheet and surrounding the Nipisiguit iron deposit, was surveyed in detail.

The Bathurst distriet is important because of development work in progress in
connexion with deposits of iron ore lying some 15 miles inland, to the south of
Bathurst. It was hoped to extend the map-work sufficiently far south to embrace the
area in the immediate neighbourhood of the ore bodies; but the comparatively slight
vertical relief, and the heavily wooded character of the wholly unsettled country in
the southern part, made progress so slow as to prohibit the accomplishment of this
aim. Instead, the general map-sheet work was continued inland to latitude 47° 30/,
or about as far south as Pabineau falls on Nipisiguit river; and a small detached area
immediately surrounding the iron deposits was mapped in detail.

The examination of the geology of the district was carried out by the writer;
while the work in connexion with the topographical surveying was entrusted to a
number of student assistants, all of whom performed their duties in a painstaking
end highly satisfactory manner. Mr. W. E. Lawson—assisted by W. L. Uglow,
H. W. Fleming, N. 0. Macrae, and A. G. McIntyre—was placed in charge of the
transit-chain control work. Mr. D. A. Nichols—assisted by A. Boucher—took charge
of the plane-table-stadia traverses of roads and streams. Mr. B. Rose—assisted by
J. L. Cavanagh—sketched in contours with 50 ft. intervals, by meandering traverses
run by plane-table, compass, tape, and anercid. All plane-table work was done on a
scule of ¥sooo.

The district mapped during 1909 lies at the Junctlon of the regions shown on
two geological maps prepared by R. W. Ells and published by the Geological Survey.!.
The results of a magnetometric survey of the Nipisiguit iron field have been issued
by the Mines Branch.? A description of the iron deposite has been given by Mr.
J. E. Hardman.? References to the geology of the district oceur in some of the older
reports of the Geological Survey; in pubhoatlons of the provincial government; in
¢ Acadian Geology, ete., etc.

GENERAL CHARACTER OF DISTRICT.

The district lies along the northeastern edge of the rugged country of central
and northwestern New Brunswick where this relatively elevated region is bordered
by the comparatively low, almost flat, Carboniferous area of the eastern part of the

1 Sheet 8 8. E Bathurst Sheet, Scale 4 miles to 1 inch, and Sheet 2 N.E., Newcastle Shaet
gcaledi n;]él;:.l 3 inch; accompanying reports, Part D and Part DD, Ann. R«ept Geol, Surv.
anada &
aM’ngnetm Survey, Austin Brook, Gloucester Co., N.B., by E. Lindeman.
8 Hardman, J. E., “A new iron ore field in the Province of New Brunswick,” Jour.
Can. Min. Inst., Vol. XI 1908, pp. 156-164.
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Province. Within the limits of the sheet, the north-lowing Nipisiguit river approxi-
mately marks the boundary between these two contrasting types of country. On the
east, the nearly level, slightly rolling country, underlain by practically horizontal
Carboniferous strata, gradually rises from the sea to a height of about 270 feet.
‘West of Nipisiguit river, over the area occupied by highly folded and faulted pre-
Carboniferous strata and invading igneous bodies, the land rises more rapidly to a
maximum height of slightly over 700 feet above the sea.

West of the Nipisiguit, the contours pursue generally, north and south courses,
but swing far up the often gorge-like valleys of the easterly-lowing streams and rivers
tributary to the Nipisiguit. In a number of instances these ravine-like waterways are
particularly striking, as in the case of that of the Tetagauche river, the waters of which
are confined to a narrow, trench-like depression seldom more than 200 feet wide, with
steep, ‘often almost vertical walls rising 75 feet to 200 feet above the river bed, But,
except in the immediate neighbourhood of the larger waterways, the country is
broadly rolling, with only an occasional outstanding hill. ~ Save for the stream
valleys, the surface of the country is a tilted plain rising from the Nipisiguit valley,
with a fairly even westerly gradient.

GENERAL GEOLOGY.

The two contrasting types of country east and west of the Nipisiguit are,
geologically also, sharply differentiated. Kast of the Nipisiguit the country is under-
lain by almost undisturbed, reddish, fine conglomerates, sandstones, and shales of
Carboniferous (Millstone Grit?) age. West of the river, the rocks are largely early
Palxozoic (Ordovician?) sediments, chiefly black slates and grey sandstones and
slates, closely folded and faulted, and in places, schistose. They are penetrated by
dike-like bodies of igneous rocks, and to the south and west of Bathurst by a large
body of granite that disappears eastward beneath the younger Carboniferous strata.

The country, as a whole, is very unfavourable to the study of geology. Save
along the beds of a few of the larger streams, exposures are usually wanting. Over
square miles of country, no rock in sifu appears, the underlying formations being
largely hidden by morainic and other material of glacial origin, Because of this
general lack of exposures and the highly folded attitudes of the beds west of the
Nipisiguit, it is not possible to offer an entirely satisfactory classification of the sedi-
mentary rocks or to determine with certainty their ages. The following tabular list
of formations is, therefore, but an impérfect one:—

QUATERNARY.

Stratified clay, sand, and gravel.
Glacial till, morainic deposits, ete.

PAL/EOZOIC.

Carboniferous—
Bathurst formation.

Devonianf—
Bonaventure formation.
Nipisiguit granite.
~ Post-Ordovician—
Basic dikes. .
Austin Brook quartz porphyry.

Ordovician—
Black shales, sandstones, ete.
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Ordovician, Black Shales, Sandstones, efc.—Along nearly the whole course of the
Tetagauche river, and at intervals in the beds of Little and Middle rivers, are
numerous exposures of tilted and faulted, black, often highly graphitic slates, in
many places accompanied by broken or torn bands of fine, dark sandstone. With
the dark beds, also occur one or mote zones of brick red, hardened, argillaceous or
fine, arenaceous, slaty beds. Though rarely seen in the intervals between the main
streams, these dark slates, etc., doubtless occupy nearly the whole of the country east
of the Nipisiguit, excepting the portion underlain by the batholithic area of Nipisiguit
granite. To the south, beyond the limits of the map-sheet and south of the granite
body, the dark slates and associated beds reappear along the Nipisiguit, and are there
intruded by the Austin Brook quartz porphyry, with which are associated the Nipisi-
guit iron deposits.

In places, the slates are schistose, apparently both along zones of shearing, ete.,
and in the neighbourhood of the granite batholith. The strata are closely folded, the
strike, in general, being east and west, and the dip often nearly vertical. Quartz
veins are common, and are very numerous in narrow zones. At many places, the
rocks are impregnated with pyrite, often to a high degree. '

Fossils were found in these beds at only one locality, on the Tetagauche, near
the crossing of the Intercolonial railway, where imperfectly preserved graptolites
oceur. A collection of these graptolites made by an earlier observer, was examined
by H. M. Ami, who stated that the enclosing shales ¢ appear to be . . . . homotaxial
with the shales of Norman Kiln, near Albany, N.Y. . . . . ;! that is, with the lower
Trenton. : _

On the several rivers already enumerated, appear comparatively narrow zones of
fine tufaceous conglomerates, sandstones, and shales, all grey in colour, and closely
enfolded with the dark slates. It is possible that these grey measures lie along syn-
clinal axes of folding, since they closely resemble grey beds more widely exposed to the
north, in the district examined in 1908, where they appear to underlie fossiliferous
Silurian measures.

Post-Ordovician, Austin Brook Quartz Porphyry—The Ordovician slates, sand-
stones, ete., occur for a number of miles along the shores of Nipisiguit river, south
of the socuthern boundary of the granite batholith. About half a mile below the Great
falls of the Nipisiguit, at a point some 7 miles south of the boundary of the-area
of the main map-sheet, the sediments are followed by quartz-porphyry and associated
rocks, that extend along the river for over a mile to the mouth of Austin brook and
for an unknown distance beyond. The area of quartz porphyry is important, since
within it occurs the iron deposits.

Normally, the quartz porphyry is a dark rock full of transparent, glassy grains
of quartz often small in size, and usually accompanied by white crystals of feldspar
lying in a dense matrix. At times the phenocrysts are large, and in some cases, those
of feldspar are fully half an inch in length. Almost invariably, the rock has a
schistose parting, and in certain zones or areas it has been changed to chloritic and
sericitic schists. '

The contact of the quartz porphyry and the sedimentary series was seen at one
* locality, where it appeared conformable t6 the bedding planes of the clastics. The
quartz porphyry appeared to be intrusive, and, possibly, the intrusion took the form
of an immense sill. The porphyry seems to have been involved in the main folding
of the region, and in age, therefore, isgohably pre-Devonian.

Post-Ordovician, Basic Dikes—North of Tetagauche river, and to a less extent
to the south, are exposures of dark, basic rocks called diabase in the field. They

1H. M. Ami, Summary Report for 1904, Geol. Surv,, Canada, pp. 289-290.
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apparently belong to a series of dikes some of which appear to be of considerable
magnitude. Somewhat similar forms cut the Austin Brook quartz porphyry, but were
nowhere observed cutting the Nipisiguit granite.

Devonian, Nipisiguit Granite—Exposures of granite occur on the lower reaches
of Little and Middle rivers and on Nipisiguit river from above Rough Waters to a
point about 5 miles above Pabineau falls, or over a distance, in all, of about 8
miles. Though scarcely a single exposure of granite was found in the areas between
the waterways, it is fairly evident that all the observed exposures belong to the
western part of a single batholith whose major axis runs north and south with a
length of about 11 miles. The eastern part of the granite body is covered by the
younger, overlying Carboniferous sediments lying east of the Nipisiguit.

Typically, the granite is a grey, biotite granite, with a slightly pinkish tinge, due
to the presence of numerous, large crystals of feldspar. The larger feldspars lie in a
fine, grey matrix of feldspar, quartz, and abundant biotite. Other varieties of granite
are less abundantly present. Pink aplite dikes are common.

The granite undoubtedly penetrates the Ordovician slates and associated sedi-
ments, sending dikes into them and altering them in the neighbourhood of the
contact. Along the course of the Nipisiguit, numerous exposures show the granite
passing under the red, Carboniferous beds of the Bathurst formation, of which the
lowest beds—for a few inches or more—are usually of the nature of a fine arkose,
composed of material derived from the breaking down, apparently in situ, of the
granite. At a number of points the contour of the plane of contact between granite
and sediment is visible, and where this is so the old rotted surface of the granite may
be seen to have rounded, mammillary outlines, while the rock itself presents parting
planes concentric with the outline of its surface.

The Bathurst granite appears to have been intruded at a period intermediate
between the folding that, farther north, involved Silurian measures, and the deposi-
tion of the beds of the Bonaventure formation of late Devonian or early Carboni-
ferous age. Therefore, the granite is regarded as being of Devonian age.

Devonian, Bonaventure Formation—Within the area covered in 1909, only one
exposure of the Bonaventure formation was seen. In the previous year, the formation
was met with at intervals along the sea coast. The beds are usually dark red in
colour, flecked with white from carbonate: they consist of coarse conglomerates,
coarse and fine sandstones, shales, and less often, dolomitic beds.

These beds, as exposed along the shores of Nipisiguit bay and westward along
Chaleur bay, have been correlated by a number of observers with the Bonaventure
beds as exposed on the island of that name lying off the extremity of Gaspé penin-
sula, Quebec. The Bonaventure formation has usually been classed with the early
Carboniferous, but in recent years doubt has been expressed as to the propriety of so
doing, and the opinion advanced that they should rather be regarded as of Devonian
age.! In the previous Summary Report of 1908, the Bonaventure beds were assigned
to the Carboniferous, on the supposition previously expressed, or implied by various
geologists, that these beds conformably underlaid the Millstone Grit east of Nipisiguit
river. This year’s examination of the area, however, failed to confirm the supposed
equivalency of the beds underlying the Millstone Grit and those of the Bonaventure
formation lying along the coast, and, therefore, following Clarke, they are now con-
sidered to be late Devonian rather than early Carboniferous.

Carboniferous, Bathurst Formation.—The beds of the Bathurst formation are red
coloured, fine conglomesates, sandstones, and shales, and are exposed at intervals
along the banks of Nipisiguit river almost from its mouth to a point several miles
above Pabineau falls. Sandstones and shales are the common varietiess conglomerates
are comparatively rare. The measures lie almost horizontally, with only a very slight

1 Clarke, J. M., New York State Museum, Memoir 9, pp. 92-06, 1008.
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eastward dip. Cross bedding is common. The formation overlies the Nipisiguit
granite, and a number of contacts are exposed on the Nipisiguit. Nowhere was a
true basal conglomerate seen, the basal bed usually being an arkose 'several inches,
to a foot or so, thick. The curious mammillary outlines of the planes of contact
between granite and sediment, as well as the regular concentric parting planes in the
plutonic rock, have already been mentioned.

The absence of basal conglomerates, the presence of an arkose apparently derived
from the granite directly below, the mammillary outline of the contact plane and the
concentric partings in the granite, so like exfoliation planes, all suggest an solian
origin for at least a part of the Bathurst formation. The presence of fine shales and
the occasional beds of conglomerate seem to negative this supposition, As the distriet
in question seems to lie about on the last shore-line of the advancing sea of Carboni-
ferous time, possibly =olian and aqueous deposits may have irregularly alternated
with one another prior to the more permanent submergence during the time of the
formation of the Millstone Grit, beds of which outerop not far to the east, and appar-
ently conformably succeed the Bathurst beds.

Quaternary.—Stratified gravels, sands, and clays, accompanied by distinet
terraces, occur along the lower slopes up to heights of 250 feet to 800 feet. Boulder
clay occurs, and in one section was observed to hold interstratified, cross-bedded layers
of sand. Over considerable areas the couniry is completely mantled with boulders,
often of large size. Certain hills are apparently composed of tumultuous aggregates
of boulders of all sizes that seemingly have been glacially transported. Imperfectly
preserved glacial strise were observed at a few points within the area examined in
1908, but none were recorded during 1909, The transported material, so widely
distributed over the whole country, is of rocks such as underlie the district or are
believed to occur farther inland. The imperfect evidence collected apparently indi-
cates that, at least in the last recorded stages of glacial times, the movement of the
ice sheet was northward and outward from the interior of the Province.

-

ECONOMIC GEOLOGY.

The main interest of the district, as far as economic geology is concerned, centres
about the iron ore deposits of the Nipisiguit river. Within the area examined this
year, manganese deposits also occur, on Tetagauche river near the falls above the last
road bridge. The Nipisiguit granite has been quarried to a small extent, the stone
having been used for bridge piers on the Intercolonial railway, also for certain build-
ings in Bathurst, ete.

Iron.

The Nipisiguit iron deposits are found on both sides of Austin brook where it
empties into Nipisiguit river at a point about 16 miles south-southwest of Bathurst.
The deposits are the property of the Canada Iron Corporation. This Company is, at
present, completing a railway running from the site of the ore bodies, along the west
gide of the Nipisiguit to a point of junction with the Intercolonial railway, not far
from where this railway crosses the river. When completed, the new line will have a
length of about 16 miles,

Up to the end of September—with the exception of the sinking of eight diamond
drill holes, and a very slight amount of stripping—little development work had been
done in connexion with the ore bodies, the energy of the Company being chiefly
directed toward the completion of the branch railway.

Austin brook, where it joins the Nipisiguit, flows about south-southeast, in a
narrow valley with steep sides rising 60 feet to 80 feet above the floor. East of the
brook, the country is comparatively level; west of the stream, the land rises in a
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broken ridge bounded on the west by a depression somewhat analogous in size and
course to that occupied by Austin brook., One ore body lies west of Austin brook,
running in a southerly direction between that stream and the Nipisiguit; the remain-
ing ore bodies, in two groups, lie east of Austin brook.

Nearly the whole of the surrounding country is heavily wooded, rock exposures
are comparatively rare, and, altogether, there are only ten exposures or groups of
exposures showing ore. The conditions, therefore, are very unfavourable to the study
of the nature and forms of the deposits. The following statements are, in a measure,
provisional only, pending a more detailed study of the evidence collected.

The ore bodies lie within the area of the Austin Brook quartz porphyry already
described, and near a considerable body or a number of dikes of the so-called diabase.
They have sharply defined walls, are largely of magnetite, and apparently have the
forms of steeply-dipping, flattened lenses, the major axes of the outerops trending
nearly north and south. The character of the ore is indicated by the following figures
derived from the results of nearly 70 analyses of samples taken at intervals of 10 feef
from the cores of four diamond drill holes. The logs of the drill holes and accompany-
ing analyses were very kindly placed at the disposal of the writer by Mr. Fulton, the
local manager of the mining company :—

Iron, average, between.. .. .. .. .. 47.09 and 51.09; range, 89.69% to 58.7%
Sulphur, average, between., .. .. .. 0.179 and 0.279; range, 0.0099, to 2.-4339,
Phosphorus, average, between. .. .. 0.779, and 0.899%; range, 0.3859% to 1.222%

The ore consists largely of magnetite, with sometimes a considerable proportion
- of hematite. Fine quartz, and probably various silicates occur through it, giving the
ore a finely-banded appearance. Quartz in small and large, often crenulated veins,
is common; the mineral also forms comparatively large lenticular-like aggregates.
Pyrite is somewhat abundant along narrow zones, and in some instances is very
abundant in the foot-wall. At times the nearly pure sulphide forms lenticular aggre-
gates nearly a foot in diameter. Within the ore body were observed narrow, discon-
tinuous bands of nearly pure, fine silicates, perhaps representing altered country
rock. In commoh with the country rock, the ore exhibits & prominent parting, or
schistosity, striking about north and south or parallel to the direction of the main
axis of outcrop. In the ore itself, this is accompanied by an apparent banding
simulating bedding; the zones of quartz veins, of sulphide, and of intermixed or
interbanded gangue, all follow the same direction, and all, at least roughly, dip
parallel with the walls of the body.

Because of the lack of a sufficient number of natural or artificial exposures, any
estimate of the size and general attitude of the ore bodies must largely depend on the
evidence furnished by the diamond drill holes, and on the magnetometric survey by
E. Lindeman of the Mines Branch. The outcrops are too few and too scattered to
yield definite results.

~ According to the plan of the magnetometric survey, confirmed by the distribution
of the natural exposures, the ore bodies lie in three main groups, the longer axes of
which, at the surface, run, roughly speaking, north and south.

The body lying west of Austin brook, and known as No. 1 deposit, is, at its
northern end, exposed over its full width. At this point the outerop had a width of
about 150 feet, with sharply defined walls dipping westerly at an angle of about 45°,
giving a true thickness to the body of about 105 feet. A vertical drill hole sunk in
the hanging-wall near this point, entered ore at a depth of about 40 feet and indicated
a true thickmess of about 90 feet. A second vertical drill hole bored at a point about
700 feet farther south, intersected ore at a depth of 50 feet, and yielded a caleulated
thickness of nearly 80 feet. A third drill hole, started at a place about 500 feet west
of the last, and inclined toward the east at an angle of 20°, cut ore at an equivalent
vertical depth of 410 feet—where the ore body appeared to be abeut 65 feet thick. The
results of the magnetometric survey indicate that, the ore body extends at least 1,000
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feet farther south, or, over a distance in all, of about 2,000 feet. As far as present
knowledge goes, the walls appa.rent.ly preserve a nearly umform southerly strike and
westerly dip, the angle of dip, in the northern half, being about 45°.

A second body or group of ore bodies, known as No. 2, lies east of Austin brook,
the southern end commencing on the valley slope at, a point about 1,000 feet east of
the apparent end of No. 1. The course of the axis of the second body diverges about
23° from that of the first. At the southern end a group of outerops has a maximum
width of a little over 40 feet, with nearly vertical walls. The southern extremity is
well exposed, and the body is seen to end in a number of irregular fingers projecting
into schistose country rock. Northward, ore outerops at a few points for a distance
of about 1,200 feet, and the indications are that the body remains at about a constant
width, forming a comparatively narrow band. The magnetometric survey points to
a horizon of practically the same length, but containing two ore bodies following one
another along the strike.

A third ore body or group of ore bodies known as No. 3, lies east of Austin brook,
and about in line with the prolongation of the axis of No, 1: commencing at a
point about 1,800 feet north of it. Four diamond drill holes have been placed in this
body, but the results of one only are at present available. The log of this drill hole,
together with the position of surrounding exposures, indicates a body of ore about
100 feet thick, dipping west at an angle of about 75°. In this instance, the drill
passed through ore from a point about 20 feet below the surface to one 350 feet
beneath it. Exposures of ore occur at the surface over a length of only 300 feet, but
the magnetometrie survey of E. Lindeman, supplemented by one carried out by My,
Fulton of the Canada Iron Corporation, indicates an ore-bearing horizon of much
gresfter length: perhaps totalling in the neighbourhood of two-thirds of a mile. It is
possible that over this distance the ore may occur in more than one distinct body,
and the magnetometrie surveys also seem to indicate the existence—along a parallel
line a few hundred feet west—of other bodies. .

Besides the above main bodies, an outergp of iron ore was seen in one of the
cuttings on the line of the new railway not far above the falls on the Nipisiguit. The
presence of other bodies of ore in the distriet is to be expected, but their discovery
is practically possible only by making use of magnetometric methods.

- All the information available seems to indicate that, the deposits have the form
" of beds varying in width from a maximum of 105 feet to a minimum of about 40 feet.
In all cases the walls are sharply defined, and dip westerly at angles ranging from 45°
to nearly 90°. The three groups of ore bodies do not seem to represent one original
zone separated into three by faults, since, in the case of No. 2 body, what appears to
be an original, natural end, is exposed.

The country rock of the three deposits is believed to be, in the main, quartz
porphyry, or as is more commonly the case, a schistose derivative. In that rock the
planes of schistosity in country rock and ore are, on the whole, para]lel to one
another, and to the bounding planes of the ore bodies and lines of banding in the ore.
The ore bodies seem to have suffered from the forces producing the schistosity of the
country rock, and, at the same time, to have been guided in assuming their positions
by the greater degree of schistosity of the country rock along certain zones. The
visible end of No. 2 body seems to indicate that the ore penetrates the country rock—
not that the country rock was later than, and penetrated the ore.

The invariable presence of a rather high amount of phosphorus in the analyses
indicates a considerable amount of apatite, a mineral whose presence in bulk usually
indicates a direct or indireet igneous origin, and not a sedimentary origin nor one
analogous to that of the more common types of veins. The very general presence of
quartz veins in the ore and their absence or comparative uncommonness elsewhere,
strengthens the above deduction, and weakens the argument for a sedimentary
origin of these bodies, which their bedded-like forms at first view suggests.
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The present conclusion is, that the ore bodies are of pegmatitic types, and that
their formation has been due to the action of forces accompanying or following
igneous invasion or invasions the results of which are not otherwise apparent; they do
not seem to have been directly associated in origin with the quartz porphyry. If this
view of the origin of the ore bodies is the correct one, it seems highly probable that
their true shapes are those of very flattened lenses; that the depths to which the
individual lenses extend will prove to be, on the whole, not much greater than their
maximum extension at the surface; and that the lenses will, as they approach their
limits, thin out and end—as far as mining is eoncerned—rather rapidly.

(In the above considerations, the presence of the pyrite has been only briefly
touched upon, since study has not .sufficiently far advanced to determine, with any
degree of certainty, the relative age of this mineral.)

Manganese,

A quartz vein carrying manganite, cuts red slates on the south bank of the Teta-
gauche above the last road bridge, and only a short distance below the falls on the
river. The deposit was worked a number of years ago, but the tunnel leading in on
the vein is now caved in, thus preventing any detailed examination. At its outcrop
on the steep river bank, the vein is seen, in places, to be at least 13 feet wide, to be
nearly vertical, and to be accompanied by roughly parallel, narrow veins. The guartz
is coarse, and white in colour; it forms most of the vein, the manganite occurring in
narrow seams and small patches or aggregates of plates, or in semi-detached, im-
perfect crystals or fine grains. The vein is irregular in outline, holds inclusions of
country rock, and is much fractured. From information gained from nearby .resi-
dents, it is believed that during mining operations solid or nearly solid ore was found
to occur in pockets. Manganite, in small quantities, also occurs in the dump of
geveral shallow trenches sunk a short distance back from the river, at a point several
hundred yards farther down stream.
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SUMMARY REPORT OF THE WORK OF THE LATE MR. HUGH FLETCHER
IN NORTHERN CUMBERLAND COUNTY, NOVA SCOTIA.
COMPILED FROM HIS JOURNAL BY R. W. ELLS.

Mr. Fletcher left Ottawa for Nova Scotia on June 18, to continue the study of
the geology of the northery portion of Cumberland county, including the large areas
underlain by Permian or upper Carboniferous strata extending northward to the shore
-of Northumberland strait. '

The more important portion of this work was, apparently, the separation of the
areas underlain by lower Carboniferous shales and gypsum from those occupied by
the Millstone Grit and Productive Coal Measures; and the determination, as far as
possible, of the horizons of the small coal seams which occur along the northern border
of the coal basin, between the Joggins shore and the Styles coal mine, north of
Springhill Junction. The mapping of the Permian strata was also considered
specially important. All these formations have been closely studied in former years
in the areas to the east and south. In this work he was assisted by Maleolm MecLeod,
and John D. Mackenzie, both of whom had been his assistants in former years.

The detailed mapping of the district proceeded satisfactorily until the middle of
September, when, on the 15th of the month, on a trip from Springhill to the Joggins
coal mines, Mr. Fletcher contracted a cold through getting wet in a rain storm, and
was seized with a chill which speedily developed into a severe attack of pneumonia.
In spite of the best medical skill and nursing procurable he died, after a week’s
illness, at the residence of Mr. Baird, in the village of Lower Cove, Cumberland
county. - h

From Mr. Fletcher’s notes—taken from his journal—it would appear that a large
portion of the season was spent in examining in detail the somewhat faulted area
extending from the vieinity of Chase Lake brook and Black river—both branches of
Philip river—westward to the shores of Cumberland basin near the head of the Bay
of Fundy. In this strip of country lying north of the main Springhill coal basin,
are & number of collieries, including the Styles mine on the east, north of Springhill
Junction, and the Joggins colliery on the west, on the shore of Cumberland basin.
Some of these have been worked more or less successfully for a number of years, and
the tracing out of the horizons of the several seams on which they are located, engaged
much of Mr. Fletcher’s time. - '

The relations of the several divisions of the Carboniferous are somewhat com-
plicated throughout this area, owing to the presence of faults and overlaps, While
no definite results of the careful surveys carried on throughout the season by himself
and his assistants are yet available, the field notes show that explorations were
conducted throughout the entire area north of the Springhill and Joggins coal basins
to the shore of Cumberland basin, where the lower portion of the celebrated Joggins
section of the Carboniferous rocks begins, Tt is believed that the work of the past
season, ended so abruptly as it was, will, when put in order, do much to solve the
peculiar geological structure of this distriet.. )

In connexion with the work in this district, a visit was made in June by Mr.
Fletcher, with Mr. R. W. Ells, to the district in the neighbourhood of Dorchester,
New Brunswick. This visit was made for the purpose of determining more precisely
the limits of the lower Carboniferous, Millstone Grit, and Permo-Carhoniferous or
Permian formations which extend across the interprovineial boundary into Nova
Scotia, where Mr. Fletcher’s work was being carried on.

96—15 : :
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From June 21 to July'l, Mr. Fletcher spent much time in consultation with the
managers connected with the coal mines of the Springhill basin and those nearer the
Joggins shore, Subsequently, some time *was devoted to a closer study of several of
the smaller coal seams which have been opened in this area,

After some days spent with his assistants in northern Cumberland, Mr. Fletcher
went to Cape Breton on July 20, and in company with Mr. R. Smith, and Mr, W.
Campbell, examined ecertain copper deposits near Campbell pond. Of this area he
remarks that, in the bed of a small brook there is a vein of white quartz about 20
inches wide, holding a little shattered rock—a reddish, greenish, and grey felsite, with
epidote, chlorite, and other minerals—which has been worked to a small extent.
Branches from the main vein extend into the wall rock, some of which show copper
staining, while a little hematite occurs along planes of shattering. About seven years
ago, Messrs, James McDonald, Judge Finlayson, and others, sank a shaft to a depth
of 65 feet on this vein, in the bed of the brook. The vein at the shaft runs about
north and south, but away from the shaft breaks up or swings more to the southeast.
At the bottom of the shaft (at present worked about 14 feet above the original 65 ft.
bottom) the dip of the vein is flatter than at the surface, where it is nearly vertical.
Cuts have been made in various directions at the 51 ft. level, but do not show much
copper. At some places near the surface, however, the quartz is well mineralized
with pyrite, copper glance, ete.; but a very large proportion of the vein matter taken
out is quite barren. A good showing is seen in a trench on the surface. The vein,
considering the formation in which it occurs, is persistent, although in places it
breaks up into stringers. The shaft is dry, the brook carrying no water in the dry
season, The ore is apparently mot present in sufficient quantities for profitable
extraction.

Some days also were spent in an examination of the Richmond coal field, with
Mr. Mellinger and others interested in the structure of that coal basin,,

Returning from Cape Breton, a study was made by Mr. Fletcher and his assist-
ants of the somewhat complicated structure near the Leicester road, east of the Styles
mine. Along the road the relations of the lower Carboniferous, the Millstone Grit,
and the Permian are somewhat intricate. Indications of faults, in the form of
slicken-sides and broken strata, are numerous, and while characteristic Permian beds
are exposed at a number of places, certain of the higher beds are possibly Triassie.

Of the Permian, he remarks that the outerops seen on the road to Shinemecas
ineclude, in addition to the usual red beds of that formation, conglomerates and reddish
. and whitish sandstones similar to those which occur with the upper Permian in the
Joggins section. Some of these Permian rocks are slickensided, polished, veined, and
drused with quartz and hematite, and are so much altered that they resemble the
conglomerates at Arichat, in Cape Breton, which have been mapped as Devonian.

In August, from the 10th to the 20th, an éxamination was made of the area
between Springhill and Thompson station, and of the country adjacent to Philip
river and in the vicinity of Roslin, Hansford, etc.,, where certain areas of gypsum
show unconformity, due in part to faults and in part to overlaps.

On August 23, Mr. Fletcher went to New Brunswick, where lie met R. W. Ells,
and W. J. Wilson, of the Geological Survey, and Dr. Henderson of London, England,
who was boring for oil and natural gas in certain areas in the counties of Albert and
Westmorland. This excursion extended as far west as Norton between Sussex and
Hampton, where the bituminous Albert shales and their relations to the Perry con-
glomerates at the base may be seen. Mr.- Fletcher was much interested in this area,
as it enabled him to make a comparison between these New Brumswick rocks and
those which in Nova Scotia he had for some years alosely studied ahout Minas basin
and in the county of Antigonish and elsewhere.

On September 8, Mr. Fletcher, accompanied by Mr. Tennant of Amherst, went to
Williamsdale, about 8 miles south of Oxford Junction, in Cumberland county, to
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examine the ¢ Arsenic mine,’ reported as oecurring at that place. His notes state that
the deposit of ore—which is said to be gold bearing—occurs on a small brook about
2 miles east of Collingwood corner. In the bed of this brook, about half a mile
from the main road, there is a belt of laminated rock with veins of quartz up to a
foot in width, the belt having a maximum thickness of 6 feet. The direction of the
largest veins and of the 6 ft. belt is apparently about N 10° E, and the angle of dip
about 60° (varying from 30° to 90°). Some surface work on the outcroppings in the
bed of the brook had been done for a distance of 70 feet, 80 feet of which contain
great quantities of arsenical pyrites in ragged lenses or bunches. The ore is reported
to contain $7 in gold to the ton, and a little silver, No work has been done below the
brook level ; but, if possible, a slope will be driven down following the richest bunch of
ore. The veins appear to occur in the ordinary greenish and dark diabase and felsite
of the neighbourhood. Dark Silurian slates containing graptolites ocecur a short
distance up stream. The deposit thus resembles in its mode of occurrence, that at
Peleg brook, where similar veins were first exploited for gold. The deposit is interest-
ing, and may be of value. Several fons of ore have been mined and shipped.

Prior to his final illness, the last few days of Mr. Fletcher’s work were spent in
renewed attempts to solve the complicated problem of structure connected with the
coal out-cmps found along the northern margm of the Springhill basin, as far east as
the Styles mine.

26—15%
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TUNGSTEN DEPOSIT OF MOOSE RIVER, NOVA SCOTIA.
(E. B. Faribault.)

INTRODUCTION.

On December 15, 1909, the writer left Ottawa for Nova Scotia, under instruc-
tions to make an examination of the tungsten-bearing deposit of scheelite, discovered
in the spring of 1908, near Moose River Gold Mines, in Halifax county. The work
was undertaken for the purpose of studying the character and structure of the dapos1t,
and to help, if possible, in planning development work.

This deposit had been examined by the writer in October, 1908, when a survey
was made of the then known scheelite veins, and in the Summary Report for that
year, some notes were published on the discovery, character, and probable structure
of the deposit.!

On Moose River sheet, No. 50, published by the Geological Survey in 1893, the
location and the anticlinal structure of the veins are indieated, although not until
ten years afterwards were these veins known to carry the tungsten-bearing mineral
scheelite. The same year, a special plan of the Moose River gold mines, situated 2
miles east, was published, with some notes giving details of the structure of the gold-
bearing veins, which closely resembles, in many respects, that of the tungsten veins.2

At the last visit, it was only possible, in the two days at my disposal—with the
assistance of the original discoverers and prospectors, Reynolds, and Currie-—to make
a compass and chain survey, and a hasty examination of the area prospected. From
these surveys and those previously made, two plans were compiled: one, on a scale
of 250 feet to 1 inch, giving the general topographical features of the distriet and
the distribution of the tungsten veins; the other, 80 feet to 1 inch, accompanied by a
section, showing the structure of the veins discovered and their probable extension at
the surface and in depth. A reproduction of the latter plan and section, on a reduced
scale, is published herewith.

- The tungsten deposit is situated in Halifax county, 28 miles northeast of Halifax
eity, 12 miles directly north of Ship harbour on the Atlantic coast, and 2 miles west
of Moose River Gold mines. It is located on Stillwater brook, a branch of Fish river
flowing south through Ship Harbour Grand lake to the Atlantic. Moose River Gold
Mines is the post-office name of a mining centre surrounded by woodland, Tt is
reached by a good mail-coach road, running southeast for 834 miles from Shubena-
cadie, a station on the Intercolonial railway, 40 miles by rail from Halifax, Thus,
the distance by coach and rail is 74 miles from Moose River to Halifax, When the
Eastern railway, projected between Halifax and Canso, is constructed, the tungsten
deposit will be less than 8 miles from a railway. .

