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SUMMARY REPORrr 

OF THE 

GEOLOGICAL SUR-VEY BRANCH 
OF 'l'HE 

DEPARTMENT OF MINES 
FOR THE CALENDAR YEAR 1910. 

To the Hon. WILLIAM TEMPLEMAN, M.P. 
Minister of Mines. 

Sm,-I have the honour to submit herewith, a summary report on the operations 
of the Geological Survey for the calendar year 1910. 

Several changes in the personnel of the Survey took place during the year. 
Messrs. J. F. E. J ohnston, 0 . O'Sullivan, and F. O'Farrell, draughtsmen, resigned. 
The following appointments were made:-

Dr. P. E. Raymond, as invertebrate palreontologist; Dr. Edward Sapir, as anthro­
pologist in charge of the Division of Anthropology; Mr. Stanley G. Alexander, as 
draughtsman; Miss , C. A. Macdonald, as stenographer. 

The present organization of the Survey is as under:-

Administrative and General.-Director, secretary, resident caretaker, 3 steno­
graphers, 2 publication clerks, messenger, night-watchman, 3 fire-watchmen, cabinet­
maker and carpenter. 

Geological Division.-11 geologists, 6 assistant geologists, 1 compiler. 

Palmontological Division.-1 vertebrate palreontologist, 2 invertebrate palreontolo­
gists, 1 assistant palreontolgist. 

},finemlogical Division.- 11ineralogist ;and curator, assistant curator, collector 

and distributer. 

Topographical Division.-Topogr.apher, 3 assistant topographers, custodian of 
instruments. 

Drat~ghting Division.-Geographer and chief draughtsman, 9 draughtsmen, clerk. 

Photog·raphic Divisian.-Assistant photographer. 

Natural History Division.-Botanist and naturalist, assistant botanist and natur-

ali st, stenographer, preparator, taxidermist. 

A nth1·opological division.-.Anthropologist. 

Libra1·y.-Librarian, assistant. 

26-1 
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As a consequence of the rapid developmen't of Canada the wurk devolving upon 
the Survey has vastly increased, and the staff is numerically unable to successfully 
cope with it. A large increase is, therefore, necessary. Lack of accommodation in 
the old Sussex street building, occupied by the Survey, prevented additional appoint­
ments. Now that the Victoria Memorial Museum with its increased room and facili­
ties is being occupied, every effort will be made to strengthen the staff, particularly 
in the divisions that are relatively weakest. 

While the Survey is being liberally provided with funds for its work, in one 
respect it is suffering-the salaries paid to technical officers are too low. A marked 
improvement has been made in this regard during the past three years, but more will 
have to be done if the Survey is to attract and retain the type of man that is needed 
to secure good results. The work is such that anything short of the best is worse 
than none at all. Hence the first requirement is the man; the facilities for work are 
of only secondary: importance. When the Survey has secured the right man, it 
should be in a position to retain his services. To do this it is no't necessary to com­
pete in salary with private corporations. The officials are willing to remain with 
the Survey at salaries greatly less than they could secure from business corporations; 
all that is required is a salary sufficien't to enable the official to live without financial 
worry, and to properly educate his childTen. The initial salary into Division II A 
is sufficient to attract the class of young men required, i.e. students who have taken 
their Ph.D. degrees in geology, but to retain 'them it is necessary to promote them 
into Division I B, when they have established a reputation for good work. They 
can not be expected to wait for the :flux of time and the annual increase to place them 
there. Similarly, promotion from Division I B to Division I A must be made when 
the official has taken a fr ont rank in his profession. 

To secure a mature geologist who has had a wide experience, and ·has demon­
strated by his work the possession of first rate ability, it would be necessary to appoint 
him in Division I A. While some of our own capable officials are still in Division 
I B, this seems unfair, hence to secure a qualified staff, the only recourse is the 
slow process of training men-with a prospect of losing them when they become 
efficient. 

COM"MITTEES. 

The Geological Committee, consisting of Messrs. McConnell, Mcinnes, LeRoy, and 
Young (Secretary), and the Map Committee, consisting of Messrs. Dowling, Senecal, 
Boyd, and Dickison (Secretary) , have rendered excellent service in connexion with 
reports and maps. A great deal of important work falls upon the members of these 
committees, especially upon the secretaries, demanding much time, and for which 
individual credit cannot be given. Marked' improvements in reports and maps have 
been made by the committees, and improved standards have been fixed. Encouraged 
by the success of these committees, a Library Committtee has been formed, and a 
.Museum Committee, consisting . of officials responsible for the various divisions of 
the Museum, will be organized. 

FIELD WORK. 

The geological and topographical field work undertaken by the Geological Survey 
during the past season has, as usual, been economic in its bearing, most of it directly 
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so; but a little has been on the broader problems of Canadian geology whose solution 
is required for the interpretation of the facts gleaned in the detailed examination 
of the mining districts. Most of the fields selected are those in which work has been 
specially asked for by the mining profession, Boards of Trade, etc. Not all such 
requests received could be met, on account of the lack of specially qualified men to 
take charge of the operations. So far as possible, however, this ~as done. The 
guiding principle in the selection was to choose those districts in which the work 
·'would be likely to prove of most 'immediate or of greatest value. 'The parties were 
distributed as follows:-

Mr. D. D. Cairnes was engaged in investigating the ore deposits of the Atlin dis­
trict, B.O. This district has for a decade been known as a placer field. During 
the past season some promising developments in lode mining have taken place. 

;Mr. R. G. llfcConnell spen't the season studying the geology and ore deposits of the 
Stewart district at the head of Portland canal, B.O. This distri~t attlractel a 
great deal of attention during the summer. While promising deposits have been 
found, exaggerated reports sent out threatened a wild boom, whiclt, fortunately, 
the Survey was able to assist in preventing, by the publication of ofiicial des­
patches from its representative in this field. 

~Ir. G. S. Malloch made a topographical survey o£ this district. 

'Mr. W. vV. Leach continued his topographical and geological mapping of the Hazel­

ton district, B.O. The approach of the Grand Trunk Pacific railway brings this 
section into prominence. Promising discoveries of silver-lead, copper, and coal 
have beeen made. 

1Yfr. R. H. Chapman, assisted by 1Yfessrs. Chipman, :McLean, 1YiacKay, 1YicE.lhanney, 
aml W ookey continued the topographical mapping of Vancouver island. Mr. 
McLean continued the triangulation of the island as control for the topographic 
maps. 1Yir. Chapman divided his forces into three parties and completed the 
mapping of three sheets. 

Mr. C. H. Clapp made a detailed examination of the area of the Victoria and Saanich 
sheets, which were topographically mapped the previous season by Mr. Chapman. 
Y ancouver island is now atttracting many setttlers and the topographical and 
geological mapping of the island is of great arid immediate value. 

llfr. C. H. Camsell completed his topographical and geological survey of the Tulameen 
district , B.O., and made a reconnaissance from the International Boundary line 
to the Nicola valley. This section is noted for the variety 0f it s min er als, and 
prospect of railway transportation is bringing it into notice. 

Mr. L. Reinecke completed his topographical mapping of the Beaverdell mining dis­
trict, West Fork of the Kettle river, and began a study of its geology and ore 

deposits. 

Mr. W. H. Boyd made a topographical survey of the Deadwood ~fining Camp and 

~ontinued his survey of the Slocan district. 

26-1~ 
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;Mr. 0. E. LeRoy made a study of the g·eology and ore deposits o£ Deadwood, com-

pleted his investigation of the ore deposits of the Slocan silver-lead district, and 
made a preliminary examination of Franklin Camp, North Fork of the Kettle 
river. 

Mr. S. J. Schofield continued his topographical and geological survey of East Kootenay. 

For the correlation of the formations met with in the mining camps, and for the 
deciphering of their complicated geological structure, several detailed geological sec­
tions across the Cordillera in Canada are required. .Such .a section has been con­
structed by Mr. R. A. Daly, along the International Boundary line. A similar section 
is now needed along the main line of the Canadian Pacific railway. Work upon this 
was commenced the past season. 

Mr. J. A. Allan was engaged in the vicinity of Ice river. 

11'Ir. H. S. Shimer studied in detail the Devono-Carboniferous rocks near Banff. 

The Oambrian rocks near Field have been made the subject of careful study, for 
several seasons, by Dr. C. H. W alcott, Secretary of the Smithsonian .Institution, Wash­
ington. Incidentally, it may be mentioned that Dr. Walcott found here one of the 
most remarkable deposits of fossils ever discovered. 

Mr. D. B. Dowling continued his exploration of the coal-bearing rocks on the east 
slope of the Rockies. This year he was delimiting the coal formations in the neigh­
bourhood of Jasper park, Yellow head pass. Being on the Grand Trunk Pacific 
railway these fields are of special importance. 

With settlement of the oountl·y the demand for clays suitable for all kinds 
of clay products becomes urgent. If found, important industries are developed; with­
out them, a serious burden is imposed upon the communities. Mr. Heinrich Ries, of 
Cornell University, who last year reported on the clays of the Maritime Provinces for 
the Survey, and Mr. J oseph Keele, spent the season investigating the clay resources 
of the western provinces. 

Mr. W. Mcinnes mapped and more accurately defined the geological boundaries in 
the district north of Cumberland House and The Pas, work which is at present 
desirable in anticipation of the early construction of the Hudson Bay railway. 

Mr. J. D. Trueman spent the season in the Gunflint Lake district, western Ontario. 
This area has never been mapped geologically, and on account of its proximity 
to known iron districts its examination was called for. 

Mr. W. H. Collins completed his geological map of the Gowganda district, and com­
menced the mapping of the unsurveyed but promising district west of the Timis­
kaming and north of the Sudbury sheets. 

Mr. W. A. J ohnston continued his topographical and geological surveys in the Lake 
Simcoe district. 

Mr. C. R. Stauffer began a resurvey of the geology of southwestern Ontario in which 
important non-metallic mineral deposits occur. No detailed study of its geology 
has been made since the early days of the Survey, the reports and maps of which 
are long since out of print. Quarries, wells, borings, etc., have brought to light 
much additional information, so that a revision of the geology of this district 
will be welcomed. 
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Mr. Morley E. Wilson was engaged in mapping and examining the district east of 
Abitibi lake. This district is similar to northern Ontario and it is hoped that 
similar mineral discoveries may be made in it. 

Mr. J. A. Dresser continued his investigations into the economic geology of the 
Eastern Townships of Quebec. 

Mr. J. W. Goldthwait studied the raised marine beaches south of the St. Lawrence 
river. This work .has a bearing on the clays, sands, and soils of the region. The 
elevation of the land relative to the gulf has been comparatively recent; it is 
important to ascertain if it has been uniform or greater at one point than 
another, .and also, if possible, whether the uplift is still in progress. 

Mr. G. A. Young ~ade a geological and topographical survey of the Topique district, 
New Brunswick. For some years this field has been brought to the attention 
of the Survey, there being a strong feeling in New Brunswick that it may prove 
to be possessed of mineral wealth. 

' 
}Ir. M. Y. Williams made a detailed study of the district about Arisaig, N.S. This 

presents probably the best section of Silurian rocks in eastern America, and 
their detailed study here, it is hoped, may lessen the difficulties of investigation 
in other localities in which this formation occurs. 

Mr. E. R. Faribau1t continued his mapping of Nova Scotia and his investigation of 
the gold-tungsten bearing rocks. Leaving his party at work in the field, Mr. 
Faribau1t spent the two mid-summer months in the Chibougamau district, Quebec, 
as one of the commissioners appointed by the Quebec Government to report on 
the geology and mineral resources of the Chibougamau Lake district, his services 
having been loaned by the Survey t.o the Quebec Government for this purpose. 

Mr. W. J. ·Wilson spent a few weeks in the J\Iaritime Provinces collecting fossils to 
aid in fixing geological horizons, and Mr. P. E. Raymond collected in the neigh­
bourhood of Ottawa, with a similar object. 

No detailed work was done by the Survey in Porcupine, as this district was receiv­
ing attention at the hands of the Provincial Bureau of J\Iines of Ontario. By mutual 
arrangement, duplication of w~rk is avoided. 

IMPORTANT J\IINERAL DISCOVERIES AND DEVELOPMENT DURING 
THE YEAR. 

In the reports of the field officers which follow will be found particulars of 
interest regarding new mineral discoveries and developments during the year. Among 
the more important are the following:-

The encouraging developments following prospecting for lodes in the Atlin dis­
trict, reported upon by Mr. Cairnes. 

The Portland Canal and Stewart district, studied by Mr. MoConnell. 
The promising silver-lead prospects in the Hazelton district reported on by Mr. 

Leach. 
The discovery of diamonds in peridotite from Olivine mountain in the Tulameen 

district, southern British Columbia, where !{r. Camsell has been at work. While 
of scientific interest rather than of commercial importance, it will be worth the pros-
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pector's while to be on the lookout for diamonds in the gravels of streams draining 
areas of these basic igneous rocks. Such areas are not uncommon in British Colum­
bia. Similar basic rocks are also known in Ontario and Quebec. Commercial 
diamonds of the first quality have been found in the glacial drift in Illinois, Ohio, and 
other States. As this drift material has come from northern Ontario andi Quebec 
it is presumed that the source of the diamonds is somewhere in this northern section 
also. The only known original matrix of the diamond is a perid<otite or closely 
related rock, so that, while diamonds are perhaps not confined to such rocks, so far as 
.present knowledge goes they are the most promising ones to prospect for these gems. 

The Tulameen peridotite also carries gold and platinum. 
A sample of peridotite and an included vein from the J ohnny Bull claim, Trout 

creek, about 10 miles from Summerland, Okanagan lake, assayed for the Survey by 
the Mines Branch for platinum, yielded positive results. 

The silver-lead district of the Slocan examined by Mr. LeRoy was at one time the 
leading silver-lead camp of Canada. Some important discoveries were made there 
during the past year and it affords a promising field for further development. 

On the Grand Trunk P acific, in the neighbourhood of Jasper park, where Mr. 
Dowling was engaged during the past season, coal seams have been opened. . 

l\1essrs. Ries and Keele have found some good fireclays during their examination 
of the clays of the 'western provinces. 

Lignites have beeen found in well digging and borings at several points on the 
plains where domestic fuel is badly needed. 

In Ontario the most important development has been in the Porcupine gold dis­
trict which was visited by the writer. Its geological study and mapping was under­
taken by the Ontario Bureau of Mines. Farther north, at Grand Rapids on the 
Mattagami river, iron ore, reported to the Survey in 1877-78 by R. Bell, was receiving 
some attention and was also under investigation during the past season by the Ontario 
Bureau of Mines. 

Tbe work by l\1:r. Dresser in the Eastern Townships of Quebec shows that 
expansion is possible in the non-metallic mineral industries. 

Near Moncton, N.B., a gas :field has been tapped. It was visited in l\farch by 
the writer, but since then new wells have greatly increased the production. A little 
oil has also been encountered with the gas. This field gives promise of becoming 
important. 

The examination of the clay samples which Messrs. Ries and Keele collected in 
the Maritime Provinces last year has shown that very valuable clays similar to those 
of New Jersey occur in New Brunswick and Nova Scotia. 

Mr. Faribault reports that the development of the tungsten deposits, so far as it 
has gone, indicates that these are of commercial importance. 

TOPOGRAPHICAL DIVISION. 

During the ·past year considerable progress has been made in the organization 
of the topographical division. To this the generous assistance of the United States 
Geological Survey, afforded through Mr. R. H. Chapman, contributed in no small 
degree. A corps of carefully selected topographers is being trained, and our standard 
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topographical maps, now being made. will compare favourably with those produced 
anywhere. Perhaps no part of the work of the Geological Survey is of more immed­
iate economic value. For not only are these accurate topographical maps necessary 
as base maps for the detailed geology of mining camps, to make it sufficiently exact 
for economic purposes, but they are in themselves very valuable to the mining and 
other engineers, since they may be used in many of the engineering problems which 
are constantly arising, thereby saving for developing and other directly productive 
uses large sums 'which would otherwise be required for private surveys. 