GENERAL GEOLOGY.

The rocks of this district consist of beds of altered, grey quartzose-sandstone or
quartzite, generally called ¢ whin,’ interstratified with beds of dark grey slate. They
are the lowest known strata of the Goldbearing series in the Province, and oceur
along the apex of the highest and most prominent anticlinal fold which passes through
the Moose River gold district. Thus, the lower or Goldenville division of the Gold-

1 Summary Report, Geological Survey, for 1908, pp. 155-158.
2 Summary Report Geological Survey, Vol. X, pp. 113-114 A,
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bearing series attains, here, its maximum thickness, estimated at 16,000 feet, which,
added to the 11,700 feet of slate of the Halifax division, as exposed on Black river, in
Kings county, gives a total thickness of 27,700 feet for the whole series.

The country is drift covered, and rock exposures are very scarce; but taking
advantage of the rock exposures offered by the prospecting done last summer, together
with the natural sections of rocks exposed along Stillwater brook, it has been possible
to work out the geological structure with a fair degree of certainty and accuracy.
The conclusions reached confirm those advanced in last year’s report.

The accompanying plan and section show that, on the apex of the major anticline,
and within a space of 620 feet in width, the strata have been folded into three minor
anticlines and two synclines, the axes of which have a general east and west course
and pitch westward at low angles, varying between 12° and 17°.

A small fault has been located, eutting a 10 to 24 inch quartz vein, exposed in
“the bed of the brook, and also two veins, uncovered on the west side of the brook.
~the fault the strike of the strata is deflected towards the north, and on the north iimb
-displacement of 1 to 2 feet in a southwesterly direction. On the southeastern side of

the fault of the strike of the strata is deflected toward the north, and on the north limb
of the anticline the beds dip at higher angles than in the corresponding positions on
the west side of the fault. This dislocation, the general structure of the strata, and
the fact that search made on the eastern side of the brook for the continuation of
certain veins uncovered on the western side has proved unsuccessful, indicate that
there is, probably, a seecond and more important fault, situated about 50 feet south-
east of the one just described. The location and magnitude of this second, inferred
fault have not been accurately determined. It is estimated, however, that the block
of strata on the southeastern side of the fault has been- displaced, horizontally, for
about 160 feet to the northeast; but, as yet, there.is nothing to show the extent of the
verical displacement nor the angle of dip.

The north anticline is well defined in the west fault-block on the left bank of
Stillwater brook, 40 feet below the bridge, where a bed of slate, exposed at low water,
was observed to curve and pitch westward at an angle of 12°; but the axis has not
been located in the east block, .

The north syncline was not exposed in the west block, and its location in the east
block, along the little brook, is doubtful.

The position of the middle anticline is fairly well established in the east and
west blocks by the evidence furnished during surface development made last summer,
which places this line farther north than it was thought to be when last year’s report
was written. This anticline is the most important from an eccnomic point of view;
for all the tungsten veins so far discovered are situated on one side or the other of
this axis.

The south synecline could not be located in either of the blocks.

The south anticline is well exposed in the east block, in the bed of the brook,
where, at low water, a bed of slate may be observed to curve around on the arch of
the fold and to pitch west at an angle of 17°; also, on the western shore, where a vein
of coarse, white quartz, 10 feet thick, apparently forms a prominent saddle, pitching
westward on the arch of the fold. Immediately north of this anticline and for a
short distance up the brook, the strata are much erumpled and fractured, and are cut
by irregular masses and stringers of quartz, indicating the possibility of small undula-
tions occurring in this vicinity, and, possibly, for some distance down the brook,
where the rocks are concealed.

The Moose River anticline, traced westward, at a distance of 36 miles, passes
through the Waverley gold district, one mile to the north of whick were discovered,
last year, a few interbedded scheelite-quartz veins, similar to those of Moose River.
Toward the east, it divides into two major anticlines, the southern one passing
through Beaver Dam gold district at g distance of 12 miles from Moose River, and
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the northern one through Fifteenmile Stream gold district, 24 miles distant. The
Moose River anticline has been accurately located on the map-sheets Nos. 41, 49, 50,
B4, 55, and 67 published by the Geological Survey.

No igneous rocks have been found in the immediate neighbourhood of
these deposits, the nearest intrusion being a large mass of granite, 7 miles to the
goutheast. It is possible, however, that granite underlies this area of sedimentary
strata at no great depth, for at several places the slates have been altered into a
knotted phyllite, and the quartzite into a quartz-schist.

ECONOMIC GEOLOGY.

The history of the discovery, and the general character and composition of the
tungsten-bearing veins were deseribed in last year’s Summary Report. The develop-
ment work done last summer by Messrs, Reynolds and Currie has resulted in the
discovery of several veins, and has furnished much valuable data bearing on the
general distribution and geological structure of the deposit.

All the scheelite-bearing veins so far disecovered, may be classed as interbedded
veins; for they coincide with the bedding planes, and oceur in thin layers of slate,
interstratified with beds of quartzite. The veins are distributed in equal numbers on
the north and the south limbs of the middle anticline, forming a well-defined system
of saddle veins, similar in structure to those of the gold deposits of the Province.
The section drawn across the anticlinal fold on-the west side of Stillwater brook
shows nine veins uncovered on the south limb and about as many on the north, all
situated within a space of 150 feet wide.

The veins on the north limb are, from their interbeddsd character, necessarily
parallel to one another, and the same is true of those on the south limb; but as the
axis of the anticline pitches westward, the two sets of veins converge toward the
west until they meet on the anticline, where they underlie one another in the form of
saddle-veins.

The width of the veins varies from a fraction of an inch to 24 inches, but few
of them, and this is especially true of those showing the most scheelite, average more
than 4 inches. They are generally quite uniform in width, though some of them show
the enlargements and rolls, so common in the gold-bearing veins. These rolls plunge
westward at low angles, which correspond with the pitch of the anticline, also
approximately with the line of intersection of the cleavage and bedding planes, and
may indicate, as in the case of the gold veins, the general pitch of the ore shoots.

The vein matter consists essentially of quartz, scheelite, and mispickel in vary-
ing proportion. The quartz is mostly translucent, white, and glassy, and quite
different from that of the gold-bearing veins of the Province.

The scheelite is honey-yellow to pale reddish-brown in ecolour, is coarsely erystal-
line, and shows distinct cleavage. It often constitutes a large part of the smaller
veins; in some of which it occurs in series of lenses or rolls. In the larger veins the
scheehte is mainly confined to the outer parts, where it occurs in thin, 1rregular
patches.

The mispickel is always massive, and varies very much in quantity in the
different veins, In one or two of the veins it is the predominant comstituent; but,
generally, it is less abundant than the scheelite, and sometimes is scarcely visible.
It also occurs abundantly in the slate adjoining the veins, in very minute, well-formed
crystals, commonly surrounded by a narrow zone of white mica, with the scales at
right angles to the surface of the mispickel.

White, erystalline dolomite has been observed in a few veins. Scattered through
the veins are patches of fine, white, scaly mica, with a silky lustre; and embedded in
the scheelite and quartz are slender needles of black tourmaline. At the outcrops and
along the selvage of the veins, the scheelite is sometimes slightly decomposed into a
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bright canary-yellow powder, which is tungsten acid, or tungstite; but no wolframite
nor hiibnerite has been observed. Galena, pyrite, and pyrrhotite, which are com-
monly found in the gold veins, have not been observed. Several assays of the ore for
gold, made by Mr. A. L. McOallum, have given negative results in every case.

It is evident that the tungsten veins differ materially in composition from the
gold veins of the district. The character of the veins, their constituents, the presence
in them of mica and tourmaline, and the metamorphism of the country rock adjoin- .
ing the veins, all tend to prove that the tungsten deposits are the results of deep-
seated emanations, along a zone of fractures following the axial plane of the great
Moose River anticline, at the close of the period of granite intrusion.

General Development.

All the prospecting has been confined, so far, to a comparatively small area,
extending 700 feet east and west along the course of the veins and 200 feet across
them. This work was all done by the two Reynolds brothers and Currie, and consists
mostly of trenching across the strike of the rocks to prove the ground. Some of the
veins discovered were traced along their courses for short distances by prospect pits
and shallow open-cuts; and on one of them a pit was sunk to a depth of 15 feet,
Considering the amount of work done and the limited area covered, the results
obtained are very satisfactory.

Several tons of ore have been produced as a result of the prospecting already
done. We are informed that one or two tons have been forwarded to Halifax and
elsewhere, for the purpose of experimenting on a practical process of concentration,
as well as to determine the best method of producing tungsten acid from concentrates
and at the same time eliminating sulphur and arsemic. Although scheelite is richer
in tungsten than the other ores of tungsten, wolframite, and hiibnerite, it was for a
time considered less desirable, owing to the difficulty of its metallurgical treatment;
but the modern method of reduction, in the electrical furnace, has rendered it fully
as desirable. '

The zone of tungsten veins is probably limited on the north by the north syncline,
situated at a distance of about 100 feet north of the middle anticline, and it probably
extends some distance farther south than the present developments. Otherwise, the
extent of the mineralized zone is not known; but enough veins have been exposed to
show the importance of the deposit from an economic point of view. That the area
is much larger than might be supposed from the veins exposed by Reymolds and
Currie, is shown by the fact that, scheelite has been found in drift on the continua-
tion of the same anticline, 900 feet west from Stillwater brook, and in an isolated
boulder a mile and a quarter west. Further exploration will no doubt also disclose
scheelite veins outside of the known zone, especially toward the south. Scheelite
float has also been found 1,350 feet south, on the east side of Stillwater brook, where
the first discovery was made. This material may have drifted south from the main
deposit, or from 'another group of veins, possibly situated on another minor anticline
not yet located.

Since the discovery of these deposits, scheelite was found 2 miles east, on the
same anticline, at the Moose River gold mines, where, on the Touquoy property, at
the depth of 200 feet in Kaulbach’s vertical shaft on the Dowell lead, pieces of
scheelite as large as a hen’s egg, in quartz, were brought to the surface at different
times; 'also on the Moose River Gold Mining Company’s property, where, at a depth
of 90 feet in the Cameron shaft, a pocket was found containing a few pounds of ore.

As already mentioned, scheelite was discovered last fall by Mr. A. L. MeCallum,
at a place one mile north of the Waverley gold mines, which are situated on the same
anticline, 86 miles west of Moose” River. Two or three interbedded quartz veins
bearing scheelite, similar to those of the Moose River deposit, have been uncovered
here, and a quantity, possibly two tons, of ore has been produced.
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Scheelite has, therefore, been found at different places over a stretch of 8 miles
along the Moose River anticline, and at another place 86 miles west, on the western
continuation of the same great upheaval: indicating, seemingly, the persistence of this
system of anticlinal veins, and its possibilities as a good field for further exploration.

Mr. F. H. Mason, chemist, formerly of Halifax, states that he has often found
traces of scheelite in his analyses of the tailings from the Lake Lode mine at Caribou,
situated 6 miles north of Moose River on the next main anticline. Professor T. L.
Walker reports that concentrates collected at Caribou mines were found, on chemical
examination, to contain 0-22 per cent of tungstic acid; and that a sample collected
in June, 1908, at the Moose River mill, contained 0.52 per cent tungstic acid.

Scheelite, of a light, emoky colour, was found in a quartz vein intersecting the
Middle Rabbit lead, on the Ballou gold mine, Malaga, Queens county. ' It is very
probable that scheelite occurs in many other gold districts in Nova Scotia, especially
in those situated near granite masses, and a systematic search for it over the old
dumps and old workings may be rewarded by other important finds.

CONCLUSIONS.

From this preliminamy study of the Moose River tungsten deposit, the following
conclusions have been reached :—

The development work already accomplished has proved beyond a doubt that the
deposit has a real, economic importance,

The structure and distribution of the tungsten veins are so intimately bound up
with the rock structure that a consideration of the structure of the anticlinal fold and
faults is necessary to its perfect understanding. '

The general structure has been fairly well worked out at the surface; but much
yet remains to be proved and determined with more accuracy and detail, both at the
surface and in depth, before an attempt can be made to lay out a definite plan of
operation that would give the best results.

It is very important to prove the existence, as well as the location and magni-
tude, of the fault, which has been described above as probably oceurring on the east
side of Stillwater brook; for such a fault would divide the mineralized belt into two
distinet sections, each requiring to be independently developed, and, perhaps, also
exploited.

It will no doubt be found desirable to develop the belt of mineralized veins by
means of two shafts, one on each side of Stillwater brook, to a depth of about 100
feet; then to cross-cut north and south across the whole belt, and drive a series of®
drifts on the courses of the most promising veins intersected. The two shafts may
be sunk vertically on the apex of the anticline, or on the dip of one of the best veins,
situated nearest to the anticline, so as to keep in the centre of the zone of mineraliza-
tion. To locate these shafts, it will be necessary to determine more accurately the
position of the anticline on both the east and west sides of the brook. _

There will probably be found, as in the gold veins, a series of well-defined ore-
shoots of mno great width, but of considerable length, pitching westward,
approximately parallel with the plunge of the apex of the anticline, at an angle
of about 12° to 17°. In the gold veins the ore-shoots generally vary
from 40 to 200 feet in width; and several of them have been mined for lengths
of over 1,500 feet along the pitch. But, owing tb the low angle of the piteh, an ore-
shoot may have a length, at the surface, of several hundred feet along the strike
of the vein; while a shaft sunk on the dip -of the vein may reach the
bottom of the ore-shoot at a depth of much less than 100 feet; on the other hand,
an ore-shoot, if followed westward along its pitch, may be found to extend much
over 1,000 feet in length. To keep the development work in the zone of ore-shoots, it
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may be found advantageous, for deep mining, to sink an incline shaft on the apex of
one of the most promising veins, and to develop the overlying veins by means of cross
tunnels and drifts at different levels.

A few hundred feet north of the deposif on Stillwater brook, a small amount of
water-power is now available, which may be increased and developed to advantage,
for utilization in mining development.

On Fish river—2 miles to the south of the deposit—there is a much larger avail-
able source of water-power which could be developed, and from it electric energy
transmitted to the mine.

The mine is surrounded by woodland, which affords a good supply of both hard
and soft wood, suitable for mine timber, as well as for fuel.
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SOUTHERN PART OF LUNENBURG COUNTY, NOVA SCOTIA.
(B. Rodolphe Faribault.)

INTRODUCTION.

During the past season, the writer was occﬁpied in completing, the geological and
topographical mapping of the southern part of Lunenburg county, along the Atlantic
coast southwesterly from Mahone bay to Vogler cove, and extending inland to Bridge-
water. This completes the surveys and other field work necessary to finish the Mahone
Bay sheet, No. 88, and the Lunenburg sheet, No. 89.

The assistants in the field were Messrs. J. McG. Cruickshank, and M. Y. Williams.

For the purpose, particularly, of indicating the lines which prospecting should
follow in the district, as well as to facilitate the work of operating mines, attention
was given, in an especial degree, to the structural geology; since it has been estab-
lished that the gold-bearing veins occur, almost exclusively, along anticlinal folds.
The development in the rocks of a strong, slaty cleavage, obscuring the bedding
planes, and the widespread drift cover, concealing the surface, made the accurate
Iocation of the various anticlines and synclines both difficult and tedious.

CHARACTER OF DISTRICT.

The distriet surveyed is for the most. part covered by low, undulating hllls of
glacial drift, seldom over 300 or 400 feet high, having a general north and south
“trend and forming prominent headlands along the sea coast. The intervals between
the hills are generally occupied by swampy land and chains of small lakes; or by
rocky barrens affording good rock exposures; or they are strewn with gramte bouldera
and debrig from the north.

Lahave river crosses the area in a southeasterly direction, and occupies a
marked depression: which is eontinued as an inlet of the sea, less than a mile wide,
for 12 miles to Bridgewater, affording good navigation for large and small vessels.
Petite Riviére, a stream of less importance, Tuns into the sea 6 miles farther west,
and has several water-falls along its course that are partly utilized for small mills.

Lunenburg and Bridgewater, the -two chief towns of Lunenburg county, are
situated in the area examined. Lunenburg, the most important fishing station in the
Provinee, has an excellent harbour, and has a large trade with the West Indies.
Bridgewater is a progressing railway and lumbering centre at the head of navigation
on Lahave river. Settlements of fishermen are scattered along the sea-shore of the
mainland and islands: especially on many small, rocky coves and inlets which afford
good shelter for boats.

In the vicinity of the coast there is little land suitable for agriculture. Small
farms and gardens are successfully cultivated by the use of an abundant supply of
fish refuse and seaweeds as fertilizers. Imnland, between Bridgewater and M’ahone
Bay, there are good farms and several fine orchards.

GEOLOGY.

With the exception of a few small patches of lower Carboniferous limestone and
gypsum on Second peninsula, and some of the adjoining islands, the whole area is
occupied by the series. No rock exposure could be found on Second peninsula,
because of a heavy covering of glacial drift; but numerous angular blocks of shell
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limestone and grey compact limestone were observed at several places along the north
shore, from the Government wharf to Bluff head, also on the north and south side
of Magon island lying between the two peninsulas, These deposits indicate the posi-
tion of the outer edge of the lower Carboniferous basin of Mahone bay and 8t.
Margaret bay referred to in the Summary Report for 1907, page 79.

Several specimens of invertebrate fossils, obtained in 1907 and 1908 from various
localities in the Mahone Bay basin, were examined by Mr. Lambe, who reports that
they consist of one species of coral and two species of brachiopods: all characteristic
of the lower Carboniferous limestone. The respective species, together with the
lcalities from which they were obtained, and Mr. Lawrence M. Lambe’s desecriptions,
are as follows:—

(1) Lithostrotion Cmspitosum, Martin.—Specimens from Sheep island, Goat island,
and the south end of Stephen island, in Mahone bay., These specimens are of interest,
as the species has not hitherto been recorded from this side of the Atlantic.
L. caspitosum was originally described from the Carboniferous limestone of England.

(2) Dielasma Sacculus, Martin—Half a dozezn specimens, from Mahone bay,
belong to this species, which was primarily described under the name of Terebratula
sacculus, also from the lower Carboniferous of England, and was later recorded as
oceurring in rocks of the same general horizon by Sir J. William Dawson (see
Acadian Geology) at a number of localities in Nova Scotia.

(8) Productus Cora, D’Orbigny.—Specimens of a large Productus from Goat
island, Sheep island, south end of Stephen island, Seaboyer’s on south side of Deep
cove, and north-shore of Second peninsula. The species represented appears o be an
unusually large form of P. cora, d’Orbigny, which is found abundantly, but of smaller
gize, in the Carboniferous limestone of Nova Scotia, and is widely distributed in the
Carboniferous of Europe as well as America. :

Goldbearing Series.

Practically the whole of the distriet examined, with the exception of the small
areas of lower Carboniferous limestone and gypsum on Second peninsula, is under-
lain by the quartzites and slates of the Goldbearing series. In the absence of fosgils
or other conclusive evidence, this great series of rocks has been referred to the lower
Cambrian, though, possibly, it may be Pre-Cambrian.

The whole series falls naturally into two distinet lithological divisions: a lower
one, called the Goldenville quartzite; and an upper one, called the Halifax slate.

The Goldenville division is mostly composed of thick-bedded, bluish and greenish
grey quartzite, locally called ¢ whin,” interstratified with numerous beds of slates of
different varieties and colounrs, and from a fraction of a foot to several feet in thick-
ness. This division constitutes the produective gold-bearing rocks of the Province.

The Halifax division is made up of argillaceous slates, generally of a dark grey
colour, in many places graphitic and pyritous, and varying to greenish-grey or light
grey in colour, Some beds are quite arenaceous, with oceasional thin layers of flinty,
quartzose rock, generally heavily charged with iron pyrites.

: The rocks of the Goldbearing series in the region examined have been forced into
a succession of parallel folds, running northeasterly and southwesterly.

The greatest width of the area of the Goldbearing series in the district examined,
measured at right angles to the folding, is 16 miles. A transverse section along a line
from Bridgewater to West Ironbound island gives eight major anticlines and seven
synelines, with a few minor folds. The courses of the axes of folding were all located
and traced across the area surveyed.
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The following list of anticlines and synclines, gives the order in which they occur
along Lahave river from West Ironbound island to Bridgewater, together with the
gold mines situated along the anticlines:—

Moser Island anticline.
1. Spectacle Island synecline.
Dublin Shore anticline. The Ovens gold mines.
2. South Parks Cove syncline.
Park Creek anticline.
" 8. North Parks Cove syncline.
Pentz Section anticline. Indian Path mine and Somerset gold discovery.
4. Middle Lahave syncline.
Wentzel Lake anticline.
5. Pleasantville syneline,

Juniper Brook anticline.
6. Upper Lahave syncline.

Conquerall Bank anticline. Dares Lake gold discovery.
7. Dayspring syncline,

Bridgewater anticline. Leipsigate and Bloakhouse gold mines.

As already stat.e‘d, the greater part of the area is occupied by the Halifax slate
division. The Goldenville quartzite is brought up to the surface only in the south-
western part of the Lunenburg sheet, where the Dublin Shore anticline and the Pentz
Section anticline have a pronounced pitch to the eastward, forming two prominent,
broad domes of quartzite extending southwesterly beyond the limits of the area
examined.

The southern dome of quartzite begins on the sea-shore half a mile east of West
Dublin post-office, spreads out in a broad circle and extends southwesterly on both
limbs of the Dublin Shore anticline, including Green bay with the inner part of Cape
Lahave island on the south, and the mouth of Petite Rividre and the head of Broad
cove on the north.

The northern dome of quartzite begins 8 miles to the northwest of the aouthem
one, on the eastern side of Petite Riviére, 1 mile east of Crouse Town post-office, where
it eireles around Brown lake on the eastern pitch of the Pentz Section anticline; the
south limb extends southwesterly toward Vogler cove, and the north limb westerly
toward County Line station on the Halifax and Southwestern railway.

On these two domes the interstratified slates, at certain horizons, are in much
greater volume than the quartzites, especiall¥ near the top of the division, where they
attain a great thickmess. The line of demarcation between the two divisions is thus
not nearly so well defined in this district as it is in the eastern part of the Province,

" the passage from quartzites to slates being more gradual.

Igneous Rocks.

The only igneous rocks observed wemse four dioritic dikes on the Ovens peninsula,
The dikes are well exposed on both the east and west side of the peninsula, at a
distance of a quarter of a mile south of the Ovens gold mines, and immediately south
of the old mill of the Acadia Gold Reduction Company, still standing on the eastern
shore of the point. All four occur within a distance of 250 feet; they vary in width
from 8 to 9 feet, and are generally conformable in strike and dip with the stratifica-
tion of the slates, though in many cases, they distinctly eut across them. The only
other instance of a basic eruptive occurring in the Goldbearing rocks along the coast
is at Tangier, where a dike cuts across the sediments at right angles to their strike.
Tn the Gaspereau valley and its v1cm1ty many similar dikes have also been observed
intruding both t.he Goldbearing series and the SIlunan
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Glaciation.

The entire area must have been covered with moving ice at the time of the glacial
period. The general course of the ice, as indicated by strim, was toward the south
and southeast, conforming to the directions of the valleys of Lahave, Petite Rividre,
and other main streams, and to the general trend of the hills, ®lacial drift, largely
made up of till, with granitic boulders, and of debris transported from South moun-
tain, covers most of the hills. Debris of amygdaloidal traps and other characteristic
basic eruptives from North mountain on the Bay of Fundy coast, was also observed
at many places, showing that at some period, at least, the ice field moved across the
whole Province,

ECONOMIC GEOLOGY.
Grold.

The slates of the Halifax division of the Goldbearing rocks are generally con-
sidered by the miners to be much less likely to bear auriferous veins than the
quartzites and slates of the Goldenville division, because, so far, no important mine
has been located on them anywhere within the Province; except at Caribou. Rich
veins have been found in them, but these were generally small and irregular, and
without the uniformity and extent of those oceurring in slate belts lying between
rigid walls of quartzite. It may be remarked, however, that in the eastern part of the
Province, on account of the deep glacial erosion, the slates of the upper division
seldom occur along the anticlines, and much less often on the domes which are the
only favourable places for the formation of gold-bearing veins.

In the region under study, every one of the eight anticlines occurs in the slate of
the Halifax division, and only two of them have brought the quartzites to the surface,
namely, the Dublin Shore and the Pentz Section, where these rocks occur at the
- southwestern .end of the anticline. The Dublin Shore anticline passes through the
‘Ovens’ gold distriet, and the Pentz Section anticline passes through the Indian
Path gold distriet and the Somerset gold discovery. Special detailed surveys hawe ~
been made of the gold mining districts of the Ovens and Indian Path, but a report
on the structure of these districts must be deferred until all the surveys are plotted
and compiled.

Somerset Gold Discovery—On May 20, 1905, rich ‘float’ gold quartz was dis-
covered by Nathaniel Slaughenwhite of Italy Cross, at Somerset, on the west side of
Petite Rividre, one mile south of A. Slaughenwhite’s house, at the south end of Beach
hill. The quartz is dark, ribboned, and striated, indicating that it came from an inter-
bedded vein having a thickness of about 10 inches. During the following two summers
a surface pit was sunk 63 feet north of the first discovery through 26 feet of drift to
the bed-rock, and a tunnel was driven north for 57 feet, on the bed-rock. No float of
the rich ribboned quartz was found in this exploratory work. This may have been
due to the fact that the discovery is situated on the eastern pitch of a broad anti-
clinal dome of quartzite and slate, where the veins, conforming to the stratification,
have a general north and south direction. KEast-west, or at right angles to the prob-
able direction of the vein, should, therefore, be the more promising direction for
exploratory tunnelling,

The same rule should be applied in prospecting at the Augustus Reinhardt dis- _
covery of rich gold float, similarly situated on the same anticlinal dome, aboit one
mile west of the Slanghenwhite discovery.

Iron Ore,

Some of the dark, rusty—weathéring slates’ of the Halifax division are heavily
charged with iron pyrites, generally oceurring in small cubes distributed through the
rock, or in massive form along the bedding planes. From the decomposition of these
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slates have originated deposits of bog iron ore found in various low, swampy places,
along rivers, and about lakes. Several such deposits were observed, notably along
both banks of Lahave river, and on the hill extending to the north of Kingshury to
Rose point. It is doubtful if any of these deposits are of sufficient extent and depth -
to be of commercial value, but they might be worth investigating, as thsy are nearly
all situated within easy reach of good shipping points.

Limestone and Gypsum.

The presence of limestone on Second peninsula appears to have been generally
overlooked by the present inhabitants, though it was certainly known to the earlier
French settlers, who had a limekiln on Limestone hill, opposite the Government
wharf, and one on Goreham point, once thickly settled by the French.

Gypsum was not observed anywhere, but several large funnel-shaped ¢sink-holes’
were located on the Second peninsula, on the farms of John Young, George Acker,
and Freeman Berringer, testifying to the occurrence of deposits under the heavy
drift covering. As these deposits of limestone and gypsum are quite close to the
Government wharf, where good shipping facilities are available, they may prove of
commercial value.

Clay.

Extensive A=posits of alluvial clay occur at many places along the low, swampy
intervales, ana glacial clay, largely made up of granite debris, is abundant on many
hills. Samples of some of the more promising clays were collected for examination
as to their value for brick making.

A brick-yard was in operation about 65 years ago near Lunenburg, at the Salt-
pit wharf on the south shore of Back harbour. It is reported that bricks were also
made by the early French settlers on Brick hill, situated on Goreham point on Second
peninsula.

ARCHEOLOGY.

Indian implements, including arrow-heads and spear-heads, flint, and pieces of
earthenware, have been found on Backman beach on the north side of Second penin-
sula, and at other places along this part of the coast. Specimens of these are on
exhibition in a small museum in the town hall at Bridgewater, and in the archmo-
logical collection of the provincial museum at Halifax.
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THE CLAY AND SHALE DEPOSITS OF NOVA SCOTIA, AND PORTIONS
OF NEW BRUNSWICK AND PRINCE EDWARD ISLAND.

(Hesinrich Ries.)

The investigation of the shale and clay deposits in the above-mentioned region
occupied the summer of 1909, The writer was assisted in the work by Mr. Joseph
Keele. The object of the study was to ascertain, as far as possible, what geological
formations were clay and shale-bearing, and which of these deposits were adapted to
the manufacture of clay products,

With this end in view, the clay and shale deposits were examined as thoroughly
as was possible, in the time at our disposal; and samples were collected for testing
in the laboratory. The last was an important part of the work; since one can tell
but little from the appearance of the material in the field. .

The different brick plants in operation were also visited, and samples of their
product taken for crushing, transverse, absorption, and freezing tests.

NOVA SCOTTA.

The geologic formations of Nova Scotia range 'from the Pre-Cambrian to the
Triassie, and they are overlain nearly everywhere by a mantle of pleistocene material
of variable thickness. ] '

In certain formations the character of the material is such that, there is little
probability of its being of any value to the clay-working mdustry, and thege are con-
sidered first.

Formations of No Probable Value to the Clay-worker,

Pre-Cambrian.—This consists of crystalline rocks of either igneous or metamor-
phic character, which underlie a large portion of southwestern and southern Nova
Scotia proper, and a large part of northern Cape Breton, as well as scattered areas
in southeastern Cape Breton. None of the Pre-Cambrian rocks are of plastic char-
acter, nor do they become plastic when finely ground. They have no doubt been
weathered to residual clays in the past; but these have probably been removed by
glacial action. Only one deposit of residual material came to cur attention, and this
was a pocket on Coxheath mountain, near Sydney, the clay there having evidently
been formed by the decomposition- of a light coloured felsite, which oceurs in some
abundance in that region. The clay deposit is too small to be of any economie value.
In recent years several attempts have been made to-utilize this rock in the manufac-
ture of firebrick, but up to the present time they have not been successful. Unfor-
tunately some persons have promulgatad the idea that, the felsite could be used by
itself for brick manufacture; but this is impossible, since the material is lacking in
plastieity, and could not be utilizod unless some bonding material was mixed with
it. If a good fireclay could be found in the neighbouring Sydney coal field, i might
serve as a binder for the felsite,

It is possible that veins of feldspar or quartz, of sufficient purity and thickness
to be workable, might be found in the Pre-Cambrian area, but diligent inquiry failed
to discover any. _

Silurian.—The rocks of this system underlie a narrow area on the south side of
the Annapolis valley, and irregular areas in the eastern half of Pictou and northern
Jalf of Antigonish counties. They are economically important because of the deposits
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of iron ore which they contain. Associated with these are somewhat extensive beds
of shale, but most of them are rather slaty in their character, and of exceedingly
doubtful value for the manufacture of clay products. On weathering they might
produce plastic clays, but even so, the majority of them would be rather ferruginous.
A few samples were collected for testing, in order to definitely determine their value.

Devonign.—The Devonian rocks underlie a narrow belt of irregular width extend-
ing through the central part of the Province, and underlying some small areas in
southwestern Cape Breton, to the northeast and southwest of St. Peter bay, as well
as on the northeastern side of the Straits of Canso, near Hastings.

These rocks were examined at a number of localities, and were found to be either
too schistose in their character, or where of argillaceous nature contained too much
silica, present either as disseminated sand in the shale, or interbedded sandstone
layers. Were it not for the sandstone layers, the material, though siliceous, could no
doubt in some cases be used for brick manufacture.

Permian.—This underlies a discontinuous area extending from Chignecto bay
eastward along the north shore to a little beyond Merigomish harbour. No shales of
any value were found in it. :

Triassic.—The Triassic rocks form one belt following the Annapolis valley, and
another one along the north shore of Cobequid bay, tapering out east of Truro. They
are usually sandy in their character, and not to be looked upon as a source of either
clay or shale.

Important Clay-bearing Formations.

From what has been said above, it will be seen that the formations likely to yield
elay or shale deposits of value must be the lower Carboniferous, Millstone Grit, Coal
Mesasures, and Pleistocene. These are ‘few in number, but nevertheless they underlie
areas of considerable size. '

Lower Carboniferous.—Underlying, as they do, a rather extensive area in central
Nova Scotia, and another one in Cape Breton, it is to be regretted that the lower
COarboniferous rocks have not been more widely looked into by clay-product manufac-
turers. The formation is, however, somewhat variable in its character, carrying, as it
does, beds of shale, conglomerate, gypsum, and limestone. Those shales closely asso-
ciated with the gypsum beds may be of value for common brick manufacture,
although they frequently contain considerable quantities of impurities, such as
gypsum nodules, concretions of iron carbanate, or sandy streaks, At some points
though, as near Pugwash, the shale occurs in large beds, and works up well to a
plastic mass: the more so as it is slightly weathered. At that locality it supports one
of the most active and best equipped brick plants in the Province.

Northeast of Shubenacadie, also, promising shales were found in the lower
Carboniferous, while in the so-called limestone series around Sydney there were found
a number of beds which appear promising for brick manufacture, provided the sand-
stone layers do not occur too thickly.

Millstone Grit.—This is well exposed in the area north of the Coal Measures in
the Joggins distriet; north of the Pictou Coal Measures; south and southeast of
Hawkesbury; and west and southwest of the Sydney coal field.

One cannot prediet the universal distribution of promising clay or shale beds in
the Millstone Grit, but small beds are not uncommon. Unfortunately, outcrops are
searce in many of the areas underlain by the rocks of this age, which increased the
difficulty of finding clays or shales in it. Several deposits of fair importance were
seen, and may be referred to in passing. In the Sydney region, a pit has been opened
near the Steel works, exposing a bed of soft bluish shale, not less than 5 feet in thick-
ness. A second deposit oceurs near the coke oven plant of the Dominion Iron and

26—16
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Steel Jompany, and a third one outcrops along the east ehore of Sydney harbour, near
Victoria Mines post-ofice. Although the tests of these have not yet been completed,
it is highly probable, that they represent a grade of material considerably higher than
brick clay. .

In the Pictou coal region, a rather heavy bed of mottled, shaly clay has been
found northeast of Woodbourne station, on the Intercolonial railway. Preliminary
tests have shown its adaptibility to the manufacture of pressed brick. It may be said
here, that there is some doubt as to whether this bed lies in the Millstone Grit or
Permian conglomerate, but the former view seems the more reasonable.

The Millstone Grit containe at least one shale bed of %ome thickness in the
Jogging area; but it is probably of red burning character.

Coal Measures.—These represent the most important clay and shale-bearing
formations of Nova Scotia, and were carefully examined in the several areas in which
they occur. The largest is the Sydney field, of Cape Breton, and extends from the
Big Bras d’Or channel to Cow bay, with only one important interruption, at Cape
Percy on the northeastern shore of Cow bay, where the Millstone Grit cuts out the .
Coal Measures, '

Owing to the almost uninterrupted line of cliffs which fringe the shore-line, a
fine series of exposures was obtained. The Sydney coal field is eut into several parts
by somewhat deep northeast-southwest bays; which has rendered it difficult for
gealogists to correlate the sections of the several subdivisions of the field. It can be
said that the coal seams are interstratified with a series of shales and sandstones.
These are bent into a number of gentle folds, forming the bottom of a broad trough
which dips out under the sea. Throughout the field, therefore, low dips prevail. This
gives the .beds broad outcrops, but still the dip is sufficient to carry the bed rapidly
under cover. Toward the northwestern and southeastern parts of the field the sand-
stone beds predominate, and the shales are of poorer quality, but in the central portion
the shales are‘as abundant as the sandstones. The shales themselves range from
smooth, fine-grained, plastic ones, of grey or red colour, to others which are guite
siliceous in their character, and of doubtful value. One important deposit is found
underlying a large portion of Cranberry head, near Sydney Mines. It is a smooth,
greyish ghale, and may prove of value for vitrified wares. In the final report it will
probably be referred to as the Cranberry Head type, as it appears at a number of
points. A second type found at a number of localities in the Nova Scotia Coal
Measures is a somewhat soft, reddish shale, well exposed along the shore just west of
Cranberry head. Not a few of the shale beds are rather siliceous in appearance and
touch, and it would be unwise to express any definite opinion on them until the tests
have been completed.

It seems curious that up to the present time these shales have been completely
overlooked; and while it is true that they do not occur in deposits of great thick-
ness, still they are easily accessible, and are capable of supplying a considerable
quantity of raw material.

Numerous references to fireclays in the Sydney field have been published; but
as far as we were able to agcertain, this region does not contain any high grade fire-
clays, although some of them may prove to be low grade. TUnfortunately most coal
miners have formed the habit of calling any under clay’ a fireclay.

Pictou Field—In this field there are numerous shale beds associated with the coal
gseams, but they are best developed in the central portion of the area, and the most
important known up to the present time are higher up in the section than the coal
beds. Many of these shales when ground and mixed with water are of strong plas-
ticity, but they unfortunately contain such a high percentage of carbonaceous matter
as to require great care in burning, and some of the shale beds are too high in car-
bonaceous or petroliferous matter to be used at all; while others have to be avoided
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on account of the abundant siderite concretions; but in spite of these disadvantages,
the field is an important holder of commercially valuable shale deposits. Inf some
parts of the section, as along Coal creek, south of the Allan shaft at Stellarton, the
beds of shale are occasionally quite free from earbonacecus material. In only one
instance is an under clay worked, viz., at the Drummond colliery at Westville, where
a hard shale is mined for the manufacture of bricks. The most important utilization
of the shales is near New (lasgow, where they are made into commeon and pressed
brick, flue linings, sewer pipe, and drain tile. Pleistocene drift clay is sometimes
added to the pipe mixture.

Inverness Field.—This small field carries a number of shale beds associated with
the coals, but few of them are of great thickness; indeed, none of them are equal in
volume to those worked in the Pictou area. A good bed outerops on the shore a few
hundred fest south of the dock, and a plastic shale is said to underlie the 7 ft. coal.
Most important, however, is the bed of grey, plastic clay which overlies the 13 ft.
seam, and is found at several points where that seam is cut through by streams. It
is, probably, a No. 2 fireclay, and varies in thickness from 18 inches to 3 feet. If the

tests prove it to be of refractory character, it would be practieable to work it in con-
nexion with the coal.

Port Hood Field—Here, too, there are scattered shale occurrences in both the
Millstone Grit and Coal Measures; but the most important is along the shore a short
distance north of Judique harbour, where a bluish-grey shale, with a vertical dip, and
about 8 to 10 feet thick, outcrops for some distance along the shore.

Joggins Area—This field contains a number of thin shale seams interstratified
with sandstone in the Coal Measure rocks, but few of them are of any thickness. The

most important, perhaps, is south of McIntyre brook ; while a second ome, of possible
value, underlies the coal seam at Joggins.

Pleistocene (lays.—These may be roughly divided into two classes: (1) glacial
elays, usually of stony character, but very plastie, tough, and red burning; and (2)
marine elays, often strongly laminated, but also quite plastic and red burning. These
two types of clay are rarely used for anything but drain tile and common brick. A few
pressed brick are made from them, and the smoother ones could be utilized for the
manufacture of common ornamental terra-cotta and cheap art pottery, The marine
clays are best developed in the Annapolis and Shubenacadie valleys, while the stony,
glacial clays are worked mainly in the Cape Breton region.

A most remarkable clay, and one of undetermined age, is that found at Shubena-
cadie and in the Musquodoboit valley. The material is a highly plastic clay, of dark
grey, white, or mottled red and white colour, lying beneath the glacial drift, and
resting, possibly, on bed-rock. Its thickness, as indicated by a series of borings made
by Mr. Keele, ranges from 7 to probably 50 feet. Scattered lumps of lignite were
found in the clay at Shubenacadie, and it is hoped that the age of these can be
determined.

Tt is exceedingly difficult to determine the exact area underlain by this deposit,
owing to the heavy mantle of glacial drift covering the region; but the fact that the
material is found at several points extending over a distance of 7 miles, indicates its
probable extent, unless some of the masses Have been pushed along with the drift.
Borings could, of course, only be made at those points where the drift cover, was thin
or absent. :

The clay burns to a eream calour, and fairly dense body at a comparatively low
temperature. It is at least semi-refractory in its character, and may prove to be a
stoneware clay. Some test bricks were made from a carload lot of this clay, taken
from a shaft sunk in-the deposit at Shubenacadie.

Tt is safe to say that nothing like it has been found elsewhere in Nova Scotia,
and its resemblance to some of the Cretaceous fireclays of New Jersey is striking.
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NEW BRUNSWICK.

As most of our time was required for the examination of the Nova Scotia clays,
but little of the field season was left for New Brunswick. Several localities were
examined, and the following is a condensed statement of the results.

In the vicinity of Albert Mines, in Albert county, there are some very promising
beds of Devonian shales, which are probably of red burning character. In the event
-of the oil-shales at that locality being developed, these shales will be of importance
for brick manufacture, but aside from this, they may prove to be of value for making
pressed brick to be shipped to other markets, Nearby there are also red burning
shales of lower Oarbomferous age. Some of the latter are located along the line of
the railway.

Many shale deposits, some of which may prove to be of refractory character, are
associated with the coal deposits around Minto and Chapman, northeast of Grand
lake. Similar shales underlie and overlie the coal 12 miles southeast of Hareourt.

Marine clays are worked for common, and some pressed brick, at both St. John
and Fredericton.

\ PRINCE EDWARD ISLAND.

The only clay resources of Prince Edward Island are of Pleistocene age. Common
brick clays are found at a number of points, but are worked to but a slight extent.

CLAY WORKING INDUSTRY.

Up to the present time, the clay deposits of Nova Scotia have been but little
developed. (UJommon brick are made at Annapolis, Middleton, and Avonport in the
Annapolis Valley region, and at Shubenacadie, and Elmsdale in the Shubenacadie
valley. Other yards are in operation at Sylvester, New Glasgow, Pugwash, Eden
Siding, and Mira River. In most cases these are operated to supply a rather local
demand, although the Annapolis and Pugwash brick are sometimes shipped some
distance by water. Common pottery is made from the smoother sections of the surface
clays south of Elmsdale. , Most of the common brick yards re-press a few brick. A
hard brick, known in the trade as a ﬁrebriek, but not really such, is made from the
Carboniferous shales at Westville. Sewer pipe, flue linings, and drain tile are made
from the shales at New Glasgow; and some drain tile are manufactured m the
Annapolis valley by the same firms that produoe brick.

It will be seen, therefore, that there is considerable room for expansion., If such
development occurs, the markets will be mainly outside of the Province: except for
common brick. At present the buildings in that region are constructed mainly of
wood; but as the supply of this becomes scarcer and more expensive, brick must be
utilized as a substitute. Ior outside markets, the plants should be located as near to
water as possible, to avoid rail shipment,

It is hoped thaat the studies of the samples now being carried on will demonstrate
the value of the clay and shales for making pressed brick, vitrified brick, earthenware,
and perhaps stoneware, sewer pipe, ete.
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CLAYS AND SHALES IN THE MARITIME PROVINCES.
(Joseph Keele.)

Having received instructions to assist Dr. Heinrich Ries in an examination of
the clays and shales of the Maritime Provinces, I left Ottawa on June 15, and pro-
ceeded to that region. After reaching the field, a few days were spent in company -
with Messrs. Ells and Fletcher, familiarizing myself with the stratigraphy of certain
of the rock formations in which beds of shales are most abundant. On June 25, I
joined Dr. Ries at Halifax, and we went to the Sydney coal field; from which point
we had decided to begin the season’s work. : :

The work consisted of prospecting for clays and shales suitable for use in the
various branches of the clay industry; and in visiting the localities where these
materials are already known to occur.

About 100 samples were collected from different localities; and shipped to Ottawa,
for examination, and subjection to the-usual series of tests, with a view of deter-
mining their utility.

In order that the samples should represent the average value of each deposit, the
{ollowing method of collecting was adopted. When a bed of shale or clay was found
which appeared to be of economic importance, and had a scarped face, a trench, deép
enough to reach bélow the weathered surface, was dug completely across the face, at
right angles to the bedding. The fresh material thus exposed was then broken down,
and about 60 pounds taken as a sample.

The thickness of the deposit; the ease with which it might be mined; and its
. gituation with regard to fuel, manufacturing, and transportation, were also considered
in estimating the economic value of an occurrence.

Small samples of a few pounds’ weight were taken from beds or deposits of less
importance, or in certain cases to supplement the large samples taken from important
deposits. .

A light boring apparatus, consisting of a set of 1} inch augurs, which could be
attached to about 30 feet of jointed piping, was used for testing deposits of surface
clays where no face was exposed. A core could be drawn with this instrument, giving
a complete section deep enough to prove the value of a deposit.

The greater part of the season was spent in company with Dr. Ries on the areas
referred to in his report; but several journeys were made by the writer alone to other
areas where clays and shales were known to occur. The localities visited were: River
Denys, Guysborough, Arisaig, and Parrsboro, in Nova Scotia; also Albert Mines, and
the Grand Lake coal area in New Brunswick. The Grand Lake area appears to be
the most important of these localities, since there, an abundance of plastic shales—
which may prove useful in the manufacture of brick and tile—oceur in the Coal
Measures. In mining the coal in this district, it is necessary to remove about 8 feet -
in thickness of accompanying shale, and great heaps of this material lie weathering
on the surface at the different mines.

The principal mining operations are carried on at the village of Minto: the
terminus of the New Brunswick Central railway.

A mine opened this summer near the shore of Salmon bay—about 7 miles east
of Minto—has a good bed of underclay, which could be easily worked in connexion
with the coal. The construction of the new Transcontinental railway through this
region has revealed a very promising bed of plastic shale, at least 5 feet thick, lying
close to the surface, at Chipman station, about 15 miles east of Minto.
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After the departure of Dr, Ries from the field, the writer was directed to make
borings on some important clay deposits situated in the valley of the Musquodoboit
river, and at Shubenacadie in the Province of Nova Scotia. About two weeks were
spent at this work, and a great deal of information was obtained regarding the extertt
and character of these clays, which will be more fully deseribed in the final report.

The clay in the Musquodoboit valley underlies glacial drift; but is exposed at
several points along the river, and on some of the brooks which have cut down to it
through the overlying drift. The deposit is extensive, and may be traced for a dis-
tance of 7 miles along the valley; its width is unknown.

The borings at Middle Musquodoboit afforded a section of, at 1east-, 50 feet; clays,
silts, and sands with fragments of lignite. The beds are irregular both in vertical and
lateral directions, and the prevailing colour of the clay is a mottled red and grey; but
there are several beds of both light and dark grey colour, without any admixture of
red. Tt is said by some pottery manufacturers who have examined it, to be a good
stoneware clay; but whatever value in the clay industries the tests now bemg made
may indicate, it is not commercially available at the presant time, as it is situated
about 15 miles from the nearest rzulway.

The deposit at Shubenacadie is crossed by the main line of the Intercolonial rail-
way, and has been worked to a limited extent in the manufacture of stoneware. The
clay is mined at present from a shaft sunk about 50 feet east of the railway track, and
about a quarter of a mile south of the railway station. About 20 feet of drift overlies
the clay at this point, the workable bed being about 10 feet thick. A boring at the
bottom of this ahaft showed 16 feet of grey silty elay. This was as deep as could be
penetrated.

The upper surface of this underlying clay is also undulating, and does not
conform to the present land surface; for at a distance of 200 feet north of the shaft
the clay is found at less than a foot below the surface; the intervening ground being
level. On the west side of the railway the ground rises slightly, and opposite the
shaft, the clay was found to be from 9 to 13 feet below the surface.

In an endeavour to trace the extent of the deposit, a number of borings were made
around the village of Shubenacadie; but most of these did not reach the clay, owing
to boulders in the drift covering, Borings for water show that the deposit underlies
most of the ground occupied by the village; but the amount of overburden is at most
points too great to permit of it being worked. The colour of the clay is almost uni-
formly lead-grey; but it bleaches to a light grey or dirty white on exposure to the
atmosphere, and there is no red colour present. The beds show the same alternation
of clays, sands, and silts as those in the Musquodoboit region; but there appears to be
more lignite present in the Shubenacadie deposit.

These deposits are of great geological interest: for, as far as we are aware, there
are no similar ones anywhere else in eastern Canada. Dr. Ries has suggested a
possible correlation for them in his report.
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WATER AND BORINGS BRANCH.
(Elfric D, Ingall.)

The routine of collecting the geological data, rendered available through borings
made throughout the country, has been prosecuted throughout the year. It is regret-
able, however, to have to report that the response on the part of operators has not been
what it should have been.

Apart from the collection of this new material, progress has been made in assem-
bling and compiling information relating to the subjects dealt with in the prosecution
of the work, from a wide range of literature descriptive of the:geological formations
of Canada and related portions of the United States.

The intelligent prosecution of any boring, whether made in search of water, gas,
oil, salt, coal, or any other substance exploitable by this means, calls for very varied
information; not only as to local details of the geological column to be bored through,
but as to the broader geological conditions of the region.

It is also of importance that information should be available as to the difficulties
encountered during the progress of previous borings made in the distriet, and as to
the indications then encountered of the presence or absence of useful mineral sub-
stances.

Account must be taken of the experience gained elsewhere in apparently similar
formations and under like conditions, also of the probable causes operating in the
origination and distribution of workable bodies of the minerals sought.

In order to aid the drillers in the planning of their ventures, it is mecessary to
. compare and correlate the information so that it can be rendered available. This will
involve the Branch in an undertaking which will consume much time apart from that
necessarily absorbed in. the routine of collecting fresh boring records and samples of
drillings; recording, filing, and studying them, and the preparation of this material
for publication. In view, then, of the small means at command compared to the
necessary extent of the work, and of the manifest benefit to accrue to the drillers and
others interested, a strong plea is again made for the hearty and prompt co-operation
of all those engaged in this line of business.

A slight consideration of the subject will surely bring convietion of the greet
utility of a central office, which will record, compile, and interpret all boring records,
and thus render available the general conclusions to be drawn from such a mass of
data. It will be evident, also, that this can be done without publishing-the records °
received from any operators who desire to keep their results confidential.

During the greater part of the year, J. A. Robert acted as assistant, helping very
materially in the inauguration of the system for filing and recording the records and
drillings received, and in the classification of data relating to borings, ete., scattered
throughout the official literature, as well as in other ways.



248 GEOLOGICAL SURVEY

9-10 EDWARD Vli., A. 1910

SECTION OF MINERALOGY.
(Robt. A. A, Johnsion.)

The work in the mineralogical section has been of the same general character as
that of last year. There has been a marked increase in the number of inquiries of a
technical character regarding Canadian minerals. These, in the main, have been
made personally, and no record was kept of them; the replies to them, however, have
taken up a great deal of time. Over 600 specimens have been received, examined, and
reported upon.

The Educational Collections have, as heretofore, received careful attention, in
order to maintain the standard to which they have been brought. In the case of one
or two varieties used in these collections, we have been disappointed in securing
gupplies. It is hoped, however, that this dificulty will be soon cvercome, and that the
omissions from collections sent out last year may be filled. There huve been frequent
inquiries for a collection suited to the needs of the Continuation Classes of the publie
schools, and other classes of the same general character, To meet these requirements,
a new collection has been arranged, to be known as Grade 2: and consists of 82 of
the more common minerals, and 12 of the more common rocks. For this collection
a new case has been designed. A number of these have been distributed, and are
meeting with a good deal of approval amongst teachers.

Very considerable additions have been made to the Museum collection, as will
be seen from the accompanying lists. Much of the eredit for these is due to the efforts
of Mr. R. L. Broadbent, who, in February last, was entrusted with the duty of making
a collection of minerals from British Columbia and Yukon, for the Alaska-Yukon-
Pacific Exposition at Seattle, Washington, U.S.A. These specimens are now the
property of the Museum, and are being stored, pending the completion of the Victoria
Memorial Museum building. Mr. Broadbent’s report will be .found appended hereto.
The list of specimens collected by him in this connexion is given separately; for the
reason that it seemed desirable to make a more easily available record of it than could
otherwise be made. Previous to his departure for British Columbia in February, he
was engaged in the general work of recording and labelling specimens for the Museum.

Some important additions have also been made to the collection of foreign
minerals, mainly through the medium of exchanges. This collection is becoming
increasingly useful in directing the efforts of prospectors and others in their search
for economic minerals,

Mr. A, T. McKinnon has continued to render faithful and efficient service in
collecting and preparing material for the Educational Collections. The packing and
shipping of these collections has also been superintended by him. Between June 5,
and October 5, he was engaged in collecting materials at various loealities in the
Provinces-of Ontario, Quebee, New Brunswick, and Nova Scotia, during which time
he secured over 14 tons of selected material for use in the collections,

Acknowledgments are due to the following gentlemen for much kindly advice in
respect of localities, and in many instances for free contributions of material: M.
M. J. O’Brien, Renfrew, Ont.; Mr. J. J. Fowler, Ottawa, Ont.; Mr. Bush Winning,
Ottawa, Ont.; Dr. F. D. Adams, Montreal, Que.; Mr. John Cherry, Perth, Ont.;
Mr. Wilson Bailey, and Capt. Wallbridge, Madoe, Ont.; Mr. Andrew Hamilton,
Lascelles, Que.; Mr. S. J. McMeekin, Ottawa, Ont.; Mr. Chas. J. O’Connor, Long
Point, Ont.; Mr. Wm. Stephens, Tennycape, N.S.; Mr. John Higson, Stellarton,
N.S.; Mr. M. B, Spears, Pusey, Ont.; Mr. Ezra Churchill, Walton, N.S.; Mr. C.
Noble Crowe, Lake Gieorge, N.B.; Mr. Harry Piers, Halifax, N.S.
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Collections were distributed during the year, as follows:—

STANDARD COLLECTIONS.

Provinogs,

Grade 1. Grade 2.

0w Broamawiek . ... .oiciiiiiiiiiaiians sreienicsesrsascionts i PR
Nova Scotia. .
Onvario. ....
uebec. ., . e
askatchewan..... ................. S e R R g i Ay

¥

To foreign institutions...... ...ooover cvviiieinins o .

Special collections totalled 1,152 specimens.

Mineral chips, in sets of about 45 different kinds, were distributed, as follows :—

ProvINCE.

Ll -]

The following additions have been made to the Museum collection.
DONATIONS.

Mr. A. L. Ogilvie, Ottawa, Ont.:—
Silver ore, from the Lucky Godfrey mine, township of Willet, Nipissing
district, Ontario.
T. L. Willson, Ottawa, Ont.:—
A series of electro-metallurgical products,
Mr. John J, Caley, North Bay, Ont.:—
Cale sinter, from Trout lake, 20 miles north of Nemego station, Algoma
district, Ontario.
Capt. Gilchrist, Ottawa, Ont.:—
Asbestos, Bell Asbestos mine, Thetford, Que.
Mrs. Angeline Lafrance, Montcerf, Que.:—
Infusorial earth, Montcerf, Ottawa county, Que.
Mr. Thos. Morrison, Baneroft, Ont.:—
Two slabs of marble from Bancroft Marble quarries, Dungannon township,
Hastings county, Ont.
Mr. Wm. Mulligan, Sand Point, Ont.:—-
Green diopside, Fitzroy township, Carleton county, Ont.

AR Y
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. Mr. J. B. Black, Windsor, N.8S.:—

Mountain leather, West Oolchester, N.S.; partially inspissated bitumen, East
Hants, N.S.
Rev. J. A. Mauseau, St. Felix de Kingsey, Que.:—
Broken crystals of white translucent quartz, from lot 8, range III, Kingsey
township, Drummond county, Que.
Mr. W. 0. Hamilton, the Leitch Collieries, Passburg, Alta.:—
Inspissated bitumen in caleite, from section 6, township 7, range 2, west of
the 5th meridian. )
Mr. R. H. Stewart, Moyie, B.C., per R. L. Broadbent :—
Pyromorphite, from the Society Girl claim, Moyie, East Kootenay, B.C.

Mr. F. Soues, Clinton, B.C.:— -
Native arsenic with a little realgar in erystalline dolomite, from Watson Bar
creek, Fraser river, B.C.; mispickel in quartz, Watson Bar creek, Fraser
river, B.C.
Lake Copper Mining Company, New (Hlasgow, N.S., per R, W. Ells:—
Copper ore (chalcopyrite and pyrite with ankerite), from the Polson Lake
mine, Antigonish county, N.S.
Mr. A. Gracey, Nelson, B.(.,, per R. L. Broadbent:—
Scheelite and tungstite in quartz, Kootenay Belle mine, Nelson Mmmg divi-
sion, B.C.
Mzr. Ivan A. Bayley, Sydney Mines, C.B.,, N.S.:—
Mountain leather, from Lower Five Islands, Colchester county, N.S.

Mr. R. L. Clarke, per J. A, Dresser:—
Pyrite and chalcopyrite, from Weedon, Wolfe county, Que.

- Hon. H. R. E‘mmeraon, per H. M. Ami:—

Sixteen samples of crude petroleum, from wells at St. Joseph, Westmorland
county, N.B.; thirteen samples of crude petroleum,.from wells at Dover,
Westmorland county, N.B.

Mr. Thos. Watt, Pozerville, Alta.:—
Thenardite, Pozerville, Alta.

*Carborundum Oompany, Niagara Falls, NY —

Crystallized silicon.

Mr, Bush Winning, Ottawa, Ont.:—

Hematite in thin films assuming the crystal outline of the enclosing museco-
vite, Villeneuve mica mine, lot 81, range I., Villeneuve township, Labelle
county, Que.

Mx. O. J. Lutes, Tisdale, Sask.:—

Caleareous tufa, Tisdale, Sask.

Mr. Thos. Burgess, Ottawa, Ont. :—

Tennantite in dolomite, Breen’s farm, near Bulger post—oﬂice Renfrew
county, Ont. ’ s I
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Mr. W. T. Mason, Montreal, Que., per H. M. Ami:—

Mr.

Mr.

Mr,

Mr.

Dr,

Gold ore, from the Dr. Reddick claim, Larder lake.

Louis O. Hedlund, Hedley, B.C.:—
Specularite in quartz, Hixon creek, Cariboo district, B.C.

COLLECUTED BY OFFICERS OF THE DEPARTMENT OF MINES,

R. W. Brock:—
Gold ore, from Poorman mine, Nelson, B.C.; native copper, from south end

of Atlin lake, B.C.; copper ore, from the Stewart group of claims, Port-
lanid canal, B.C.; copper ore, from the Bear River camp, Portland canal,
B.C.; copper ore, from the Swede group of claims, Lockeport, Queen
Charlotte islands, B.C.; copper ore from the Klondike river; some miles
above Hunker creek, Yukon.

. A. M. Campbell, Ottawa:—
Specimen of scheelite in quartz from Waverley, Halifax county, N.S.

. D. B. Dowling :—
Coal, from the 4 ft. seam on the Kneehill Coal Company’s property, Carbon,

Alta.; coal, from the Russel elaim at the head of MecLeod river, Alta.;
lignite, from the Potter mine, southwest of Banff on the north bank of
Battle river, Alta.; five samples of coal, from the Brazeau river, Alta.;
coal, from the Pacific Pass Coal Company’s property, Little Pembina
river, Alwa.; coal, from the Saskatchewan and Alberta co]henes, Grassy
lake, Alta.

E. R. Faribault:—
Scheelite, from the Reynolds and MeCallum veins, Moose river, Halifax

county, N.S,

B. F. Haanel :—
Massive ilmenite with implanted erystals of the same mineral, from the town-

ship of Ham, Wolfe county, Que.

Eugene Haanel :—
Iron ore concentrates and briquettes, from the Coehill mine, Hastings

county; Calabogie, Renfrew county; Timagami, Nipissing district; and
Moose mountain, Algoma distriet, in the Province of Ontario.

. Joseph Keele:—
Clay, Mira brickyard, Cape Breton county, N.S.; shale, coast near Bara-

chois harbour, south of Low point, Cape Breton couinty, N.S.; shale,
between coal seams on coast near Low point, Cape Breton county, N.8.;

fireclay (so-called), Fraser’s quarry, Coxheath, Cape Breton county, N.S.;

shale, Coal Measures, Brooks brickyard, New (Hasgow, Pictou oounty,
N.S.; shale, New Glasgow, Pictou county, N.S.; fireclay, Drummond
colliery, Westville, Pictou county, N.S.; clay, Smalls brook, near Wood-
lawn station, Pictou county, N.S.; eclay, Miller'’s brickyard, Eden Siding,
Cape Breton county, N.S.; clay (with baddeckite), Baddeck, Victoria
county, N.S.; fireclay, dark band in, Shubenacadie, Hants county,
N.8.; clay, Shubenacadie, Hants county, N.S.; clay, Miller’s brickyard,
Shubenacadie, Hants county, N.S.; clay, Musquodoboit river at Middle
Musquodoboit, Halifax county, N.S.; clay, Murphy brook, Middle Mus-
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quodoboit, Halifax eounty, N.S.; clay, Diogenes brook, Denys river,
Inverness county, N.S.; clay, West river, Antigonish county, N.S.;
clay, from above coal seam, MecLellan brook, Inverness county, N.S.;
clay, from Coal Measures at Hussey Drift, Inverness county, N.8.;
clay shale, Port Hood, Inverness county, N.S.; clay, Shaw’s brickyard,
Middleton, Antigonish county, N.S.; clay, with sandy partings, Shaw’s
brickyard, Antigonish county, N.S.; clay, Annapolis brickyard,
Annapolis county, N.S.; clay, Joggins main seam, Joggins Mines,
Cumberland county, N.S.; shale, Pugwash, Cumberland county, N.S.;
clay, Moncton, Westmorland county, N.S.; shales overlying oil-shales,
south branch of Frederie brook, Albert Mines, Albert county, N.B.; red
shales, Weldon brook, Albert Mines, Albert county, N.B.; clay, Lee’s
brickyard, St. John, N.B.; clay, Mooney’s brickyard, St. John, N.B.;
shale overlying coal, Grand Lake coal basin, Queens county, N.B.;
shale, Pipe-line trench, National Transcontinental railway at Chipman
station, Queens county, N.B.; clay, Miller’s brickyard, Elmsdale, Hants
county, N.S.; clay, Enfield Pottery, Enfield, Hants county, N.S.; orna-
mental tile, Hornby brickyard, Charlottetown, P.EI.; firebrick, from
clay at Shubenacadie, Hants county, N.S.; firebrick, from underclay at
Shubenacadie, N.S.; silica-brick, made by the International Coal
Mining Company at Westville, Pictou county, N.S.; stiff mud brick,
Maritime Clay Works, Pugwash, Cumberland county, N.8.; stiff mud
brick, Miller’s brickyard, Shubenacadie, Hants county, N.S.; soft mud
brick, Middleton Clay Working Company, Middleton, Annapolis
county, N.8.; soft mud brick, underburned, Shaw’s brickyard, Avonport,
Kings county, N.S.; soft mud brick, well burned, Shaw’s brickyard,
Avonport, Kings county, N.S.; green brick, underburned, Shaw’s brick-
yard, Avonport, Kings county, N.S.; stiff mud brick, The Buckler
Brick Company, Annapolis, N.S.; stiff mud brick, John Lee & Company’s
brickyard, St. John, N.B.; stiff mud brick, re-pressed, Jochn ILee &
Company’s brickyard, St. John, N.B.; soft mud brick, Mira Brick
Oompany, Mira river, Cape Breton county, N.S.; brick, M. Ryan & Son,
Fredericton, N.B. '

Mr. W. W, Leach:—
Three samples of coal, from points near the head of the Skeena river, British
Columbia; a series of gold and silver ores, from the Skeena River
Mining division, Cassiar district, British Columbia.

‘Mr. O. E. Le Roy:—

Orystals of calcite, from the Granby m.mes, Phenix, B.C.
Mr. R. G. McConnell -—

- Nugget of native copper, Burwash creek, Yukon; limestone, from Texada
ieland, B.O.

" Mr. A. T. McKinnon:—

: Tetrahedrite in fluorite, from lot 1, concession IV, township of Madoe, Hast-
. ings county, Ont.; fluorite w1th incrustation of barite, from the same

. locality; celestite, £rom lot 2, concession VIII, township of Lansdowne,
"Leeds county, Ont.; agate, from Partridge island, Cumberland county,
N.8.; calcite, from. Five Islands, Cumberland county, N.S.; marble,

* from the township of Faraday, Hastings county, Ont.; quartz, musco-
vite, and uraninite, from the Villeneuve mine, township of Villeneuve,
Labelle county, Que.; .albertite, from Albert Mines, Albert county,
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N.B.; molybdenite and molybdite, from the township of Egan, Ottawa
county, Que.; diopside, from the township of Cardiff, Haliburton county,
Ont.; albite, from the township of Wicklow, Hastings county, Ont.;
blue calcite, from the township of Lynedoch, Renfrew county, Ont.;
staurolite, from Pubnico, Yarmouth county, N.S.; damourite and fluor-
ite, pseudomorph after tourmaline, from the Villeneuve mica mine,
township of Villeneuve, Ottawa county, Quebec; pentlandite, from the
Krean Hill mine, township of Denison, Nipissing district, Ont.

Mr. W. J. Wilson :—
Contorted crystals of apatite, from Carp, Carleton county, Ont.

Mr. M. E. Wilson:—

Auriferous quartz, from the Kerr-Addison mine—claim H.S. 165—Larder
lake, Nipissing district, Ont.

PURCHASES.

Gold nugget, from Slate creek, Dease river, Cassiar distriet, B.C.

The ¢ Big Skookum’ meteorite.—This meteorite was uncovered at a depth of 65
feet in the gold-bearing gravels on claim No. 7, Big Skookum gulch, Bonanza
creek, Yukon, by Mr. W. Kast, on January 21, 1905. It was exhibited at the Alaska-
Yukon-Pacific Exposition at Seattle, Washington, U.8.A., where it was secured by
Mr. R. L. Broadbent.

In form it is, roughly speaking, a block varying in thickness from 8 to 8 centi-
metres, and exhibiting an irregular pentagonal outline; it measures 29 centimetres
in length by 23 in width, and weighs 15.88 kilogrammes. The skin is well preserved,
is smooth and somewhat glossy, and has a brownish-black colour. The specimen is
exteriorly characterized by a number of broad and shallow depressions: one of which
has a breadth of 21 centimetres, with a maximum depth of 2 centimetres. In some
instances these depressions give to the edges of the specimen a more or less crescentic
form; ‘and they are further marked by abundant small pittings or pesographs. The
classification of this meteorite is as yet unknown, as it has not been cut into, much
less examined internally. By kind permission of Dr. James Bonar, the Deputy
Master, there has been executed at the Royal Mint, under the superintendence of
Mr. A. H. W. Cleave, a very fine model in metal, which has also been added to the
Museum collection.

The following additions have been made to the collection of foreign minerals.
DONATIONS.
Messrs. Powers, Weightman, and Rosengarten, Philadelphia, Pa., U.8.A.:—
Epsomite, from the vicinity of Oroville, Washington, T.S.A.

Mr. L. C. Morganroth, Pittsburgh, Pa., U.S.A.:—
Magnesite, from Hungary.

EXCHANGES.

Mr. W. A, Franks Gunnison, Colorade, U.S.A.:—

Carnotite and roscoelite, from Telluride, Colorado; rubellite with lepidolite,
from San Diego, California; sphalerite, from Joplin, Mo.; malachite,
from Uinta, Utah; stephanite with malachite and horn gilver, from
Pilkin, Colorado; scoria and pale amazonite, from Gunnison, Colorado;
lepidolite, from Cafion City, Colorado; native tellurium, from Vulean,
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Colorado; zircon, from Cache, Oklahoma; bornite, from Bisbee, Ari-
gona; copper ore, from the Copper Queen mine, Douglas, Arizona;
tourmaline in mieca, from Parkesburg, Colorado.

South Australian School of Mines and Industries, Adelaide, South Australia:—
Vanadic ochre, from ILeigh ecreek, South Australia; crocodite, from
Hawker, South Australia; ullmannite, from Gilles Bluff, Mount Lynd-
hurst, South Australia; carnotite, from Olary, South Australia; ataca-
mite, from Mutooroo mine, South Australia; blue corundum.in mica’
schist, from Mount Paynter, South Australia; magnesite, from Osmond
mine, Gilles Glen, South Australia.