NATURAL HISTORY DI'i'ISION. 

In addition to geological work, the Geological Survey is called upon by the 
Department of Mines Act to engage upon work in natural hi story, anthrop'ology, etc. 

Mr. John Macoun spent the :field season in Nova Scotia collecting information 
and material illustrative of the botany of the Province. He also supervised the work 
of Mil'. C. H. Young, who was collecting marine fauna on the Nova Scotia coast. 

Mr. James Macoun went to the northwest c'oast of Hudson bay to collect the flora 
and fauna of that district. 

ANTHROPOLOGICAL DIVISION. 

While the Survey has done some important work in anthropology in the past, it 
has been spasmodic and entirely secondary. With the rapid settlement of the country, 
the time has come when work along this line must be vigorously prosecuted, for settle­
ment destroys the materials, and unless they are collected and preserved now they 
will be lost forever, and the succeeding generations of Canadians will search in vain 
for authentic information concerning the native races of their country. 

Since this work was called for in the organic law of the Department and the time 
was opportune, a Division of Anthropology was established this year and Dr. Edward 
Sapir appointed to take charge of it. The plans of the Anthropological Division 
include :field work among the native tribes of Canada for the purpose of collecting 
extensive and reliable information on their ethnology and linguistics, archreological 
:field work, the publication of results obtained in these investigations, and the exhibition 
in the Museum of specimens illustrative of Indian and Eskimo life, habit, and 
thought. 

Mr. Sapir spent the :field season in the west, more particularly in the neighbour­
hood of Alberni, Vancouver island, studying the Indians of this section. 

Mr. C. 'Stefansson, w.ho is in the Arctic under the joint auspices of the American 
Museum of Natural History and the Geological Survey, continued his study of the 
life and habits of the Eskimo east of the l\1:ackenzie river. He. had a trying winter, 
on account of the failure of the hunt, but managed to withstand the hardships. The 
lnst year he expected• to spend near Coronation gulf. 

PUBLIOATIONS. 

The results of the investigations of the Survey are given to the public in the 
form of maps and reports. Since, however, a great many different classes and indi­
viduals :find the work of the Survey of interest and value for very different purposes, 
it is impossible in a general report to present the matter in the form and in the 
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detail that might be desirable for any single class or individual. A great deal of 
information is acquired that may be of value to particular persons but not to the 
general public, hence must be omitted in a report. Much of such information is 
given to individuals in the field, and this is perhaps the most valuable service rendered 
by the Survey. A great deal is supplied by correspondence. This branch of the 
Survey's work is growing rapidly. To avoid delay, information that is of immediate 
interest to the public is furnished through press bulletins, which are sent to the 
press throughout Canada and also to those individuals who have expressed a wish 
to have their names placed on the "Notice list" of the Survey. Timel;Y information 
concerning the Porcupine gold district, the Stewart district, Portland canal, the 
Atlin district, Hazelton district, etc., was made public in this manner. 

During the year 30,325 publications were distributed to libraries and to individual 
applicants. Of these 18,852 were distributed in Canada, 3,282 in the United States, 
1,225 in Great Britain, and 6,966 in other countries. The sale of publications 
amounted to $461.44. 

A list of the maps and reports published during tlie year will be found near the 
end of this report. 

Attention is called to the fact that maps recently published by the Survey may 
be obtained printed on linen. For field use, or hard service, the linen maps are very 
serviceable, being unaffect ed by moisture and practically indestructible. An extra 
charge of ten cents is made to cover the cost of the material. 

PHOTOGRAPHIC DIVISION. 

Up to the present the work of the photographic division .has been confined almost 
exclusively to developing and printing negatives obtained by officials in the course 
of their field work, and to photographing specimens for illustrating reports. Blue­
printing and some map reducing and enlarging have been done in the draughting 
division. A great economy of time and money may be effected by equipping a photo­
graphic laboratory for process work, as this may take the place of handwork by 
draughtsmen, thereby releasing them for productive w'ork. Provision is being made 
for this in the new photographic laboratory, and it is ex.pected that it will result in 
less delay in the publication of our maps. 

Much of the topographic mapping is done by a photographic method, and a larg~ 
part of the work of the photographic division is the developing and enlarging of the 
negatives obtained, for the use of the topographers in the compilation of their maps. 

During the year over 1,200 topographic negatives were developed and over 1,000 
enlarged prints made. About the same number of ordinary negatives were developed 
1and over 4,000 prints made from them. 

The negatives in the possession of the Survey acquired during the past forty 
years of field work in all parts of the Dominion form a very valuable collection, 
illustrating the physical features, geology, timber and other resources of the greater 
part of Canada. These are being catalogued as occasion permits, so that they may be 
J"eadily accessible for use. 
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EDUCATIONAL WORK. 

By a little extra effort and at a comparatively small expenditure the Survey is 
able to materially assist t.echnica'l education in the educati'onal institutions of the 
country. Reports and maps that may be of use in the higher grade schools and 
colleges are supplied free of cost. To institutions of at least high school gr'.ade, 
attractive cabinets of typical Canadian rocks, minerals, and ores are also furnished 
free. Positions as student assistants on field parties are reserved for college gr:adu­
ates or students who have finished at least their second year, and who are specializing 
in geology, mining, or topography. The experience gained in the field supplements 
the college work and is of great and direct educational value. 

Vl'OTORIA MEMORIAL MiUSEUM. 

For many ·years museum halls and storage accommodation in the old building 
.have been taxed to their utmost capacity and as a natural result little has been pos­
sible in the way of new acquisitions. During the past year, however, some important 
collections were obtained and preparat'ions made for moving the collections to the 
new Victoria Memorial !fuseuni. Although the building was not completed and is 
still in the contractor's hands, moving was begun in November, and at the close of the 
3'ear the greater part of the offices and collections had been placed in the new build­
ing, where the valuable material will no longer be in danger of destruction from fire. 
On account of lack of accommodation in the old building, not only was the Museum 
stifled, but the general work of the Survey was seriously handicapped. These disa­
bilities are removed in the new quarters. The Museum can now expand and the work 
of the Survey be accelerated. The Museum will include the illustrative material 
acquired by the various divisions of the Survey, namely, mineralogy and geology, 
biology, and anthropology. It will, therefore, be a complete natural history museum. 
In the old Museum, mineralogy and geology were dominant, the other divisions being 
only sparingly represented. It is the intention to increase the economic material in 
the mineralogy an·d geology division so that Canadian ores and their products, their 
mode of occurrence, etc., may be thoroughly represented, and to greatly strengthen 
the biological and anthropological divisions. A large amount of material suitable 
for public display is already on hand, which for lack of room could not be placed in 
the old exhibition halls. For the present it is the intention to restrict the Museum 
to Canadian material (except in educational collections where necessary objects may 
be lacking in Canada) in order to make it, first of all, the great Canadian Museum, 
whose collections in Canadian material will surpass all others. When this has been 
accomplished in all divisions it may be advisable to enlarge its scope, and make it a 
world museum. It is proposed to utilize some space for scientific collections. As a 
IN ational Museum it is the natural repository for all Canadian objects of scientific 
value. !fuch of such material is of no interest to the general public, and, therefore, 
should not take up valuable space ·in the exhibition halls, but should be so arranged, 
catalogued, and stored as to be accessible to Canadian students and scientists from 
abroad who may wish to study Canadian material. It will be some time before the 
exhibition halls can be made ready for the public. The old furnishings are unsuit-
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able, and new modern cases will be provided. The specimens for publ'ic display will 
each have to be selected, la'belled, and placed in position. This involves an immense 
amount of labour that has to be done personally by the officials in charge as it cannot 
be relegated to temporary helpers. In the old building, on account of lack of space, 
little could be done in this direction. Now that the mater'ial is in the new building 
this work will be pushed. 

INTERNATIONAL GEOLOGICAL CONGREtSS. 

At the instance of the Geological Survey, the Government of Can.ada and' the 
Cahadian Mining Institute invited! the International Geological Congress to hold 
its next meeting in Canada. 'This invitation has been accepted and in 1913 about 
one thousand of the leading geologists, representing every civilized country, will 
visit Canada and study the geology and mineral resources of this country. 

WORK OF THE DIRECTOR. 

Summary. 
Routine work occupied the greater portion of the year. In J,anuary, the American 

Museum of Natural History, New York, was visited, also the Oarnegie Museum, at 
Pittsburgh. In March, the meeting of the Canadian Mining Institute in Toronto 
was attended as were meetings of council throughout the year. The meeting of the 
Nova Scotia Mining Institute was also attended.: Returning from the latter the 
property of the :Maritime Oldnelds Company, near Moncton, was visited. In JYiay, 
I accompanied the Hon. Wm. Templeman to Washington, Philadelphia, and New 
York, to visit the United States Geological Survey, the Smithsonian Institution 
and United 'States National Museum, the Museum of the University of Pennsylvania, 
Philadelphia, and the American Museum of Natural History, New York. As a 
result of the information obtained it was decided to equip the New 'Victoria Memorial 
Museum on the lines now being followed by the American Museum of Natural His­
tory. 

Notes on Field Work. 

In June, a few days· were spent in the Porcupine district. 
In J'uly, a day was spent at Kazabazua, Que., investigating a rumoured! dis­

covery of gold ore, H miles from Danford Lake post-office. A 30 foot pegmatite 
dyke in crystalline limestone was found to be the discovery. It is coarse, the quartz 
occurring in masses up to 10 feet in diameter. Feldspar, including some plagioclase, 
coarse hornblende, pyrite, graphite, and sphene are the associated minerals. Such 
pegmatites might in places afford commercial feldspar. Some mica deposits occur 
in this district. 

August and part of September were occupied on the Hudson Bay trip of His 
Excellency Earl Grey. 

During the latter part of September I went to Los Angeles to represent Canada 
at the meeting of the American Mining Congress. A week was spent examining th" 
oil neld of California. From California I came north to examine, in company with 
Mr. John Sterlir1g, Inspector of Mines of Alberta, into the condition of Turtle moun­
tain. 
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Gas near :Moncton, N.B. 

The :Maritime Oldfields, Ltd., of :M:oncton, have been boring for oil and gas, west 
of the Petitcod·iac river, 10 miles south of :M:oncton, and about 5 miles north of 
Hillsborough. At the time of my visit, :March 18, several wells were completed and 
new holes were being started. Well No. 3 had passed through three groups of oil 
and gas sands and at 1,725 feet was stopped on account of salt water being encoun­
tered. This had been shut off and the well was pumping about two barrels of oil per 
day and had a rock pressure of gas of about 100 pounds. It was estimated to flow 
about 1,000,000 feet per day. ' 

Well No. 5, drilled to 1,407 feet, also passed through three groups of sands, and 
~as yielding a little less oil but more gas than No. 3. The oil was a thick green 
petroleum and was being supplied to the Intercolonial railway at ~Ioncton. 

'Since the time of visit boring has been vigorously prosecuted, and it is now 
reported that the Company has ten wells with an estimated flow of gas of about 
39,000,000 cubic feet per day (estimated by rise in pressure in the first minute), and 
a yield of oil of about 25 barrels per day. Two new w~?lls are about ready to produce, 
and others are being started. 

The deepest well is 2,175 feet. The rock pressure of the gas is given as varying· 
in the different wells from 30 pounds to 610 pounds. 

It is proposed to supply the town of Moncton with gas from this field. 

Porcupine District, Ontario. 

This district will be found described in detail in the report of the Bureau of 
:Mines, Ontario. It will be sufficient in this place to quote a few sentenc.es from the 
press bulletin issued by the Geological Survey in June last. 

"Most of the gold occurrences so far located are in the township of Tisdale, bu~ 
some of the properties are in Whitney, Mountjoy, Ogden, Deloro, and Shaw. A new 
discovery has just been announced from Kamiskotia lake, west of the Mattagam{ 
river. ·T.hen, of coul'se, there are the older discoveries at Nighthawk lake. The 
prevailing rocks are greenstones (including oldt diabases}, quartz-porphyries, and 
schist, presumably of Keewatin age, with some slates, greywackes, and conglomerates, 
vrobably Huronian. The quartz seems to occur in any of the rocks and in all 
manner of forms. 'There are some well-defined veins, there are some large apparently 
isolated masses of it, the so-called 'domes,' and there are numerous irregular quartz 
.stringers, which may swell out in places to large masses, that may or may not have a, 
vertical extension. The majority of the veins and zones of quartz stringers seen 
had a strike approximately northeast, while that of the rocks was more nearly east­
that is they were distinctly cutting across the strike or schistosity of the rocks, a~ 
the case might be. A few had a strike of a· little south of east. The quartz holds 
many inclusions of more or less altered country rock. Pyrite is rather extensively 
ol'veloped in and along these inclusions. The gold, which is often coarse, is· distri­
buted in much the same way as the pyrite, with which it" is usually rather closely 
associated, but some may be found in the pure quartz. A little galena, blende, and 
chalcopyrite may also be present. A ferruginous carbonate, probably ankerite or 
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siderite, is, next to quartz, the most abundant gangue mineral. It weathers deeply 
to reddish-yellow iron oxide. Calcite, chlorit€, talc, probably sericite, and feldspar 
wore also noticed. 

"Porcupine is fortunate in having had a number of strong interests take hold 
in the initial stages of the camp, which ensures intelligent development and a thorough 
test of some of the more promising prospec.t!il, Plant~> were brought in during th~ 
winter, and a surprising number of properties are equipped with power plants. 

"The' show' properties at present are the Timmons·, Dome, and Foster. 

"Tihe Timmons (Hollinger) is about seven miles west of Porcupine lake and 
a mile and a half east of the Mattagami river. A clearing of forty acres has been 
made and substantial mine buildings erected. The plant consists of two boilers, a 
compressor, hoist, and dynamo; a crusher and! small prospecting stamp mill are being 
erectt>d. The buildings are lighted with electricity, and supplied with hot and cold 
":ater, b'aths, etc. A number of veins are exposed. On the largest, with a maximum 
width of about 20 feet, three shafts :have been sunk, the distance between the :first and 
1last being about 800 feet. For the greater part of this distance, vein is exposed. The 
deepest shaft is about 90 feet, and is in a 12 foot vein at the bottom. Sinking is 
'being continued. Beautiful ore, carrying free gold, is obtained at the bottom of the 
shaft, and over the surface showings gold splashes are liberally scattered. About 
1300 tons of very promising ore is on the dump, from which almost anywhere showy 
specimens might be obtained. Several lots of ore from the dump, sent out for sampl­
ing, are said to have yielded high results. The fresh ore is very promising looking 
and seems quit€ as good at 90 feet as on the surface. A number of other veins have 
been stripped, one of which has been traced about 300 feet, and shows gold at various 
points. 

" The Dome is also under vigorous development. Here two large masses of 
quartz, ·60 feet or so in width and of considerable length, are o,vened up. Coarse gold 
adorns the surface of the quartz at a number of points, and the systematic sampling 
of the quartz is said to yield very satisfactory results. Several shafts have been 
sunk and diamond drilling is now to be undertaken to determine the cond~tions at 
depth. A small test mill is being erected, and the property 1s well equipped with a 
good plant and buildings. 

" The Foster vein is a belt or vein of the iron carbonate :filled with transverse 
masses and veins of quartz. The quartz contains many inclusions of the carbonate 
in which sulphides and gold have been deposited. This vein or belt has been traced 
by trenching and stripping at intervals for nearly half a mile, and has a width, where 
exposed on the Foster, of from 6 to 20 feet. Fine showings of gold occur; and the 
clean-cut character and extensive horizontal dimensions of the lode suggest that it 
may have an equally strong vertical extension. 