Rhodesia Museum, Buluwayo, Rhodesia:—

Chrysotile, from Shashi river, Victoria, Mashonaland; musecovite, from
Selukwe, Rhodesia; microcline, from Selukwe, Rhodesia; barytes, from
Kwekwe river, near Gwelo, Rhodesia; semi-opal, from Buluwayo; epi-
dote in aplite, from Buluwayo; scheelite, from King mine, Umswezwe,
Rhodesia; amethyst, from Syringa, Rhodesia; wolfram, from Essexvale,
Rhodesia; auriferous pyrites, from Valley mine, Gwanda; chalcedony,
from Charter, Mashonaland; yellow ground, from Bembezi Diamond
Pipes; tourmaline in quartz, from Salisbury, Rhodesia; mispickel, from
Victoria, Rhodesia; stibnite, from (Gatuma, Rhodesia; molybdenite in
quartz, from Gadzema, Rhodesia; auriferous eopper-pyrites, from Valley
mine, Gwanda ; vanadite on bone breccia, from Broken Hill mine, North-
west Rhodesia; agate, from Charter, Mashonaland; copper-bearing
sandstone, from Kasempa, Northwest Rhodesia; chrysocolla, from North-
west Rhodesia; granular chromite, from Selukwe, Rhodesia; siliceous
sinter, from the Zongala geyser, Sibungwe, Rhodesia; compact chromite,
from Selukwe, Rhodesia; auriferous irridescent limonite, from the Falcon
mine, Charter, Mashonaland; gold in quartz, from the Gulong mine,
Gwanda; diamond-bearing wash, from Somabula; limonite, pseudo-
morph after pyrite, from Bembezi; cassiterite in decomposed granite,
from the Bushwell mine, Transvaal; auriferous chlorite, from the Bell
mine, Kwekwe; stream tin, from Bussanga, Congo Free State.

REPORT OF SPECIAL COLLECTIONS MADE FOR THE ALASKA-YUKON-
PACIFIC EXPOSITION, SEATTLE, WASHINGTON, U.8.A,
JUNE-OGTOBER, 1909.

(R. L. Broadbent.)

In February, 1909, I received instructions from the Director of the Geologieal
Survey to proceed to the Province of British Columbia for the purpose of collecting
and preparing a representative series of the minerals of the Province for display at
the Alaska-Yukon-Pacific Exposition at Seattle, Washington, U.S8.A. I was also
instructed to remain in charge of the exhibit during the Exposition.

In accordance with these instructions, I left Ottawa on February 15; and between
this date and May 8, all the more important mining districts of the Province were
visited. In connexion with my duties, I was accorded the hearty co-operation of the
Provincial Department of Mines, the various Boards of Trade, and the mine and
smelter managers; ‘while Mr. (. O. Buchanan of Kaslo was at particular pains to
secure a very fine exhibit from the Nelson, Slocan, and Ainsworth ﬂ[mmg divisions.
The installation of the exhibit was completed in time for the opening day of the
Exposition, and I remained in charge of the Canadian Mineral Section until the close,
returning to Ottawa on November 13. .
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The Canadian Mineral Section occupied an area of 18,000 square feet; 10,000
square feet of which was devoted to the exhibits from British Columbia. With the
exception of the structural materials, everything was shown under glass: a method
by which the specimens were kept uniformly bright and clean during the whole course
of the Exposition.

The extensive and varied exhibits of ores and minerals from British Columbia,
together with those of smelter products made by the Tyee, Granby, B.C,
and Trail Smelting Companies, naturally attracted a great deal of attention. The
display made in connexion with the latter Company’s exhibit was very attractive, and
‘included specimens of the ore as taken from the mine; the concentrates made there-
from; as well as different products obtained in successive smelting operations up to
and including pig-metal, bullion, ete. Large specimens of ore from the Centre Star,
War Eagle, and other mines of the Boundary district, also from the St. Eugene mine,
Moyie, East Kootenay, were shown by this Company. The exhibit from the last
mentioned locality embraced two spaclmena of silver-lead ore, weighing over a ton
each.

The Marble Bay mines, Texada island, were represented by a very interesting
series: which embraced some fine examples of bornite with native silver taken from
the 960 ft. level—910 feet below sea-level.

A fine collection of the auriferous ores and associated rocks and minerals of the
Nickel Plate mine, Hedley, B.C., together with a plan showing a section of the ore-
body, and a plan of the Reduction mill, was furnished by Mr. M. K. Rodgers of
Seattle, who has since presented it to the Museum. )

In addition to the foregoing, the following mines in British Columbia were also
represented : Bluebell, Arlington, Ruth, and Emerald tlaims in the Kootenay district—
by large specimens of silver-lead ores; the Mollie Hughes, Krao, Elkhorn, Prince
Henry, and Jewel claims of the Boundary distriet—by ores carrying native silver;
the Tkeda Bay mines, Queen Charlotte islands, and the Hidden Creek mine, Observa-
tory inlet, Portland canal—also by ores containing native silver; and a number of
claims in the Queen Charlotte, Atlin, and Skeena River Mining divisions—by copper-
gold and silver-lead ores. _

Amongst the exhibits of metalliferous ores and their products, there was an
extensive collection from the districts about Cobalt and Sudbwry, in the Province of
Ontario: this included rich silver ores from the former district, and copper and
nickel ores from the latter; while displays of the metallurgical products of these
ores—complete in every detail—as prepared by the Canadian Copper Company, and
the Mond Nickel Company, added further interest to the exhibit.

Over $10,000 worth of native gold was shown in four table cases. This exhibit
included a very fine collection of British Columbia gold nuggets, secured by the
Dominion Assay Office at Vancouver; gold dust and nuggets from Ynkon; and
gold-bearing quartz from Nova Scotia.

The asbestos industries of the Eastern townships of the Provinee of Quebec were
represented by an extensive display, which attracted particular attention from the
general public. The modes of occurrence of this mineral were clearly shown in a
number of large blocks, which were the subject of frequent inquiry on the part of
visitors.

The mica industries were well represented by a series of specimens from Ontario
and Quebec, together with a fine collection of finished products made from like
materials.

The display of British Columbia marbles in this section indicated a marked
advance in this industry in the Pronnce, and included some very handsome polished
specimens from Nootka Marble quarnes, Nootka sound, west coast of Vancouver
island, and from the Marblehead quarries, Marblehead and Gillett’s quarry, Kootenay
lake, West Kootenay.
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In the division devoted to coals, all the principal British Columbia fields were
represented. These were uniformly arranged in pyramids, 4-6” high. The names
of the mines represented will be found at the end of the accompanying list.

The Electric Reduction Company of Buckingham, Quebee, furnished a fine exhibit
of ferro-chrome, ferro-silicon, and ferro-phosphorus,

The Mines Branch of the Department of Mines, Ottawa, furnished an interest-
ing exhibit, illustrating the reduction of iron from its ores by the electro-thermic
process. .

An exhibit of fireclay and its products, from the works at Clayburn, B.0., was
made by the Vancouver Fireclay Company, and was very favourably commented upon.
There was also an exhibit of cupels and magnesite-brick for electric furnaces, pre-
pared from the magnesite of Atlin, B.C.

The total attendance at the Exposition was 8,740,551.

The following is a list of the specimens collected in the Province of British
Columbia:— -

Ores and Minerals of British Columbia.

ORES FROM ATLIN, B.C.

Native copper—Torres channel. Wm. C. S. Hathorn.
Auriferous quartz—Imperial mines, :
Auriferous quartz—Engineer mine.

Cobalt bloom (erythrite)—Pat. Gallagher.

Galena, blende, and pyrite—Wm. C., S. Hathorn.
Chaleopyrite—Lavardiere Bros.

Bornite, and chalcopyrite—Lavardiere Bros.

Blende, and galena—Taku Arm. J. Dunham.
Galena, and chalcopyrite—Atlin. Oapt. Alexander.
Azurite, and malachite—Robert Grant.

Galena (argentiferous)—Big Cafion group.

Fourth of July ereek—Tom Vaughan.

Native copper—Atlin. Lavardiere Bros.
Chalcopyrite—Atlin. Lavardiere Bros.
Galena—Norman Fisher,

Tetrahedrite—Lavardiere Bros.

Gold and silver ore—Boulder mountain. W. C. 8, Hathorn.
Chalcopyrite—Juan river. Ben Nichols.

Stibnite (antimony ore)—Atlin. J. Fox.

Galena with chalcopyrite—Brown group.

Gold-copper ore—Taku Arm. Thos. Kirkland.

Nickel ore—Spruce mountain. Major Neville.
Auriferous quartz—Atlin., Wm. Gass.

Auriferous quartz—Boulder mountain,

Auriferous quartz—Juan river. Larry O’Connor.
Magnetite with chalcopyrite—Atlin.

Auriferous quartz—Boulder mountain. Jas. (Clarke.

'

Coal—vicinity of Atlin.

Magnesite—Atlin. David Gibb, Vancouvez, B.0.
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BRITISH COLUMBIA COPPER COMPANY’S EXHIBIT, GREENWOOD, B.C.

. Chaleopyrite and pyrite—Mother Lode m,me, Deadwood Camp.
Magnetite and pyrite— B

. Magnetite— @ “ . «

. Ore in calcite gangue— # “ «
Pyrite and chalcopyrite— ¢ « “

Impregnated .country rock: largely actinolite with scattered copper sulphides.
. Country rock: greenstone.

. Ore with garnetiferous gangue.

. Actinolite.

. Copper-gold ore, garnetiferous gangue—Oro Denoro mine, Summit Camp.

. Galena and blende—No. 7 mine, Central Camp.

. Copper-gold ore—Emma mine, Summit Camp.

138. Copper-gold ore—Lone Star and Washington mine,

14, Blister copper: slag—B. C. smelter.

Silver ore—Jewel mine, Sally mine, Prince Henry mine, and Elkhorn mine.
Greenwood Mining division.

PBESopwaompopr

EXHIBIT OF CONSOLIDATED MINING AND SMELTING COMPANY, TRAIL, B.C.

. Specimen of pig lead.

Specimen of bullion.

Bluestone. -

Lead piping.

Anode.

Cathode.

High grade copper matte,

Low grade copper matte.

. Copper-gold ores from the Centre Star and War Eagle mines, Rossland (large
gpecimens).

. Galena, St. Eugene mine, Moyie.

. Twelve jars concentrates”

. Roasted lead ore.

PCRID o P

FES

Grand Forks Mining Division, B.C.—

00pper—gold ore—Golden Eagle mine, Smiths creek, Grand Forks Mining divi-
sion, B.C. R. K. Almond, Grand Forks.

ORES FROM THE O0S0Y00S8 MINING DIVISION.

Mineral specimens from Camp Hedley: arsenopyrite (auriferous)—Metrepolitan
claim. Kingston Gold and Copper Mining Company.

Chalcopyrite with pyrrhotite and arsenopyrite—War Homse claim, Kingston
group. Kingston Gold and Copper Mining Company.

Pyrite, arsenopyrite, zinc blende, and chalcopyrite—Golden Zone group, 11 miles
from Hedley. Golden Zone Mining Company.

Chalcopyrite, pyrite, and pyrrhotite—Apex group. " Colonial Gold Mining
Company—W. D. McMillan, Vancouver, B.C.

Zine blende and galena—Similkameen claim, Crown Point group (No. 2) ; arseno-
pyrite, Wellington group; pyrite and chalcopyrite, Cannon Ball group. F.
Bailey, Merritt, B.C.

26—17
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ORES FROM THE NELSON, AINSWORTH, AND SLOCAN MINING DIVISION.
Character of Ore. Mine. Loeation. Owner. Address.
Copper-Gold ore....|Arlington (E.)...... 117 T Hastings, E. 8 ..|Nelson,
Bnppe Lead..... ... Bosun ........000uus Slocan.. .... .. ﬁ’ Co.vvne v vennns ..|N. Denver.
Silver-Lead......... California........... Wooveenren G &C 8. L. M. Co......... -
Silver-Lead......... Wakefield.......... B iennreeas Wakefield Mines......., . oo .|Silverton.
Silver-Lead......... Silver Bell ......... B CiEaiisaris tonly...... §ihinaduas
Silver-Lead......... Fisher Maiden... .. T serubinbas F. Maiden M. Co............ "
Silver-Lead......... Last Chance........ Sandon......... g, dM. Co..ovvnvnnnnnn Nelson.
Silver-Lead ........ Enterprise.......... > WO 1 15’ A & UV breota o
Silver-Lead......... pha . w o o [MoNaught Bros....... Ll Silverton.
Silver-Lead..... Hewitb.. .....ouvun. . W eeieriens CM.Co e "
Silver-Lead......... Mountain Chief. . W wees wuee. |G W, Hughes, ... ....... Sandon.
Silver-Lead......... Mountain Boomer ..| » & SheaEny Brandon Brog .... .... .... Silverton.
Silver-Lead......... Galena Farm , .., ... O S S "
Silver-Lead. ....... Standard ...... ... " vevs wees|GOHL Ayland. ...l N. Denver.
Silver-Lead........- oonday....o..... . LU wrsse| 4% st wad Biissssssne sania " »
Silver-Lead....x .. Va.ncouver ......... " Vanroi M. Co............... |Rossland.
Silver-Lead. ..... +o o | DAMPUON. ... . P M sasvenrsns]| soer cuieicinanians sras riesa
., Silver-Lead......... E]Tllly Edith........ " ..|M. 8. Davys ........ Nelson.
Gold ore.......... Fo%;z:;n P 54+ - tifidsr ine e es venvanehpeaban s
Goldore............ Wil R T DU
Gold ore. ...t zonsa A R SRR
Silver ore Hunter V J. J. Gammgbell .............. "
Zinc blende LaPlata Min. Co ... _..... "
Gold ore ..... .| Keho
d ore. . ..|Chio..
Gold ore.. .|Eureka
Gold ore. .{Tally Ho. :
Gold ore.. . |Ballyhoo. e
Gold ore. .|{Fern ..|Nelson.
Silver- Lead .|Emerald " "|Tohn Waldbeser. ..|Salmo.
Gold ore. .. |Eureka. .|Anderson Mgr. .| Nelson.
Gold ore ../Miea. ...... TR T
Silver-Co; .SilverKing.........| w ..... ...|L.Pratt............. "
Silver—
Gold ore .
Gold ore irBelle.........]f n  ..oov.oiiriiiiienn e .
Gold ore. il. . .
Gold ore. i Ymir Gold Mmmg Co...... | Ymir
Silver ore Granite King J. F. M. nwnh S.
Kaslo creek............ .. 'IKaslo.
Bilver ore, ... Gray Eagle......... Lo J. F. Mclntoah 8. Fork,
---------------- "
Blende ore.......... Provinee............ o i Provmce Mines, 8. Fork,
Kaslocreek................ "
Silverore........... Montezuma . ... .... " v M Mmes, S, Fork, Kaslo
Silverore...~...... Cork.. covvvneinnn.. TR Selklrk M Co.ovevvnernnnnns "
Silverore........... Revenue.......... i g MecLean, 8. Fork, Kaslo
Oiaek.. 44 sses yessssewEEd "
Gold quartz......... Kootenay Belle. . ... [Salmo ..... ovuid. McMaster.. ..ol Salmo.
Gold quartz......... Mother IR W e J., MeMaster.......... ..... "
Gold quartz... .... Granite ........... elson ......... Granite Mines, . Nelson.«
Sllver—Lesd-ch .[Blue Bell, .. ...... Kootenay lake. . Gan Metal Co., 8. 8. Fowler,
M. E. Mg: 4 8pPeC......... Riondel.
Native silver........ e e Ainsworth...... W 8. Zwicky.......ooniiis Kaslo.
Bilver-Ca.rbona.w. |L. H. G. Gal'’r...... M ieavis A, D. W'heeler .............. Ainsworth.
Iron and gold. . Grant .....oeunnen.. B emimsinloA s lieage mam e i+
Silver-Lead. . . .. Maestro.......... W e H. Gi ich. ......oooo.... lo.
Silver-Lead......... Highlander. .......| o«  ...... HMCo... ccocvvnennnnnn. Ainsworth.
Silver-Lead.........|R. Cariboo. ....... Mn.egmg&n «....|Rambler C, Co.............. lo.
Sllver—Laad.. .vvv...|Whitewater......... 'Whitewater.....[W. M. Co............ ...... "
ine...... I Lucky Jim ......... Bear lake...... G. W, Hughes ... .. ........ u
Silver-Lead. ...... Ruth............... Sandon......... Ruth Mmes (3 nps.) .......... “
Silver -Lead. .......|Jackson.... ....... \Jackson basin. . . Mines . doow
Silver-Lead......... Early Bird,......... Sandon......... J . 8. C, Fraser....... ...... Rossland.
ilver-Lead......... Elkhorn........ ... B dereiares J. W. Stewart .. +ev...|Sandon.
ver-Lead.........|Marie Fraction ,.... R J. Kelson., ... ...... P "
Silver-Lead........ | S edusals M mmesuyeee Cunning and others,.... .... "
Silver-Lead... .....IR. Eureka ..... R BT h . &8.Co........)Trail,
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ORES FROM THE NELSON, AINSWORTH, AND SLOCAN MINING DIvisioN—(ontinued.

Character of Ore. Mine, Location. Owner, Addvess.
Silver-Lead..... ... Neglected ... ..... Black & Cameron............ Sandon,
Silver-Lead......... 8. Sovereign....... . F. Ranson,............... W
Silver-Lead... .... Ivanhoe............ Minn. 8. M. Co............. doom :
Silver-Lead... ... Tamarae. ..... ..... i ..|G. Henderson ............... Slocan City.
Silver-Lead-Gold. . . |Phenix. ..., ..... " ci..|G. Henderson ............... "
Silver-Lead. ........ Hamilton........... ‘'T'welvemile creek|Ralph Gillet, ................ "

Si Deadwood

Springer cteek Angus MeViear ., ..., ...... "
" saan W . ﬂ]i“".‘.dnt ........... "
. . LW, M. Clement,............. n
.| Tenmile creek . . |D. MeCuaig. ...
don......ue. G Henderson. .

.|Arlington (S.).. . .|Blocan..... vvo o |Arlington Mines . . "
Silver-Gold......... Ottawa. ............ Springer creek , . |Ottawa M. Co......... Cemndn Nelson.
Native silver........ Molly Hughes ...... OCAT. . vvur...n M. Zattoni.........oocnvnn. N. Denver.
Gold-Silver-Lead. . . Yankee Garl........ Salmo ..... b [N G M. Oowanniiniieniinns
Antimony .......... B0t srurgbuarse tasfiardrbbrrinn Stmr, Slocan..... .......... Slocan Lake,
Goldore............ Nugget mine........ Sheep creek, Nel-

X BOM. . .vevenins A Gracey.......ovevieianans Nelson,
Goldore............ Eureka mine. ... ..|Fortynine creek.|................. Eiseadthus "

Free milling gold quartz—Cholla group, Lardeau Mining division, Camborne,
B.C. Imperial Division Syndicate.
Free milling gold quartz—Eva mines. Eva Gold Mines, Limited, Camborne, B.C.

Silver ore, Silver Cup—Trout Lake Mining division. F. C. Merry, Ferguson.

Portland cement—Vietoria, B.C. Vancouver-Portland Cement Company.

Crude petroleum—Flathead river, East Kootenay, B.0. Bureau of Mines, Vie-
toria, B.C.

Gypsum—Thompson river, opposite Spatsum, Canadian Pacific rsalway Sinclair
Spenecer, Vancouver.

GOLD, COPPER, AND SILVER ORES FROM THE QUFEEN OHARLOTTE MINING DIVISION.

Chalcopyrite—Copper Queen mine, Jedway.

Bornite and chalcopyrite—Swede group, Lockeport.

Chaleopyrite—Lily group, Ikeda bay.

Chaleopyrite—QOceanic mine, Collison bay.

Magnetite with chalcopyrite and pyrite—Reco mine, Harriet harbour, Jedway.
Magnetite with chalcopyrite and pyrite—Modoc mine,

Bornite—Last Chance claim, Lo#keport.

Chaleopyrite—Thunder mine, Collison bay. .
Chalcopyrite and pyrrhotite—Contact group, Tasoo harbour.

Magnetite and chalcopyrite—Maggie C claim, Huston inlet, Jedway.
Bornite—North Star claim, Gold harbour, west coast.

Chalcopyrite—Peerless group, Carpenter bay.

Chalcopyrite and bornite—Bismark claim, Lockeport.

Chalcopyrite—Trust mine, Copper island.

Chalcopyrite—Moresby Island mine, Jedway.

Chalcopyrite—Iron group, Huston inlet, Jedway.

Chalcopyrite=—Gold Cliff mine, Huston inlet, Jedway.

Chalcopyrite—Iscoyd mine, Huston inlet, Jedway.
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Chaleopyrite and pyrite—from the Jane mine, Britannia Beach, Howe sound.
Britannia Mnu:;g and Smelting Company, Limited, Britannia Beach, B.C.

Iron pyrites—Ecstall inlet, Skeena river, B.C. B.C. Pyrites Company, Victoria,
B.O.

. —
Arsenopyrite—Bonanza mine, Hope, Yale Mining division. Victor George, Hope.

ORES FROM TEXADA ISLAND.

Bornite—Little Billy claim, Texada island. J. T. Taylor, Van Anda.

Pyrite and ¢halcopyrite—Florence Case, Texada island. J. T. Taylor, Van Anda.

Chalcopyrite—Loyal lease, Texada island, James Raper, Van Anda.

COhalcopyrite and bornite—Loyal lease, Texada island. James Raper, Van Anda.

Bornite—Rose and Bell claim, Texada island. James Raper, Van Anda.

Iron ochre—Iron Crown claim, Texada island. P. A. Staaf, Van Anda.

Bornite, chalcopyrite, and native silver—Marble Bay mine, Texada island, B.C.,
960 ft. level. Tacoma Steel Company, Van Anda, B.C.

Bornite and chalcopyrite—Cornell mine, Van Anda, Texada island, 360 ft. level
Northern Texada Mines, Limited, Vancouver.

ORES FROM VANCOUVER ISLAND, V.I. DEVELOPMENT LEAGUE, VICTORIA, B.C.

Olay ironstone—No locality.

Bog iron ore—Quatsino.

Oopper ore—Koksilah, Cowichan.

Copper ore—New shaft, Copper Cafion claim, Mount Sicker,
Copper ore—Mounts Sicker and Breton mines, Copper cafion.
Azurite—No locality.

Magnetite—Hesquot.

Magnetite—Sarita river, above Banfield creek.
Antimony—Gordon river, Renfrew district.

Copper ore—Patchena claim, Gordon river.

COinnabar—West coast, Vancouver island. F, H. Mayhew, Victoria.
Native arsenic—EKoksilah,

Copper ore—Virginius claim, Maxwells Peak, Saltspring island. A. F. (}wm.
Zine blende—Vancouver island,

Graphite—Renfrew district.

Copper ore—Monitor claim, Alberni canal.

Copper ore—Yreka claim, Comstock mountain, Quatsino sound.

Copper ore—Lenora mine, Mount Sicker.

Copper ore—King Solomon mine, Cowichan station.

Auriferous quartz—Elk river, Kennedy lake.

Copper ore—Cascade mountain, Alberni.

Copper ore—Quatsino sound.

Copper ore—Sicker mine, Mount Sicker.

Copper ore—Johns claim, Mount Sicker.

Copper ore—Saltspring island, B.C. Neave Saunders,

Copper ore—Belle mine, Mount Sicker.

Copper ore—Southern Cross mine, Uchucklesit.

Copper ore—Cowichan lake.

Copper ore—Happy John mine, Alberni.

Copper ore—Little May claim, Hettie Green group, Clayoquot, Tofino.
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Gold-copper ore—Blue Bird and Willow Grouse claims, Sooke, Vancouver island.
R. F. Tolmie, Victoria. '

Ores from Yukon Territory.

Bornite and chalcopyrite—Copper King mine, Whitehorse.

Bornite in tremolite—Copper King mine, Whitehorse.

Chalcopyrite and bornite in magnetite—Arctic Chief mine, Whitehorse.
Chalcopyrite and azurite with tetrahedrite—Aretic Chief mine, Whitehorse.
Bornite—Anaconda mine, Whitehorse.

Bornite and chalecopyrite—Grafter mine, Whitehorse,

Bornite and chaleopyrite—War Eagle mine, Whitehorse.

Bornite, chalcopyrite, and magnetite—Le Roi mine, Whitehorse.
Bornite and malachite—Keewenaw mine, Whitehorse.

Specular iron with copper carbonates—Pueblo ‘mine, Whitehorse.
Bornite with malachite—Rabbit-foot mine, Whitehorse.
Chalcopyrite—Best Chance mine, Whitehorse.

Chalcopyrite—Valerie mine, Whitehorse. A. B. Palmer, Vancouver.
Bornite—Empress of India mine, Whitehorse.

Chalcopyrite—Valerie mine, Whitehorse.

Galena, sphalerite, and pyrite—Conrad mines, Windy Arm.

Pyrrhotite, sphalerite, and galena—Venus mine, Conrad.

Chalcocite—Aretic Chief mine, Whitehorse.

Chalcopyrite—Valerie mine, Whitehorse.

Copper ore with specularite—Pueblo mine, Whitehorse.

Native copper from White river, Y.T. Capt. John Irving, Victoria, B.C.

Four gold nuggets from Griffith’s claim—Wild Horse creek, Fort Steele Mining
division, East Kootenay, B.C., 7 ozs. 16 dwts. 8 grains. Geological Survey.

Auriferous gravel—Eldorado creek, containing 5-32 ozs. gold, Klondike, Y.T.
Value, $85. )

Model of gold nugget—Slate creek, Cassiar, B.C. Geological Survey.
Model of gold nugget—Willow creek, Atlin, B.C. Presented by W. F. Robertson,
Provincial Mineralogist, Vietoria, B.C.

Auriferous gravel—United mines, Bonanza creek, Adams hill, Y.T. Geological
Survey.

Coal and coke—Fernie, B.C. COrows Nest Pass Coal Company, Limited, Fernie,
B.C.

Coal-—Middlesboro collieries, Nicola valley, B.C. Nicola Valley Coal .and Coke
Company, Limited, Vancouver, B.C.

Coal—South Wellington, Vancouver island, B.C. Pacific Coast Coal Mines,
Limited, Victoria, B.C.

Coal—Suquash, Vancouver island, B.C. Pacific Coast Coal Company, Limited,
Vietoria, B.C.
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- The following additions have been made to the collection during the yeari—

DONATIONS,.

Mr. Bernhard Marcuse, Montreal :—
Arrowhead, found by Miss Gibson on the shore of Nicolet lake, near Dan-
ville, Richmond county, Quebec.
Mr. George C. Holland, Ottawa:—
Two stone axes and a stone gouge, found on Skead’s limits, Madawaska
river, Ontario.
John L. Retallack, Esq.,, Kaslo, B.C.:— -
Canoce made by the Kootenay tribe of Indians.

Joseph Streit, Esq., Kaslo, B.C.:—
Stone hammer head—XKootenay Indians, Kootenay lake, B.C,



SUMMARY REPORT 269
SESSIONAL PAPER No. 26 '

PALZEONTOLOGY AND ZOOLOGY.
(Lawrence M. Lambe.)

My study of the Palmoniscid fishes of the Albert shales of New Brunswick, begun
in 1908 and referred to in the Summary Report for that year, was continued during
the early part of the past year, and occupied most of my time until June. By that
time the manusecript deseriptive of these fishes was completed, as were also the draw-
ings and photographs for eleven illustrative plates, the whole forming a monograph
on the Albert shales fishes, to be issued as part V, of volume I1I (quarto), of Contri-
butions to Canadian Palsontology. :

A short time toward the end of May.was given to the preparation of a paper
entitled ¢ The Fish Fauna of the Albert Shales of New Brunswick.” This paper, illus-
trated with one plate, appeared in the August number of volume XXVIIIL of The
American Journal of Science.

. A Bibliography of Canadian Zoology for 1907 (exclusive of Entomology) was
written during the early part of the year, and presented at the annual meeting of the -
Royal Seciety of Canada for publication in its transactions.

Part IV, of Volume IIT (quarto) of ¢ Contributions to Canadian Palsontology’
was published in March last, and has since been distributed. This memoir is descrip-
tive of ‘ The Vertebrata of the Oligocene of the Cypress hills, Saskatchewan,’ and
congists of 82 pages of letter-press, illustrated by 13 text figures and 8 photogravure
plates.

FIELD WORK.

During the summer of 1909, a month was devoted to field work; the principal
object of which was to obtain additional remains of fishes from the lower Devonian
rocks of Campbellton, N.B. :

Leaving Ottawa on July 12, for New Brunswick, a few days were first spent, in
company with Mr. W. J. Wilson, at and near St. John, N.B., where I had been
instructed to examine certain Laurentian beds stated to contain spicular remains of
sponges. At two localities, one in the city of St. John, on the north side of St. John
river, a few hundred yards above the railway bridge, the other at Drury cove, about 4
miles north of the city, oceur rocks which have been regarded as of Laurentian age,
and which have been so mapped by the Geological Survey. Halichondrites graphiti-
ferous, Matthew,! has been described from the graphitic shales of the first locality.
The quartzites and limestones of the second locality have furnished material for the
description of Cyathospongia (?) eozoica, Matthew,? . . . Strict search, made at both
of these places, revealed nothing that was recognized as of spicular origin; although
in the graphitic shales near the St. John bridge certain markings were observed, which
appeared to be of the nature of lines of erystallization, bearing some resemblance to
the figure accompanying the description of Halichondrites graphitiferous.

Proceeding to Campbellton, a collecfion was made of the remains of fishes and
plants preserved in the lower Devonian rocks, exposed for. some distance as low cliffs
along the river front, above the town. This collection will form a welcome addition
1o the material from this locality already in the possession of the Geological Survey;
not only as a help in further study of the interesting fauna and flora of these rocks,
but also for exhibition purposes.

1 Bull. Nat. Hist. Soc. of New Brunswick, No, IX, g_r ];2’, fig. 2, 1890, ‘ On the Ocour-

rence of Sponges in the Laurentian Rocks at St. John,
2 Idem, p. 48 (with figures).

~
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Malloch, G. S.:—

Three corals, from the slope of Red mountain, on the north side of Fraser
river, B.C., 110 miles above Fort George, from limestone beds which are
apparently synchronous with MeConnellPs ¢ Intermediate limestone’ of
the Bow walley, and probably about the age of the Hamilton formation
(upper Devonian). Two of the specimens are Cladopora cervicornis, de
Blainville; the third is fragmentary, and is probably a Cyathophyllum.

MecInnes, W.:— .
A few fossils from rocks of middle Devonian age (Stringocephalus zone), Lac
LaRonge, Saskatchewan.

McKinnon, A. T.:—

" One specimen of the recent marine sponge, Desmacidon (Hommodictya)
palmata, Johnston, from Two Islands, N,S. This sponge, originally
described from Great Britain, is a common form in the waters of the
Bay of Fundy, and off the coast of Nova Scotia, as well as the northeast
coast of the United States.

Wilson, W. J.:—

A collection, of about 2,000 specimens, of Devonian and Carboniferous plants,
from the following localities in New Brunswick: Little Lepreau; Xen-
nebecasis island; Moosehorn brook, Norton; Gardner creek; Tyne-

- mouth creek; Cape Enrage; Mary point; Grindstone island; Minto,
(rand lake; and Beersville, Kent county.

A few fossils from Trenton beds at the peninsula, west side of Dow lake,

Central Experimental Farm, Ottawa, Ont.

Young, G, A.:—

Over thirty pieces of black carbonaceous slate, of Ordovician age, holdmg
graptolites; from the north bank of Tetagouche river, above the erossing
of the Intercolonial railway, near Bathurst, Gloucester county, N.B.

A few Silurian fossils, collected on the bank of a stream that is erossed by the
Intercolonial railway, about one and a quarter miles north and west of
Petite Roche station. The exposure is situated on the stream about 300
yards below the railway crossing.

A few fossils, from a point on the Intercolonial railway about 2 miles north
and west from Petite Roche station, and about 800 yards from the locality
just mentioned. Silurian.

A small collection of fossils (Silurian), from an exposure of rocka on a small
stream at a point slightly over 2 miles nearly due south of Belledune
point, south shore of Chaleur bay.

Additions to the Palmontological and Zoological Collections from other Sources,
during the past Year.

(A.) PALEONTOLOGY.

By presentation :—

Bernier, Captain:—
Fossil corals, from the leumm of Erebus bay (Beeehey island), southern end
of Wellington channel, viz., three specimens of Acervularia austini,
Salter; and one of Sﬁrephodss ‘pickthornii, Salter,
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*Evans, W. B., Manager of the Rothwell Cloal Company, Limited, Minto, Sunbury
county, N.B. (per W. J. Wilson) :—
About twenty well preserved speclmens of Carboniferous (Millstone Grit)
pl{nta from the Rothwell Coal mine.
Grant, Colonel C. C., Hamilton, Ont.:—

Two fossils from the Clinton formation, and eight from the Niagara chert,
at Hamilton, Ont.; three from the Niagara formation at Barton, Ont.,
and four from the drift at Winona, Ont.

Lafrance, Mrs., Montcerf, Que. :;-

Diatomaceous earth, from a fresh-water deposit 2 miles from Montcerf (near
Maniwaki), Ottawa county, Que.
With the diatoms occurs a small proportion of fresh-water sponge spicules.

Foster, Wilson, Dawson, Yukon:—

Molar of Elephas primigenius, Blumenbach (Northern Mammoth), from the
auriferous gravel, on bed-rock, Eldorado creek, Klondike, 1903,

Maleolm, John, Fergus, Ont.:—
Eleven fossils from the Guelph formation at various loealities in Ontario.

Penfold, A., Ottawa East:—

A caudal vertebra of Delphinapierus leucas, Pallas, found by Mr Penfold at
Ottawa East, at a depth of 25 feet below the surface, whilst digging a
well.

Wilmer, Lieut.-Colonel L. Worthington, Lothian House, Ryde, England :—

Forty-five fossils from the English chalk, and eight other geological speci-
mens therefrom; also two specimens of the living Purpura lapillus.

By purchase:—

Four specimens of insects preserved in amber.
A complet.e skull of the Pleistocene horse (Hquus caballus, L.), female, from the
“auriferous gravel, close to bed-rock, at a depth of 35 feet from the surface,
on creek placer mining claim, No. 84, Gold-run creek, Yukon.

(B.) zZooLoGY.
By presentation :—

Garneaun, A. L., Ottawa, Ont.:—
* A clutech of five eggs of the robin (Merula migrafaria), taken at Ottawa,
May 22.

Young, Reverend Charles J., Madoe, Ont.:—
Seven specimens of the land shell Pafula alternata, Say, from the shore of
Lake Ontario, near Wellington,

Dominion Government Arctic Expedition of 1908-9:—

One pair of horns of musk ox, female.
One specimen of recent marine sponge (Suberites), from Port Leopold, 1907.

-

A card catalogue of the fossil collections of the Geological Survey was begun on
November 12, by Mr. W. J. Wilson, who is assisted in the work by Miss A. E. Wilson.

26—18 . !
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’

PALZONTOLOGICAL MATERIAL FROM THE DEVONIAN AND
CARBONIFEROUS OF SOUTHERN NEW BRUNSWICK.

(W. J. Wilson.)

- INTRODUCTION.

In accordance with instructions, the past summer was spent in making a collec-
tion of fossil plants from the Devonian and Carboniferous formations of southern
New Brunswick—being a continuation of the work begun the preceding year—for the
purpose of defermining more accurately the boundaries of the formations, The brief
study given the collection of 1908 showed that it was desirable to obtain a more
complete set of specimens from some of the localities, and to colleet from places not
examined last year.

In carrying out the work, I am indebted to Dr. Geo. F. Matthew, and Mr. Wm.
MecIntosh, of St. Jobn; to Hon. James Barnes, president of the Northfield Coal
Company, Limited, Minto, Sunbury county; and to Messrs. Meede and Shaw,
managers of the Beersville Coal Mines, Kent county, for valuable assistance; also to
Mr. W. B. Evans, manager of the Rothwell Coal Company, Limited, Minto, for a
splendid collection of fossil plants, which he kindly donated to the Museum.

The following places were visited, and collections made from each: St. John,
McCoy head, Gardner ecreek, Tynemouth creek, Little Lepreau, Moosehorn brook,
Cape Enrage, Mary point, Grindstone island; Elgin, Albert county; Minto, Sunbury
county; and Beersville, Kent county.

The work done at the localities examined last summer was briefly referred to in
the Summary Report for 1908, p. 183. The new places visited this year are: Little
Lepreau, Elgin, Minto, and Beersville. It is reported, locally, that many good speci-
mens of fossil plants have been collected from Lepreau; and Bailey and Matthew
give a list of about twenty species, named or deseribed by Sir J. W. Dawson, from
this locality.! As far as I have been able to determine, no plant remains have been
collected at Elgin; but in the report for 1876-7, plant stems are mentioned as
oceurring in the vicinity.2

Considerable callections of fossil plants have been made by members of the
Geological Survey staff, from the Carboniferous basin in which Minto and
Beersville are situated. These fossils were examined and named, or described by
Sir J. W. Dawson, who, in 1871, made a list of fifty-five species from Grand
lake, Coal creel, Three-tree creek, etc® In 1873, he made an additional list
of thirteen species from Salmon river, Cork settlement, Douglas-harbour, ete.# In the
same year he published a ‘ Report on the Lower Carboniferous and Millstone Grit of
Canada,’” in which some New Brunswick species are described, and in which is a list of
176 species of ‘ Plants of the Middle and Upper Coal Formation’ of Nova Scotia and
New Brunswick; but he does not indicate the species found in the last-named Pro-
vince. Besides the above, he published many articles on the plants of this region in
various scientific publications, and in his Acadian Geology.

1 Geol. Sur. Canada, Report of Progress, 1870-1, p, 177.

2 Geol. Sur. Canada, Report of Progress. 1876-7, p. 874.

2 Geol. Sur. Canada, Report of Progress, 1870-1, pp. 214-216,
4 1. Sur. Canada, Report of Progress, 1872-3, pp. 206-207.
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Since returning from the field, there has been no opportunity to study the speci-
mens collected. No definite statement can, therefore, be made as to what these fossile
will show in regard to fixing the geological boundaries of the two formations under
consideration.

St. John and Vicinity.—Part of a week was spent, in company with Mr. L. M.
Lambe, collecting at the Suspension bridge, Drury cove, and Eennebecasis island. Mr.
Lambe has reported on the material collected at the two first mentioned localities. At

Duck cove, west of the Fern ledges, a small specimen of Pseudobaiersi McIntoshi was
found.

Gardner Oreek—At Gardner creek and McCoy head, a number of species were
added to those obtained last year, together with better specimens of others, Many
calamites, some of them closely resembling C. suckovii; three or four beautiful ferns
of sphenopteris type, and slabs almost covered with a fruit like Cardiocarpum were
secured. A large number of erect calamites were seen in the strata between Doctor
brook and Gardner creek. At the mouth of Gardner creek, west side, a fruit of the
Antholithes type was found well preserved.

Tynemouth Oreek.—In 1908, a small collection was made at Tynemouth creek and
vicinity, and this summer a more careful examination resulted in a most interesting
lot of specimens. The rocks east of Tynemouth ereck consist chiefly of reddish sand-
stone, with occasional grey beds and small layers of fine shale. The finer beds are
interlaminated with the coarser all along the shore, and in almost every exposure
yield plant remains; numerous pinnules, and small fronds of Neuropteris, Pecopteris,
and Alethopteris were found, also a few Cordaites and Calamites and many good speci-
mens of fruits. The fruits ave well preserved in bright graphite, and seem to be of
four species; Cardiocarpum crampii, or a closely allied species, being the most
numerous. At Regan point, narrow ribbed Calamites, Alethopteris leaves, and fronds,
numerous well preserved stems and stigmaria with attached rootlets were found.

Just east of Buckley point, a bed of dark, in places almost black, shale, about 16
inches thick, is full of shells of Naiadites. Some large slabs are literally covered with
these fossils. The bed also holds fish scales, and plant stems; the latter spotted with
spirorbis, East of Buckley point, Calamites, Sigillaria, and small pinnules of ferns
were noted.

Little Lepreau.—At Little Lepreau, a small collection of plants was made., In
general appearance, the rocks of this locality resemble those at the Fern ledges,
St. John, and there are many species of plants recorded as common to both localities.
Good specimens of an Alethopteris and an Annularia were got between the mouth of
Little Lepreau river and Ragged head. Near Ragged head, on the farms of Dr. Rey-
nolds and Mr. Boyne, specimens of detached Newropteris leaves, showing the venation
very clearly, were found; also Pecopteris fronds, an Asterophyliites, Cardiocarpum
crampii, and many Calamites and Cordaites.- At Ragged head there are large trunks of
trees, silicified or pyritized. '

Moosehorn Brook, Norton.—Oollections were made from beds near the mouth of
Moosehorn brook, and included Lepidodendron corrugatum with the leaves attached,
small globular bodies, which seem identical with the spore-cases of this plant, as
described by Sir J. W. Dawson, from Horton, N.S.;! and pinnules of an Awchaopteris
similar to those from Kennebecasis island and Elgin.

Cape Enrage.—The coast from Oape Enrage to Mary point was next examined.
The rocks north of the lighthouse strike N 84° E, and are nearly vertical, rising sheer
out of the water at high tide, forming cliffs over 100 feet high. The rock is mostly

1 Report on the Fossil Plants of the Lower Carboniferous and Millstone Grit
Formations of Canada, p. 20, pl. 2, ﬁ’.‘ 22,

26—18%
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grey sandstone, full of coarse plant stems and flattened tree trunks. Interbedded with
the sandstone are bands of conglomerate, which are mostly small and not always con-
tinuous, and, as everywhere along the coast, there are beds of very fine, friable shale,
which weathers easily and leaves the harder rock standing out prominently, as at

Squaw Cap. From these shales a good collection was secured, including Calamites,
ferns, ete.

Mary Point and Grindstone Island—Some interesting fossils were noted at Mary
point, where ends of fossil tree trunks show. It is reported that in former years
several good ferns were found in the sandstone quarry, but I was only able to secure
a few pinnules. A day was spent on Grindstone island, where the rocks are similar to
those on Mary point. Only a few plant stems and portions of a tree trunk were found.

Elgin, Albert County.—At Elgin, Albert county, part of a week was spent collect-
ing from the shales on Robertson brook. ‘Good specimens of Lepidodendra; a pinnule
of a fern, like Arch@opteris; and a large number of fish scales were obtained here.

Minto, Sunbury County.—Some of the coal mines at Minto were examined, and
collections made from the shale removed with the coal. The best material comes from
a very fine-grained, dark grey shale which lies above the coal, and from it a large
collection of beautiful specimens was made. Among the specimens were Lepidodendra
showing the leaf scars perfectly, Calamites with leaves attached, and a number of
ferns in a very good state of preservation.

In the collection donated by Mr. Evans—referred to on a former page—there is
a trunk of a sigillaria, 14 inches long and 12 inches wide; a stigmaria; and several
species of ferns, all of which will make good museum specimens,

Beersville, Kent Oo-r.mty —At Beersville, a large number of specimens, slmllar to
those at Minto, and occurrmg under the same conditions, were collected.
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NATURAL HISTORY BRANCH.
(John Macoun.)

After the date of my last report, I worked until April 24, on the flora of Van-
couver island and that of the Ottawa region: descriptions of both of which are in
course of preparation. Office duties have so increased, that the correspondence now
takes up a large share of my time and that of my assistant, Mr. J. M. Macoun.

Owing to our success last year in the collecting of natural history specimens in
the vicinity of the Biological station at Departure bay, Nanaimo, B.0., and the
necessity of collecting further material for the new Museum, the Director deemed it
advisable that further collections should be made on Vancouver island. Tt was
decided that Barclay sound and its vieinity was the best location in which to make
collections of the marine fauna and flora. Aceordingly, Mr. C. H. Young and the
writer started for the west on April 24. At Vancouver, Mr. William Spreadborough—
who has assisted the writer for many years—was engaged. A house at Ucluelet, on
the north side of Barclay sound, kindly placed at our disposal by Mr. Sutton, was
occupied during our stay there.

All the members of the party engaged in the collection of specimens: Mr.
Spreadborough attended to the preparation of specimens in aleohol and formalin;
while Mr. Young prepared the insects, crabs, starfish, etc. As the spring advanced,
we extended our collecting grounds, and after the first month dredged in from 5 to 35
fathoms: obtaining-a very large series of forms not found at low tide. When the
whole of the collections are worked out, it is expected-that much light will be thrown
on the food of the cod, halibut, and salmon that swarm in these waters.

On August 19, I left by stage for Nanaimo, to visit the Biological station; Messrs,
Young, and Spreadborough continuing the work at Ucluelet, until September 1, when
we all met again in Vietoria. Mr. Young then returned to Ottawa; Mr. Spread-
borough completing the unfinished work in the vicinity of Vietoria; while I joined
the members of the British Association who were visiting the Pacific coast.

Below is given—in general terms—a synopsis of the collections made :—

Starfishes.. .. . 400
Crabs, andshrlmps 400
Fishes.. .. .. 100
Isopods. . 500
Tumcatea,anda.sctdtans 90
BPONEES.. «v vv 0 tn wu an we wa o aa ee e aa aa e e e 250
Hydrozog.. .o vv vv v ve bt v en s aa aa ae ae aa e s 150
Jelly fishes.. oo vv vr vh th ve et te e e e e e e e s 4
OREllE. . oo vt it ik te ee e ae ae e we ae se es s e .. 37,997
TNSeCtE. . v o v e i e ke s ae s ke e e ae e ae s 850
Toads, etC.. +. vv vt ve se se se es wa me ae oex owa oae s 15
SEAWOTINS. o v v tv vs v sm s o ae me as ma s as wa aa s 150
Seaurching. . .. . vt vt te e e aa ee e e e e e e 50
~ BeaSIUZE. o« vt v vr ne e es s as wa ae s e e e e 5

BRrNAolBE. s o ivorn o et e Geisie wts Wartwet a5 aecies ai 35
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Polyzoa. . . v v i e e e e e e e e e e e e s 45
Actinozoa (stony corals).. .. .. .. .. «v vt vt be ve au u 25
Bea-SpIderB.. vv vv 4 vr be be ek ee ae ee e ee e e e e 10
ANCNODGOE. i+ &iin Fa ot bs Bneis Bh s W ims bh W i e 15

Of plants, 1,008 species were collected, numbering many thousand specimens.
The various families were represented as follows:—

Flowering plants. . .. oo oo oo vt vv vn vr o0 o0 ac =0 vv o0 =» 361
T UMOSEES. . sy va e ah ek e e e e e e e e e e e e .. 226
TachenB. i o i os os dn o vaiiws as S Gm A R b ux wa we 189
T ANBEWOTEE s sv - nv 5ie s = o5 wietiatss S8 eimi F4E s R aie et s DS
Seaweads. . .. ch vt i i e e e e e e e ek e ae e .. 184

Since my return from the field, Mr. Young, Mr. J. M. Macoun, and I
have been engaged in sorting and namin‘g the specimens collected, when routine work
of the office did not otherwise claim our attention. Mr. Young has been working on
the insects, and marine material; Mr. J. M. Macoun on birds and flowering plants,
and myself on Cryptogams. The fish, decapods, isopods, starfish, and many of the
plants, have already been sorted, and a number sent to specialists for confirmation of
our determinations,

During the early months of the year much of the time of my assistant—Mr.
James M. Macoun—was spent on the Catalogue of Canadian Birds, which is now
published, and being distributed. Good progress.was also made in the re-arrangement
of the herbarium; in the distribution of specimens, and in the naming and mounting
of botanical material. In the herbarium, 2,171 sheets of specimens have been placed;
and 3,272 sheets distributed to museums and colleges. No record of the number of
specimens named for correspondents was kept until the autumn of 1909; but 648
gheets have been so named since September 23, and 554 letters were written in con-
nexion with our work. Besides her usual work as stenographer, Miss M. C. Stewart
has done most of the labelling, and as time permitted, assisted in other ways in all
branches of our work,

The Natural History specimens which have been acquired by purchase or other-
wise since the death of Dr. Whiteaves, are:—

By presentation—
Saunders, W. E., London, Ont.:—
Two females of Mole (Scalops agquaticus)—Point Pelee, Ont.

Thirteen specimens of White-footed Mouse: four species; two males of
Peromyscus Bairdii; two females and one male of P. Americanus; two
males and one female of P. Canadensis; and four females and one male
of P. Michiganensis, all from Point Pelee, Ont.

One Cardinal Bird—Point Pelee, Ont.
One Carolina Wren—Point Pelee, Ont.

Leach, W. W., Geological Survey, Ottawa :— -
Skull of Lemming (Lemmus helvolus), from head of Telkwa river, B.C., July,
1909.
Venner, Walter, Quebee, Que.:—

Brown Bat (Vespertilio fuscus), Parliament Buildings, Ottawa, February
24, 1909.
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Bernier, Capt., Quebee, Que.
Barren Ground Caribou (Rangifer arcticus), Melville island.
Musk Ox (Ovibos moschatus), six skulls, Melville island.
MacMillan, G. R.:—
Skins of Great Northern Diver, White Gyrfalcon, and Snowy Owl; sex un-
known; Melville island.
Questin, A, R., Carcross, Yukon:—

Male, female, and young of Dall’'s Mountain Sheep (Owis dalls), Yukon
mountaing, -

Porter, H. E., Whitehorse, Yukon :—
Male, female, and young of Moose (Alce gigas), from near Whitehorse.

Slack, J. H., Ottawa, Ont.:— .
Gannet (Sula bassana): a young bird killed in October at Britannia, Ont.
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MAPPING AND ENGRAVING.
(C. Omer Senécal.)

In April and May last, by request of the Director, competitive examinations for
draughtsmen were held by the Civil Service Commission: Mr. James White, then
Chief Geographer of the Department of the Interior, and the writer, acting as tech-
nical examiners. The best two draughtsmen were selected by the Commission, and
appointed on the staff of the Geological Survey.

The personnel of this division at present consists of eleven members: namely,
Messrs. G. C. Aitken, A. Dickison, J. O. Fontin, 8. Jost, J. F. E. Johnston, H.
Lefebvre, F. O’Farrelly O. E. Prudhomme, J. A. Robert, R. B. Yorston, and J. J.
MecGee.

The routine work includes the plotting of geographical projections; computation
of astronomical observations; compilation of all kinds of maps, and the drawing and
preparation of the same for engraving and publication; correction and revision of
map proofs; making photographic reductions of maps, negatives, and prints; tracings
and drawings of all descriptions for office and field use and general geographical work.
Some 300 letters, memoranda, specification sheets, reports, ete., relating to the work of
the division were sent out, while 260 were received.

Map Editions Published.

There are at preseﬁt seven maps in the hands of the King’s Printer, several of
which will be issiied shortly. A list of the editions received during the year 1909, is
given below:—

1042 Dominion of Uanada—Minerals—Scale 100 miles to 1 inch—Second edition.

1084 Dominion of Canada—Qeology—Scale 100 miles to 1 inch.

1083 Western (Canada—Geology—Scale 100 miles to 1 mch—Specml edition, not
intended for genéral distribution.

1041 Yukon Territory—Whitehorse Copper Belt—Geology—Scale 1 mile to 1 inch.

1026 Yukon Territory—Whitehorse Copper Belt—Geology of central portion—Scale
400 feet to 1 inch, _

1044 Yukon Territory—Whitehorse Copper Belt—Surface at Arctic Chief mine—
Scale 160 feet to 1 inch.

1045 Yukon Territory—Whitehorse Copper Belt—Grafter mine—Secale 20 feet to 1
inch.

1046 Yukon Territory—Whitehorse Copper Belt—Empress of India mineral claim—
Scale 200 feet to 1 inch. )

1047 Yukon Territory—Whitehorse Copper Belt—Surface at Copper King mine—
Scale 400 feet to 1 inch.

1048 Yukon Territory—Whitehorse Copper Belt—Best Chance ore body—Scale 40
feet to 1 inch,

1049 Yukon Territory—Whitehorse Copper Belt—Surface -at Pueblo mme—Scale
60 feet to 1 inch.

1002 British Columbia—Special map of Rossland, West Kootenay—Geological
sheet—Secale 400 feet to 1 inch.

1004 British Columbia—Rossland Mining camp, West Kootenay—Geological sheet
—=Scale 1200 feet to 1 inch.
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1074

993
1061
1023
1076

1019

British Columbia—Sheep Creek Mining camp, West Kootenay—Sketeh topo-
graphical map—Secale 1 mile to 1 inch.

Northwestern Ontario—Explored routes between Lake Nipigon and Sturgeon
lake—Scale 4 miles to 1 inch.

Northwestern Ontario—Explored routes between Lake Minnitaki and Lake of
the Woods—Scale 4 miles to 1 inch.

Central Ontario—General geological map showmg Corundum-bearing rocks—
Scale about 18 miles to 1 inch.

Northern Ontario—Gowganda Mining Division—Distriet of Nipissing—Pre-
liminary geological edition—Scale 1 mile to 1 inch.

Nova Scotia—City of Halifax geological sheet, No, 68—=Scale 1 mile to 1 inch.

10192 Nova Scotia—City of Halifax and viecinity—uncoloured—Secale 1 mile to 1

1025
1087

inch.
Nova Scotia—Waverley geological sheet, No. 67, Halifax and Hants counties—
Secale 1 mile to 1 inch.
Nova Scotia—Windsor geological sheet. No. 73, Hants county—Seale 1 ml]e to
1 inch:
Nova Scotia—Ponhook Lake sheet, No. 72—Temporary edition, uncoloured—
. Scale 1 mile to 1 inch.
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LIBRARY.
(Jane Alezander, Acting Librarian.)

Publications, to the number of 2,901, were received during the calendar year, as
gifts or exchanges: including—besides periodicals—maps, reports, and publications
of foreign Geological Surveys, together with memoirs, transactions, and proceedings .
of scientific societies of both Europe and America.

The number of volumes purchased was 99—costing $369.05; and 85 periodicnfls
were subscribed for; while 825 volumes were bound.

Letters sent out relating to library work numbered 164; while 710 replies were
received acknowledging the receipt of Geological Survey publications.

Bsides cataloguing current additions to the Library, more than 3,000 index cards
have been re-written, filled up to date, and placed in the new catalogue drawers.

PUBLICATIONS. :

The following Reports and Catalogues have been Published since January 1,
' ' 1909:—
No.

973 Catalogue of Canadian Birds. By J. Macoun. Published December 15, 1909.

980 Report on a Portion of Northwestern Ontario, in the Districts of Algoma and
Thunder Bay. By W. J. Wilson. (Bound with No. 1081.) Published
November 8, 1909,

996 Preliminary Report on a Portion of the Main Coast of British Columbia and
Adjacent Islands (Second edition). By O. E. LeRoy. Published July 19,
1909.

1020 Contributions to Canadian Palmontology, Volume III (quarto), Part IV:
The Vertebrata of the Oligocene of the Cypress Hills, Saskatchewan. By
L. M. Lambe. Published March 26, 1909.

1085 Report on Coal Fields of Manitoba, Alberta, Saskatchewan, and Eastern
British Columbia. By D. B. Dowling. Published October 15, 1909.

1050 Report on Whitehorse Copper Belt, Yukon. By R. G. McConnell. Published
October 4, 1909.

1052 Report on Artesian Wells in the Island of Montreal. By F. D. Adams and
0. E. LeRoy. French translation. Published October 28, 1909.

1072 Summary Report, 1908. Published May 4, 1909.

1078 Catalogue of Publications (1843-1909). Published October 4, 1909.

1075 Preliminary Report on Gowganda Mining Division, District of Nipissing, Ont.
By W. H. Collins. Published May 22, 1909.

1081 Report on the Region lying North of Lake Superior, between the Pic and
Nipigon Rivers, Ontario. By W. H. Collins. (Bound with No. 980.)
Published November 8, 1909.

1085 A Descriptive Sketch of the Geology and Economic Minerals of Canada. By
@. A. Young—with Introduction by R. W. Brock. Published November 2,
1909. y

. SPECIAL REPRINTS.
The Nepheline and Associated Alkali Syenites of Eastern Ontario. By Frank ,

D. Adams and Alfred E. Barlow. Transactions of the Royal Society of
Canada, Volume IT, Section IV. Published August 14, 1909.



SUMMARY REPORT ‘ 283
SESSIONAL PAPER No. 26

FRENCH TRANSLATIONS.
(M. Sauvalle.)

949a Report on the Cascade Coal Basin, Alberta. By D. B. Dowling. (Sess. Paper
No. 26 C.) (Edited only.)

999 Preliminary Report on Gowganda Mining Division, District of Nipissing, Ont.
By W. H. Collins.

1085a The Coal Fields of Manitoba, Saskatchewan, Alberta, and Eastern British
Columbia. By D. B. Dowling.

1067 Report on the Geology and Physical Character of the Nastapoka Islands,
Hudson Bay. By A. P. Low.

1114 Report on the Algoma and Thunder Bay Districts. By W. J, Wilson.’ (Bound
with No. 1119.) .

1119 Report on the Region lying North of Lake Superior, between the Piec and
Nipigon Rivers. By W. H. Collins. (Bound with No. 1114.)

1124 Report on the Dominion Government Expedition to Hudson Bay and Arctic
Islands. By A. P. Low.

DISTRIBUTION OF PUBLICATIONS.

During the past year, 76,681 publications—including reports, parts of reports,
bulletins, maps, ete—were distributed to libraries, scientific institutions, exchanges,
and individual applicants: of these, 42,835 were distributed in Canada; 8,820 in the
United States; 8,201 in England, and 11,825 in foreign countries.

The sale of publications during the year—December 1, 1908, to December 31, 1909
—ineluding maps and reports, amounted to $405.19.

The number of letters received in connexion with the distribution of maps and
reports, was 5,174; besides 10,800 acknowledgments from exchanges and individuals.
" The number of letters sent out was 3,242,
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ACCOUNTANT’S STATEMENT.

The staff of the Geological Survey, at present employed, numbers 70. During the
calendar year the following changes in the staff have taken place :—

Deaths :—

J. F. Whiteaves,
Hugh Fletcher.

Appointments :—

A, S. Jost.

J. 0. Fortin.
J. A. Dresser.
W. Malcolm. -
M. Calhoun.

The funds available for the work and expenditure of the (Geological Survey for
the fiscal year ending March 31, 1909, were:—

Details. Grant. Expenditure.
Appropriations.. .. .. .. .. .. .. . 0. e e el .. .. $281877 33
Civil-list salaries. . .. .. .. .v o0 ve V0 tr ve e e e deneas $91,383 59
Explorations and surveys.. .. .. vv vv vr vh v ve e e 58,678 60
Experimental borings for gas, oil, etc Fi ek e i saesas 14,656 65
Wages of temporary employes. . .. .. S e i 21,778 51
Printing, engraving, and hthographmg e e e e e 42,569 43 -
Books and instruments.. .. .. .. .. i. ih e ek ee ve e 6,888 39
Chemicals and apparatus. . Sh maias =Etae we e 22 81
Spemmansforl{useum .. 6,520 92
Stationery, mapping materlals etc Yo e w ie wE daeana 5,116 30
Ottawa Exhibition, 1908. . R N S 96 46
Incidentalandothﬂrex‘penses.................. ...... 7,288 32
Unexpended balance.. .. .. .. .. cv o v vr vn e ve aaes 27,464 70
i $282,454 68
Less—Paid from appropriations 1907-8.. .. .. .. .. QR 577 35

$281,877 83  $281,877 33

(Signed) JNO. MARSHALL,
Accountant, Department of Mines.
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GENERAL CONCLUSIONS.

A review of the foregoing reports will give point to the statement made in the
introductory, -that the work undertaken by the Survey is essentially practical and
economic in character. While the needs of the miner and prospector must receive
our chief consideration—since mining now ranks second only to agriculture among
the national industries, and since intelligent and efficient mining must have as a
foundation a sound knowledge of the geological conditions—still it has not been
forgotten that it is the duty of the Survey, as a public institution, to collect and dis-
seminate information of interest and value to the public in general.

The fields selected for investigation have been, almost without exception, those
for which there has been a strongly expressed popular demand. ©On acgount of the
limited staff, however, many areas that should have received attention have, perforce,
been neglected.

To strengthen the field corps—especially in those cases where a specialist was
required—I have not hesitated to enlist the services of foreign experts. This pro-
cedure has been justified by the results of the various investigations.

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

(Signed) R. W. BROCK.






9-10 EDWARD VII. SESSIONAL PAPER No. 26 A. 1910

INDEX
A

Accountant’s statement.. .. .. .. ci ip ch ih hh di ae he ee ee ae ek e e an e e ee o0 .. 284
Acker, George, gypsum on farm of.. cv cv ci vh ve se te er e en e e e e ee e ee ee .. 238
Acknowledgments. . Se ke e e ee e ee ee e e ee we woee ae ee ee ee sb e e 4 248, 249
Acme claim, B.C.. e
Adam chromlte]groparty.. - T T |/
Adams, D examination of serpentme rocks “of Quebae P |- .
Ada.ms,L.B 4 Mn ha G ésmm W e I Ve mb ke maree e eeeeas 1DB
Agassiz, W.. mr me Emm me me vk EE NE #E 4 4 44 S5 d BE BE Fe st Am 44 48 s+ ++ b+ WM
Agrmultura.l land—"
Alberta coal fields.. .. . vv wv vh tr te we we ve we wr e e we be se ome s owe owe s we w141
Beaverdell district.. T ML PSR S PR P | © |
Lac La Ronge district. . T |
Lunenburg co., N.8.. wr bn Nk Wk kb R ek A A R R A AR e SR RTAT R ab
Queen Charlotte lalands T .
Skeena River district.. -
Tulameen district.. .. <. ¢4 av vi vi v e hhin an hd en enen e e b e e e ee .. 106
Upper Fraser rivers. vv «v cv ov 1e 00 o0 2o on v ue 5
Vancouver mland i ediwe seeian e aivah whiennse A B e =
ATDSEWOTER GAYE.. . »v vv e e e ss e ne ae s ne me er vn an ar me ee e v we en a .. 26, 184
A:tken,G.C “ 84 am gn ws BB ue e e 4p aia s
Akin, J. smpleaof coal subr.mttod by.. U
Akins, J. R. ce e e e wnime s e awiee ae i .
Alama mine, B.C.. B T
Alaska, prospectm e ap as 48 a8 4 ma b8 b4 e s wd ea
Alaska-Yukon-Paci c expos:tlon, dlsplay of minerals nt R - 1
Albert Mines, oil-8hales.. .. . co vu vi vv ar bn ae th an ae se 4s ah sa ee saes anies as ..200 202
Alberta, coal in.. .. .. . N F U
“  Kootenay coal in northern B O P N ) AT 45
oll proapoctaol:; ..o ci i fiae seietae BE Rt eELaE GeEmiEs i REceitis siiiv s 37
Albia claim.. .. .. wauias W 4 ieniEe R Sl
Alexander, Jane, a.cting hbranan, report Of .
Alfreda claim, B.C.. .. .. .. C e e ae e e e ae ae aa s
Al nqumbesch.. e et ee e ee e e e e e ee e e ee s e e e e e e e e
Allan, J. A.. o oo 0 ot hs ah e e e et he e ek e mh ae s e as e ae o be ae ae ee ee oe B, B4
. reportof . ie ih weaeins We .

i

e W%y 98

e Eort on Vancouver island TOfETTOd 0.« v eo e se se o e an e mn as 88
Alpha claim, Sh e et WE GaTad we A seiedies A eE asise Mo me @6 e 92

. American chromite mine.. .. .. . ce ee en e onon e . Shna wa a 197
AR OreBK.. .. .. s su ac sn me ar sa vs ms ak se we ss e ee as en s ieine s Sess 10

o

B

Glrlgro L
Ami, H. M,, exa.mmahonoffnsaﬂs b*_r -

Amphlbule.. Cee e e v e ee s e

Analyses—
coal, AIbarta L . T
 SKeBNA TIVET.. «u ss ax s a5 2 sv av ss 50 an s sa 20 54 25 2n 4s on
« Tulameen district.. .. . GE iNgTel ee a6 @5 wiied e Be i awive de i
glass sand, Lac LaRo dmtnct T
iron ore, Vaneouveri Siian e Reiaw weer wE weiar s e SNcaEas wapis
lignite Lac LaRonse chstrmt ab ee GE B4 b CaieR e ER RN EE S iieiwa de ase
Ipisiguit iFOM OT€.. +v we cv vv vv e ee wh e e e e e e s e
oil-shales.. .. .. P
platinum nuggets
Anderson and Eisenhauer.. ..
Anderson Bay formatwn, B.C.
Antimony.. [ .

Apex clmm-, B.C.. i
Appalachian h1ghln.nds
Appointments to staff..

A 7

Archibald, M. S LT
Arctic 9xploratlon e e s

s e a® sa mE sw 4% ms sa ww w4

Argentite.
Arﬁfgton Hill.. .. .. 52 ox .




288 - GEOLOGICAL SURVEY

9-10 EDWARD VIi,, A. 1910

Page.
it i ch ee e e e 86
is se es ee oo 07, 287
4e as me we as 65
S ) |

Arrowsmlth "Mount. e B EE BE 48 48 S® e wE wW $4 H4 te we as NE 2R 4
irsenm .t. S
TBOMOPYTILE. . «v wn 4n ve 4n 4u os bu au 4e an mn as we wh obe e ae es
AsbeBtiC.. .. vi vh th ce hh ae es e ve e s aw ee we e e oae ee e wa
Ashostos—
Dresser, J. A., facts obsarved 'by.. Vi Gh.weine i sede e s edreeTae wu e &
in Broughton series.. .. .. "h de ma dn BE RACEE S BEEA R RS weoaeiEd we =
method of mining and mllhn n aaiisiias we Ws s aEiesLse eewe dR SE Sa e
mines of Quebee list of Owners Tt
ongmof a'a e Eadeaed a sEie e

product:on of in Quebec
§rospeots of.. .. .. ..

uebec province.. ee oas

ulameen district.. .. .. .. .

uses of.. . va b de e e e e s
Ashestos and Asbestic Mmmx COuvs vr ve e me vn e e s
Aghestos Manufacturl.% ave . Se Bh an ac mm as 48 S0 a4 es
Asbestos Mining and anufmtuﬂng R b ik ik as s R e wE S 4

Assays—
Izra BTOUD OT®.. . io av su ss sa 5a as as a5 88 45 be se re ve ss 20 40 oo o2 as 20 oo OF
GOlCONAR OTB.. v vu v4 1v ve sa se se sr 2o 5o 50 s 56 25 wo 55 sx e sa e we s mr we 57
THOMESEAKE OT6.. +n oo vr wu ve vu sn o vn ve ve vu on an ae sa na sn s e e e e 59
Lac LaRongeﬂree.. P 1 i1
D R 57
Silver Cup OT@ .. su tu to tn i wh te sa ae an an e an se ms se as 4o bs me as ae s
SNATINE 0P8 o0 0 sd waieh i enissi e 55 asies an palenHe 6s 0 aEeh RE 5P @v e Wi
Atln distrdob.s oo oo e G iesh he Siiss we G dewd aRas v 0 eE e Be Beedpe we S
Augite.. G e Al W mEETae be Ratid wa weiad wa wd el e B4 RecEdied Shieehes e ae Sl 20D
Auroraolalm,BC Vhiina wadesE re et asiesia Ee e sateeiss da seiEeiee as s 14
Awaya, Ikeda&(‘o ke e de e ied e A eiie's N e aatas aw amia s e mpcesian wh e e 76
Azurite.. .. rraeina waiwe e PR e me cesiee W mEeRiee B peiwe ke Eneear ue ARGDE

g8

Babine Lake coal.. .. .. .. .. «v o0 o o el
Baden Powell claim.. .. .. vv sv v o0 v ve os s0 5e 53 or 5e we ae we ar we 4w ome o«
Baillie islanders.. . . - ve 45 88 S8 Gu 4b be Be se 48 b B8 Be se e se 8
Ballou gold mme,NS scheehta fotlndm . ua a ik dshREties e S
Banff series.. .. .. .. .. ' seimeiina ms saiaeEmine ae seciveias an o8
Banting, BE. W
5 75 T L
Barrette, Osc.ar L 0w 3l FE bk ks Lk D AN BE RRiER e iE 4 bFaredb ik af .
Bartlett, E O P P~ RGO A e
Bathurst dlstrmt NB report FIe S PO R e Tl  ( a l i
Baynes, Mt., B.C chara,cter of.. . Su e WechEre wi st
Beach, H., notes ‘on Manson creek hydrau.llc mlnlng §5 B5 wiiidhes e v fEsas e
Bear river. . . - e ek e seoEles eadaeitel e Eeipeiies =% 10
Beaudoin and Andet Asbnstos Co av ms waiEE BE se mede 4s sa wsiaw We asiweiee ee s s THB
Beaver asbestos mine.. .. .. .. $40R4 Simie w8 Bm el e e e e e en Ea saties b se 1S
“  River gold clalms S ©::
Beaverdell district.. W oee e we we we e e s s e e ee we s ee e ee e ea .
Bocker Creek claims. . .. .. vo vv on e on e e wh BE b Be w4 we Hw an owe me 53
Bell asbestos mine.. .. .. .. .. o0 e hh ch il hh e ek e e ee e e e ee e ae s
Ball alghn, B.C.: oouia wiuisn. oi i i i s hE veaiiEh wh deee b we hene o ur 13R
Belmina ashestos property R R T o I RO R e A e
Berlin Asbestos Co.. . as B Heien B e lesiies ealairiea be i
Bernier, Capt. J. E., relies oollochedby aa s A ek EE R e s P u
Berringer, F,grpsum on farm of.. s ma mEima RE s maan e EiaeeE ey
Berry, L. W..i.. L ea 4a aa aa 4a se s s se we se te ae ss 3s s bs s ms es we w. 118
Best Chance 0181!]1, BC. ... LT P

Beta claim, B.C.. .. .. .. DA . 92
Big Bend Mountain olalms * we er er en ke 88 s 44 ss am ss se sv e e me e we e 53
Bighorn coal basin.., .. .. ... s ..

s . 4,1

Big Hurrah mine Alaslm N e e s i .?9' 1:2‘1
Big Thing mme,‘.’BC B8 B B NE RO B e S s e heilvE wb Bi deiieiian wy 14
Bismark mme,BC B ke eeteataie Ee ¥ Setiecds ed aaSaaia eE bE LGRS e a0 feahieamee  1EB
Bismuth.. .. .. T . P 13 |
Bitter creek.. am s EE E4 e e s 4e ae e
Black Lake Consolidated Asbestos Coo. ..ol

Black Prince claim, B.C.. Ce e e ee ee e en
Blackburn property, Northern Ontanc e e e e e
Plackwell, R. H.. .. .. .. .. ...