"From the above it will be seen that there are some grounds for the .hopefulness 
regarding the future of this new camp. Of course there are properties here which 
will furnish specimens but never anything more, and many that will not do even this. 
There are some that will be 'teasers,' with just enough quartz with values to attract 
money for their development; but not enough in one place, or not enough continuity 
to the bodies to be exploited profitably. But there ·are some really promising prQs-
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pects, which, even if they should not prove altogether satisfactory with depth, yet 
may, on their present showings, have quite a tidy output of gold. 

" The development during the next few months, which will fmnish some clue as 
to the deeper condi't'ions, will be followed with much interest. The history of gold 
mining in Ontario has not been highly encouraging; but it is to be remembered that 
gold mining i~ Ontario is to-day in exactly the same position ,as was silver mining 
seven years ago, and the chances of :finding a notable gold camp are to-day quite as 
good as were the chances of locating a Cobalt at that time. 

"Porcupine is as yet in the prospect stage. But it has some of the essential 
qualities of a gold camp, sufficient to have induced experienced mining men to take 
up options at high £gures, and to undertake large expenditures to determine if it 
possesses all the essential factors." 

Since the above was written, development has proceeded steadily, with .such satis­
factory results that several of the companies are erecting large mills to handle their 
ores. The Ontario Government is building a railway into the camp from the Timis­
kaming and Northern Ontario railway, at Kelso. It is expected to be in operation 
in July. 

Turtle Mountain, Frank, Alta. 

Since the great landslide at Frank in 1903 the Survey has kept Turtle moun­
tain under inspection, as the northwest shoulder overlooks the town in a threatening 
manner. On October 12, with Mr. W. H. Boyd, of the Survey, I again visited Frank. 
In this examination we were accompanied by Mr. John P. Sterling, Provincial 
Inspector of Mines, and three representatives of the coal company whose property 
lies along the ba.se of the mountain. 

We found the northwest shoulder to be in a more threatening condition than it 
was last year. Until last year it exhibited no signs of movement nor, apart from its 
structure, of any weakness. Last year, however, two small cracks were detected, but 
so slight that, their existence might have been questioned. This year they 
were quite marked. The cracks between the shoulder and the peak also show develop­
ment. In most cases the blo.ck severed by a crack is not large enough to cause 
damage, but as the joint planes along which the cracks form dip towards the face of 
the cliff, only those near the face can open, the weight of the inverted wedge tending 
to keep the joint closed. Moreover, the surface is . covered with shingle so that only 
a gaping crack makes itself visible, hence a dangerous break back from the face of 
the cliff along which an enormous slide might take place, might not be detectable 
on the surface even at the time a slide was about to occur. 

The cracks on 'the north shoulder are signi£oant a.s indicating that movement has 
taken place and that the solidity of this huge mass of rock is not to be relied upon. 
The recent movements indicated by these cracks may well be ascribed to the disturb­
ing effects of mining operations. 

In view of what has already occurred, of the present condition of Turtle moun­
tain, and of the damage to property and life that would result in case the northwest 
peak and shoulder fell, it does not appear safe to take further liberties with this 
mountain and in my opinion the coal seams near its base should not be disturbed. 
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The Hudson Bay Route. 

OBSERVATIONS MADE IN CONNEXION WITH THE TRIP OF HIS EXCELLENCY THE GOVERNOR 

GENERAL--EARL GREY--TO HUDSON BAY. 

Interest in the country tributary to Hudson bay and in the Hudson Bay route, 
has been reawakened by the determination to proceed with the construction of the 
Hudson Hay railway. His Excellency the Governor General--Earl Grey--who has 
always shown a keen desire to secure first-hand information regarding Canada and its 
resources, and a lively interest in "the continuous disproof of the theory of the frozen 
north," which has made up its recent history, undertook last summer to go over the 
Hudson Bay route with a small party. 

His Excellency has extended to the writer, who had the privilege of accompany­
ing him, permission to publish as a Geological Survey report an account of the trip 
and a description of the districts traversed. 

ITINEHARY. 

On August 3, the party left Winnipeg, and on the 4th embarked at Selkirk on 
the steamer Wolvell'ine, dropped dow:n the Red river and traversed Lake Winnipeg. 
On the evening of the 5th, a stop was made at the mouth of the Saskatchewan, and 
on the morning of the 6th, Warren landing, at the outlet of Lake Winnipeg, was 
reached. The journey from Warren landing to Norway House, about 23 
miles, was made by launch. The route lies down the Nelson river into Playgreen 
lake. From Playgreen lake the Nelson i.ssues in several branches, the two main 
channels of which reuniting at Cross lake, enclose Ross island, ·53 miles long 
and 211 miles wide. The eastern channel, or Sea river as it is . sometimes 
called, leaves Playgreen lake near the ea.stern end, in several branches that unite at 
Little Playgreen lake. Norway House is situated on one of these branches, at the 
entrance to Little Playgreen lake. 

At Norway House, the canoe journey commenced, the route followed being the 
regular Hudson's Bay Company boat route via the Hayes river to York Factory. 
Leaving Norway House in the afternoon of August 8, in twelve cano~s, manned by 
Norway House Indians, Little Playgreen lake was crossed and Sea river descended 
about 10 miles before camping. About 20 miles below Norway House, Sea River 
falls necessitates a short portage and about 8 miles below the falls the boat route 
leaves the river and ascends a small tributary from the east, known as the Echimamish 
nver. The dark water of this swampy, marshy stream, is in strong contrast to the 
bluish white Nelson river. A short distance up, the stream expands into a shallow 
rush-grown stretch of water known as H airy lake. Camp was made on the evening 
of the 9th, on marshy ground at a fork of the stream. Ascending the Echimamish 
three dams, maintained to render the stream navigable for York boats, were passed 
and the head of the stream reached at Painted Stone portage. A lift pver this rock 
transferred the canoes to Hayes River water, which is followed to the sea. After a 
stretch of narrow river and several small lakes, Robinson portage was reached, where 
camp was pitched on August 10. This portage, about a mile in length, is the only 
long one on the whole route, and is overcome by a rude tram, provided with severnl 
push cars. From Robinson portage, the stream :flows through a marshy lake, and 
enters a narrow. rocky defile. York boats follow the river, but our canoe route left 
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by a half mile portage eastward, and rejoined the boat channel in Pine lake, a few 
miles farther down. After a further stretch of river, Windy lake was reached, on 
the shores of which camp was pitched for the night of the 11th. F rom Windy lake 
the river is divided into numerous rapid channels, and several short portages are 
necessary. In this part of its course, its direction is west of north, at right angles 
to the general direction. After a few miles of turbulent water, Oxford lake was 
reached. This lake is a fine body of water about 30 miles long, running north­
east. It is irregular in outline and is broken by many islands. Oxford H ouse, 
situated at the outlet, on a ridge of clay between Oxford and Back lakes, was reached 
on the night of August 12. Leaving Oxford House on the afternoon of the 13th, 
we paddled round to Back lake and down the stream, here known as Trout river, to 
Trout falLs. The course of Trout river is southwest. It is a rapid stream with 
several chutes that have to be portaged; Trout falls , the most important one, has a 
drop of about 16 feet. The river discharges into Knee lake, a narrow, island-dotted 
lake about 45 miles long. Camp on August 14 was made on a point about 
15 miles from the northeast end .of the lake. A stretch of river, about 10 miles 
in a straight line, known as J ack river, connects Knee lake and Swampy lake. A 
number of rapids occur, especially on the lower portion of this river. Camp was 
made near the outlet of Swampy lake. Owing to unfavourable weather, the 16th 
was spent in camp. On the 17th the journey was resumed through Swampy lake and 
down the river here known as Hill river. For about 20 miles it is full of islands. 
R.apids are numerous, some could be run with full loads, some were run in light 
canoes, and some had to be portaged. Shortly after lunch the "Hill," the only 
outstanding topographical feature on the route, was passed. ·Camp was pitched 
at Rocky Point portage. Although numerous rapids were run, about a dozen 
portages were made during the day. On August 18, the three remaining 
portages, White Mud, Borrowick falls, and the R ock were made. From the 
latter to the sea, a distance of nearly 110 miles, no rapids occur, but the current is 
swift, so that an up-stream journey would be slow and heavy. From N elson river to 
the Rock, the general course of the route had been northeasterly. From the Rock, 
the river takes a more northerly direction. Favoured by the current, and unimpeded 
by rapids, progress from the Rock was rapid. Fox river, a tributary from the west, 
was passed shortly after lunch, and camp was made about 16 miles below it. 
On the 19th, after three hours' paddling, the Shamattawa branch, a large river from 
the southeast, was reached; by noon, Penneygutway; and about six o'clock we landed 
at York Factory. Off York, the party embarked on the Canadian Government steamer 
Earl Grey, and proceeded to Churchill, about 180 miles distant. 

From Churchill, the Earl Grey traversed: the 600 miles across Hudson bay to 
Hudson strai ts, passing within sight of Coats and Mans:field islands. A short stop 
was made at Sagluk bay, on the north shore of Ungava, east of Cape Wolstenholm. 
The cruise was then continued along the north side of Charles island, along the coast 
of Baffin island and Resolution island, and across the straits, at their entrance, to 
Port Burwell, a J\foravian Mission on the west side of one of the islands of the pen­
in sula which separates Ungava bay from the Atlantic. Leaving Port Burwell, the 
steamer rounded the Button islands and ran down the Labrador coast to Newfound­
land , Cape Breton and Prince Edward Island, finishing the cruise at Pictou, Nova 
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Scotia. Stops were made at Okkak and Indian harbour on the Labrador coast, Port 
Anthony and Bay of Islands in N ewfouri.dland, Sydney on Cape Breton Island, and 
Charlottetown, Prince Edward Island. 

GENERAL CHARACTER OF THE COUN'l'RY-LAKE WINNIPEG TO HUDSON BAY. 

1 The country from Lake Winnipeg to Hill river is typical Laurentian plateau 
country, ~imilar to much of northern Ontario and Quebec. Low, rounded, rocky 
hills of about equal elevation are separated by vales, often occupied by marshes, 
streams or lakes. The watercourses are countless, and ramifying in a most intricate 
fashion. Lake succeeds lake, joined by river stretch, tranquil or spilling over rocky 
ledges from level to level. Along the Nelson river the shores are usually rocky, but 
rarely exceeding 20 or 30 feet in height, with rushes and willows along the water's 
edge. The shores of Hairy lake are somewhat bolder, but the Echimamish for ~ost 
of the way filters through a swamp. Fr'om Painted Stone, rock hillocks skirt the 
river and lakes, reaching a maximum of perhaps 150 feet on the canoe route near 
Pine lake. Near here the first cut clay bank was noticed. Near Oxford House the 
shores again become higher, approximating 100 feet. Clay banks also appear. Oxford 
House is situated on a peninsula of clay about 50 feet high. While some rock is 
exposed, good soil extends from Oxford lake to Knee lake. Beyond Knee lake the 
country is low to near the Hill. Here clay banks become continuous, rising gradually 
in elevation to the Rock. The Hill itself has an elevation of about 400 feet. 

The Pre-Cambrian rocks disappear a . couple of miles below the Rock, and the 
country from there to the sea is level and drift-covered. Into this clay the river has 
cut its channel, forming high banks, steep cut where the river impinges, but shelving 
on the other side. The banks are about 10 feet high at the Rock, but gradually 
fowE>r, going down stream, to less than 30 feet at York. 

CLIMATE. 

The climate of the country in the neighbour.hood of Norway House does not 
differ materially from that of Manitoba. Towards Hudson bay conditions are less 
favourable. The winters are cold, but generally fine -and enjoyable. Every resident 
spoken to, from Norway House to Newfoundland, expressed a decided opinion that 
winter was the most enjoyable season. The Hayes river at York on the average 
freezes about the last week of November, and opens about the middle of May. The 
summers are bright and warm, without an excess of rain. From the agricultural 
standpoint, the important temperature is that of June, July, and August, for this is 
what determines the crops that may or may not be ripened. The long days have a 
favourable influence, and it is probable that climatic conditions are suitable for 
ordinary agriculture to about half way between Lake Winnipeg ar.d York. 

AGRICULTURAL LAND. 

Along the watercourses,· rock exposures are more numerous than inland, so that 
from them a judgment cannot be formed of the amount of land suitable for agricul-

1The route from York Factory to Winnipeg is well described by Sir John Franklin and 
by Dr. John Richardson in Franklin's "Narrative of a Journey to the Shores of the Polar 
Sea, 1819-20-21." It is also referred to by Robert Bell, in Part CC, Report of Progress, 1877-
78, Geological Survey of · Canada. 
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ture. Along the route followed, only occasional patches were seen, but large areas 
are lmown to lie to the north. Soil became more noticeable aboLJ.t Oxford House, 
increasing in amount until, below the Rock, no rock exposures were seen. In places, 
artificial drainage would. be necessary to render the land fit for agricultural uses. 
At Norway House, wheat, barley, vegetables, small fruits, cu·cumbers, melons, etc .. 
hav·e been cultivated. At Oxford House, barley, vegetables, and hay are grown. At 
York, potatoes and some vegetables have been successfully raised, but the area near 
Hudson bay, while perhaps suitable fo; ranching and dairying, is probably outside 
the limit for ordinary &griculture. 

FLORA AND FAUNA. 

The whole country from Lake Winnipeg to York is timbered, but as the route 
followed had been the boat route from York, used for almost a century, for a large 
part of the entire trade of the northwest, the forests have suffered repeatedly from 
fires, so that practically all is second growth, and no sizable timber was seen. Where 
the original forest is preserved, merchantable sizes may be expected in the upper 
portion of the district, and pulp wood for some distance down, but what with forest 
fires, muskeg and climatic conditions near the bay, it seems unlikely that the timber 
of that particular district will prove of great value, except for local purposes. Around 
the southern end of the bay, conditions, of course, are different, and the forest is of 
greater economic importance. The trees are principally spruce, poplar, and tamarack; 
canoe birch disappeared on the lower part of the Hayes. 

As might be expected on an old route of travel game was not plentiful. Except that 
Arctic varieties are found in the northern part, the specie's do not differ in any essential 
respect from those of northern Ontario. At York, a polar bear had been shot in the 
Fort two days before our arrival. The waters are ~e11 stocked with fish 'of market­
able varieties. The whitefish of Oxford lake are famous, and are said to excel even 
those of Lake Winnipeg. 

GEOLOGY BETWEEN LAKE WINNIPEG AND YORK. 

As the journey was made rapidly, with few stops, only a general idea of the 
geology could be obtained. Pre-Oambrian rocks, which form the eastern shore of 
Lake Winnipeg, are exposed all the way to the Rock, and for a few miles beyond. For 
the rest of the distance to York, no solid rocks are exposed; -but it is evident from 
the loose fragments that it is underlain :for the most part by sedimentary rocks o:£ 
lower Palreozoic age, similar to those exposed on the neighbouring rivers, and which 
fo= a basin, fringing the bay, from Churchill to __ Rupert river, at the southeastern 
end o:£ James bay. 

Overlying the solid rocks, except where removed by subsequent erosion, is a 
mantle o:£ glacial drift which is overlain, towards the bay, by stratified marine clays 
or sands. 

Keewatin?. 

The rocks which are considered as pr0bably Keewatin, consist of various schists­
banded quartzose scbists, green biotite schists, dark hornblende schists, sericite 

1 The names applied to the rocks in the following descriptions are field names, and 
would probably have to be altered somewhat upon exact microscopical determination. 