T T 10
seoes .. .. 194, 196, 197
e e an un owe an T4
S T ¥ j |
T T R 11




SUMMARY REPORT

SESSIONAL PAPER No. 26

Blogg, Charles E.. S Siiai e W e wt 5% Gapaiimr w5 s
Blueblrdmma,BC..... .
Bog iron ore, Lunenburg co., NS.. .e as
Bonanza King group.. G B4 sbamiae me srimEias sECeaidias we weied e
Boring for coal, gu.a or oil on PEId b medaie e s
Borings, records of.. ..
Bornite—
Arctic Chief clmm,BC te ae wr be e us
CopEerlala.nd C.. .. e e e e e s
Bastern British Colambit.. .. vr v ve ve oo on s e e e
Klunkwoi bay, B.O.. cv it vt i th vr sn an o0 os o6 08 as a5 se 20 o0 we wu an s
Queen Charlotte islands.. .. .. v vv ch vr vt vi ir be e e e e e ee e e e e
Rainy Hollow, B.C.. .. .. .. ..

ae as as & B8 ma 4w wa w4 sa mE 4% A% ma sw ss as ws ww

Texada island. . S e e 4 dwiie e e B A ose B wussiie UE G

Wheaton River @istTict.. .. «n wv wv v oer oo on o e e

White River Qistriot.. .. .. v vv oe cv oo on e e

Williams and Merritt creeks R4 mn e ik i e

BOStON ASDEBLOB CO0.. .. »v vv vv vu vn se we ve ne ne ae e e e ne ae me ae e s ee ae e
Boucher, A.. he he ee we e e ae ee s e ee e e ee e e e ek ee e e e e e e e .
Boulais, M. H. be e e ee e ea e e ke e e e e e e e e e e

Boung Frachon property,BC | A8 Bk = ah st bE B BB KBS we md a4 a4 da.4e 48
Bow River series,. .. i PE S M T
Bowman, Amos, Cariboo mmmg chstnct exammed by R TS T e i
Boyd,“ﬁ H.. L .

Brass mineral] Glaiii.. .. .. cv 4«0 oh ts se se e su g0 am wm s as ar s es wr se be se »
Brazeau Range coal DABIDL . wv ve ve v on ve e mn e e e e e e e e

“  River coal,. e e W B et eEire aE i aisatiyeiies e ke i be
L 102 130 137 m 241 249, 24,3

Breeches Lake chromxﬁa property
Brick.. .. . 4 i Ne be as an
o samplas for testing .. . Ce e e e ee ee e ee e

British American ASbestos MIe.. -. v« ve e oo v oe on on or e e e .-

British Association.. .. .. Saiih. e, r4 Wb SR h b Gh We seiEEian we 4 WewE iw
British Columbia., .. .. T R R S
British Columbia, minerals from at Saaitla exposmon e
British Columbia Platinum Co.. A e wlEewe
.Broad, W., survey of oil-shale district. . o s

Broadbant R. L

4w wr we e aw

T s 4% ko ks ks owe

report on collection of minerals for Seattle axpomhon.. T
Brnck, R. W... .. T

geolosmal raport Larder Lake dmtrlct by a4 ha.hs ws wE maieeiae ea a:
Brosseau chromite property.. e . . .

Broughton asbestos mine.. .. .. .. .. .. ... .
Broughton SeTieS.. .. vv vv 4o 4r 4e 4u 4 tu we su ba o we wr en s .
Bruce Mt.,BC.... S eeiws b G Ewowh B B Er s W6 Ricee ‘.
Buchanan, &, O... .. .. Sr 56 greieud e Seisiwa e e e .
Buffalo Hump group, BO o4 wu as am mn as 04 44 4a . .

S TP P 1St s NPRN S T V1 o O SR AR o

Bunker Hill mine, BC

Burhidge, G. H... .2 40 co ct cn cn s s 58 5a 5w s am w4 be Be es ne we b . .
Burnaby island.. A ah Ak R R e PN
Burroughs and B.ogers, survay b at Go nda.. R SF ananei e N wa m
Burrowq A. G., exploration work in Northern OBEATIO. , v+ vr e or ae e e

Bush Mountain coal area.
Buster property..

e ww Ee e B4 be 4 B4 8s ma w4 o ww bs o Es s s ws aa wE wE

Caffery, Frank.. . . . [ e oas
Csirnes,D.D. - .. T P DI i e o
“ report of .. B hn et watiiie e e a6 S mielaceias kb mp ki
e “ " on Conrad QISERICt.. ve e e ve an e eI

specimen recened from.. .. .. ov v es 1.
Caleite.. .. Ce e ee e e
Calespar.. .. .. .. ..

Calhoun, M., appointment of..

Ca.mpbell, .T
P

« w., " examination of Ca.ps Breton copper depos:ta by Al
Cams&l]. Chas.. .. . e aweeiey mew
mstnmceofavoln;nicstockreferredto vai mal s e s

reference to former report of.. .. .. .. ..

ae ve v own o P oes ev oaw o ws seEs 4
ar ae s ws

se ar Se s4 o ww o me o= oxe owe oww owa s

[

26—19

CE

report of.. ocak RS G A X e u P

geologlcal features in Montreal River dlstmt.. Lo

S8 a4 ks wa wa as ®a s HE &4 Es wal ma ss EE 4 se wa =s &e a= ws wx =w a

. .75, 76, 77, 78, 79, 94, 121,

axamma.tmn of Nova Scotia oil-shales 'hy VT R R

289

94
.o 147
144
197

240
194
s 8
. 3
258
113
202

.. 103
. 78
. 4

133,



290 GEOLOGIOAL SURVEY

9-10 EDWARD VII,, A. 1910

Camnell Chas., report of.. .. .. .. e e e s
specimens received from hh ke e e e ae e e
Canada Iron Corporation.. .. .. . e e e e e
Canadmn Chrome Co... .
Consolidated Mming ‘and Smelting' '+ LSRR S S5 b e
- Mining Institute, maetu:lg at NEIBOIL, . va 25 o oviariva ah ae 95 idhesie wd md
Northern r;ulway S U P PO PR PR S AP | e | - W, |, |
Pacific rallway s [ - R & ]
Petmleum C05ie n 56 20 54 wiiss ae s
Carbon hill, B.C A R
Carbonate rock of Larder lake.. .. .. vo oo os o.
Can‘bou N.8., schulite found a.t N
pit (chrumlte) i b sEika B
Carmanah formation.. .. .. .. .. .o oo ool
Carmi mine, B.C...
Carmlcha.el H.. report on Stewart dmtnot
Cavana, Y aeaacmb sva 2 as
Castle ountmn seriea S1 sm ne 48 4s wa 4s AE
Catalogue of Canadianbl . 2 vaian me e an an .
Cement.. .. . rrve meiERime Bsesimin e s omsies e -
Centre Sta.r mme fe ee e s ee wa ke se aw 4s we ws be s ws ws se ss ws ss 5w ss se se ss 28
Cerussite.. .. .. e e e . ewonl dmSaioa me . e Su Sw.upieb G4 Emome 187
Chalcocite. . e 4 14- 28 101 118
Chalenpynte 11 12 13 18 52, 58,57 53 m 72. 75 {8 ?7. 79 81] 81 82 91 92, 08, 94, 95, 1 01
113, mmm 188.169 179, 182 199
Chance, John, discovery of gold by, in Tulameen dist...vcvvveecreerieraccsessrrsvarens
Chnpman, R. H.. O Sy AR RSP U 0 SREE . 3,7
report A
Chemainus river.. .. v WD ME Gm 4% B b B3 24 45 b Be es be ae e sa ea e 2 €5 se an B LOU
Chesterville ola:m. Ont e 45 4s e W4 L4 =s €8 84 as 88 be =e BE 4u a% 44 us ss 4% so es 4 s 119
Chieftain hill.. .. o0 o vi v ot st ss ve o0 sn va 4s a0 48 25 a0 58 26 as sa as au ae 4s we as 54
Chipman, K. G.. . Sk e 4 naai.as ai weew s B a5 oidme sh de W s in ddss.esces DB
Chlorite.. T S |
Chromlte, method of nnmng and’ oonoentratmg.. S W S | |
southern QUebec.. .. v vv su su 14 2s 0 s 4r es 4e we oas se s s es ae ea .. 181, 182
Tulmeen distriok.. o vo ov co ae ot ov 10 45 o0 o0 20 20 b5 a0 ve aree ar we o0 3 111
NI DLz aean o s as min as sncunEine Recdalies e aiiberes ad s eesss @ cenwsige A0T
C'humhi]l TIPRT.. oo vn oy oo an o mn 4w 98 e en ek v ms wm wa me e e e s re s e ae 4
aracteristios of.. .. .. .. ol il il il il ed ee ee ed ee e en ee e es s .. 151
Copper Queen claiM., +. +v vv ov 4s <0 ov a0 e sn 20 sv ns sn vs ws sx ws 2e nr ove e e as 179
Corals, Radl[ountam.. e . 54 wr se b8 we se sm bs se or se ox s e 108
Cirkel, F. Monograph on asbeatoe referrad o Ee ee aie W Satdaiit dn e secmeies  dS1
chromite.. .. .. .. .. .. .. .. .. .. .. 181
ClapPCH S am s whowEwe WE e R R ad LR b6 G adascmE e S Eatan Ge agtE 3
report of . LTt
Clark, Dickson and JORDSOD.. - +v os +s e e e 86 e e 88 s e be se sene a1 er o on BB
Clarke ashestos PropPertF.. .. .. vv ve vr es 2o an on se 2e 4e an 0e ee ae ew e as

“
o

Atlin, B.C.. . ve e ae e ww we we me aw eh e we mh ae we e ee en we o we e 13
boulder, upper TrABET TIVOT.. vv ov ae ne e oe se ve on on on ve te e o e e e e 130
deposits of N.8.,, N.B. and P.BE.I.. v. v 0 ev er 00 o0 00 a0 o0 ve an on oo v on .. .. 240, 245
East Kootenay.. s 04 a4 ua @a e me we Be we b4 &f eu a4 2s a4 s w0 ae on BT
brick-makiag, Lunenburgeo MBS -
Maritime PrOVINGES.. vo so oo so oo o6 s o0 25 58 as o5 20 00 as'ss n au ss se au wa an 6
near Prince Rupert.. Nn wr == rr u€ == 44 W = G BE we by fu v 4w ww == ek vy ome we v
Nova Bootisn.. «v o0 vo 6s na sa s 62 20 00 wn an 8a 82 48 85 a2 88 s 2s 4s su ar as s 5
BEOMOWATE.. .o tv vo vo o0 ae 20 40 oo 2s o8 o6 20 o5 o6 20 o8 se 44 sa n
roduets.. .. .. .. ra it ¥t ae £ mE sk L et e ae an va Wk, e e

uthwestern Ontario.. .. vv un . T (11

Tulameen distriet.. .. .. . g e B
Upper Fraser river. e et e
Vancouver island.... .. 3 . A
Cllmate, Beaverdell district.. .. .. . ad =aine.uh Bhoa s e
Ilast Kootenay.. .. .. .. .. . sahEe asaE mE asam s
o Lac La Ronge district.. .. .. .+ o0 o0 o0 .
“ Southern Yukon.. .. .. vv vv es vs v i un
“ upper Fraser Tiver.. .. «u vv oo oo 42 an o0 on «
Coal—
Alberta.. .. . P
L T S S 148
Bighorn BaBITl.. o0 vu v vt ve v e se ve se va ae ae mr e me we we we ee ae be e as
bItUmMINOWE. . .0 vi vh vh vh v hh e he e ee e ek e ee ee e ee s me e ae e e 55 177
bormgum P.EI. Sa Th G e gle sb diiiinh e o4 abwe o4 be Gewede re bi aa
Bush ountaxn,BC Be 44 84 su 4 88 v ew B4 we ws wu Bu se re ww wn e we e ®b ..16 55




SUMMARY REPORT ' 201

’

SESSIONAL PAPER No. 26

-

Coal—Continued. Page.
compllatwn, D. B. Dowling.. .. S5 Wi e =i Be AY W ae 8
mplicated structute of uutorops mSprmghl}lbnm NS 5 e bk Gy ae BBV
mberland co., N.S.. S aiian Ba daswim mab s RN
dlsooveryof new nocurrance of byD D. IR < 55 555 Va oo e e 5 e wh 5
Dowhng SiaE eeihe S5 e SeilvecSe de es 4K 5
Tantalus ccmglomarate.. S5 waiaaaa W peiiee R U P TI - & 52
I\"%lll*thernAlberta 4s 48 a4 8B 8h EE Be we a8 ew wr e re me s se Geiee we se em 45
Queen Charlotte BIANAS. . +. v s+ en e en tn te e en oe o be e ee ee e e e e 73
fehewan.. .. oo ol vi eh eh en hn nn an ae e e e e e e e e e e e 4
Skaena T 64 67
Tulameen district.. amtnm e e mime s e e weewi hE S ke mas ..8 104, 105, 110. 115
Vancouver island.. ik e s N e e e se e GE Sh eelsmiae ee ek s WL

WheatonRIvardlstnot........... e e e ) )

Yukon territory.. e Ve ai )

Coast Range batholith.. . s
Cobalt.. . SAREPE S
Ceur d’Alene d.lstnct BC. $iiva as -
Coke..
Colarmne Mlmng‘ Co.. nime e A

Collections of rocks and m_marals for educat:onal institutions.. .. .. .. .
Collms %lch coal at.. ce e . Ce ee e e ek es e ae s

o
s@

71 179
133

= B reportof . DL R LN L T |
Colhson p 2 Hs AN W eee e wh R wk A EE e W we il ie A e s ea as 74
M'nu Co . e T = P A R R SRy, | W .
GoInmhlaCoalandOokeCo i eE A s 4R aahwabie aE Eecies i edtaatad ew
Comet mountain, tunnel.. .. .. .. v o0 ci th tl ii e e e e ee e e s s

Compilation work.. e o S ma wEER R Eeimyian atwicisa e amienes S . .

Compressoratﬁrgenla,BC AP AR e N wk e R S e wiied T
Dome, B.C.ooo vy ti vt th v th i hh he he e ae e ee e e ee e aa e ) 17

Concentrator, Glacier creek.. n mr meaE e de SmiAetEE e e e e A b ke . 11

Conecord claim, B.C... e e e ek ee ee ae ae em ee e ee ae ae ea s
Connor, M. F., assay for platl.num W e ee e we we ek ae ee ae ae ee e we we e we . :
Conrad tllstrlct S € 4

Consolidated Mmmg and Smeltmg Co Trml smelter L I N O ST 29

Contact group.. .. .. . . e & ee re = sw ws wr wr as as ss 2« »o 81, 88
Cook elaim, B.C.. S Gk ih bematiGe WP A aElae B4 Sniad mEire s be weliae b % aaee it 12
Cooke, H. G 1.8

Copper—

Arectie Chiefclaim,BC iy e N e R R wE e e kR
Atlin, B.C.. . b b wE Rk e Tawaite 4a ve mEweiemien s
Beaverdell district. . haiaaiie e whiReitan e Sesaiian
S O
Cape Breton.. . % meiaboen A B4 2% me.ms e mw me swseien Se aeesies
Carbon and Chieftain hilla o=y VAR 54
Copper island, B.C.. be ee e we ee s ea e ae ee e oee ae ae ee e es 78
East EKootenay SoeE e Be 4% 24 be 4= BE wd 48 BE wt ve ar vw am ar as ..3 28 136 138
eneral condltmns ofor.'.currenca.. Wa ms e an wE Be 4% WE s4 4E a4 4m ms w8 S8 5E 44 du EB 24

idden Creek Copper Co B.C.. R N S I GO [ 12
Jedway, B.C.. .. . & G FE qE e e e ma eeeiie s wie iy S b qenge HE kb 78
Klunkwoi bay.. “e r ee an s ae s ew ae s a4 se we se se e owe e ws s .4 79, BO
Lac La Ronge dlstrict RPN RPN ey | . gy | |
Larder Lake dlst;rlot ah. wEimatiun i Ak SEcReiiam e i e we war satianiiei aw asiaes IR
Lily mine, .C.. e mu nsimu s e mE mALea fas G4 paiea s me as s s wetences sa saiitly BT
Manson creek.. o
Pueblo, B. C.. e e e ae e e e e e an s

een Charlotte 1slnnds 4P eb be b 44 e mr sk €% e mn wu we e e ss ve e se se «y 18, T4, 75

mEHoﬂow 0 - & O N A N Y 1

® e o TE BT WS TE B4 BB EE S 4% Be e 4

SEOMEIN CIVEE S sa cé6sasiineas s e ne'ss b oo vaiiy
Southern Quebec.. isaa
Stewart distriet, B.C..
Tasoo harbour.. .
Texada island.. ..
Tulameen district..
Vancouver island..
Wheaton River district.. . .
White River district, Ty ce e e fe e e e e . 23, 24
Williams and Merritt creeks.. he aa s o el Rr ua il 857 53.59
Copper Belle claim.. .. .. e wh sa R LR RN R S 80
Copper island, B.C.. .. .0 vh ch th vr tr ie th h we ae ee e e e e ee e .77 78, 89, 83
Copper Queen mma,BC S nm es Eeiiai i be 4s Ee e e eh . ie ae we 7
Cork mine, B.C.. . T TNy ST | -

26—193

. 8, 111, 118, 114
, 91, 101
52

.



202 GEOLOGICAL SURVEY

9-10 EDWARD VII., A. 1910

-

) Page.
Cornell mine, B.C.. .. .. . ot vt o et th hh eh eh e e ee ee er e e e e ee e ae e 11,72
Corwin, Frank.. ah me e ee 4a ee as s s e be se me ss w4 sa 80 wawe w3 ar we wrowe v O
Coulombre oopper DG . e ve e e e e T 199
Comc]mn BIOUP.u 4n to s an de ss 2o se 2o as se 4e me a2 ms ex ows en ae e es ae ee .. 89, 100

river.. .. L A T g s L e % |
Cretaceous rocks of Texada island.. T R T T R . -
Cruickshank, J. McG.. |
Cumberland co., N.8., mvast:lgablons by Hugh Fletoher Ve mr s ar sa =a v s wr wr we ne Oy B0
Cuprite. . F. te we we we e ae bs ws ee s e .. 2.18,78, B2
g,—vmw regard.mg Lowville formation quobed s 111 T [ -4

D

Dakota sandstone, a.smtable reservoir for oil.. Sa ek W B ed h e wdwe e weiteh e us 43
Daly, Dr. R. A.. P - N . |
Danville aabestoa mine. . .. .. .. . . ..192, 194
weon elaim, B.C... he ae e e e me e an wa ae e e 59
Dawson, Dr. G. M, report on Skeana nver dlatnct .. R '~
reports on Interior Plateau of B.C... e b
= t to Tulameen d1strmt P (1]
Dawson, Sir J. W, fossll planta of N. and N S descnbed by ce ne sn e en ea <274, 276
Deaths.. .. s B e S e S e Wa ueir 9% 4% e XA
3P R P SRR RO IS o e s A R S e e e we .. 284
Whiteaves, J. F... i Vaiais B vahd A et b aw ascrecas =k as DA
Damers, .Tos work on asbestos property i g P -
Dmkson. e miien me amieeias me S metEs Eieetas wh e mscamcar Me meciesthiss b shiarias ae s 52
Dingo claim.. .. vv vr vt ve vn ve wr ve ws b ee e me e ee e e et ae e s we we e as 78
Director, illness of.. .. . PN 9
el official visit to British Columbia and Yukon ce ee e e ee e e e e e e 9
s d wurkoft. 5 U s BE Geieeias W Sk 4e da eh =s .
iscovery prospec .,oo B.rat.. 4o 88 N4 84 we e @8 B LE 4% wu ms G4 S8 S8 4F B Be ww
D’Israeli Asbestos Co... .. pp o T il A S G
D’Israeli Mining Co.. 44 ms R 44 e 4w be 4e 45 A8 44 4= ma ms s 4% HE 4 1s 4e 4a sa
Dixon and JORDEOM.. .. vu st v th ve ar ts o0 o0 se as oe a0 os ae an ve wa wr br ae ae s 55
Dobson claim, B.C... .. .. .. . TR JUCTIR I
Dolomite associated with mumokel S SR ss Eahdaimh EeTRe e Ge mamatiEa me SEies wh s 23
Dome proparty,BC development a.t b ae e W EeeWaa s aieeras s eres i sasaesdtscmil)
Dominion asbestos Mime.. .. .. su cu vh vt vh ch th ee ee ee ee e e e es ae ee o as ae ee ae 104
Dowlm;DB... ve s
La.cIannga d.lstnctnmtedby.. P |- |
“ TePOTt Of . oo ii eo il el e e e e e e e e e e
spaclmcans received from.. .. .. .. .. .. ..

reportof Ce ee e e s .
Drysdale, C. W... .. . P

Dunecan cla.n:n,BC va.lue of ore a]upped from.. .. .. . L =2
Dunite.. .. . S P {1

Eastern Townships asbestos mine.. .. .. .. .. . c0 c0 th cn ot v ve he we ee an s ae wa ae 104
Easton, Stanly.. i s B4 wvisess 4 e B8
%iléuiatwnal mshtutlons collectwne ‘of rocks and minerals for.. .. .. .. ce e ooe e o 3
ake.. .. .. ..
Elk Lake Immng eu;np S L, 173
E‘lla,B.W... . i A WERA i ra fmE B A Simrem A e
o exa.mmahon of aouthern Quebeﬂ.. .. Ge e me e we o wa e we e ae as ..180 137
o ““  maps of Bathurst district prepared by P . R N - A | i
“ " report of on oil-shales. P .1
“  “ work in connexion with H Fletcher R - - T
Ella.B C.. . 5 Gaibass B Sa ae e eh B be bk weieEles wa we SIS
ki speclmena veceived from.. .. .. i T m
Embarras coal field (See Pambma)
Empire claim.. .. . e ae sr Bt er s in re ww mw ar wa mm me gy e me oam Ak ke 54
Engineer group, B.C.. JR S
English, —, d.l&covery of sllvar, Florence Lakedlst T TGP . |
Ep1do e e e e e .. .. ..53,57, 70,75, 76, 77, 78, 81, 82, 114, 115
Era grnup, BuCol vovn e e e e e e T T ee
T 8
Ethnology.. P - A ¥
Eurekacreek, BC Siias me s WatieE fai Ws mh bb meadieade ke e eb Geiasche i we B8
Evans xrmg) A e s TR P |
fossll plants presented by s WAl We: W ah W Ak 44 Garaeaeead hh aw sa se OIS

"



SUMMARY REPORT . . 293

SESSIONAL PAPER No. 26

Ev'enmg elaim, BuCui vi vv vs cr e ee e e ae ee e e et ee e ee as es es oas es .o .. BB
BEAT MUETB.. v cv or 4 54 44 e a5 sn s owr Es S8 ms we we 4E 4 4% 4% v vs s e 29
Excelsior claim, B.C.. S suiima w A  bhweih eb mi e GRS e we be Be e iy EL

Falconer, F. S.. O 11
Fanba.u]t,E R.. O S -
“"Fossils co]lected by {14
= “  report of.. O e YA L e R A
Fauna of Hast Kootenay.. .. .. .. .. v i v sv ve er an vr 4 va ss ws an an an .. .. 185
TldSDAT.. s0 vo vv ve au ov e wn s a0 0 e me we en e ee be ae s s oae oae s w. .. 94, 108,127
Felsite .. .. . S e HEE He i el e B el st aSiiee el e Adeas dw o DB-ROR-297
“ hrlck makm 5 e dial W et BE e Bl e fed W Cepiegis AN
Ferguson, D bormg ‘records kept by sitesiiwa A% .

Fetf:erly, B A.. e mw wa ae wa ma 4w wE EE w3 mE we 4% e ss e s . 4 b ee o ww 123
TFinld work.. .. .. w0 vu s v ve 15 26 mr 24 2n 2r me 2t vr owr oan as 5 my e ww 2
Financial statement.. .. .. ..« o0 i v e s o e w e ee e me an e .. 284
Finlayson, JUAZe.. oo vv vv vr se vu st ar o se s su as se me se se se er we wn oae we s 226
Firth, ThoS.. .. tv v ti vu wn ae 2a 2r o6 av sa se o4 aa 26 4e ss se an ne ar s .. 151
Fish, "Florence lake.. . R A IO S e P L as he ae e w 169

“ TLac LaRonge dlstnct s eh a5 AeaE e e S owe e e . S G AN |

“  TUpper Fraser Tiver.. .. .. .. cv vv vn e ae oo vn ee s i . 125

“ ,Wheaton River district.. M s i aataetea e Ee e Tad e aaEE ew a3t ATl eb e 49
Fisher Maiden mine, B.C.. R | -
Fisheries of Queen Charlotte lslands e A et e e s e g ettt G
Flemmg ciltalm B.C.. .. . . . -

o

e wE we ws me ak 4w wa ss ws as as ks

W.
Fletohar, Hugh.. e ee ee ee he ee ea e ae e s
doath Of.. 1o vt vt ie e e e
report of.. .. .. .. ..
Flint mine, B.C... .. .. v 44 on as
Flora and fauna, Lac LaRonge dlstnct e s
Upper Fraser river dtstnet e e ed el e e
Vancouver island.. .. T R RN e SR IR |
“ ‘Wheaton River dlstnct.. serEs s b4 We S5 deniah s e de shiiweios S ws, 48
Florence lake.. .. R TR St te ae me e ae as ee ea 0.4, 168, 169
Florence M. cImm,BC...... Siiian Sn Salies dd SeLeEiad ma sk e ke Seanie e . 56
Fluxes.. .. «. .. . saiTalh (o aca AT 4 e wie,aeiies Bl e svislewa Ww, waitss G el sietwe e e s Bl 96
Folding MOUDEAIN. o o v se e an e an ee me ae me e ae e aa e e e e e 43
Fortin, J. O... . me hw anlbe g 4s as wa we we va sa mp one oas as ea s ea280, 284
Fortymile river, placer mmmg OMur wn e e T . 23
Forty-third (48rd) Mining Co..
Fossils. .45, 61, 64, 74, 87, 39, 96 107 llllI 113 150 1.54, 132, 103 185 211, 212 213 215 219
227 236, 270 271 272, 273 27-1.
Fourth of July creek.. Geieiiian Si iu an we Wanesias B4 whiies 4 4w e ee Saaw s
Fraction elaim, B.C... .. .0 oo v iih i in e e
Fraser mine.. .. se ve 4e 44 a4 44 4s a4 a4 ae we ss aa se ws se te se we ..195, 193
“  river, ‘fauna and flora.. . ss B3 butias i eaiwaiian e babine s saieeiies da Gl
“ b reconnalssance smvey of upper O R S IS A SRR SN TR  ..
Freelan,d_ E E L P P PR IR . |
Frelberglte See Tetrahednte) _
French translations of reports.. .. .. .. .. oo v oo it ol in il i pe e ee e L. 283
Frontenac ashestos mine.. .. P |
Fulton, Mr., manager Canada Iron Corporatlon'. S - 3
magnetometric survey by.. .. «v c1 it el ah ch ar id ae ie ee e ee al w. 223

I I3

({3

G

Galbraith W . G iwhlied W Bavaeiiais e awthiges ah Ea cepasten 4% teoesnes e LoD
Galena ﬁ.s“ee
allop, Hanbnry, D. “., Klrkbndge. W H., hydlaulxc plant on Vancouver 1sland 91
Gal]oway, e i S sied s emies - se mae S R ve .. 184
R ) 103
Garnet.. PR ..53, 15 76 7'? 78 79 8‘1 82 91 92 93 94- 114- 115
Gas, New Brunswick, bonngs fnr T R e e s 296
“ prodnctlve wells, Alberta.. . -4
pros cts of in Alberta I N R N S B )
Gas sehaleg ol o v il L e Avigaiis v Getpatiiaiiis h Ba ayieaiae ke Ba s ias 5
Geolo gmalaommlttee i i i esicas WE eeiiautiag waten wetas we ese 6
. formation ofSkeena River district.. .. o0 v vr oo e e 62
Geolo .
A rta coml BeldB.. .. vv s cv 4e v ar ee ae me ar e we ws we ae s e en v se s ae 142
Bathurst district, N.B.o. o0 cv vh ve ve se ve or s st b ae se se wn ae e ae as ae .. 218



204

Glevlogy—Continued.
Beaverdell district..

GEOLOGICAL BURVEY

9-10 EDWARD VI1., A. 1910

Page.
120

. East coast Vancouver island.. .. .. . .e s . TET .- 98
East Kootenay distriet.. abiininiins dn e e e Vet aw enl meinad s 4 va sa an 188
Florence Lake district, Ontee. oe e or s R — hiieie en # A
Tac LaRonge distriot.. .. .. .v ev e ov on 0o oo . RN .. AT 158
Lunenburg co., N.8... o0 o0 ch th vr ar te ae ae ae se as ae ae oae en s -
Montreal River dlstrlct v e 5e ve es seier v se ae e . P
Moresby island.. Brore ez ae s s ke be we 4s - 44 e . e a4 s .. 18
oil-shales of Naw Brunsww‘ﬁ * iiviem ww ms wams BE ieEa er be wr ows oae sa oss 201
Queen Charlotte islands.. .. .. .. v ov ot v vh vt ch ih we ae ae s ar e T8
Saltspring island.. Swriiie pa a-as w4 ME Amids e 56 A ) v se 98
serpentine belt of Southern Quebec 55 an . . S - -
Simcoe district, Ont.. . - . ) I 159
Skeena River district.. x Rewsien e e . . e e . 63
Slocan district.. e ee ee e e e e e e e e e e e s C e I i |
South Vancouver :.slantl R S e « ve «s .. 87,88
Texada island.. .. B . . e e e ’n e 69
Tulameen district.. 4 ah . N 1 R AT N v | f
tungsten deposit of Moose nver, NS . P e« ) . .. 228
Upper Fraser river.. .. .. as mp sa maiy e s - . .. 128
Wheaton River district.. .. .. .. .. .. ... . . ) .o 49
Geology, Economic—
Alberta coal fields. . ‘oen s voee wa 143
Bathurst district, NB.. L R |
Beaverdell district.. .. weowe 120
East Kootenay district.. . .. oss 187
Florence Lake district.. e dr .. 169
Lac LaRonge district.. .. .. .. .. .0 .0 o0 o0 s .. 155
Larder Lake district.. .« .. . .. .. .. oo o0 .. . .. . 174, 176
Lunenburg co., N.S... .. .. .. .. .. .. ... SR R ) . . ‘238
Montreal River district.. . s e a e 171
Saltspring island and E. Vancouver lsland A & . 101
Simcoe distriet.. . 2i wETies it SEiescis =k seee s sia Siei 162
Skeena River diStrict.. .. . «o ou vn vr ove an ee s - P |
Slocan district.. .. .. O . rs ar rrome o ee ..o 132
South Vancouver island.. h e e e e e e . . e 90
Southern Quebec.. .. .. cv vv vh vr vr ee eh an s . veoee 191
Tulameen district.. .. AP . . L. 111
tungsten deposit of Moose river, N.S.. . - i ]
Upper Fraser river.. .. .. .. .o v <0 .. . ciibe ev me 129
Wheaton River district.. . . Saae A iy 51
Glacial action—
Bathurst distriet, N.B.. o n e . s ms P 1 |
Beaverdell district.. PP & L.
East Kootenay. 4r &b db 4w me mp e v owy T T e we ows owe 22135, 137
Lac LaRonge d;stnct P C e s P . he e e e .. 155
Larder Lake district.. .. .. .. .o o0 o0 oo ou Ve we ee v ae ae ae s . oo 174
Southern Quebec.. .. .o sv vt e vilae ae o Wb b Ab BN aa ad . .. 185, 186, 190
Southwestern Ontario.. I REAE o " siowa i e oer we +.164, 166
Tuolameen districk.. .. .. «v o0 wo oo ou s s s i 4w . ve .. 110
Vancouver island.. .. .. .v «0 o0 o0 4o s 5E im ) 85, 86, 100
Wheaton River district.. .. .. +v oo vv vv vv o0 vv o . v .. .. 48, 51
Glacial deposits of Texada 1ala.nd.. “r we ve o aw e e e e e . 71
“ drift, upper Fraser TIVOr.. .o vv ve vv ov cr 2 su 20 s oe 4n o an - 128
Glaciation, ]f.unenbursco NS8.. .. .. oo on .. T . aa 238
Glacier creek.. 4. a4 a4 AriaE HE A3 ke s ae Wb e me B de b e . .o 10
Glaciers.. .. .. b ieweims maodaiies W se e s s - 124
Glass sand, Lac La.Ronge "district. . eloi s e iaoeae . . . S et 157
Goat Mountain, B.C.. v v. e 2o 26 20 26 o6 oo os o8 en e ve an - E B 119
Goat River rapids, orlgm Ofis eiii iv seimives s . S ) . TS 128
Goddell, Chas.. . Ge Ba 4B ws Ba BN B8 ab bE 3 s si R 54
Gulcondaclalm,BC.. A e A ettt e P . PR 55, 56
Gold—
Arctic Chief clmm.. v e ee e ae . s ar a . . - 16
Atlin, B.C.. ce e e e e e s . I S 13
Beaver viver.. . B . C e 129
Beaverdell dlstrwt . . . = 120
Big Bend Mountain claims. . A 53
Carbon and Chieftain hllls e 54
Cumberland eo. NBoiin 5 ws wn wa . 297
East Kootenay.. .. .. .. .. o - 138 138
Gold Hill, B. . . 54
Hidden Creek Copper "Co. o B.C.. . - 12
Tkeda bay.. .o vi vr or ve ve an as . . .. 82



SUMMARY REPORT . 295

SESSIONAL PAPER No. 26

Gold—Continued. Page.
Jodway, B.C.. i ti tr vh vh se he sh e aese ae ws ae s as e we ae oas an we e ae 78
Klondike.. .. bh e e we ae e e e e e ee we es wr ea ee o ae 19
Klunkwoi bay, BG.. aw we mriamnv me aE BE mEowaowminw dd ae 44 mb a5 ar 79,8-0,
Kootenay district.. .. .. .. <. co i th ti hh he eh e e e v ek ae ee ee e s
Lac LaRonge.. .. . R S 1 i AR O I PP T 1-58
Larder Lake dmtrlct.. S s b G4 6% wrdm 8 GF sw Eelweirs A wE o W G1 as ..176, 177
Leech river, Vancouver lsla.nd. S W eE gk i CieoaE EE am wd dw aE iw esnie .85,90,91
Lily mine, B.C.. .. i0 v+ 2o a0 o0 o2 21 a0 ar 25 2¢ 22 20 o1 o0 2o <o v s on s 1o (O 1T
Lunenburg 00., W.B.. .. .. s0 oo ce v or ot wr se de s s we sa ws es se as e .. 386, 238
Manson creek.. .. .. .. .. .. ..
Mfica mountain ..

Nova Scotia gold bearmg rocks
nugget purchased for museum.
Pontiae co.. «v o0 vi v er e ve
Pueblo,BC. -
nartz claims east of Whltehorsa
neen Charlbtte 1slands b i
Ramy Hollow, BC.. .. .. .. ove ..
Skeena Bwer dls\‘:rlct e W owe Ne 4 4 Fs Re Kb GF S se 4 es sa e Ee we ws
Sombrio river, Vancouver mland t s ms mE Ab ms =% wm dm ae am 4k A an em en - oo D, WL
Stevens Mountain elaiMB.. .. v se ve ve vr ve cr wn e an e re me e ve e e e 52
Stewart distriet, B.C.. .. ..t cr th th ot eh te wh se ss o ss e sa se ws se es
Texada island.. .. o, vt vv vv vs or cr su s e ww o mr owe we owe e owr ae e e ws ee .. TL T2
Tulameen district.... .. .. v vr cv vh s e or be we we ae wr ee -e .. .3, 111, 112, 113, 114
Union mines, B.C.. .. .. .. o0 vh v a0 er ar a0 se t0 e 0s e e a0 e be ee se s
Upper ITABAF FI¥BT.: i'vivi id i oo ae vur iiian &8 =P aw T i0- Geieeles @b B b
Venus claim, B.C.. iv hw ia malaa we aa ma we AR Es Ee B a4 A% b8 A ma e
Whitehorse.. . el wh wia: el A mbEEEE EE R RE RS Ee AR EeGeeReCwi aeidd an gd
Williams and Merritt cresks.. .. vn ev en ae oe vnve e e e e T 58, 59
Gold Cure mme, Bl Lii i i vothiran ae Sii vk eal astanlEetaeleE W B Ee s S
“ Hill, B s ds ..’.. Yo s W wa i saal el wE e a8 RE san Seiaiairtan G aE s 54
“ Klng clmm e 4 Sa WE mis ma A anian as Ee EE ma R ERCESLEEesaE es 4w e e 128
“  Reef claim, B,

Golden Slipper claim, BC . e .

Goldenville quartzite.. .. .. .. wa an maitue e ne as E sa s eedas ad we

Goldthwait, —, work in Slmcoe dlstrmt.. SHCRR ma EREe, R RS aEcawcns mE R Raescae e

Gopher c]mm BC a e mbEsiae mecanes mE EEeies ae sl we s weseiee =5 ssies s

Gordon cut, BC v mE meiiew e AT IO mE SeCNrE s e EechE b S ARcdE e

Gow anda.. D

lake.. .. C e e i e e ae e ee e e ee e ..4, 171 172

surfaee operatmns on clalms at e we wr ae s we v we s e e ae we we s

Grand Trunk Pacific TailWaF.. .. .. vv o vv on ae ar va mr se 0e 00 an a0 on s

Granite, structural use.. .. . % be NEme Ak beik i me e
“  Nipisiguit, used for brldga plers, ) R M [

“  relation of to asbestos.. .. .. .. .

Graptolites.. .. ..

Grenville series of Eastern Canada referred BOie ¢ e e

Grey, Earl and party at Ainsworth cave.. .. .. .. «. cv cv ch th be an ee e e

Gmlhm J b1 roportonAtImdlstrwt e e S U L e e A

o

H

Halifax slate.. e e ve 4e 54 su ar ae ar 286
Hardman, J. E, 1r|:|11 depomts of Bathurst district deaonbed by R RS ., |, 4
Harris and Rosenthal.. .. .. .. .. .. .. .. o0 I S
Harris and Trainer.. . a WA BB wh EE SEimmies we ssemias es sa siiesiae e 65
Harris-Maxwell Gold MmmgCo P & ¢
Hartley, BH., oil-shales of Nova. Seotia descrlbed by -
Harna,Robar .. e ee e e e ee e e e S 7
Hawk Eyegroup,BC.. se e mr as me m% Pe 54 8Y % 4% em ee s4 e ms ms ae eu bs 06 ws o DB
Hayes, A. O... .. © s se s ss es es e ss sb se aw b4 4s 24 w8 ws sa e we we se os sa OO
Hazleton claim, B.C... v. o vt vi vi th vr wv an s se se as as s ss as ae ss ve ve we ee wa BB
L4 (Porphynbe) gronp e e WE S Ee me e Riae B e e e cieeea e 64
HAIDOD, A.u cr «s o0 20 o0 oa a5 54 a0 se s 2e =s e sa =r se 4% B8 ts w5 B4 48 ... T8
Hematite. . S e mmide i B4 A s ien BE ma Enwn 15 53 10‘3 222, 226
Henderson, Dr, Dll a.nd gas bormg ye i eddeinan b ER ie e wd we e .. 226
Hessite. . i as Sy imeiina EE wEEscae s EEEEiwe sE meEeiisE Eeieested e 54
Hewitt mme,BC . == - fr BT Bt RS b6 65 K6 E8 BE B BE 64 B8 e B0 E4 84 A4 sy ms
Hidden CreekGOpperCo DDO. o e v e e e e e tn an e e e e e e b e e e e s
Hill, Jas... .. .. n oh ha Emiws mE mE maEwes e eeiire FE EeimecEsar ew acetes 10
Hillside elalm,BC i 4% s em be ww ve s4 e We er Be Me Eb am an U6 B BE BE BE 4B



296 GEOLOGICAL BURVEY

9-10 EDWARD VII., A. 1910

Hobo creek, BC ea e pa mEGSEie G baeatiaa A% b ea 13
Hoffman, G. C analysls of platmum nuggsts by.. I T T | -
“ -« of pyrrhotite by.. .. .. oo i h e e e e e v ae e e ee 179
Homestake BTOUD.. .. «v vu an ss ss ss ss 52 25 25 a5 2s s 2o oo 2 sn os 24 se 40 2s ss
Hornblende.. .o «v cc te 42 4c te 0a ne ae wa sa a4 4 sm 2a su mm ws 4k ba b b4 4
Hudson Bay mountains. . . R A T R - !
Hunt, T. Sterry, mveshgatlon of sarpautmes, etc aiiiem WE a5 eales.oad wE ok ba serea A0
Euroman rncImofLa.rderLake distriet.. s pw Baiiad we awemiia na e manies s waies: A0
Huston inlet.. .. . 29 nimeiine et et e we sATiwmies ik wegEecse s wmiee: 4B
Hydrauhcmimnz,Aﬂm ..,..'.................. It a4 44 an 0 pe wm ap e 13
Manson creek . fh e e eh e we e ek e e e ek ek ee e e aa 68
b bl Tulameen dmtrlct P O | | ]
- plant, Vancouver island.. .. .. .. .o o0 ci tl th i e e ed e e e e e e w01
Hydromagnesite.. .. .. .. v vv vr ve vr an sn vn e sa wr ss s ea ae ax an se me s s ws 14

Ig’neous origin of rocks in Bathurstdistrlct- N.B.. S e aie e A wELAima RE e
roc safLunanburgco,NS . es we .

“  of Slocan dlstnot .

Ikeda bay, B.C .
o mum,'.BC.... B |

Impena.lAsbestosCo B R N R S

ga]], E , report on water and bormgu-. 4% ¥4 U4 dh wie seiwEeE be Biowh we wedis
well boring logs.. .. e, !
Independance glaim, BO.. -7 icivais 5= o5 i mataeins Bi aF a4 a% eehaEihe oa s as 195418
Index mine, B.C.. s U T ARy P e, | |
Tnterlobate area, 8. WL OntATion. ah a. e e e e e e DT .. 165
International Oil Co.. .. .. . misirls msaieiae we me amiew eetimiae e meaEsees s SRl
Intrusive rocks of Moresby 1sland vn as e e smieriaa SesEa s Gsie ssaaeee aacsenes T
Iridivm.. .. .. .. PP We e e e ea e e e e e e e ek ee ee ek ek ee s 68

Iron— .

ArctlcChietclmm,BC we sm em buav em B4 4d 6% 80 S sn s be se bs 4s we xe ae B

arsenical. . 5% e na e s e A M wd D LT ab Beh A AA b4 ae miise ae
Bathurst dmtrlct WB,. . o e e .. 217, 221
Becker creek.. aiie a aa i ied CEEUELRE Ma 3 46 Wi we beiebiEs ted ik 53
Carbon and Chmftam hllls.. as Ew se 5 pe maiwecEvian me e GE B W e e o BA
Silurian of N.S.. % e we we =N R e mw e e EE ew b caceialis b =MD
Jedway, B.C.. e Eh B mm s AR MR eE W Sa wd e e wwa B e ee 77
Lac LaRonge dlstnct S |-

Larder lake.. .. .. se B4 ds 4s BE 44 B8 %u Be 8K 4% we ba we me @t wb 4e 84 48 e au
Lu.nenburg c0., N.S.. e e e e e - e he e ee e ek e ee e e . 238
%—:fen Charlotte mlands i ah B HE e e ke mE R mE b1 e EromEed @ e s 12

ameen distriet.. .. .. .. o o0 .0 . .  bm o we sa i4 wr B4 omr oTE ws e

Vancouver iS1and.. .. . vt vh wr vr cn en h ae sa se an ee ee ee ek ee ee e se ee .. 90, 94

Iron Clad elaim, BO.. .. vi c te ta®cn an e wu ts ae 4n oe oe
“ Mountain elaim, B.C.. (. i th i ch e e it th hh e ek e e ae e ae we e ee e w

Irrigation.. .. B P L Iy S 3 S e g N T A0S PG A 1 L
Iscroyd group, BC 4P 54 s mE ss ss 48 he 48 BE 44 AF ve wr wr we e o8 se se sb 76

-

Jack of Hearts claim.. .. .. «v oo vv tv vn ve er wr on s
“ of Spades claim.. .. .. .. cv ot th vr er v we ee er s
Jacobs Ashestos i R A6 Wi wm aw aa s
Jasper.. .. vr wr %4 aF e =w vi, 4w we v ww

Jedway, BC anmg at Rip e e ai gk b4

.Tenacmm,BC.... anee i WRiawies wE e Eaian wE Gv
Jim oresk, Bl.. o2 cotor 2r as ar se 45 be 24 ov an wr ve wp we s
Johnann t&sbestoa MR, . atin ss an snivanewsd me am wi G

J'ol:mston, J. F. BT .
w b raport of.. .
“ ““  specimens from Archc collected by Capt Bernier donated to museum., 266

"

g Sewh be 4a e s ae se ae s ee ae we o a ar es s 4

te seoses s e 4. 158
B T - ¢ |
N -
©oeeoes s 280.23‘

- “ report B Srt ekt -
b ‘“ specimens received from.. PO
Jones, R. W., coal measures found by.. .. .. .
ost, S.. ..
Jubilee roup S, e iR iwe W B R iiEa s e Bs .
Jumbo calm,BG.. Su L M4 L Ga ap an mm me 4% kB 44 me tT me Bs ma B8 44 me s4 me ev mu 12

Be s as as ss sa




SUMMARY REPORT

SESSIONAL PAPER No. 26

5 p: |
Keele, J.. . vh we e we e

“ raport on clays and shales of maritime proﬂnoas P RITE T .

Keewatin rocks of Larder Lake district.. .. .. . IR g o
Kat‘np Prof‘ J.F.,

Kenora claim, B.C..
Kermisite.. .. se as v mr we Wy e

result of mvest:gat:ons reﬁpactmg platumm i nn

Kerr Addison olaims.. .. .. .. .. .. .. 0L L L L L LD I T U

Kettle river, B.C.. Sn me weowa dw mESEETER s s Eeseisirs
Kildare Mining Co.. .. L
King asbestos mine.. .. .. .. .. v vr vh ar ee ee en s e
Kirkman, Tom.. '

®% ®® %3 ws s ws wme w4 e a= =e a2 #

Kitchener formahou . M LA e T

Klonchke, geulo;;mal hxstory Of e e e e e e

mmmg Bl iia ie Cs e ik wd aeieeianieiae B e wa oe ek
Klunkwoi V; T R i S e
Enight, C. S as 5% W Bi aE ok Teseaien e WE e .
Knotcla.lm e Msi wi md e ey R B wE =

Knowlton, F. H., Tossils 1dent1£ed by

Kootanie coal measures. . .. I

Kootenay.. ce ee be ae e e
Koot.enay-Columbm divide. . S
East, reconnaissance ill.. .. «. «o sv 22 2r 2o 2 os sn ae

La.cLaRonge . . b wmies e b 44 Hh enakimecne we 8
dlstrlct raport OTler me we ne ne e e e e T
Ladysmith asbestos mine.. .. . bs ¥ Gniae ik Ba s mhoesime me me

Lake Lode mine, scheelite found. at.. o i R

= Vlew clalm, B.C.. . U

Lambe,

derivation of plu.tlnum .. SE e . S
investigation in Tulameen district.. .. . s e s b

. wmE we ae e wn e ks s ss s am ws 4w s as ww

LT a8

o ssllq dotermined BY.. . ov v ee en e an e s e L
“  report of.. .. .. N S

TR 54
.. 136, 187, 138
feoae ae e 18
YT 17
S Ea v e 78
« we .. 177,178
150
150
. ko niae 26

27
135

R — !
151
196
233
se er ua 12
7, 128, 154, 275

. 236
269

te s sa as

“ apeclmans recelved from.. .. .. .. cv s en oas s i .. 77
Lam'hert, A TININE BY .- or o oaronr mr emiaries wa EeimscEE e a0 113
Landslips on Upper Frasar.. ce ee ea an ee e e e we ee e s s am . . 129
Larder lake.. .. . b ee ee ek e ek e e ee ee ee e s e e . 4,178

“  Lake Proprmta.ry

Last Chance mine, B.C.. .. .. .. i cv ci ch vh vh ve oh st ae ae se aa e
Lavdierere claim, B.C.. . de 4k 2e k1 se we ae we ee an”

Law, C. F., estimate of platmum productmn S e e e uE s wh
Law’s CRIMD.. oo 2o s o= T &
Lawson, W. E FiEr e dw e s bR AT e
Leach, W. W.. .. .. .. .. .. e

a8 as ws o wr o ss o me 4w ws s

“* fossils collected by ... - . ..-. -... Frivaa s
o “ report of.. .. . e e e
‘; :" report on Telkwa rlver a.nd vmm.lt,y e ke

specimens received feom.. .. ..
Lead— .

e ke ws we s we as s

Atlin, B.C.. .. e us br 8w b wn % uh . - .
Beaverdell district.. . . . . . 120, 122
Becker Creek claims.. . e s . 53
Big Bend Mountain claims. . e e ar o we as 53
%arhoxn and Chl&afbun hills.. .. .. .. . F—. ) Vot et e, O
ast Kootenay district.. .. .. .. . se 4e er aa a .. 4, 136, 137, 188
Gold Hill, B. B wr e w5 e R - |
Hazleton, BC.. . oo . = ammaiia iy 3
Larder Lake district.. .. .. .. .. .. cv vt th h vr ee ee a . e e ee owe w. 179
Manson ereek.. .. vo vu wv e ih i e ee el s b be ss as an e ee e ee e ae e e 68
Nevada mines, BC.. oo ot et et vt e e e e e % idaew =an Ee . ae 52

Paradise mine, B.C.. PRI PRERETE S & i e

shipment of from Lead K:ng.. S s e &
Skeena river.. .. .. .. W we .

Slocan dintrict. . ws s s e s e ar ee owe s s
Stevens Moufitain claims.. .. .. . we au = deiiberiss ah e GE
%gel‘lva:ﬁ: distriet, B.C.. .. .. .. .. . .. .. .. : am e s
F-Ho Broup.. .. .o vu th vn to ve ae ah he ae ne e e ee s .
Tulameen district.. B o Ce e e ae ae s
Union mines, BC. . Sa wr tmme me un
. Vancouver island.. B e o T S O Y
‘Wheaton River district.. s e Mie aa owm wE oes te .e

B
. &8
SR, 1
Ll e
Lol 1888



298 GEOLOGICAL SURVEY

9-10 EDWARD VII., A. 1810

Lead King PIODPOIEY .o oo vo 44 44 2o e ve on on a0 ss 20 on as ne se e wn or 4s we ss s ou 00, 66
Leech river, gold in.. .. .. c. o) e cr tt th cr et ee e e ee ms e ae as o se wm o ae es .0 90, 01
Lefebvre,'ff.. . : e 4m as ma 4m ts a4 48 B4 84 4n 5w as as wm @ B® er we 51 Bw s
Legal Tender clmm,BC a mE mm. mE tm EmoEE wr.ome mm msAbcAR Hs ek .oy
Leray limestone member, propond DAIMG.. ve vr ve on e ve e ve ne ve oe r e e e
LeRol mine.. .. .. .. «o 0 0 pu ae au s aa 44 B4 88 BE E2 mb 2% &5 FE T aE v ta us
LeRoy,.....- T LT N s i
= re'port of.. =
Leverin, H. A, a.nalﬂysu; of glaas sand by.. ..
“ oil-shales.. .. ..

- assay of antimony oTe.. -\ .. .. .
P bl chromite.. .. .. .. ..

old.. .. ..
axa.mmatmn o{ oil-shales.. .
Library, Teport ON.. .. v vv vrivs oe se on an ae ne os

Lignite.. .. .. i wEiide %4 waome.ee == 54 &b

b m clay rleposxt M. B s Wal dih Wl Gk BA aslieuihe Bh e bkode@e e &5 R ..243, 246
Llll.ooat (staamer) tour P SR s Soh S P P e TSR S S S S 9
WAL TN, & v s vetan i i e ke ws 5E ek A TS 4l A AN S8 Feas @b mh o6 rad are deithE0
IHAC.. oo to o0 v ve mn o0 ws vn br sx wn nr sn na wn ws wn ws we e oxe s sa es woSy LGT, 2, 380
Limestone. , .. e Bk o aE mE Gae s e g iEe ae e waiae Wa swtaeies me aw i S S

Saskatchewan.. .. .. .. .. .. .. ... s 00 i
Simeoe district.. .. P [ 124
Smith island, BC.. - eh s ss as 48 We ve ss w0 s ww e we owe e 9
suitable for manufacture of wood pnlp-- ce ot ae o+ me ve we we be an b1 4n we ae o 17
Upper Fraser river.. .. .. .. .. P ¢
Linarite,. .. U &
Lineoln szmamg Development Co... .. D -
Lmdaman,E analysis Vancouver island iFon OT6.. . eo e es we vs os on oe on on e ee 95
magnatnmatric BULVEY DF.v vr vr ve ve ve or ve en ee we ae e ae e .. ..222, 223
L’Islet formation.. 48 ae us s gre s ss 48 au we es wu as se 04 se e s se vs eo we_ ABY
Little Billy mine, B.C.. R A VIS SRR PURTPRU S 1% | ]
Little Wonder elaim, B.C.. A e |
Lodestone mountain.. O L
Logan, Slr Wm., examination of serpentma “belt in S. Q‘uebee... e £
oil-shales of (Gaspé reported on.. .. . 1 - 1
o« oil-shales of Nova Scotla descnbed 'by N T SR U R R (1
Lone Star group, B.C,, test run at . nees S5 MR EE as e iSd sadatan G mwaEias 45 abs 18
Longford quarries.. .. . w $ai%% 46 A Bi dawe mp dia vE SaraAse me 45 S sees 1B
Lor Robartsclmm,BC S b5 weiPe ME s% wsiue 4 BF 45 4R me G mecwaisees wh wecan:  d01
Lowville formation.. .. .. .0 vv cv sr th th te be i he he e e ae e e e ae ae se ee ee ae 180
Liowal Laine OIRIVRE. . o0 oi svinc s e s ssciiaiies Wb s adReiE 4 48 G e =E AR ke 72
LuckyBoyclm.m,BC . e me EEne Saiaeen o Ea S eatian e we e me e )
Lucky Boys Gold Mmmg Co... . .0 I ..178, 179
Lucky Jim mine, B.C.. R 133
Lnnenbul;gco N8, anticlines and synnlm of.. -
investigations in by E. R. Farlbault ve ve we we wr s =e e so b, 288

o

MaocKay, Bert B... oo o0 vi vr vr vr vn e ne an 50 2w saTen ve we me ar 0 e e
Mao'li:anme dlatrict.. oo vo cu s wr bd be ee en en 4s se te e as ae se w e ww es
g T
Macrae, i, L T
MnAlmtermm.e,B.C........-......... % i Wi avan s .. e
MecCallum, A, L., assay for gold.. SisE Sh 4% GEEE Wb Eaivad e G4 A ap B orue
McConnell R.G ie Ev e i
estimate of gold productmn in the Klondike.. e ri i un
A “ report of.. .. . R TR
on Fraser River trough ‘referred to.. .. .. .. .. ...
“ < suﬂ'ey of :I':«'.::n:ls{‘a ountain region refarred to.. s
“ River distriet.. .. .. aa 44 V4 B4 B4 me se ws
McCulloduh,FE R er ke we be e we ae ee ae ee ee ae we we e es
McDonald Fraction.. .. trh e e ow .
James. T . wa s wa e wa o wa w s w .
McElhanney, T. T R S I
McEvoy, J. C., coal seams found by on George creek.. S weieh e euiawed
o “  map of E. Kootenay area.. . S i W i B Eiwede 5E 5 es
Ll ““  report on Mica Mountain guld. ulrm:ns.. L e e aiEe W e
o g survey of Rocky Mountain regmn refarred - T . i
MoGee, J. Jov o0 i ve ve en e an an ae e oes ae N T R .




SUMMARY REPORT . 209

SESSIONAL PAPER No. 26

MoGrow, WILe. oo co e an se au oo oo a0 o8 s 20 25 se se +s ss 2a ae o6 as s ss ae 53
MecInnes, W.. e E e e R Rt ERRE BE B eh et WGy g M
« fossils collected BYii oo e s 2k 3a a - S et
o report of.. .. .. .. ... u
i apeo:mena received from.. .. .. .. .. . .
MoIntyre, A, . co sv ao o0 e 'es 4a 48 be 4e 1 se e s se ws

McKlnnon, A, Toor vh v e e e aa mi cme E
spemmanracelvedfrom......... .. . . mn s weive SaiE
McLeod, Malcolm.. v . duaiaas Be AR s ae EECSmiwecss es e s e sa e SO
McMillan, Mr., fossils colleotedby.. S 45 se s 3= v 94 =e be sa me s sk 46 4= se eu = SHO
McOuat ‘Walter, geological examination by.. PP ¢
pyrrhotite deposit exammed by O i |
Maohmerg_ introduced in Klondike mining.. .. .. «. oo vv vv vv or en ar ve an ee we oa. AT
Macoum, J. M. si co vi o0 wn an 05 se o8 ar s 39 an se 39 ss sa vs s 4o b4 ae se «a 27T, ¥TB
o5 John.. .. % Nh e AR e T ab wa 4h e 46 63 aeies e G Wk Gw we s BT
o = report of . L e
Magean Glaims.. +v «4 ve oo av 4e 4r e be bk 20 es be 4e ee 4s os se s e s ee me ae 2e 179
Magnet claim. (See Iron Mountsln)
Magnetite.. 131553857072757677,7879808132359192939495101114,222
) assnmnted mth "REDOBEOB.. 1 1. su ne e mr es v tm ee on an oe ve s 191
Malachite.. .. .. .. 52535{-5?585“
Maleolm, W.. .. .. cv oo e or on an e on ar er b ee er e ee e aean . e 4, 284
Malloch, G.. . P S PN

. . e b 3
‘ coalseamsfoundby i a5 mmimeimE wh mie s maiesiss e seiweies e snes: Ak
= report of.. .. .. R -
= specimens T00EIVed fTOM.e v e ar ve ve ar or e e e e e 272

Manganese
Manson Creek hydrauhc mmmg Ch e ee ee e e e ae s
Maple mountain, B.C .. .. vu vt vt er ar sr b e e oer an en as
Maplemounta.m Ont.. R S W i SRR T TR F o
muung camp ke WE A g oa mm e 5S4 osw erims wv w4 wEowb.aw wa wedTl,1TR
Map committee.. .. Su %k mm ganmaies H§ Getal me mE we ¥a w6 i85 e i aE weweiaw e wicwa 6
pping and i Gwe A B A wh R be NE WS wh mEeee 4B s saowdtan b wh e es: 280
ps_published, tuf T O D O P M TR £ 280
Marble.. .. e e e REEE RN EE R S aece aeee e e 27 93 94 95,98
MarhlaBayformahon e S Pt e e O
1 7 O T T, © |
Manonmme,BC - r e ey ErCmmien e wdieeliee e mevasiee n secibe: S
Maritime Provmcas, mvestugatmna . o 5 6
Marshall, John,statemantof O ¥
Marslmll NN P |
Mason, F. H., schsalzte found by R .
Mathesonclalm. .C. e ST -
Meal 'I‘lcket Claim. . . e e 75
Mellinger, Mr... .. 48 44 4% 4n 4n am 44 4w ga ma 4u da wm we b4 mb s4 sy ar <- +e  DRB
Mercury. (See chks:lver)
Merriam, J. C., classification of. Tertmry rocks by S be meeeiai Bb ahotestes e deis DO
MONFIEe OTEBE. i ax wrosnms sacasiah asieais We e aE satdis aehealtes EimATE Ael SRS G e 57
- HOMOT . v or ee e vm ve vn mn v on e e g TR 57
Merritt craek ©ohe ks mr o e ks we aw ae we es w4 ek se se we we o wh ws s ne we ee .. B, BT
Messenger, W J'.. BALMA R DEime s s SwlNERE eaiaELEd Ay cekieE wEienoed secweead s L0
Metchoam FOPMBHION. . v v e e as aran e ve e .. 9T
voleanies.. .. .. . Sa ke rr ke v aw e se sn %4 e 46 e ae be o vs s8 se 4e be 94
. Meteorite p‘urchased for museum S
M}' Mdl:l.ut Idc]m O . ¢ |
amgo ms. P £ ]
Miller lake.. .. .. .. B hd e aa m% WE enbehE Bh B Ge be ik mn S e e wew = msca 4
e mining camp B I P i N U SO
Ml]ler, W G., raconnamsance trip by. e =
relationship of mmers.ls at Gobalt

Mijlton Hersey Co., analysis of coal.. .. ..
Milverton moTAINe.. .. .. .. v2 ve 2v ar 2 ws s
Mineralogy, report on. -
Minerals, eollectwns of “for schools. . - . 2s me a wa s
Mlsplckel “e 4 Be sk vt wr owe == as mn P P 1 |
Modocolmm.BC magnetltelenson. e b oan es sa s L 64 At ke sr e we sad
Mohawk claim, B.C... e e ee e ee we e e e be e e ee e e me e e e e e s 56
Molly Hughes mlne,BC.. PR F:
Molyhdenite. . .. . e e e e L s, 11, 118, 115, 122
Montanacla.lm,BC Ee s an.ee e A dBiNs be e se o me B S6 ed vacik @aiedomd B4 Be wd 14
Monte Cristo elaim, BC W e s we be we e we we me sa ee ee eh be e we s v ae we es as 59




300 GEOLOGICAL SURVEY

9-10 EDWARD VIl., A. 1910
Page.

Montreal river, characterlstws 3
River district.. mr mr we B4 4 BE R4 B8 wE s TE 48 B4 BA 4% s s ss
Montrose group, B, wiii e i iaae an e wa R r ks e Ee ww =E s
Moose Rwer Gold Mlmng C00sh 5. ot weine 5y seTEs wsiak etide s Wk 4e e
, tungsten deposit of.. L Eh Wevanbelias me B8 46 vieeS s T
Moraines of Take Huron 16 Lobe.. v ee v ve e ne e oe fo ve ve vn nn i 164
Moresby i81ANA.. sv o4 50 1o 10 ar ae e en ws be ar aw we s we se as aa ke 4w ..3 89 72 77 83
Morice River coal T GB
Morning claim, BC. . e e e e e e e e e e e e
Morrison vein, Ont.. .. .o to s ti ao wh bd e e ee ee s es se me es as sa oae as ae as 171
Mount Sicker ‘formation.. .. .. .. S A N U U 99
Mountain Con mine, B.C.. tu v e vi vr sn th s on ae e as se as as as an ae s as 4e 4. B3
Munroe, J.. «« su o7 .. 44 84 4w Be se B Be BE S8 S8 85 Be s b4 4w ws G4 44 e ea 58
Murray, Alex survsys by. L B 158
Muscovite.. .. " an as b ab 44 B4 am BE wm =s ds 8s BA b iE mA W e 127, 13171

Museum.. . . es sa s be ae se 4 ws
= a.ddltlons B0 w e b 248, 249, 286. 267 270 271, 272 273 277 278

Natural Hlstori report on by John Maooun.. |
Nelson grou L T T e e Ve e e e e e ae e oee e e 00
Nemeiben €0 4s T T .11
New_ Brunswick, mvestigatlon of Oil-shales.. »o oo 2o . R A S e NI T 5
gouthern, pa.lmonboogwal material Bom s e e M
Nevada mines, BC OTOl: 00, 2 50 ii ii e e ieiiatiam ah BE BE e 45 4s euwriew wetiad ae 52
Niecolite.. .. . s st 44 & sa ww Bs &% b 4% Wr W Ew N es wE Ee ww
Nichols, Phodhiov o ilien e e EE S5 55 e menaed e wh e e e
Nickel.. .. .. as as s
I\:kanaasm range, proposed DAME.. v ee en aa an e e ne e e e e
Nipisiguit iron field.. .. .. .. .. o0 (o oo il il alal dlll il L
Nitinat lake.. . ch ke e ae ae wa as e ws ks ae o ws as ws ws ws s A
Noble Five nnne, ‘B.C.. .. . mr vh 4m we 45 ek eh 45 mmome we e e v 1B
North American proparty, Northern Ontario.. .. en e eu ae sn au oe veve e o e o 1M
North Canadian Gold Mines Co.. .. +v vv ve s er se s on on an an 5s 51 ne sa 20 2e ar a0 170
North Btar ]111],.... aried Bn BH biEw s By brve Sk B wuiwh i nw s seswi Ba shcentas w4 va BB
mine.. .. .. % WE ShieiEe G Wsmieid aG Ee FElas e i Eiceitiae 1387
Notre Dame]nlls.. ssiine R R o G e R T TR P 183 185 187
Nova Secotia, mvest:lgatlon Of OLI-BNALER.. o. v ev oe ae et er ee e e ee ee e e e e s 5

se ms ss ss 44 &% ss ws ws wa =s @

O’Farrell, F,. S P S

OSI.'I'lllvan,gw a:n.alymofcoal by te ke e ee e ee ee s ee e ee e ae e ee e es

“ “ fossils m!loetad by i mm e Heye WA b wa A i de mel s

Oceanic claim, B.C.. .. b ea ve he we e we m e ww e e e e s

Office fraction claim.. .. . S e e 4 EE N 4w bE ek e

Og'll'na Morley, report on Dr. Reddlck Co ba irk meicsea 4% 6@ e e wE B es e ks A s

ﬂalda . P A B U
Alberta.. .. .. .. . .

Oll-shnlea o i S A AR e ae mA e ke Twe s e ma EaCoee R e R
eastern Cana.da . e

“ nna.lysls of, s

“ Gaspé, Que.. . te ee e wa e ae e ee e ee e me ee e es e ee e e

bid New Brunswick.. .. .o ee v or o Ve ee e e e e e e e ea e e ae e e

“ Nova Se0tif.. +. o0 vt i vt vt st e ee ae ee es ee ek te ee ee e e e es s

0. K. claim, B.C., .. .. .. . S5 ma Er iv e waaw i k4 s 4G A 45 ae
Olivine mountam,BC chromlte deposlts i ae e W iE Miealis Bk EEieea s

Omineca placer mining.. .. . S A L e i Ratiin e B BE 6N me mE as

Ontario, investigations in.. .. .. .. .. .. .. .. .