26-2 
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schists, rather massive chlorite schists, .hornfels, greenstones, including coarse diabase­
like rocks often epidotized and with well marked pillow structure, the cracks being 
sometimes filled with calcite. 

Lawrentian. 

The commonest rocks are grey granites, often passing into gneisses, and holding 
inclusions, often reaching large dimensions, of a dark gneiss. No contact between 
these rocks and the supposed Keewatin was seen so that their relationship was not 

'\. 
established, but near the contact some cherty bands in the granite-gneiss were observed, 
which appeared to be inclusions from the Keewatin. At the east side of Hairy lake 
a mass of anorthosite occurs. Cutting the Keewatin, and the Laurentian rocks above 
mentioned, is a red granite which send:s numerous pegmatite dykes into the · older 
rocks. As no rocks younger than the Laurentian were recognized, its age cannot be 
e:Xactly fixed, but unless it should be proved post-lower Huronian, it may be included 
m the. I~aurentian. 

Cutting the Keewatin of Knee lake are dykes of a grey syenite porphyry. 
On Painted Rock portage and on Oxford lake dark lamprophyric dykes were 

observed cutting the grey granite and gneiss. 
No conglomerates or other r.ocks that could be recognized as Huronian were seen 

at any of the points at which we touched. 

Pala?ozoic. 

The Palreozoic J.:Ocks were not seen in place, but numerous loq,se fragments, some 
containing fossils, are abundant towards the bay. These consist principally of lime­
stone or dolomite. That the dist;rict from near the Rock to the bay is underlain by 
Palreozoic sediments is also suggested by the flatness of the country, and it is made 
practically certain by comparison with the Shamattawa branch and with_ the Nelson 
and other neighbouring rivers where similar conditions prevail and where the Palre· 
ozoic beds are actually exposed. 

Pleistocene . . 
• The rock surfaces are everywhere well glaciated and in most places still preserve 
the glacial strire. The direction of striation is usually about southwest. But at the 
Rock two sets are preserved, the older almost west and the newer about south 18<0 east. 
Erratic boulders are numerous. Inland they remain perched on the slopes and tops 
of the hills, showing, that these have not been wave s~ept as in portions of northern 
Ontario where most of the erratics have been washed into the hollows. 

The glacial drift consists of boulder clay usually of a light somewhat yellowish 
or greyish colour, with, as a rule, comparatively few boulders. 

In some places sands occur. Towards the coast the boulder clay is overlain by 
stratified clay in which marine she1ls occur. 

Distribtttion of Rocks. 

From Lake Winnipeg to Hairy lake on the Echimamisb, the rocks are the grey 
granite and gneiss cut by red granite dykes and pegmatites. At the inlet of Hairy 
lake, on the south shore, the rock is the coarse red! biotite granite, cutting a coarse 
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feldspathic rock that appears to be anorthosite. The latter rock consists principally 
of feldspar (labradorite) in square or rounded crystals, about which are wrapped thin, 
long augite crystals, giving it the appearance of leopard rock. Other facies of this 
rock are white, like quartzite, but made up of long feldspar crystals with a square 
cross-section. The red granite, and probably the anorthosite also, holds inclusions 
of large size- one hundred feet or greater-of a 11acreous mica schist and of the 
coarse grey gneiss. 

On the Echimamish about 8 miles above Hairy lake the rocks supposed to be 
E:eewatin first make their appearance. The first exposure seen was a banded quartz­
ose schist standing on edge. Its general appearance is suggestive of some of the 
Keewatin iron-formation rocks. A .similar rock was sMn at the forks of the creek. 
At the first dam a tuff-like rock, containing feldspar grains, and slaty rocks that might 
be ash beds, are encountered. At the second dam is a somewhat massive chloritic 
schist with coarse mica, and quartzose schists. The dip of the rocks appears to be 
vertical. Veinlets of reddish smoky quartz occur in all these rocks. At the thiwl. 
dam coarse grey gneiss reappears followed by red granite. At the Painted Rock 
portag'e the gneiss is well banded; dark bands of augen gneiss alternate :with ch~rty 
quartz, or pegmatite bands. Biotite and hornblende schist bands also occur. A 
small dyke of lamprophyre cuts this rock. The chert and hornblende schist resembles 
iron formation, but the gneiss bands, which are from half an inch to 3 inches wide, 
form the bulk of the rock. Granite and. gneisses continue down the Hayes river past 
Robinson portage to the half-mile portage by which the canoe route leaves the river. 
On this portage is a dark hornblende schist somewhat contorted and faulted, and 
seamed with quartz veinlets and pegmatite and aplite dykes. Across the lake from 
the east end of the portage is a well jointed phyllite. These rocks continue on the 
canoe route for about 5 miles, when the Laurentian granite and gneiss come in, 
and through Pine and Windy lakes and the first 5 miles of Oxford lake only granite 
and gneiss were seen. At the south point of the west bay of Oxford lake the gneiss 
is cut by a 20 foot lamprophyre dyke. An island about 2 miles west of Sevenmile 
point is composed of diorite or diabase somewhat squeezed, and in places epidotized 
and showing the pillow structure that is common in Keewatin greenstones. The 
feldspar and coloured constituent are, however, still distinct. 

At the first portage above Trout falls is a greyish porphyritic rock with feldspar 
. phenocrysts one~half inch long. At Trout falls is a micaceous schistose rock with 
small feldspars. It resembles a hornfel s, but is almoot certainly a squeezed ign"eOus 
rock. Bands and small lenses of a gabbroidal rock are included in it, and it is veined 
by somewhat rusty, watery quartz. 

At the entrance to Knee lake a disturbance of the compass was noticeable, due 
no doubt to magnetite on the south side of the inlet which Bell describes as " inter­
stratified with grey siliceous and micaceous schists running about east and west." 
As we sailed down this part of the lake no opportunity was presented of personally 
examining these rocks. Through the glass the rocks appeared to be mainly green­
stone or massive schist with some quartz veins. At the beginning of the Narrows 
the rock is a schist with greenish cherty " eyes", varying from one-fourth inch to 
several feet long. They resemble pebbles somewhat, b11t are evidently the remnants of 

26-2! 
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:bands of chert, broken by pressure. Inland is a massive greenstone showing pillow 
oatructure, with calcite £llling some of the cracks. 

Near the end of the Narrows the rock is a green sericite schist with lenticles of 
-calcite and dolomite which .on weathering give the rock a pitted surface. It resem­
bles a contact metamorphosed limestone. 

In the Narrows a small island which I did not see, called Magnetite island, is 
reported by Richardson to consist of "mica slate highly impregnated with magnetite, 
iron ore, and having i.ts thin layers impregnated with layers of that mineral". Bell 
describes it as consisting of " £ne grained magnetic iron in thin layers, interlamin­
ated with other.s of quartzite and mica schist. The rock is twisted and corrugated 
and breaks with a splinty fracture". 

In the lower expansion of Knee lake the rock is a greenstone, probably diabase, 
squeezed and in some places epidotized with a well marked pillow structure and cut 
by quartz veins and dykes of syenite porphyry. On the islands near the lower end 
of the lake the rock is a mica schist with calcite and dolomite bands cut by some 
fair sized quartz veins. 

These supposed Keewatin rocks continue for a short distance below the lake. 
Here the grey gneiss reappears and continues t'o below the Rock, below which only 
drift is exposed. 

This band of Keewatin rocks, it will be noted, extends with a few intermissions, 
from a short distance up the Echimamish to below Knee lake. Similar rocks are 
mapped by Tyrrell on Pipestone and Cross lakes on the Nelson, and it seems pro­
bable that they belong to the same band. 

The rocks seen by the writer had a marked resemblance to the Keewatin and so 
far as relationships were observed, they were also suggestive of this. The cherty 
masses seen strongly resembled those of the "iron ore formation" found in the Kee­
watin of the Lake Superior district. The descriptions given by Richardson and Bell 
of the occurrence of magnetite are also suggestive of "Iron ore formation". 

No minerals of economic importance wer·e observed, but the Keewatin and Huro­
nian belts are worth prospecting. It is in these that the Sudbury, Cobalt, Porcupine, 
and other camps of northern Ontario occur. The quartz veins seen were "hungry", 
but it is encouraging to find quartz so common and promising veins might be found 
by prospecting. 

Mr. J. B. Tyrrell reports ar senical pyrites and copper pyrites in the Pipes tone 
Lake area on the Nelson river, and a mica deposit of possible commercial value on 
Cross lake. 

l.{r. Wm. Ogilvie of the Department of the Interior has info rmed me that galena 
carrying 25 ounces of silver to the ton has been found on a lake north of Nelson House 
near the d~vide between Burntwood and Churchill rivers. 

Iron deposits of import ance may occur in the bands of iron ore formations. 
It is perhaps worth noting that among the boulders from the drift along the 

lower part of the river banded jasper hematite ore, like that of the Lake Superior 
deposits, occurs, also basalts and melaphyres like the Lake Superior copper rocks, 
together with beautiful porphyries, and perthite. It is d'ifficult to say where the boul­
ders came from as both westerly flowing and southeasterly flowing glaciers passed ov·er 
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this section, but these rocks might be almost local and perhaps underlie the Silurian. 
They are known to occur on the east coast of Hudson bay, also south of James bay, 
and it seems not improbable that they also fringe the west coast; in other words tha t 
the Huronian forms a big basin in which the bay rests, in much. the ,same way as it 
does about Lake Superior. Wherever we 1anded in the north country to Port Bm·well, 
iron ore formation rocks were noticeable, so that its distribution would seem to be 
widespread. 

HUDSON BAY. 

Hudson bay has a length of about 900 miles and a maximum width of 600 miles. 
The east co~st, which is composed of Pre-Cambrian rocks, is rugged, but the west 
coast from the mouth of Rupert river at the head of J ames bay, to the mouth of 
Churchill is low and flat, being underlain by flat-lying Palreozoic rocks. At ebb tide 
wide, often boulder strewn, mud flats are exposed. From Churchill north, the Pre-· 
Cambrian rocks obtain and the coast becomes rugged. 

York Factory is· situated on the narrow point of land which lies between the 
mouths of Hayes and Nelson rivers. Both have funnel-shaped mouths opening north­
eastward, the Hayes being aboYt 3 miles across and the Nelson about 15, but rapidly 
narrowing up stream. 

· The sediment brought down by the rivers, particularly by the Nelson, has silted 
up the mouths of the rivers and formed a huge bar, that extends for many miles out 
to sea. A-s the Nelson is one of the large rivers of the world it may be expected to 
maintain a well marked channel through the bar, but the Hayes is rapidly silting up 
with the material discharged by the Nels'on. 

Fort Churchill is situated at the mouth of Churchill river on a tidal lagoon 
enclosed by rock ridges, that form a flne well protected, though somewhat circum­
scribed, natural harbour. It lies w'ithin the barren grounds, but only a short distance 
beyond the northern limit of the forest. On both sides, a few feet above high tide, 
are ury sandy :flats, parts of an old raised beach. Several other gravel beaches are 
found on the sides of the hills and up to their summits. These raised beaches are' 
also marked features along Hudson strait and all the way down the Labrador coast. 
The rocky ridges that enclose the lagoon rise to he_ights of from 60 to 100 feet, and 
are composed of a massive coarse-grained feldspathic, arkosle quartzite. In the quartz­
ite a~e a few irregular quartz veins up to a foot in width and a few small pegmatite 
dykes. From the physiography it is impossible to say whether the bottom o£ the 
lagoon has a thick mantle of gravel and thus would be easy to deepen by dTedging or 
whether it has practically a rock botttom; but it is quite possible that it has the 

former. 
On Coats or M·ansfield island the sediment ary rocks of the lower Palreozoic could 

be seen. 
Sagluk bay, which is on the south side of Hudson strait between Cape Wolsten-

' holme and Cape W eggs, is a fine harbour about 8 miles long -enclosed between 
hills about 500 to 1,000 feet high. The mouth is about a mile wide. Soundings gave 
us 10 fathoms of water over the bar at the entrance. The rocks are gneisses and 
granite with heavy trap dykes. No other rocks than these Laurentian gneisses and 
granites were seen until we reached the Labrador coast. 
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No economic minerals were observed at the points touched at on Hudson bay 
and Hudson strait, and little is known of the mineral possibilities of this section as, 
except on the east coast of Hudson bay where some prospecting has been done on the 
iron ore formation, the territory is still unprospected. The observations of explorers, 
however, would indicate that there are opportunities here for prospecting, mid if 
anything is found there are no natural difficulties . that would prevent mining. On 
the west coast of Hudson bay south of Marble island, Tyrrell has found promising 
showings of copper ore (chalcopyrite). Iron ore formation occurs along the east 
coast of Hudson bay and on the west shore of Ungava bay, and as previously remarked, 
the widespread occurrence of boulders of iron formation makes it probable that it 
may be found at other localities. :Mica is being mined at Lake harbour on the north 
side of Hudson strait. Graphite occurs in extensive bands to the south of Port Bur­
well. Gold has been found at the head of Wager inlet, and argentiferous galena, and 
·molybdenite have also been noted. 

On account of its great size and its length of coast-line, a tremendously large 
territory is tributary to Hudson bay. At present it is unprospected, but when the 
railway is built to the bay, access to all this territory will be comparatively easy and 
prospecting will no doubt be undertaken. Having regard to the results obtained from 
pi·ospecting similar formations 'in northern Ontario, it is only reasonable to suppo~e 
that prospecting in the Hudson Bay district will result in some gratifiying discoveries. 

Timbe1·. 

Only the southwestern and southern portions of the district tributar,y to the bay 
are likely to furnish timber of economic importance. 

Game. 

Fishing is likely to become an industry of Hudson bay. Whaling has been pro­
secuted for years. T_he possibilities of fisheries so far as known are shown in the 
following extracts from Geological Survey reports:-

1" The numerous large lakes of the several watersheds, and most of the rivers, 
especially those flowing north and east, are stocked with an inexhaustible supply of 
food fishes of large size and superior quality, including among other species the lake 
and brook trout, land-locked and sea-run salmon, whitefish, pike, pickerel, suckers, 
and ling or freshwater cod. Along the southern, eastern, and northern coasts, the 
cod is taken in large quantities as far as Ungava bay, which is the present limit where" 
trial has been made for t aking t his fish. Salmon are found plentifully along the 
coasts as far as the west side of Ungava bay, which appears to be the western limit 
of the Atlantic salmon. Very little is known officially or otherwise concerning the 
fisheries of that great inland sea, Hudson bay, and a great amount of wealth may 
be lying dormant in its waters from lack of knowledge concerning its fisheries. As 
regards the inland fisheries, owing to the distance from available routes to a market, 
they will probably never be used to their full extent, and even the best situated lakes 

'Annual Report, Geol. Surv. Can., Vol. VIII. (New Series) 1895, Part L. 



SUMMARY REPOR'l' 23 

SESSIONAL PAPER No. 26 

will not be fished for many years to come, or until railways are built through the 
interior. The following kinds (of fish) were taken in the net along the Eastmain 
river: whitefish, pike, pickerel, and suckers. In the lower parts where the banks 
and bottom are formed of clay, sturgeon are taken in abundance by the Indians; and 
from the mouth to the first fall, and in the tributary streams, small whitefish and 
.sea-trout ascend from the sea in large numbers, from about September 1, until the 
riyer is closed by ice. Trout are also caught in the rapids of the upper part of the 
river. The salmon fi~hery is carried on at a number of places along the river 
(Koksoak) below the post, during the month of August, and the annual catch average;; 
one hundred tierces for export. Salmon are also taken in the mouths of the Whale 
and George rivers, the average catch at the former place being fifty tierces, and at 
the latter one hundred and tw•snty tierces. Formerly the Company employed a small 
refrigerator steamer in this trade at Ungava, and the frozen salmon were taken to 
London for sale. This has been abandoned for several years, and the salmon are now 
split and salted. The white porpoise is also taken at Ungava on the Leaf river, _a 
stream a short distance north of the mouth of the Koksoak, and at George river. The 
total amount of oil so obtained is about eighty tierces of forty gallons each. 