Opasat:ka lake.. .. .. . .

wlomml examination of shoras of. . 4 a4 im iE =

Ord, L. R., surveyofIaeLaRonsa b e te ae ae we e ae ae ee s ee ae e aa ae

P

Pacific Pass Coal and Coke Co . P SR ¢ ' o |
Palwoniscid fishes of Albert shales. . . B . ]
Palmontological material, Southern NB.. report on by w.'J. Wllson.. e 10 wb se exons. BB
Iaontology and Zoology, report onng . M, Lambe.. .. .. .. oo o0 o0 . ve en oee .. 269
ecimens added.. .. 1 | M4

Pamelia formation, named yMr Cushing.. .. c. oo tv ch th it vt et ve e e e e .. 181
Panama mine, BO.. o 43 hw B Ak a4 5B fem ieedut Sk asl 55 Wi e as emoee, D



SUMMARY REPORT 301

SESSIONAL PAPER No. 26

Paradise mine, B.C.. .. .. . romas ed cme W% B Bewa e MmOl e
Parks, Dr. W. A,, geologlca.l reconnaissance by 3 e i e wh e W Geies, kb sE veas CLTE
Parks suggested in Kootenay.. B i weied @ v e B4 Geta Ve ae e es B
Parsons, Walter H., manager Colhson Ba.y mmes Shieeiih G e ahmnins e Bh =4 ek iee 74
Pagoo olaim, - BaC.. il i L U e G e 48 s eaa i de aaah wd s e 2
Payne mine, B.C.. .. .. o0 vt i i th hh e i ie s ek s e es es s ee ae be aw ae e. ow. 133
“  theory of formation of..
Pelly claim, B.C...
Pembina and Embarrass ooal ﬁeld
Peridotite.. .. .. N e sin am e e
Perry, Creekclmms . e e e e e
Hydrauhc Mmmg Co .
Perry formation ml—shales e . .
Petrolenm Oil Trust.. e RN,
Phenix camp, B.C.. .. .. .. .. .. .0 .0 .
Pincher Creek 0il Co... ..
Pine creek, B.C..
Placer dlggmgsof Skeena.. . S5 Wi wdienias e Shidwies wE ha e e 6 e
mining, Tulameen Cdistrict.. .. .. L. T 04,
™. progpecte in B.C.. .. .. cr c0 tr tr e ke be re ma ke se e e s me w ek an en enowe B
Platinum.. .. e ee e ae w. .. 4.3, BB, 105, 111, 113, 183, 191, 198
Pleistocene depomt:s of Suutnwestern Ontarw b1t eAT A e ke ek sewised da ddbieucee me | LD
Pollen’s claims.. R -
Pontiac and Abltlbl Mlmng Co... e ee e ee ee e e e e ek e e ee ee e e e e 178
Pontiac schist.. .. .. .. .. .. L s, e
Porphyrlte. e - M
group of rocks named by Dr. G. M. Dawson.. .o veve e ne e 63
& Larder Lake district. . P
. rocks of Texada island much decomposed R A S T R S | |
Porter, H. E... RN S s i et ad i duiheod e v s BBehd
Porter, W. 1., tale on farm’ of.. .. e ve e we L L I T e
Portland canal.. .. 2 i S Gl aistaefaa me sl m safieieiiee Be0 eieteeed e 9
PartlandCanalemICo " S e B aisas e e ae WA Satpaiie ecmaims e seee se Al
“ Short Line rmlway . e e 5% e e Wwteaen e Cew s uwiye as bk 12
Pottery, manufacture of in Maritime PrOVINGES. o e v ve e e e ot e LT 244
Power development on the Klondike.. .. .. . 22 cv v vn vr ce vh ve tn ve ae e e e s 17
PnnceEdward Island, borings on.. .. . e ee e ek e e e e e ee e me e e aa as 30
visited by dlrectnr fh ae e he ea ee e e ee e ee e e e e e 9
Princess group.. .. .. .. v emma == sk e e s el Wb ed e e &
Prospecting, not work of suwey O S St W N O R PNt § 5
Prospectors notes for.. .. .. . T TGO T P S A S ||
promising area RS (NI RS SR e I
Erod’homme, 0. B 2o 4s 04 o4 o0 rr wr ub v wn sn e e siTen ne wa ne me e ee en ve sa 280
Pubhaatmns, S E me aimafiee ma s lenieE Eh sieiiwanacs ik el sl s edlies s we spswie ew 7
received.. e D it AT ik sle i Seeiee R salias R ieintieg aE weiaiieie e AOE
“ issued.. . Hr Se e e el ehcieeiiad Tes e abcawam ah 5a e ibives ve en DHE
£ dlstnbuted waimn s 4 asiaiiale e e A i s watamrae aw esitesiis e SBD
Puebloorebody fe ae ee ae he e e ek aa ae ee ee e e PP 1< 0
Pyramid basin.. 138
Pyrite—11, 12, 28, 52 53, 54, 57, 65, 76 “r7, 48, :9 Bl, 32, 91 92 98 94 95 £9, 101, 118, 114,
115 120 192, 188, 137, 138, 175, 182 199, 299, 226 237, 236, 238
Pyroxenite.. .. .. .. .. .. .. .. be ws e oam ae se we ss .. «. 42108, 109, 114, 188, 198
Pyrrhotite.. .o o0 oo or vr en er er e e el e s e 4. .. .. ..B1, 92, 98, 94, 95 113 114 138 179

eoee 212

-

Q

Qu?}’tz-- teoee es .53, 56 b7, 70, 78 77, 78, 79, 98, 108, 115, 120, 130, 133, 179, 222, 231
claims east of Whltehorse S oae me owe sa b4 B4 BB £% 66 BE P A% we n 55

g mining in ..
o B.C., posslbllltles of
Quebec, asbestos mine., .. .. ..

““  investigations i N PTIR CAR S SR R T
Queen Charlntte islands.. .. .. ... i eh 3% s ieiien
prospectm m.. Se RN g4 wa i A AR v . :
visit of minister and director.. .. .. w. ve ov oe er e o DL
Quesnel River series.. .. .. .. .. P |7
8u1ck311ver.. SRR BAEANCRe dSCkeiEe metimsren s R Batise S el e Sh velre e et g

winm elaim.. .. o) o e i e e i e e it i er e ar e ae e ee e ee e e e e e

ee ws

oms se ws sk B B4 4e w2a 4w wr ow

I L I

L T T I I T

I

Rabbit mountain, BC coppel' deposat- S | I
Rainy Hollow, B.C.. aah gwiaiithe mat S6 arieh nsTaea sw bhiie o welie 14



302 GEOLOGICAL SURVEY
9-10 EDWARD VII,, A. 1910

Page.
Rambler-Cariboo mine, B.Coov vv ve v v ve oe ee ss se a0 o0 o0 a6 55 40 ss v an oo oo «. 133
Rambler propertz Bl il e iaiih aidiieh e eiah wiivetas e 0aTae astascne e e sddd, K80
Rapid river, Sas| et T R A D o s -1
Reco claim, B.C., ma.gnatlc lens on.. .. ce se ea o5 as e ae su we wa wr sn 34 w4 ore wx s 1B
o« mme,BO . . P & |
Reeonnalssnnea work Bast Kootana.y P &
GTPrallwa.yliue... .. e e A
Northeastern Ontario.. .. .. v vo ve ve ar v ar on ve s
hi o ueen Charlotte mlnnds.. dhwe 64 iF whiBeine a
% = pper Fraser FiveT.. .. .. vi a4 se sr 60 ov se o so s
Vancouvar island.. % enoE i ARG w44 ALSedun wd
Red Cliff claim, B.C.. s haaie Ak e e ke Ed Deiah S A e ehi
Redmountain,B.C... b s inaties e ihetan wu WrieE i witie aw
Reed, Dr James, antimony propeu-tv 0 i ey banea e an ma B
ashestos property O P
Relnecke,R L.. e e b ee ee e e e ee e e e e e e e e s
I'epnrt of.. .., ee 4t s na as 4 te 44 ea s B4 ws we
Reinhardt, A., discovery of gold float. . Ce ha e e e e ee e ae e e e e s
Renault claim.. .. .. .. ..
Reynolds and Boyne, fossils collected on farm of..
Reynolds and Currie, work on tungsten depomt..
Richards, Mt., mineralization of.. .. .. .. ..
thhardson. Dr. C. H... . 2% meen 8 SEiie
Richmond-Eureka mma, BC.. .
Ries, Hemnch ..

(L3 “"

e o

report on clny and shnle depomts of Msrlhme Provinces. .
Rio mine, B.C... sisine s mewnive reiss
Rip claim, B.C.. e e et e ee et ek e ee e ee ee ee ee ee e ee b an s
Robert, J. A.. .. .. SRR T TP

Robertson asbestos mine.. .. . .
il W."F.. observations in Tulameen district.. O
pil .- report on E. Kootenay referred to.. Sh il ek e 4E va
statement respecting Klunkwoi Bay SN P s R
:: :‘ statement respecting Paradise mine.. .. .. .. .. ,. .

t to Telkw ral S PRI o e
Rochérs Déboulés, characber of N mm o propertma
Rodgers, M. K... .. c. ti ci tt vt vt on ve en ae on ne oe me se ae ae ae s ae

A ae we we s s ss ss s as 4w 4% s4 e w4 ws

se s wk w4 w4 se sm ws ss ks 4w

Ba% as wE es 84 va sw wE mE ss we 4 we as s

Rossland camp.. .. .. ve e e ve e e
—, dnsoovery of slear, Florence Lake district.. .. .. LU
ﬁﬁl Society of Canad At e isia == i= kel
eman, —, view rega.r mgBack River formation.. .. .. vv v or e e e e e
Raussell, Thos-,coalsaamsstaked by S% 55 aw b 4k 4k meiwe Be e o Eeiad mp sk ivoesies DA
Ruthmma,BC T £

St. Francis Hydraulic Co., section along power hne.. yientaa WS samache sceaias se edces DA
St. Lawrence PIAIN.. oo i vu v vh b vr tn er ve wr ek we s en we we ws we se ee s 4. 188, 185

St. Mary river, B.Coi. t. it ci v vt ve be se ae ee we ss se me ms seas se as es ee es 2.3, 185, 187
St. Onie chroml.te PTOPOTEY .. v ve au va s s 4e as 2a a6 se a6 50 se an sn we s webes oo 107

Bs ws se ax ss ww ws o w

B wa owE mr Es ww e BE 4a wE wE owE owe b

orlte s e me b e e e me e se va wa we we we e ww de 46 4% a6 48 4e se a4

99
Sally group, B.C b me o3 dses a e sdive e Bb Viowe ke da deiaadlB, 780, THI
on river, BC (See Shegunm.) .

‘Saltspring island.. Ge taaiwn W au Mens eE Pive e aF 5e e iiae 49 siceeas BB
snbarn. Lo B, il G. coiiiii i Sl il Wi e heiaw ih feowbede ap AkoandE eh deceuwe 59
Sand (glass).. e A RN R Eh saliae mE S RATMAsa Baaamh am meEeord weedids 4
Sandstone for structural wse.. .. .o, T e I AP, % [
Sanenm fOrmAtION.. . .v vu su cu e sa se 04 24 68 su sn se ae 24 sa B8 &5 sa ws ms e as 99
Sarita River deposit.. .. .. . 4s 46 o4 am ws we e se su )

Saskatchewan, mvestlgatmna i e -

me wa we we w4 a4 44 w4 e se

92

. 4
Sauvalle, M., French translations of pubhcahons Ch ke e ae ee aa ee ae s 283
Bhealite.. .. vv vv ve ve ve vr vh b ae e e we en we e e ae ee e ae e e 223 280 ‘231, 232, 233
Schist mounta.'m,B.C., limestone beds at.. .. .. .. cv vh v ve e ve ve v ee s 50
Schofield, 8. J... .. .. .. .. 3
o 185

59

e oww s

e ww an ® ss sa sw ss a4 wa ss Ea @E w ve o

BelkiTk S86TIeB.. .. vt i vv 4e o0 20 55 50 as 42 as se se ws se ee sa ws sn sa ws as as =s oo 102
Senecal, C Omer.. .. .. . s PeEeins m e ieE demE e Se wweais 5% ewiadirt wE mebd 6

) reportof B T L T LTI T, -
T R |7 -]



SUMMARY REPORT 308

SESSIONAL PAPER No. 26

L - T Vi biteae aw i s asddiae W answeiis aw eb
o~ belt of 8. Quebec.. .. .. .. «v o th th wh e eh e be seee ae er ee oae e os 180
derivation of.. T |
Shalas of Maritime Pravmces T T T T TR TP T)
New Brunswick.. e -~ A ]
Nova Scotia.. .. be e ma e ae e e we e e he ee e e e .
i Prince Bdward Tsland.. .. o vn e e ee v oe LT
Sheep CTeek CAIMP.. «u e i sr sh ot an au ab sh bh su s s seoie s as e e es s s e
egunia River coal area, B.C.. ¥4 nviind w8 reabiiag WE Afiun.wi Ag B wiiswian ws ey o= 0
Sheppard, A. C. T.. .. .0 ti cr vt st wn te on on s wn as mn ws as ke es ak ee be ae ek an
Shickehook MOUDAING.. .. oo .. se c4 0 se 5 vu rs 50 4e 5s a6 o4 20 14 50 10 sa o0 vs oo 188
Shuswa.pgrnup.. §7 AW es 2% Bacad w% esiEs He: pEvad @E wafed sa datiesies . ... 126
BOFIBH.s 4o eu 4o 40 au a0 48 o5 o8 €% ve b1 4% Be we be ae ww wr b2 ee emae aa . 182
SIderite.. oo vi ve vh si er ee cn ee e e be ke es as s es ae s ae s e ea e .. ..127, 120, 133
Sillery FOTMAtION. . . v+ ve ve v e vn e e e e e e e T e ae 187
Silver—
Arot:cChlafclum,BC s i 4w nle W &N maials W G idis wa W BE we ke ks #
Aglin, B.C.. s B W an fa G weies ks e gaiem
Beaverdell district.. .. .. ..
Big Bend Mountain claims. .
Carbon and Chieftain hills.. ..
Cumberland co., N.B.. .. .. ...
East Kootenay distriet.. .. .. .. ..
Florence Lake district.. e e wa e am
. Gold Hill, B.C.. fe e ee ee ee e e e ee re e e e ee ee we e e we e e s
Hazleton,BC.... e mrm e mmmnoaie we e e fbide w AW i e S 3
I[ldden Creek CopperCo BC P B I T I e S . |
Tkeda b . hr mr b wa o wr ss ss ks s se ar e ve v e ae 1e wr 82
Klunkwm.hay,BC % WS ue v i% 55 us e G geitEs mh SE WA e B ks Gaiew waaiiiee e 008
Lac LaRonge distriet.. .. .. o0 co o4 th th vh th v sh th vn hh e ee e ee ee ae ae
Larder Lake distriot.. .. 1. o0 o0 cr cr ar sn sn v 4 re e we s as b se me weoas se 17D
Lily mine, B.C.. .- 40 cu to ov or et ah on o0 60 o 08 ba se a@ an e 20 84 as sa su oal TT
Manson ereek.. .. .o sv vv vr wh te er e sk er e ee we ee e e ee e e e ee e es 68
Montreal River district.. .. T T I T ) |
Northern Ontario district, fnture posszblhhas of.. Ch e e ee ee ea ae we e e 172
Paradise mine, B.C.. .. .. . Ge &b bo Bl b B8 e A8 ae da
Pueblo, B.C... i WA B S SkeeAd aE Mdme e mA ke de Eiha G
quartz claims east of Whltehorse.. bi i i 8 AR hiaad e e s e ke G se ancwe 35 T
Rainy Hollow, B.C.. .. 2 W Bataieiiy e Ee oh a ai b e haTEE W Shae ke ad 14
SKEeNA TIVEI.. vu +v 1 wn 4 ss we sr an sa ws se ae ss sr vs ws ee en an o oa .01, 64, 67 -
Slocan district.. .. .. e M |~ £
StevensMountam clmms B wbEE A e e R e et e e e .
Stewart district, B.C.. hairs WE dbimeiae irm ¥ sdirs e s Erivmid re ne me s ad 11
Texada island.. .. .. .. oo . ch i il i ch et e ie e e ek es e ee e ee e e .. 71
Tulameen distriet.. .. .. oo o0 vh on due bn dn v se e e e e e e e e 3, 111 114
Union mines, B.C.. .. .. .. v0 vr th ot et ee e ee e e e ee e s i L e 52
Vanoouver iland.. .. .0 o0 a0 a0 a0 b0 e se be se bt ar se e re es me an 01 en 90 91
Venus claim, B.C.. .. .. .} e A T PR et
Williams and Hernttore&ks.. LT L e, 59
Sllver Cup eclaim, B.C.. Skt pr Sacws ces G sieiaisais Wt 4 fel e el a
Dollar claim, B.C.. s

®

" s mw es aw

65
65

“  Glance mine, B.C.. A e 113
T IMERC, sromeieries we Sriaacme §2 ek oneord wn ae wicantine b K frodniae wa R awta

“ “ mining camp. 4r 44 80 4e tu be aa'an aa cn be b 4e ba 4e mn as 4s an as ea ..171 172
:: o 8 P &

Queen claim, B.C.. S aw e wiet e pm ik ma weee e s S4ime aw wms s mmudmcne. me 53
Simeoe sheet, report on.. P R 1
Sixtymile river, placer mining R S e L S P i T T
Skeena River distriet.. .. .. P S A AT s e I Y e
“ g&ulogy of.. ¥o Enlimltin ww siaue G Eaiae e ma esl s
« “  fopography of.. .. .. .. .. .. . ITIUL
“  peries.. . Seiies mi W
Slaughenwhite, N "Somerset gold d,lscovery ‘made by
Slocandwtﬂct e ek e b ae ae e ee e e aa e
mine, B.C... ...

D LT

W B4 48 ws w4 a& B8 B4 A

“  geries.. .. Sama aa aaimeee s
L Suverelgn mme, BC... .. .. ...
(13

Star mine, B.C... .. .. .. ..
Smaltite. .

Smelter at Trail, B.C., described. . dais
Smith, F. B., re rton Alberta fields oosl . 5 waen p sEianie
Smith island, B.C., limestome 0l.. .. «v v vt v vh vh ch th ar ah he ee ee ee ee e e ae s
Smith, B... vv vv o4 aa o B
Smitheonian Institution, marine sponges of B.C. reported .. .. T e



304 GEOLOGICAL SURVEY

9-10 EDWARD Vil., A. 1910

Page.
Smoky River ba.sin. coal MEASUTES IMl.. vu vu vu e se vn vn e oe ne oe we ae as ae e s 150
Soapstpne. (See T
Soda springs, B.C.. v s cE e e R WE S5 mm Seiel mi € wkeTER N6 ke seibe pe DR
Somenos, brick plant at.. “e %= a% B e4 be bs ms me ms mé mb s 4P 85 54 we es as oo os OB
Bomerset gold diSCOVETY.. .. vt vt vu vr 4 4 va s ee ae wn ma wn s we own e we me ee ae e 288
Boole formBON.. .. co cv v 2t se ve ar se me ve en me se se se mr oas se 46 45 e Er ss ss e 90
Sourdough coal mine.. .. .. T Y P R SPv T .
Southwark abestos property O o YR |
Sphalerite.. e en te et we ee me e e e ee ee we e e as es .. .54, B2, 101, 120, 138
Sponges.. .. . ce e e se ss eu ee eu b 4 wb be s4 se se se s an ee e e o020, 270
Spreadborough, WI... .. .. .. vn es ee vn oe ne e vn ve e n s e an en ve e enan en a0 8, 27T
Spruce creek, B.C.. e mE Ew ap 4% as am Pr wr wE Pr vs we e =s BE wx es we a» 13
Staff, necessxf:y of addm ‘to.. S o T
“  of geological survey, numher'. R R B i e P o
present organization of.. SiveiEn W rhGhcEe fw BAeArie A8 ehasms se ae
Standardasbestosmma Sr 4r 4= 4= 4w an a P
mine, B.C... e P -]
Staurolite.. .. S T
Steatite. (See Talc}
Stefansgon, V. B... .. oo th tv er th v en e en s e e e e e e e ae ae be ee e ee e 3, 8
Blallarith.. .. .o o0 oo oo ch dr ds se ar €0 vr o er ar we sk s mr o ms me o e mr s '
Stevens, Geo... .. .. he ek e e ee ek e ee ee me e eh ee ek ek ee ee ee e e e s
“  Mountain CLAITIB. . ve ve ve vr e e en e e e e ar e ee e v e e e B2
Stewart mining camp.. e 10
ngandDevalopmantCo S N e I I | |
“  Miss M. C.. te ek sr we ss se ws se se se ws ae s as =s 278
“  River dlstnct, placer p:rospecta of SUil e ide W we e% Cwiikm pE b G ewwe S 29
Stibnite.. .. c. vv er v ee e we e ae s s a4 ss ss ss 24 s +-18, 52, 54, 55, 64,
Stones, bulldmg' e aiive ma W G .. 90
Streams of Texada 1sland mtermlttent c.hara.cter of.. e we G el e mb e 69
Styles mine, eomplicated SETUCKLUTE DEAT. . ov vv ve ar s on an s or on vn e s
Sucker lake. (See Nemeiben.)
Sullivan group, B.C.. .. .. .. oo L chin bl e e e e e e .o 138
mine, B.C.. R £ .
Mt., magnetlte OCCUTTEIOR. » +v vv vr ve ve vn mr e an or e DI M
Sulphur.. .. .. . L e ; .
Sunrise claim, B. C..
Sunset mine, B.C..

o«

r

Surprise mine, BC R
Surveys in Northern "Ontario..

Swede group, B.C.. .. .. .. .. .
Sylvamite.. .. .. .. .. .. .. .

Tale. . .
Tally- ho Boys.. .
Tantalus conglomera.taa
Tar sands of Alberta..
Tasoo {harbour bite e
- geo ogyo
Taylor, T. B.. ae e
il re ort “of.. L. - )
Taylor,—work in Simcoe district.. .. .. .
Teare Bros., claim staked by.. .. .. .. .. ..
Telluride minerals.. . ) e ainiiuie e W AE AeE EE A WE RRGemSmE AN sea
Templeman, Hon. W, oﬂimal tmlr of.. i e e Ae a4 s abeline e e s e e
Tennant, Mr., arsenic mine.. .. .. vv ch v ve th or we we te we e oas wn an an an oae an o. 226
TONDANLILR. . +v e vr oo on se ov ne vnee vn e wn e we e en e e e et e e ..78, 82
Tetrahedrite.. .. oo vr v th th th te bh sr er ee sa ee ose ee es oee e ae .28, 118, 114, 120, 133
Texada formation.. .. .. cv vi ch th th th th bh te be ee en ee ee ae e e ae ae e ae ee aeTO
“ island.. .. . - M : 1
The Nipple mou_ntam, Be.. Lo fhas ee e we e es ae se ee ee e e ae ae
Thetford Asbestos Co.. .. .. .o ci i il th bl cl h bl bl i an e e e e e e e e .. 104
o omeries, QUE.. .. .. i ih ih ch e ek ee ee es ee se e se s ss s oes s es .. ..188, 189
Thumpson AR GITADIOr.. o5 vi b s =5 =7 G an 58 55 55 kswn Ee 55 LB b5 ek aceaaee M
ATEhOT.. iiaiiaiiad B D L0 Gdiai de iE ew g6 Ee i A
Thistle claim, BC.. . R T TR DT P R
Timiskaming and Northern Ontanu rmlway 25 B mEaREE §3 GnoaR i e A W
Timiskaming lake, SUTVEYS MEAT.. .. vu vu 4 vs or av 2o e o0 os sn or on
Timber.. ah bs Wi ma meeE s e s we sEosacieEieieh e 48, 55 69 106
« Alberta coal fields. . T L ' |
i Beaverdell district.. .. .. .. .. vi sn en o e e e e e 119 -

Taku arm, B.C.. .. .. .. o0 o0 ot oh wa

PR 10



SUMMARY REPORT

SESSIONAL PAPER No. 26

T1mber East Kootenay..

Florence Lake dmtnot Ont... ce an
*  Lac LaRonge district.. .. .. .. .. ..
“  Moose river, N.S,. s b b aw o
“  Queen Charlotte islands.. .. .. ..
“  Southern Quebec.. .. .. .. .
:: Upper Fraser river.. .. .. ..

Vancouver icland..
Touquoy property, scheelite found on..
Topography—

Alberta coal area.. .. ..

Bathurst distriet, N.B... .. .. .. . .. . o o0 .. s .
Beaverdell district, N.B.. ww an wain P~ B . .
Lac LaRonge district. . e he ee e ee e e s .. -
Larder Lake district.. P . v e
Skeena river dlstnct Ch ee e en ha ah e ae e s e e ..
Slocan district.. Ch e e ee ae e e s Ceeee ..
Southern QUebeC. . .. .. wn e en e ve e e % as iy 4h =
= AnCOUVEr FBIANA.. .. v ve vr ve or ve s e e e .
Texada and Moreshy islands.. .. .. .. oo oo v an cn cn clin il el e
Upper FTaser TiVOT.. .. cu vu vs se e 00 se 1s sa s 0s se on sa ae an
Wheaton River district. . 5% n5 seiwEiee Ba weliasies en is seceE s

Topographical Surveys—

Bathurst district, N.B... .. .. o0 «0 vr vr or or ot

Bearverdell district.. .

East Kootenay district.. .. .. oo oo oe ve er ar

importance of.. ..

Lake Simcoe region.. .. .. .. vu 4v ou 4.
Simgoe distriet.. .. .. oo oo el ol el il e e
Slocan dlBtnct B N A A P

Trcmt lake, Sask.. P
Trueman, J. Doe. o0 oo ov &
Tulameen dlstf}ct P

s owr e ows

< logy of.. .

“ o ﬁ.lstory of mlmng in.

B bl l:opog'raphy of. e an ke es ie s
“  river.. .. er we ea ms be e e es an e s

depomt of Moose rlver, N S plan "and section.. ..

Tungshte o a e as
Turtle mountam

T N L

Uglow, W. L..
Ulrich, E. O.,
26—20

s= k% 4 we se we s =

determination of fossils by.. .. .. .. .

305

Texada sand s RAmawe WA ke EE e EEe et Eatea we e
Tulameen dx.stnet Se B as we asimwiam Er = .
Vancouver island.. % e B mitielaiien aE R
‘Wheaton River dnstnct se be e we we re se s
Tourmaline, . " he me we Sk OB wE 4w tw vw ve ®
Tournenie Mm_m CD e e e ws e ee e ..
Trail Creek mining division.. .. e e ee ee e s
Transportatmn, Alberta coal ﬁelds Sk e REih e
Beaverdell district.. iawa e Gias
! cost of, B.C... .. 5% ba me
£ East Koutenay district. . e
b Florence Lake distriet.. .. 2k e s
“ Lac LaRonge district.. .. . e 5w
“ Montreal River district.. ai sa
- Moresby island.. ..
“« Northern Ontario silver district. . e e e
- quartz claims east of Wlntehorse m e sz e
N ! serpentine claim, Quebac .
- Skeena River district.. . s
= Slocan distriet.. .. .. .. .o .o ool
- S. Vancouver island.. .. .. .. .. ...
= Tulameen distriet.. .. .. .. .. .. .. .. ..
“ Upper Fraser river.. .. .. .. .. v 20 «»
o« Wheaton River district.. .. .. .. .. .. o .. ...
Trap rocks £0T €CONOMIC PUTPOSES.. «v vv 2n vo 1o oe ve ae s
leLa.kescamp,BC ve ee e e e e s .

Bs we s e s ws wmm

Tyee claim, B.C.. a2 aiin mm mm fh ke n o

s we sw oaa

U

.o 217
160, 162



306 GEOLOGICAL SURVEY

9-10 EDWARD VII., A. 1910

) Page.
Union asbestos mine. 25 s 44 Hi-sucna ms Se we WE =Eiwelimbcws we 5 ee A
Union mmes. B.C., charagter of rocks S P Ty

es of.. .. ..
United States Geologwal Survey, roport on Alaska refarmd to b b sEaniiesene w1 &
Unuk river.. .. . £5 mh i - e 4s e
Ureka clmm, BC., L
Utica mines, B.C.. .. .. .. .. .. «v .. .,

Valentinite.. .. .. .. .. .. .. ..

Vanoouver OUPes vr wv ve or as .
“ CHMAte Ofn or oo e e e e e DT

east side, report on.. s e

flora and fauna of.. .

e LR TR R dn U e s s ieEae vk e G A n caddil 19

=

o "
general geology.. 87
“ * metamorphie rocks of.. .. . 3
o “ mountains of.. .. .. .. .. .. .. .- 86
. “ plutonic TOOKS. . we ve vr o vn en e o A 89
“ “ previous work on.. .. .. . Ve s 84,
b “ southern, report of C. H Clapp - 84
“ ““ specimens collected.. . . A as anm 277
“ ““ topography of.. .. . : o AT 85
“ “ vegeta.tmn of.. . Y seiue . 86
Van-Roi mine, B.C.. ah s =a 3w melesiEe Ee Ea an e wa Eaws . 133
Vault claim, B.C.. .. .. .. .. .. .. . o .. . . - . 14
Velvet mine.. .. .. e ee e e . P 29

Venus claim, B.C.. he ee ee e e e s . ve e he e e ek e e e e s

Victoria group.. N L AP C A S R N U ST M. O 5 S A AP S - Je R L 87
View, J.. oy N T e 58
Voleanic na.'h feature of southern Yul:on., ve e

* w
Wait F. G, nn.a.]ysls of coal BY.r +v e wr ee e er e e on .. ..116, 144, 145, 146, 149, 150
gnite by.. .. .. . P R T
Walker, Prof. T. L., tungstic acid in lemu Mines CONCentTates.. .. .. e v ov . 233
Wallace mounimn claims first staked in 1389 eiisutiea. wal W4 BE an bpine caeced we eE sx LI
"silver ores of.. .. «i vt 4u we an e .. 120
Wapawekka Jake.. .. .. .0 vo ot ot th tn e sn se se me ee ve se aepee se e se ee se ae oo &, 151
War Eagle mine, B.C.. .. 0 o0 ch o0 ch vl th it he e i e ee ee e e e ed e e .. 29
Warwick group, B.C.. th b e ae we ae wa as s as ae ae e s as o ee ae as es =. «.81, 83
Washington mma,BC.. P |
Water power.. .. .
Water power at deposlts, Ns.. ...
Wellington mine, B. Sin de WEiAe ma Renas
heaton river.. .. .. «v vo vi vr en ee e
N district. . e e s
White channel gra.vo.ls.. § e e N S R e METRE S e e
“ James, examiner of draughtsmen.. .. .. .. .. .. .. oo o0 ee ..l
White River dmtrm% BC.. (. i it e ch ih es ee ee e
W'hlteavaa, Dr, J. F..

se 4w se ws ss ss ss sa == s

ws se ws ss se se ws ws
se e ms w4 ws mw as wme
Bs ®5 8% & & wE ks ma

.
.
0

me 44 s4 4s w4 =8 a8 ss mm 44 ss s
mE s o me owa s ke wa wa mw
.

ws as s ww ss ws s® wE Ba

specimen dntarmlned by.. “e wb e b8 me 4% 88 se ae .
Whi.tehorsa oopparolzf ERRAr O U s Ge rieean we e e

mlm:n.gdmtrmt e
Wl:.ltewater Deep mine, . ¥ A S

mine, BC.

Williams creek. . - e
Williams, M. Y.L e .
W;llmms,T.B... e ar ae s .
W,xlson, Miss A. E... .. .. . .

Morley E.. .. .. e .

“ bl repnrt of.. ... L . ad
W, J.. Wit ak ed e
- " fossil plants "determined by.. . . wias
gl ‘* fossils of Tulameen dist., identified by.. un a4 saiant

b “ report of.. .. .. . “r we ut 86 40 45 04 wp aw
“ ‘‘ specimens received from sa . e Wy BE Siigaias GE BE 55 e e
a “ work in connexion with H Fletcher - .

Windermere distriet, B.C.. .. v o0 vr vr vn tr vr ve i ve ne 0e we s

Wolf elaim, B.Co. so ot sh sh vh ve ve 0 ar an e
Wolfisohm, L., .. o0 cr sr vr o e va ve se vn e e e an e ee as
Wookey, 8. I.. .. .. .0 vv o v ot wn o . .

.
.
.
.
.
.
.
.
.
.
.
.
.
"
—
(™
o

s ss aa



SUMMARY REPORT 307

SESSIONAL PAPER No. 26

Page.
_anht Fret.l]_ report on Btemu't dlah‘mt.. T T e P T T e 1;2

YellowheadPassCoalandCoke Co ce v e e ee ee ar e e ee ee ee e ee ome ee . .. 147, 150
%orkstor(m}. = Boo vv ot s 54 =s bobi i s daiuawa AR hE e A dh aeeeiia 8 ¥ S‘Hg
oung, T A 14

“ G A, .. ad i da We st Caiieeiined as e e ve geivaiome ol BB TR

” « fossils collected by i4 asawine Ww aeiweive We VEcde s =W 4Ebe s s HTD

- “ report of.. P 1

“ “ specimens TOCEived FTOMI.. .. o. . au v an e en er ar e er e e van 272

“  Johnm, gypsum on farm of.. .. v o ii be dh ev vl e dl re e ome ee an owe ae e BBO
Yukon Gold Co.. W ee te e ek se e e e e we ae he ee ee ae e ae ee es ee e e 17
Yukon temtm‘y re sa a8 8B B4 se sy ar =e 1a ww wa By 18
mmerals from at Sentﬂa expomhon.. O T T i . | 3

Zine Commission, report of referred to.. T S Ot | 0y |-

Zoology. (See Palmontology.)

Zino—
Carmi mine, B.C.. .. . .. o0 th tr th vt st 4s as e e sa s ss es e es me ae as .. 122
East Kootenay.. C er se o we a4 4k av as we 44 a1 au we s as s as sa ool 38, 188, 137 138
Skeena rwar.. ¥ Go wr EwioNOAE ea T slEk sb W B ae e an SEcedsieiee wy ee sk 85,

meen APIOE.. c. o4 e ed wd de i e we bs ar ks 44 me s td ee e e ove s .113 114, ll&

Vancouverdgland 2w Eaifae efeieal aWvesiise sh MeddniRe sesss el ee weme 90

Wheaton River district.. .. .. oe ee v en on e an e ol T 52



3
s
.- ‘
i