Accipenser (sp).-A species of sturgeon is very plentiful in the Rupert river, 
·being taken in large quantities at Lake N emiskau, where the Indians congregate and 
.dry the fish during September. The fish here are usually under three feet in length . . 
,Also abundant in the I'iver from Lake Nemiskau to its mouth. Common in the East­
main river, from its mouth to Conglomerate gorge. Also found in the lower part of 
the George river, and in the N ottaway at Lake Obatogamau, near its head. 

Ooregonus clupe ·ifor~is (Mitchell, Milner (Common whitefish).-Found abund­
antly throughout the interior, in lakes and rivers. Largest fish taken in Lake Mis­
tassini, 14 pounds weight. Average weight, 3 or 4 pounds. A small species of white­
·fish closely resembling the common whitefish is caught in abundance in the shallow 
water along the east coast of J ames bay. These fish ascend the rivers of J ames bay 
.during the autumn months along with sea trout .. _ . . 

Salmo hearnii, Richardson (Hearne's salmon).-A small salmon with bright red 
-spots on its sides, is found along the northeast coast of Hudson bay, and probably 
belongs to the species. Its southern limit is a small river a few miles south of Cape 
.J ones. It is taken in nets set in the salt water near Long island, just north of Cape 
.J ones, and also in some small streams flowing into Richmond gulf. The Eskimo 
:also report it common in some of the rivers north of 'Richmond gulf. 

Salvelinus fontinalis (Mitchell), Gill and Jordan (Brook trout).-This fish is 
jlbundant in many _of the rivers and lakes of the Labrador peninsula. Sea-run fish 
.of this species are plentiful along the shores and lower parts of the rivers from the 
St. Lawrence to the southern part of J ames bay ........... In the Koksoak and 
-George rivers, the average weight of the sea-run is about seven pounds .... ·'· ...... . 

In J ames bay, the trout taken along the coast and in the lower parts of the rivers 
are generally small and do not exceed two pounds in average weight .... . . . .. ...... . 

In the Koksoak river, for a few miles below Lake Kaniapiskau, large trout were 
:abundant, but lower down they became smaller , until the sea-run fish were met with. 
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Esox lucius, Linn. (Pike).-Common on the rivers of the southern, eastern, and 
western watersheds; not so abundant in the Koksoak river. It varies in weight from 
two to fifteen pounds. 

Stizostediurn (Mitchell), J m·dan and Copeland (\V all-eyed pike, dore, 'perch' of 
the Hudson's Bay O'ompany.)-Co=on ..... ...... also in the Rupert and Eastmain 
rivers -of the western watershed ... . .... .. ... not found in the Big river, or streams to 
the north of it ............ average weight, three pounds." 

- ·' Fish seemed to be everywhere abundant in the lakeS. and streams ........... It 
is probable that some of the true salmon ascend the inlets and streams west of the 
northern part of Hudson bay, but the fact was not definitely determined." 1 

"The small streams and lakes (between Hudson bay and Clearwater lake) are 
well stocked with trout and whitefish. In the Clearwater, large brook and lake trout 
are plentiful, especially in the rapids below the lakes."2 

"The fisheries of Hudson bay will probably prove to be its greates~ natural 
resource, as along the east coast the sea is found well stocked everywhere with food 
fishes. In J ames bay a net set at random along the shore or about the islands caught 
fish. These are usually sea-run brook trout and whitefish, identical with the Lake 
Superior whitefish, and being sea-run are, like the trout, much improved in flavour, 
These trout and whitefish vary in weight from one to six pounds and are the best 
of foodfish . Similar fish are found abundantly along the entire coast to Cape W ol­
stenholme. The Arctic trout or · Hearne salmon is found along the northern coast 
as far south as Senl river, which is situated a few miles north of Cape J ones. This 
is a beautiful fish with well flavoured, dark pink flesh and it varies in weight from 
one to ££teen pounds, the average being about five pounds. These fish are salted at 

. Fort Chimo on Ungava bay and fetch nearly the same price in London as salted 
salmon from the same locality. They are very plentiful about the mouths of the 
northern rivers and along the coast, while Eskimos report them abundant at the 
Belcher and other islands lying off the east coast. There is no doubt that the fish 
equals or surpasses in colour and flavour the salmon of British Columbia. Cod are 
known to exist in Hudson bay, being taken at Cape Smith and at Comb hill in James 
bay by members of the expedition. The Eskimos also catch them in Nastapoka 
sound and at the Belcher islands; at a number of places in J ames bay they are also 
taken by Indians. 

" The specimens of cod taken by us were not very large, but the men who caught 
them were Nova Scotia fishermen and said they were true cod and identical with 
those taken on the Grand Banks. Food for these fish is abundant in Hudson bay 
and there is no reason why extensive fisheries in this Canadian inland sea should 
not exist. The undoubted presence of cod in Hud<son bay deserves investigation, as 
n very valuable and exclusively Canadian fishery may be found there. The presence 
of cod points to that of halibut in the deeper waters of the bay."3 

"The rivers afford a limited supply of whitefish, and a small species of this fish 
is caught in the tidewater along the west shore of J ames bay_ ... , .. . . . ... Sutton Mill 

1 Annual Report, Geol. Surv. Can., Vol. IX. (New Series) 1896, Pt. F. 
2 Annu!ll Report, Geol. Surv. Can., Vol. IX. (New Series) 1896, Pt. L. 
• Annual Report, Geol. SurV'. Can., Vol. XIII. (New Series) 1900, Pt. D. 
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lakes are well supplied with a slender variety of grey trout and the streams running 
to the north into Hudson bay are, at certain seasons, well stocked with brook trout. 
In August the stream draining Sutton Mill lakes was full of these fish, and several 
fine specimens were caught on the lake above at the narrows." 1 

" Nothing is at present known of the fisheries of the deeper waters of the strait 
and bay, and the knowledge of the fisheries of these waters is confined to the coasts 
and rivers. In the southern part of the bay, large quantities of sea-run trout and 
whitefish are taken by the natives. 'The Arctic salmon, a fish superior to the best 
Pacific salmon, is plentiful along the eastern side of the bay to the northward of 
J ames bay, as well as in the mouths of the rivers of the northe1'n and· northwest coasts, 
and along the shores of the strait. Lake trout is a common fish in these northern 
rivers and lakes. Cod h ave been taken in several places along the east side of Hudson 
bay as far north as Cape Smith; on the western side little is known of this fish 
beyond the occurrence of a few in R oes Welcome, and some small specimens taken 
among the ice at Fullerton. A cod fishery has been carried on for a number of 
years at Cape Chidley, and these fish are said to be plentiful along the east 
side of Ungava bay, but do not appear to go farther westward through the strait from 
the Atlantic. Cod are reported to be abundant in some of the fiords of the south side 
of Frobisher bay. 

"Two long narrow bays pierce deep into the comparatively flat country of north­
ern Baffin island from the neighbourhood of the bend and a very fine salmon river 
empties into the more eastern bay ......... . ...... Finding that Arctic salmon were 
plentiful at the mouth of the little riv~r about a mile from the ships, a small net was 
borrowed, and two boats. were sent away to secure a supply of fresh fish. They 
returned loaded in an hour, having made but four casts of the net, in which over a 
thousand splendid fish were taken, varying in weight from three to ten pounds, and 
aggreg~ting at least 5,000 pounds." 2 

" Speckled trout and whitefish are plentiful at the mouths of all the rivers enter­
ing the bay. When at t he mouth of the Kaskattamagan, we set the net at low tide 
and at the following low tide had over a hundred trout and whitefish, over two pounds 
each."3 

White porpoise or white whale are plentiful and when Hudson bay is opened 
up will probably furnish the basis of an industry. When we were at Port Burwell 
last summer (at the end of August) cod were plentiful and were easily obtained by 
jigging. From the above it will be seen that the possibilities of fishing industries in 
this great Canadian inland sea are promising. 

Navigation. 

At the time we were on the bay and in the straits, navigation was as safe and 
pleasant as it is anywhere. In fact, for summer navigation the route is ideal. The 
season is, however, short. The information which could be gleaned regarding the 
period of navigability confirmed the published opinions of A. P. Low, who estimates 
it ,as from the latter ha1f of July to the early part of N ovember-three and a half to 
four months. Ice in the straits will usually prevent an earlier opening and cold, fog, 

1 Geol. Surv. Can., Vol. XIV, Part F. 
2 Th.e. Cruise of the Neptune, 1903-4, pp. 296·7; 59. 
• Geol. Surv. Can., Summary Report, 1905, p. 76. 
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:and snowstorms put an end to it in November. T:he straits and bay do not freeze solid 
hut are covered with floating ice. The bay itself is navigable for probably about seven 
months. Churchill harbour is open on an average for five months, and the Nelson 
for a considerably longer period. 
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PORTIONS OF ATLIN DISTRICT, B.O. 

(D. D. Oairnes.) 

INTRODUCTION. 

27 

The field ·season of 1910 was devoted to mapping and geologically investigating 
certain portions of Atlin mining dis.trict which occupies a position south of aucl 
adj.oining the western part of the northern boundary of British Columbia. Prof. J. C. 
Gwillim has reported on Atlin district/ andl a reconnaissance topographical and 
geological map accompanies his report; but until and during the years 1899 and 
~900, when Prof. Gwillim performed the field work for this map and report, placer 
was the only form of mining in which ·any marked· interest had been taken. Since 
then gold, silver, copper, and antimony ores, as well as coal seams, have been dis­
covered, and in some cases prospects have been developed to some extent; and it is 
now hoped that these deposits will continue to be mined when the gold-bearing gravels, 
which are slowly becoming exhausted, can no longer be worked at a profit. 

The prime object of the past summer's work was to obtain an estimate of the 
importance of the various ore and coal deposits of the entire Atlin district; and with 
this purpose in view practically all the properties in the area were examined. In 
addition, a topographical and geological survey wa·a made of the belt around Taku 
arm and the upper end of Atlin lake, and was extended from these waters to the south 
and west as far as time permitted. The area mapped has an average width, from 
east to west, of 20 miles, extends southerly from the 60th parallel (the British 
Columbia-Yukon boundary) about .50 miles, and includea the greater number of the 
more important ore deposits. so far discovered in Atlin district. The surveyed area 
includes also the western edge of the tract covered by Prof. Gwillim's map. 

In the performance of our work my party and I 1·eceivecl the hearty support 
of all those interested in mining with whom we came in contact, for which I desire 
to express my sincere thanks. Particularly am· I indebted to Mr. J. A. Fraser, Gold 
Commissioner, Mr. J. Cartmel, Mining Recorder, and Captain J ames Alexander, Mr. 
B. G. Nicol, and J\l[r. J. Dunham, owners of the Engineer mines, for assistance ren­
dered and for courtesy extended during the season. 

My assistants for the '.3ummer were Mr. G. G. Gibbins, Mr. P. A. Fetterly, ·tmd 
J\l[r. John Lanning, who performed the greater part of the topographical portion of 
the work. Mr. Gibbins also assisted in geology when circumstances pern1itted!. 

SuMMARY AND CoNCLUSIO:KS. 

Rich gold-tellurium ores occur in a number of veins on the east side of Taku 
arm above Golden Gate, at the Engineer mines and adjoining properties; and gold­
silver ores have been found in promising amounts at several points on Bighorn 
creek, on Munroe mountain, Boulder mountain, and elsewhere to the east of Atlin 
lake, at a number of points on the west side of Taku arm above Golden Gate, and 
on Hoboe creek, which empties into the upper end of Torres channel, an arm of 
Atlin lake. A number of wide, persistent veins containing silver-lead ores have been 
found on the tributaries of Fourth-of-July creek, particularly on Crater creek and in 
its vicinity. Native copper has been discovered in veins, and also distributed through 
the- basalts on the southern end of Copper island.. Antimony ores occur along the 

1 Gwillim, J. C.-" Report on the Atlin Mining district, British Columbia,'' 1901 
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west side of Taku arm, about 10 miles above Golden Gate, and large bodies of iron 
and copper ores have been developed to some extent on Hoboe creek. In addition to 
these ore-minerals, coal has been found to the northeast of Sloko lake, and probably 
exists at other points in the neighbourhood~ and elsewhere in Atlin district. 

A considerable number of these mineral deposits occur along the shores of Taku 
arm, an:d have thua direct boat connexion with the railway at Caribou (Car­
cross). The majority of the other occurrences are on, or within a shorrt distance 
of navigable waters, ·and arre not far from the railway. During the past summer the 
railway commis~ion decided that the rates to be charged by the White Pass and 
Yukon railway on ores should not exceed $1.75 per ton from CariboU: t o Skagway, 
whence the ores and concentrates can be sent directly by boat to the Yariou s coas t 
smelters, if desired. 

It may be said then, that Atlin district possesses quite a variety of econo­
mically valuable minerals, which occur, in places, in deposits of considerab~e size, 
and in some of the mineral veins pockets of very rich gold ore hav·e been found; also 
practically all the deposits are readily accessible. The quartz mining industry in 
this locality has made a good beginning and will probably continue to develop in the 
future. The results are particularly encouraging when it is con·aidered that, since 
1899, when interest was first shown in quartz mining in this district, nearly all per­
s'ons engaged in mining devoted practically all their attention to placer deposits, 
and that there has been but a relatively slight amount of prospecting for quartz. 

GENERAL CHARACTER OF THE DISTRICT. 

TOPOGRAPHY. 

The portion of Atlin di'atrict surveyed the past summer (1910), as previously 
mentioned, is a northerly-trending belt, that extends about equal distances on both 
sides of Taku arm for nearly its entire length, and continues southerly to include 
the upper portion of Atlin lake. Since the main topographic features of Briti~h 
Columbia here trend northwesterly, and Taku arm runs almost due north, the south­
ern portion of the area mapped adjoins and ·alightly penetrates the Coast range, 
while the northern limit reaches well out into the Interior Plateau region which 
borders the Coast range along its eastern limits. The transition from the plateau 
to the mountain belt in Atlin district is gradual, so much so that it is, in many 
places, difficult to determine where one ends and the other commences. 

The plateau topography is characterized by two . main, striking, features-the 
numerous, irregularly distributed, wide, deep, steep-walled valleys, and the elevated, 
and often but slightly undulating inter-valley plateau-fragments that originally consti­
tuted portions of an extensive plain. This upland surface here, as elsewhere in the 
Central Plateau region, bears no relation to rock structure, and the sandstones, shales, 
granites, schists, limestones, volcanics, etc., have been truncated, regardless of their 
respective degrees of hardness, structural features, etc. Towards the northern or 
lower end of Taku arm the plateau surface is approximately 3,200 feet above the lake 
level, or 5,360 feet above the .sea, and towards the southern end it is somewhat higher. 

The distinctive plateau characteristics of the upland have been in many places 
almost if not quite effaced by erosion, and in such cases the topography consists of 
i:rregularly 'distributed, rounded, frequently gently contoured hills whose summits 
are remarkably uniform in elevation. In other parts, considerable areas of high plain 
still exist, anrlj encloSi€ within their borders smaill residuar;y summits; or, in some 
cases, detached portions of the upland are merely undulating, and without consider­
able elevations. 

As the Coast range is approached the upland becomes more dissected, and the char­
acter of the topography gradually changes to a type composed mainly of rugged peaks 
and ridgfi)s, with intervening valleys bordered by precipitous walls in which numerous 
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ice masses are nestling. The ice becomes more and more plentiful, until, a few miles 
to the south of Atlin lake andi Taku arm, the great Llewellyn glacier is encountered, 
which overrides all but the loftier peaks and spurs. 

Some time subsequent to the deposition of 'the Jura-Cretaceous beds-the most 
recent consolidated sediments in the district-the tract now included ' in the Central 
Plateau region of southern Yukon ·and northern British Oolumbia, in the writer's 
opinion, was subjected to a long period of sub-aerial erosion, which continued until 
a plane-like surface resulted, having an elevation slightly above that of the sea, and 
with only occasional residuary peaks and ridges rising above the general level; for 
these results to be attained, the land during this time must have remained in a state 
of almost perfect stability. This erosion cycle was terminated by a gradual upliftl 
of the Central Plateau region, together with adjoining portions, at least, of the Coast 
range2 ; and erosive processes thus received new life and energy, with the result that 
the larger streams commenced deepening their channels in the elevated terrane; the 
effects of stream action, in this respect, were later accentuated by glaciation. The 
main ice masses occupied the master depressions, such as that of Taku arm, and were 
effectual in straightening and planing their walls, and in widening and lowering their 
floors. The valleys thus produced were wide, deep, and steep-sided. The ice also 
caused the valleys, in places, to become floored to considerable depths with glacial 
silts, sands, gravels, boulder clays, etc. The portions of the valley bottoms that were 
last occupied by these glaciers now contain lakes, since the ice retreated: up the valleys 
so rapidly that only the lower portions were £lled with glacial debris, · thus causing 
reversed slopes, and effectually impounding the water above. 

In the present plateau region the only representatives of the former glaciers are 
the few small ice masses that still occupy occasional cirques; so that here nivation3, 
or snow-drift action, has been most effective in the uplands, and has tended to smooth 
over inequalities in the land surface rather than accentuate them. In the Coast R~mge · 
region, however, on account of the higher altitudes there, the ice is still abundantly 
present, and the lines of cirques, on opposite sides of the ridges and around the 
!!Ummits, excavate and quarry ever downward and backward until they meet, and 
rugged knife-like ridges or arrets, as well as pinnacle-like summits, result. 

OLIMATE. 

The climatic conditions in Atlin district are fairly well known~ and are similar 
to those in other por'tions of British Columbia. Placer mining operations on the 
surface generally commence early in :Mlay, and continue until about the first 

1 Since the most recent consolidated sediments in this portion of the Interior Plateau 
were deposited before the erosion cyCle r eferred to commenced, it is impossible to determine 
in this district when the planation occurred. G. M. Dawson, A. H. Brooks, and others, 
however, have obtained information in other districts, that tends to show that the erosion 
was largely post-Eocene, and that the uplift which closed the cycle took place in late Pliocene 
or ea1 ly Pleistocene times. 

Brooks, A. H.-"Geography and Geology of Alaska"; Prof. paper, No. 45, U.S. Geol. Surv., 
pp. 270-279, 292-296. 

• Brooks, Hayes, Spencer, Dawson, and others consider the Coast range to be also an up­
lifted and subsequently dissected plane of mature erosion. 

Hayes, C. W.-"An expedition through the Yukon district," Nat. Geol. Mag., vol. 4, p·. 
128. 

In addition, Brooks, Spencer and others consider the Coast range, and the Interior 
Plateau, to be regions of synchronous planation. 

Spencer, A. C.-Bull. Geol. Soc. Amer., Vol. 14, p. 132. 
Brooks, A. H.-Pro£. paper, No. 45, U.S. Geol. Surv., pp. 270, 286-290, 293. 
Mr. R. G. McConnell, on the other hand, although he ·admits the peneplain characteristics 

of the Interior Plateau, maintains that the Coast Range topography shows no evidence of 
ever having been peneplanated. 

This entire question will be fully discussed in the writer ' s detailed report, now in pre­
paration. 

8 Nivation in its different phases, relations, etc., is discussed in the two following articles: 
Matthews, F. E.-"Glacia sculpture of the Bighorn Mts.; Wyo. ;" U.S. Geol. Surv., 21st 

Ann. Rep., Pt. II, 1849, pp. 173-190. 
Hobbs, W. M.-"Cycle of mountain glaciation;" Geol. J ourn., Feb., 1910, pp. 147-163. 
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of Nove'mber, and all outside ~nd surface work in connexion with mining and 
similar industries may be continued for six months in the ,. year. Besides, on 
account of the very long days in this somewhat 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 rivers and creeks generally open early in May, but on some of the lakes the 
ice remains until the first week in June. Slackwater stretches freeze over any time 
after the middle of October, but occasionally the rivera and lakes remain open until 
December. 

During the summer months the climate is pleasantly warm and neither too dry 
nor too wet. The winter also, although somewhat long and cold, is enjoyed by thoso 
living in the district, and is believed to be very healthful. 

FAUNA AKD FLOllA. 

The valleys are generally well forested, but trees of any considerable size are not 
commonly found more than 500 feet above the valley bottoms; however, in some 
places the forests extend to 1,500 feet, and quite large trees were found in some 
sheltered spots, as much as 2,000 feet above this level. The main varieties of trees 
that occur are white ·spruce (Pie ea alba), black spruce (Pie ea nig1·a), balsam fir 
(Abies subalpina), black pine (Pinu-s Mun·ayana), aspen poplar (Populus t1·en1u­
loides), balsam poplar (Populus balsamifem), willows (Salix), dwarf birch (Betula 
glandulosa), and a species of alder. Of these, the white, and black spruce are the 
most abundant and valuable, and occur in about equal numbers; they thrive best in 
the valley bottoms, where straight 'find well grown specimens 2 feet to 3 feet in dia­
meter 3 feet from the ground are not uncommon, and the majority of the larger 
representatives have 12 to 18 inch stumps . . The black pine is not nearly so plentiful 
as the spruce, and only rarely exceeds 12 inches in diameter 3 feet from the ground. 

-The bal<sam fir thrives best on the slopes near timber-line, where many trees were 
observed having 12 to 18 inch stumps. On the flats bordering Taku arm, the best 
of the timber has been cut, in places, for saw-mill purposes. Aspen poplar and bal­
sam poplar constitute a large portion of the forest growth both in the valleys and on 
the hillsides, but rarely have over 10 inch stumps, an'd the wood is of value mainl:y 
as fuel. Willows, dwarf birch, and alder, occur plentifully both in the valleys and 
on the slopes, ·and the dwarf birch, in places, extends to the plateau-level, and with 
the willows and alder, in pla.ces, constitute so dense a growth that walking is very 
difficult. 

Several' varieties of wild fruits were noted, of which crow or heather berries 
(empetrvum nig1'ttm), are the most plentiful and are found abund·antly in most 
places to ·above timber line. As these berries are very juicy and palatable, they are 
much prized by persons engaged in mountain climbing in these northern districts. 
Low bush cranberries (Vaccinium Oxycoccus) , high-bush cranberries (Viburnum 
pauciflomm) , red currants (Ribes rubntm), black: currants (Ribes H udsonianum). 
gooseberries (Ribes lact1stris), strawberries (Fragaria cuneifolia), raspberries (Rubus 
st1·igosus) , blue berries ( Vaccinittm uliginosum and V. ceaspitosum), and Saskatoon 
berries (Amelanchie1· florida) also occur in more or less a.bundance in many parts of 
the district. 

Moose, caribou, sheep, and goats are somewhat plentiful in many localities. The 
caribou is the large giant variety, O·aborn's caribou (Rangifer osborni) ; the goat is 
the white or antelope goat ( 01·eamnos montanus) ; and the sheep are of two varieties, 
Da11's mountain sheep (Ovis dalli), and the saddle-back or Fannin's mountain sheep 
( Ovis fanninii). Black, brown, and grizzly heal'S are also plentiful. Wolves. 
wolverine, beaver, otter , marten, and lynx are somewhat common. Ordinary red 
foxes, as well as cross, black, and silver foxes, are occasiona11y found. Ptarmigan 



SUMMARY REPORT 31 

SESSIONAL PAPER No. 26 

are exceedingly plentiful, of which the rock ptarmigan (Lagopus n~pest?·is), and 
white-tailed ptarmigan (Lagopus leucurus), are found above timber line, and during 
the summer months live mainly on the highest; often snow-capped summits. The 
willow ptarmigan (Lagopus lagopus) exist during the summer months -at about tim­
ber line. Blue grouse, or Richardson grouse (Dendragopus Richardsonii), fool hens, 
or Franklin grouse ( Canachites frranklinii), willow grouse or Oregon ruffed grouse· 
(Bonasa umbellus sabini), are fairly plentiful, and occasionally prairie chicken, or 
northern sharp-tailed grouse (Pediaecetes phasianellus), were also seen; these live 
mainly in the timber, and preferably in the valley flats. Rabbits, which are periodi­
cally plentiful, have been almost eztinct for the past three years, but during the past 
summer they were noticed to be again rapidly increasing in numbers. 

The lakes are generally well supplied with fish, mainly lake trout, whitefish, and 
grayling. Grayling are also plentiful in many of the streams. 

GENERAL GEOLOGY. 

GENERAL STATEllrENT. 

As previously mentioned, the southern portion of the district surveyed the past 
summer extends into the Coast range, which is mainly composed of granitic rocks, 
chiefly granodiorites. The geology of the portion of the mapped area to the east and 
the northeast of the Coast range is somewhat coH1plex and many types of rocks are 
represented, including sedimentary, meta.morphic, volcanic, and plutonic varieties. 
Highly altered schists, gneisses, and limestones, as well as more r.ecent andesites, 
sandstones, arkoses, tuffs, and shales have been extensively invaded by granitic rocks. 
This complex is in turn intersected and partly buried by andesites, andesitic tuffs, 
and granite-and syenite-porphyries. Newer than all these is a group of rhyolites and 
rhyolitic tuffs and breccias, which are themselves covered in places by superficial 
deposits. 

TABLE QF FORMATIONS. 

Sedimentary Rocks. 

Syotem. Formation. Lithological Character. 

Quaternary. . . . . . . . . . .. . .... Superficial deposits.... . . . . .. . Chiefly gravels, sands, bouldtr ciay•,. 
silts, muck, peat, and soi.::l.~----

Tantalus conglomerate .... . ... Conglomerate chieAy, with some sand -
Jura-Cretaceous .. .. . . 

Laberge series ....... .. . . ... . 

Devono·Carboniferous . ........ Braeburn limestone .... . 

Igneous Rocks. 

'Wheaton River volcanics ... .. .. 

. 
Tertiary (?) . .. .... . . ... . ····· Klusha intrusives .... . . ... .. . . 

Chieftain Hill volcanics ....... 

Coast Range intrusive,s .. .... 

Devonian (?) .. . •.....• • • . .. . .. Perkins group .. . . ····· · ······ 

stones and shales. 

Conglomerates, sand stones, arkoses, tuffs, 
shales, slates, and quartzites. 

Limestones. 

Chiefly rhyolites 
breccias . 

and rhyolitic tuffs and 

Chiefly granite·porphyry. 

Chiefly andesites and 
breccias. 

andesitic tnffs and 

Chiefly granodiorites. 

Chiefly greenstones, andesites, tuffs, and 
diabase. 
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Unclassified Rocks. 

Devonian (?) . ... : .... . ..• . ... . ITaku group . ... . ....... I ~ \cherts and slatr~ . 
~ ' - - - ---- ---------- "' 

. ~ 
Pre- Devonian, probably alii Mt. Stevens gronp . . . . . . :>. 'al Chiefly schistose amphibolites, 

lower Palreozoic. ";::; ~ zites, gneisseo, and limestones. 
]r-8. 
~ 

quart-

DESCRIPTION OF FORMATIONS. 

Unclassified Rocks. 

Mt. Stevens Group.l-The members of the Mt. Stevens group occur mainly in 
the southwestern portion of the district, in the form of a more or less connected belt, 
generally 1 to 10 miles wide, that extends along the edge of the Coast Range granitic 
region. These are predominately schistose amphibolites, gneisses, and limestones. 
The amphibolites are prevailingly fine-grained, greenish rocks, · that vary in structure 
from highly :fissile to slightly schistose. The gneisses are mainly mica varieties hav­
ing the appearance of mashed, coarsely-textured, granitic rocks. The limestones 
occur usually in bands 1 to 6 feet thick, associated with the schists. 

These rocks are much altered, distorted, and plicated, and are all believed to be 
of lower Palreozoic age. They are at least the oldest rocks i.n this district. 

Talcu Group.2-The rocks of the Taku group outcrop only in a few small areas, 
and: consist mainly of cherts and slates. The cherts vary in colour from light grey to 
black, but grey and black varieties predominate; in places they are reddish on weath­
ered surfaces due to the oxidation of small amounts of contained iron minerals; they are 
hard and brittle and break invariably into sharp-edged, irregularly-shaped fragments. 
The slates generally have a slaty structure well developed, cleave readily into thin 
plates, and are dark, or nearly black. 

These rocks are more recent than the members of the Mt. Stevens group, but are 
apparently older than all the other formations of the district. 

Sedimenta·ry Roclcs. 

· Braeburn Limestones.3-The Braeburn limestones outcrop extensively i.n this 
district, and compose the hills on both sides of Taku arm for 20 miles above Tagish 
lake. They are at least 3,000 feet thick, and vary in structure from semi~crystalline 
to crystalline, and range in colour from greyish-blue to almost white. These rocks 
are prevailingly heavily bedded, and in only rare cases are definite bedding planes 
distinguishable. The lower members, in places, include some hard cherty or siliceous 

1 This name was first applied in Wheaten River district, Y.T. See :-
Cairnes, D. D.-"Wheaton River district, Yukcn Territory"; Geol. Survey Summary 

Report, 1909, p . 50. 
Cairnes, D. D.-" Wheaten River d;istrict "; Geol. Survey Branch, Dept. of Mines, 

Canada. In press. 
'These T aku rocks correspond with the cherts and slates in Windy Arm district (a) 

and are considered there as probably belonging to Dr. G. M. Dawson's Lower Cache Creek 
oeries, (b). However, as this correlation with the southern British Columbia rocks is not 
cor•fidered as altogether established, the new name Ta,ku group has been adopted for these 
rocks in Atlin district and southern Yukon, and is here used for the first time. 

(a) Cairnes, D. D-, "Report on a portion of Conrad and Whitehorse Mining districts, 
Yukon"; Geol. Survey Branch, Dept. of Mines, Canada, 1908, pp. 26-29. 

(b) Dawson, G. M.-Report of Progress, Geol. Survey of Canada, 1876-77. 
Dawson, G. M.-.Ann. Rept., Geol. Surv. of Can., Hl87-88, Vol. III, Pt. B, pp. 170, 171. 
Dawson, G. M.-Ann. Rept., Geol. Surv. of Can., 1894, Vol. VII, Pt. B, pp, 37, 49. 
3 This n ame was first employed in the Tan tal us coal area. · See:-
Cairnes, D. D.-"Preliminary memoir on the Lewes and Nordenskiiild Rivers coal dis­

trict"; Memoir No. 5, Geol. Survey Branch, Dept. of Mines, Canada, 1910, pp. 28, 29. 
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beds, which are generally not far above the underlying rocks of the Taku group. These 
limestones are believed to be mainly of Carboniferous age,1 but may include Devonian 
members. 

Laberge Sm·ies.2-The rocks of the Laberge series outcrop over possibly one-half 
of the entire district mapped this season, and consist of shales, sandstones, quartzites, 
conglomerates, greywackes, and tuffs, which have an aggregate thickness of at least 
5,000 feet. The most conspicuous members of this series are greyish to greenish, 
finely t extured to medium-grained, homogeneous appearing rocks, which frequently 
exhibit no distinct bedding planes, and are, in places, with difficulty distinguished 
fr.om some of the .andesitic rocks in the district. They are apparentlly predominm1tly 
pyroclastics, and grade into distinct sandstones. Associated with these greenish rocks, 
in places, are numerous beds of dark grey to almost black, generally soft, friable shales, 
a.occompanying which are numerous bands, generaliy only a few inches in thickness, of 
brownish sandstones. Near the bottom of the Laberge series are some characteristic, 
coarse conglomerate beds, the constituent pebbles and boulders of which are mainly 
granitic rocks, limestone, and greenish volcanics. Boulders 6 to 8 inches in diameter 
are of common occurrence, and some were noted as much as 2~ feet long. In the 
vi,cinity of intrusive rocks the Laberge shales, sandstones, etc., become hard, dense, 
quartzitic, and cherty. 

A number of fossils have been collected from these beds in different parts of 
southern Yukon, but the specimens were of only a sufficiently definite character to 
show that the rocks are of upper Jurassic or Cretaceous age. A. few invertebrate 
remains were collected this summer from A.tlin district, but these also are poorly 
pJ"eserved, and may belong to either the J urassic or Cretaceous periods. 

The gold-tellurium ores at the Engineer mines and their vicinity, and the 
antimony vein discovered on the west side of T akn arm, 10 miles above Golden GatP, 
occur in this series. 

Tantalus Oonglomemte .3-ln the a1'ea mapped the past season only one small 
exposure of the T antalus conglomerate was found, and thi s was on an inconspicuous 
summit on the south side of Graham inlet, about 5 miles southwest of 'T'aku Landing; 
here onl;y about 30 feet of the beds remain, as the overlying portions have been re­
moved by erosion; however, it is probable that more of these conglomerates occur 
farther to the south and southwest, where the accompanying· coal seams should also 
be found. 

ThB Tantalus conglomerate consists almost entirely of conglomerate beds, the 
component pebbles of which consist entirely of quartz, chert, and slate. The beds 
are generally even in texture, homogeneous in appearance, and dark in colour; and 

1 Dr. G . M: Dawson collected Fusilinae from the lim estont-s on Windy Arm, Y .r., near 
Tagish lake, which are the same as the ~raeburn limestones of Atlin di str_ict. 'rlus 
shows these to be in part at least of Carbomferous age, and Dr. Dawson cons1den••l the 
Windy Arm members to b elong to the Cache Creek series of B. C. (a), (b). In the w1·iter's 
report on Windy Arm distri.ct, these limesto~es are c~msi?ered as l?robably behnging 
to the Upper Cache Creek senes (c) , but. 1\ S th1s co.rrelahol~ 1s n<?t cons1dered to bP l;llto­
"ether established the name Bt·aeburn hm estones I S u sed m th1' r eport. as tlwse hnw­
;tones have been' traced from Tantalus di&tr<ct, where the nam e was fir st u sed, to Taku 
arm. 

(a) Dawoon G. M.-Report of Progress, G,,,J. Survey of Canada, 1887. 
(b) Dawson: G. M.-"Report of Explorations in British Columbia"; Report of Progress, 

1876-77, Pt. B., Vol. VII. . · . . . 
(c) Cairnes, D. D.-" A porhon of the Com·ad and Wh1tehorse muung district" ; Geo!. 

Survey Branch, Dept. of Mines, Canada, 1908, pp. 25-26. 
2 This name was first employed in the Braeburn-Kynocks area, see:-
Cairnes, D. D.-" Preliminary memoir on the Lewes !lnd Nordenskiiild Rivers coal dis­

trict" · Memoir No. 5 Geo!. Survey Branch, Dept. of Mmes, Canada, 1910. 
Th~ Laberg J rocks also occur in Wheaton River district, ~>ee reports mentioned 

above, under "Mt. Stevens Group." 
8 This name was first applied in Tantalus coal area,. The 'l'anta~us conglomerates 

have also been found in Braeburn-Kynocks coal area, m ' Whea\on R1ver district, and 
also in Whitehorse district. See r eports mentioned in the abo,·e fnutnotes. 

2·6-3 . 
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their component pebbles are ra.rely over 2 or 3 inches in diameter. Associated 
with, and intercalated in these conglomerates are a few shale beds, and in most 
places also, where any considerable portion of the conglomerate section has been 
seen, coal seams have been found. 

The conglomerate beds overlie, apparently conformably, the members of the 
Laberge series. 

Supe1·(icial Deposits.-Overlying all the consolidated rock formations of the dis­
trict are the Quaternary superficial deposits, which consist of both Pleistocene and 
recent accumulations. The glacial deposits consist chiefly of gravels, sands, silts, and 
houlder clays, which floor all the master valle;ys of the district, and in fact the presence 
of the numerous lakea is due to their valleys being dammed by glacial accumulations. 
The channels of the larger streams are also mainly in these deposits, which, in many 
places, reach well up on the hillsides. Overlying these Pleistocene materials are the 
recent accumulations, composed mainly of fluvial and littoral sands, gravels, and silts 
of the pre~ent waterways,, mnck and soil. 

Igneous Rocks. 

Perlcins G1·011.p.'-This group consists mainly of greenstones, andesitic rocks, 
and basic eruptives, apparently diabase. The largest exposure occurs on the 
south side 0f Graham inlet, almost due south of Taku mountains, is about 1 ~ miles 
wide by 2 miles long, and consists mainly of greenstones and rocks resembling ande­
~ites and :mdesitic tuffs. The only other o-utcrops noted occur on the east side of 
Taku arm below Golden Gate, are only a few hundred feet in diameter, and consist 
of diabase-like rocks. The greenstones are mainly pale-greenish to greyish-green 
in colour, and are generally finely textured, but still distinctly recognizable in the 
field as holocrystalline. The andesitic rocks are also greenish in colour, and have 
always a macroscopically aphanitic ground-mass which frequently encloses distinct 
plagioclase and hornblende phenocrysts. The rocks which appear to be diabases 
are prevailingly coarsely textured, dark green, and appear to consist almost entirely of 
basic plagioclase, pyroxene, an'd chlorite. 

These Perkins members are more recent than the Mt. Stevens group, and oilder 
than the C1oast Range intrusives, but evidence was not obtained to show whether the 
Taku or the Perkins group is the newer. 

Coast Range Intrusives.-The Coast range is built up largely of the granitic 
r0cks of the great Coast Range batholith which is ex'posed along the upper ends of 
Atlin lake and Taku arm, and trends thence northwesterly. Many dykes and irregu­
larly shaped intrusive areas of these granitic rocks, which have been called the Coast 
Range intrusives,' outcrop in the vicinity of Taku arm. These intrusives are pre­
vailingly fresh and unaltered in appearance, and are predominantly greyish in colour. 
nlthough sufficient orthoclase exists in places to give them a somewhat pinkish or 
red(l.ish aspect. Under the microscope these rocks prove to be generally granodiorites, 
or quartz granodiorites, but true granites and diorites also occur. In places, these 
intrusives are quite porphyritic, and feldspar phenocrysts H to 2 inches long are 
occasionally to .be lieen. 

'Fhe Coast Range batholith is believed by the various geologists who have studied 
it to have come into existence as such, in about J urassic times. However, in 
Atlin district, pebbles and boulders of these granitic rooks occur in the lowest con­
glomerate beds of the J um-Cretaceous sedimentary series, showing the granitic 
materials to be the older; and also dykes and intrusive masses of rocks having identi­
cally the same appe·arance, cut the upper members of the Laberge series, which is at 

1 The name Parkins group was first applied in Wheaton River district, Y.T. See 
reports referred to in the previous footnotes. 

1 The name Coast Range intrusives was first employed in Wheaton River district. 
See reports mentioned in previ9us footnotes. 
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least , as mentioned abovP-, over 5,000 feet in thickness, and thus indicate that these 
granitic rocks are more recent than the sedimentaries. The Coast Range intrusives 
are thus of two ages, and chemical and microscopical tests are now being made to 
determine if any practical method can be found for distinguishing these rocks in 
the field where contacts with formations of known ages are not obtainable. So far 
it has not been possible to separate the older of these granitic rocks from the newer. 

A number of the mineral-bearing quartz veins of the district occur in these 
intrusives. 

Chieftain Hill Volcanics.1-These rocks occur mainly in two belts, one of which 
extends from Taku Landing northwesterly towards the mouth of Tutshi river, and is 
2 to 6 mile·a wide, and possibly 25 miles long; the other area lies to the west of the 
E ngineer mine and Edgar lake, and is 4 to 6 miles wide and apparently about 10 
miles long. Other small exposures and numerous dykes were noted in various locali­
ties. 

The Chieftain Hill volcanics are mainly mica-hornblende, and augite-and.esites, 
and andesitic tu:ffs and breccias. They vary conBiderably in mineralogical composi­
t ion, and have a wide range of colour, showing many shades of red, blue, green, and 
brown, but they generally possess a rather typical andesitic habit. A distinct por­
phyritic structure is prevailingly noticeable, and phenocrysb of feldspar are gener­
ally present, while those of hornblende and biotite ·frequently occur. Some augite­
andesities are dark-greenish, dense, finely textured, rocks in which none of the 
mineral constituents are discernible, and in which no phenocrysts are apparent to 
the unaided eye. Rocka with a dense, aphanitic, reddish, greyish, or greenish, 
ground-mass, in which well formed plagioclases are abundant, are, however, the com­
monest types. 

These volcanics are more recent than the Coast Range intrusives, and for the 
greater part newer than the sediments of the Laberge series, but also appear to be 
in part contemporaneous with these beds. 

Klusha Intrusives.2---'-Klusha intrusives occur chiefly as dykes which are to 
be found in most portions of the district; they are, mainly at least, granite-porphy­
ries, and are prevailingly greyish in colour, and of a coarsely granular habit, so that 
all the principal mineral components are distinctly discernible with the unaided eye. 
These rocks possess ·a holocrystalline porphyritic structure, and comist of a micro­
granitic, or micropegmatitic quartz-feldspar ground-mass, in which alkali feldspar 
an:d lime-alkali feld£par phenocrysts are plentiful, and in which biotite and horn­
blende commonly occur. 

Theae intrusives ·are more recent than all the Jura-Cretaceous sediments, and 
also the Chieftain Hill volcanics, and are thus probably of Tertiary age. 

Wheaton River Volcanics.S-No extensive areas of Wheaton River volcanics 
occur in this district, but numerous dykes and small patches, generally only a few 
hundred feet or less in diameter, were noted. These volcanics include rhyolites and 
rhyolitic tu:ffs and breccias, which are prevailingly nearly white to light grey in 
colour. In places, however, · these rocks contain considerable pyrite, which oxidizes 
to limonite and gives them a bright red, to brownish-red or yellowish-red appearance. 
The rhyolites have always a megascopically aphanitic ground-mass, in which pheno­
crysts of quartz, orthoclase, and plagioclase occur. The quartz exists frequently in 

1 The name Chieftain Hill volcanics was first applied in Wheaton River district. See 
reports mentioned in previous footnotes. 

2 The name Klusha intrusives was first given in Tantalus coal area, Y.T. These rocks 
have aLso been identified in Conrad and WhitehorS!El mining distriets and in Wheaton 
River district, Y.T. See reports mentioned in previous footnotes. 

• This name was first applied in Wheaton River district in 1909. See r eports referred 
to in previous footnotes. 
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distinct dihexahedrons, which are as much as ;h of an inch in diameter. vVell 
formed megapheilocrysts of orthoclaoe and plagioclase also occur, but those of the 
alkali feldspar are much the more plentiful. The tuffs and breccias consist chiefly 
of fragments of rhyolitic materials, that vary in size from microscopic to several 
inches in diameter. 

These Wheaton River volcanics appear to be nearly contemporaneous with the 
Klusha intrusives. 

EcoNOMic GEoLOGY. 

GENERAL STATEMENT. 

Atlin became known as a productive placer gold camp early in the year 1898, 
after the discoveries by Miller and McLaren,l who first found gold in paying quanti­
ties, in this district, on Pine creek, in January of that year. Since that time a 
number of creeks on the east side of Atlin lake, _and within distances of 15 or 20 
miles from the town of Atlin, have continued to make this district one of the most 
important placer camps in Canada. During the summer of 1899 a number of quartz 
claims were located, and since that time a few properties of this type have been 
developed more or less from time to time, but the attention of those interested in 
mining ha.s always been mainly directed to placer deposits. 

In the portion of Atlin district mapped during the past season, no placer 
deposits have been discovered, but a considerable number of quartz claims have been 
lc•cated, practically all of which were examined during the course of the regular :field 
work. In addition, during the latter part of the season, the more promising deposits 
of ore and coal, discovered in the remaining portions of Atlin district, were alsa: 
visited. The placer deposits were not examined, as the geology of these deposits was 
covered by Prof. Gwillim's previous work, and conditions pertaining to them have not 
materially altered since. Development has been more rapid in the case of the other 
mineral -deposits in the district, so that their examination was considered the more 
urgent. The chapter on economic geology in this report, therefore, describes the 
deposits of economically -valuable minerals, other than placer gold, that have been dis­
covered not only in the area surveyed during the past season (1910) but also in the 
greater portion of the entire Atlin mining district (Fig. 1). 

During the past summer some pockets of remarkably rich gold-tellurium ore 
were found at the Engineer mines on Taku arm and ,in this vicinity, and this dis­
covery has helped to arouse enthusiasm in quartz mining in the district, so that the 
future of this industry js now much more promising than it was. 

For convenience of description the economically important mineral deposits other 
than of placer gold, in the district, may be tentatively classified as follows:­

(a) Gold-tellurium quartz veins. 
(b) Gold-silver quartz veins. 
(c) Cupriferous silver-gold veins. 
(d) Silver-lead veins. 
(e) Copper veins. 
(f) Antimony veins. 
(g) Contact-metamorphic deposits. 
(h) Coal. 

GOLD-~ELLURIUl\1 QUARTZ VEIKS. 

General. 

Gold-tellurium quartz veins have been discovered in Atlin district in only one 
locality which is situated on the east side of Taku arm above Golden Gate. The 

1 For a historical account and description of placer mining in Atlin district, see:­
Gwillim, J. C.-" Report on the Atlin Mining 'district, British Columbia"; Geol. Surv. 

of Can., 1901. 
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greater number of these veins, and the bulk of the rich ore found in them, occur at 
the Engineer mines, but veins carrying pockets of good ore have also been discovered 
on adjoining properties. 

The Enginee1' Mines.l 

Geneml.-This property is situated on the east side of Taku arm, about 10 miles 
above Golden Gate (Fig. 1) and consists of eight connected claims, four of which 
extend to the waters edge and the other four adjoin these to the east. This group is 
owned by the Northern Partnership, composed of Captain J ames Alexander, J no. 
Dunham, B. G. Nicol, and K. W awrecka. 

The Engineer mines were first located in 1899, and a joint stock company was 
formed, known as the Engineer Mining Co., which held the property until 1906. The 
claims are then believed to have lapsed, and were located by Edwin Brown and part­
n ers, who held the property one year, when it was acquired by the present owners. 

Summa1·y.-Tihe ores at the Engineer mines occur in veins, in Jura~Cretaceou s 
shales, slates, and other da·rk, finely textured sediments. The veins range from simple 
veins a few inches in thickness to compound veins over 200 feet thick, and consist: 
largely of quartz, calcite, and intercalated and brecciated wall-rock. The chief 
metallic mineral in these veins is native gold, imd, in addition, there are small particl.es 
of tellurides, some native antimony, and occasional particles of pyrite. The veins arc 
thus of value only for their gold content. 

It is not even approximately known what average amounts of gold the larger 
veins contain, but tests so far have given results ranging from traces to about $10 per 
ton. Pockets and shoots of remarkably rich ore occur in a number of the narrower 
veins, that have thicknesses of from 6 inches to 4 feet, and it is these that have been 
mainly prospected and developed. 

This group of claims is easily accessible, being- situated on the shore of Taku am!. 
and thus directly connected by navigable water with Caribou on the White Pass an1l 
Yukon railway. The property is still in the uncertain prospect stage, but possesses 
some promising features. · 

. Geological Fonnations.-The geologica l formations at and in the vicinity of tlw 
Engineer mines are predominantly J ura-Gretaceous shales, slates, and finely textured 
greywackes an'd tuffs of the Laberge series, which have been invaded to a considerable 
extent by dykes of andesite and granite-porphyry. The ores occur prevailingly in dark 
to almost black shales and slates, which are in places faulted, foJ.ded , and considerabl y 
distorted, but which haYe a general strike of about N 63° W , and clip at an average 
angle of about 35° to the north e a ~t. i.e. away fro1~1 the water's edge. 

Genen•al Cha.mcte1'istics of the V eins.-Two large central compound veins o I' 
hubs, consisting of quartz and intercalated and brecciated shale, slate, and altere<l 
rocks, occur, from which several veins radiate in prevailingly northwesterly and 
southeasterly directions. In a.ddition, a number of veins have been di scovered, whit·h 
are not, as yet, traceable into any central quartz area. 

Hub A (Fig. 2) is at least 200 feet wide at its widest point, and is over 300 feet 
in length, but, owing to a covering of . superficial deposits, neither the- entire length 
nor width of the vein was obtained. This mass consists mainly of quartz, but also 
contains a large proportion of intercalated bands of shale and slate. In places, bands 
of shale 1 to 2 inches thick alternate ·with veins of quartz of similar thickness. l l. t 

'Gwi.llim, .T. C.- " Report on t.he Atlin milling district, British Columbia"; Ann. R e·p. 
Geol. Surv. of Can ., 1899, Vol. XII , p. 45 B . 

"Atlin district"; Ann. Rep. Geol. Surv. of Can., 1900, Vol. XIII, p. 55A. 
Report of the Miui,ter of Mines of British Columbia, 1900, pp. 760, 761, 778; 190·~. pp. 

80-81. 
British Columbia Bureau of Mines, Bulletin No. I, 1910, pp. 5-6; Herbert Carmichael, 

ProYincial Assayer . 
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other. points, owing to breaking and crushing, the rock has been much brecciated, and 
the particles have been cemented together mainly with quartz and calcite. The rela­
tive amounts of those secondary minerals and original rocks vary greatly, so that in 
some places there is a considerable predominance of rock, and in others the vein con­
sists almost entirely of quartz and calcite. 

Three veins A 1, A 2, and A 3, have been dejinitely traced to a junction with hub 
A. In addition, A 4, A 5, and A 6 strike towards A, and although, owing to superficial 
covering, they could not be followed absolutely to the central area, their strikes in­
dicate that they join it. The strike an'd form of the quartz also indicate the presence 
of a wide vein as indicated by A 7, but this is not exposed. 

Hub B is very similar in appearance to hub A, contains a large amount of inter­
calated and brecciated shale and slate, and is in reality a compound vein. It is at 
least 270 feet wide, as this much is exposed to view, but neither wall was found. To­
wards the edges of the vein, the proportion of rock gradually increases, and probably 
this increase continues, producing walls of an indefinite character. 

The following tables give the main characteristics of all the veins, except the 
two hubs which have just been described:--

V ein. Strike. I Thickness. 

1 --~'~:,._ -- 1 ---------

Dip. D aance 
T · ced: R emarks. 

A 1 ... . N 6S• W so• to NE 6 to 10 feet .. 300 + feet . . Consists mainly of quartz. 

A 2 . ... N 70• \V Apparently 20 to 30 feet . 400 + feet ... Consist.~ mainly of quartz. 
nearly verti· 
ea!. 

A 3 .... N JS• W !Nearly ver- Average 
tical. feet. 

30 350 + feet ... Towards southern end and near the shore, the 
vein splits up into ~everal veins 6 inches to 2 
feet in thickness. Vein includes considerable 
intercalated shale, in places up to 20 per 
cent of its volume; the remainder of the vein 
is mainly quartz. 

A 4 .. : . N :;o• W 70• to so• to
1

2 to 3 feet .. . 250 feet .. . .. Consists mainly of quartz. 
SE 

A 5~ N 64° W so• t_o NE 12 to10inches 300 feet ... . Consis~~ mainly of quartz.-== 

A 6 .. .. N 64° W 70• to so• to 4 to 20 feet .. 200 + feet .. \Vhere thin, vein consists mainly of quartz, bu 

B 1. .. . N20• W 
(?) 

B !! .. .. N 5• E 

B 3 .... N 64° W 

NE in thickest portions, includes up to 30 per 
cent of intercalated shale layers. V ein to a 
considerable extent lies conformable to bedding 
planes of form ation, and so differs from the 
majority of the veins. 

(?) 50 + feet . .. 30 feet . . ... . Contains up to 30 per cent or 40 per cent o 
brecciated and interla-yered rock. 

Vertical (?) .. 10 to 12 feet. 50 feet ...... Consi<>ts mainly of quartz. 

(?) 3- to 4 feet . .. 100 feet.... Consists mainly of quartz. 

No. 1. . . N 21• W fiOO to 60° to 6 inches t o 3 fiOO feet ... . . Consists mainly of quartz. 
NE feet. 

No. 2 ... N 23• E Nearly ver- 2 to 12 inches 200 + feet .. Consists mainly of quartz. 
tical in 

most places. 

No. 3 . .. N 2S• W Approx. 1 to10inches. 450 + feet ... Consists mainly of quartz. Intersects No. 4 
70• to NE In most vein and persi&ts through it. 

places 4 to 6 • 
inches. 

No. 4 ... N 1• E SO• to SE 2 to 6 inches 50 feet.. .. . . Consists mainly of quartz. 
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R llmarks. 

--------- - ----- - -------------------

No. 5 ... N 24° E Nearly ver- 6to H inches 30 feet. , ... . Consists mainly of quartz. Thought by owners 
tical. to be, and probably is, tht> southwest extension 

of vein No. 2, but between the most south­
western known portion of No. 2 and the near­
est exposed part of No. 5 is a distance of over 
400 feet, so the correlation is uncertain ; how­
ever the dips, strikes, and characters of the 
outcrops are similar. 

-------------------~--.. ·------------
No. 6 ... N 24° W 70° to S~ 6 to18 inches 50 feet:.:...:..:..:.. \Consis~~ mainly of quartz. --·------

No. 7 . . . N 20" W Nearly ver· 4 to 16 inches :JO feet .. . . . . Consists mainly of calcite and quartz, the 
Approxi- tica-1. calcite predominating. 

mately 
- ---- ----~------------------

No. 8 .. -IN 13° 'V 80° to sw· 10 to 15 feet. 300 feet ..... Brecciated vein, composed almost entirely of 
broken and comminuted portions of shale 
and slate cemented together, chiefly by quartz 
and also to some extent by calcite. The prc.­
portion of the gangue minerals in the vein 
varies from possibly 75 per cent or 80 per 
cent to less than GO per cent. 

---- -------------1------------- --------
No. 9 .. . Apparent- ! (?) 50 ·+ feet ... . 150 feet . . .. . Strike indicates that it joins hub B, which it 

ly much resembles in character, being a typical 
_ ___ 

1

N 56o W ____ _ _ _ _ ------ _ brecciated vein_. ___________ _ 

No. 10 . . N 47° W (?) Approxim- ~75 feet. . . . . Consists mainly of quartz, and varying amounts I ately 4 fed. I of intercalated shale and altered rock. 

All bearings in this report, unless otherwise mentioned, are magnetic. The magnetic declination in 
thio district is about 33°. 

jJ{ inemlization of the Veins.-The· gangue and ore miner als of these veins are 
mainly qu~rtz, calcite, native gold, one or more telluricle minerals, pyrite, limonitc. 
and native antimony. The majority of the narrower veins are composed almost 
entirely of quartz, with relatively small amounts of calcite; however, as 1nentione<l 
above, the Hssure filling of No. 7 vein consists predominately of calcite. In additio11 
to these two gangue minerals a number of the veins, particu larly the hubs and wider 
veins, contain considerable interca lated and brecciated shale and related materials. 
and also a greenish chloriti c mineral whicl1 appears to result from the alteration of 
the wall-rocks. 

The quartz is commonly well crystallized, and long delicate prisms are very 
characteristic; these occur in parallel bands with the f amiliar comb structures, or 
radiate from some central particle or mass of rock or ore. In the considerable amount 
of intercrystal space that thus results, the metallic minerals have · largely been 
deposited. Dense, massive, quartz occurs in places, mainly in the larger veins, but 
even there, vugs lined with quartz crystals are of frequent occurrence. Calcite 
occasionally exists in d~stinct cryst-als which usually tine the interior of the various 
small cavities in the veins. 

Native gold is the most common metallic mineral in the veins, and ia in places 
plentifully distributed through pockets or shoots of ore, either in £ne grains or thin 
scales of varying dimensions, which gradually merge into leaves half an inch across. 
As·sociated . with the gold are occasional minute and imperfect prismatic forms of a 
brass-yellow telluride, the principal base of which is gold; t his t elluride is probably 
mainly calaverite. A few specimen s of n a,j: ive antimony were also found. Occasional 
pa rticles of pyrite, and its oxidation product, limonite, also occur in some of the veins. 

Development Worlc.-The original Engineer ::i\fining Company ran a cross-cut 
tnnnol about 200 feet long from the water's edge to tap hub A, but instead of cut-
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ting this quartz body, the tmmel encountered 011ly vein A 2, and ' did not extend to 
the larger deposit; about 100 feet of drifts and cross-cuts were driven from this 
tunnel. The Company also sank a shaft about 20 feet deep on vein A 4, near the 
point where it comes to the shore of Taku arm. They also sank a compartment 
shaft that was intended to tap vein A 4 just back of the present mill; this shaft wa·a 
filled with water when visited by the writer, but is said to be about 70 feet deep. A 
few small surface cuttings were also made by this Company. 

Th€ Northern Partnership deepened the 20 foot shaft on vein A 4, but had to 
cea-ae operations until winter on account of water. Two tunnels were also com­
menced on veins No. 5 and No. 7, from the water's edge, but were each only driven 
about 10 feet; a tunnel was also started on vein No. 1 (see fig. 2), but was only run · 
about 30 'feet. Vein No. 1 has been followed almost continuously for 600 feet by 
trenching from 6 inches to 6 feet deep. A trench 1 to 7 feet deep has also been dug 
along the outcrop of vein No. 2 for about 200 feet. In addition, a few shallow 
tr€nches and open-cuts have been made in hub A and hub B, and on veins A 5, A 6, 
B 3, No. 3, No. 4, No. 6, and No. 8. This consrtitutes practically all the development 
work that has been so far performed on the Engineer Mines property. During the 
past season the Northern Partnership performed their work practically1 all on the 
surface, with the object of determining as far as pos·aible the number of veins, and 
the portions of them, that contain ore immediately available for milling. This sur­
face prospecting and development was carefully, although necessarily slowly con­
ducted, and has given very satisfactory resulta. 

A 2 stamp Joshua Hendry mill, the construction of which was commenced 
several years ago, was completed during the early part of the season, and was in 
operation during the latter part of the summer. 

Valuoo.-But few a·asays have been made by the Northern Partnership of the 
ores on their property; instead, the owners have devended almost entirely for guid­
anoo in development upon the visible presence or absence of native gold, with the 
result that no reliable estimate can be formed as to the probable amount of gold that 
the hubs and [arger veins contain. Minute specks of native gold are, however, t o b<~ 
seen in all the larger deposits, and the few assays that have been made of the quartz 
from these gave results ranging, in most cases, from traces to about $10 per ton. 
Very rich ore occurs in pockets or shoots in a. number of narrower veins, the best 
being obtained< from veins No. 1, No. 2, No. 5, No. 7, and A 4; in mldition, n number 
of sacks of good ortt were taken from No. 3, No. 6, A 5, and' A 6. 

The pockets appear to occur prevailingly at points where the veins are inter­
sected by cross-fissures; they vary consid€rably in size, some holding only a portion 
of a ·aack, while others contain several sacks, and the greater part of the ore has a 
value of from $1 to $5 per pound. The only body of good ore of sufficient size to 
be termed a shoot, that has so far been exp1ored, is in ve'n N•o. 1; this has an average 
thickness of from 1 to 2 feet, is at least 20 to 30 feet in length, measured along the 
strike of the vein, andl has been followed downwards for 30 feet without an~· 

apparent depreciation in value. This shoot might possibly bett8r be described as a 
portion of a vein in which pockets are more numerous than is usually the case, but 
practically all the material so far obtained from it has been pay ore. 

The first 800 pounds of .sel€cted ore that was milled during the past season yielded 
20 pounds 4 ounces (Troy) of gold, and the next 1,000 pounds gave 20 pounds 8 ounces 
(Avo-irdupois); and, in ad~tion, the tailings in each case are claimed to contain · 
approximately 30 per cent to 40 per cent of the original gold ,c,ont€nt, but this waR 
not investigated. The ore taken from the various prospecting trenches, open-cuts, 
short ttmnelS', etc., during the season up to September 1, was valued at t~hout $25,000. 
and from the part of this that was milled, $8,000 in gold bullion was 0btainerl. 
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In addition to the high grade pockets and shoots, considerable of the quartz 
between these on veins No. 1, No. 2, No. 5, and A 4, will probably pay to mill, and in 
some places it is claimed to run from $100 to $200 per ton, but the writer does not 
believe it will average more than a small portion of the smaller of these amounts. 
The entire 3 feet of ore in the shaft on vein A 4 is reported by the owners to average 
$200 per ton. Some splendid ore specimens have been obtained from No. 7, but this 
vein has not been explored for over 10 feet, and not more than about a sack of the 
rich material has been obtained. 

The Gleaner Group. 

General.-The Gleaner group consists of three claims and a fraction that lie to 
the east of and adjoin the Engineer mines (Fig. 1). These claims we:e located in 
1900, and in 1901 the· owners formed a joint stock company, known as the Gleane1 
Mining and Milling Company, who still hold the property. This Company is capital­
ized for $250,000, the president is Mr. David Stevens, the secretary-treasurer ' is Mr. 
P. F. Scharschmidt, of Whitehorse, Y.T., and the board of directors incll'l.de. the above 
named, officers and Mr. R. Butler, of Atlin, B.O., Dr. Lindsay, of Calgary, 111:r. D 
V on Cramer, of Vancouver, Mr. M. H. McCabe, of Victoria, and others. 

A wagon road 4,300 feet long, with a good grade, was constructed during the past 
summer from the tunnel on the Gleaner group (see Fig. 2) across the Engineer 
property, to the shore of Taku arm, from which point there is direct steamboat con­
nexion with Caribou on the White Pass ancl Yukon railway, 65 miles distant. 

Geological Formations.-The rock formations on the Gleaner claims are the same 
as at the Engineer mines, i.e., they consist mainly of the Jura-Cretaceous shales, 
slates, greywackes, tu:ffs, and breccias of the Laberge series, which have been invaded by 
occasional dykes of andesite and granite-porphyry. The sediments are in places some­
what folded, faulted, and distorted, but in a general way have a fairly uniform strike 
of about N 60° W, and dip at 30° to 40° to the northeast, under the high mountains 
in that direction. 

, The Veins.-The ores on these claims all occur in quartz veins, mainly in the 
dark, finely textured members of the Laberge series, and at least four veins have been 
discovered on the property (see Fig. 2). No. 1 and No. 2 veins are siinple fissure­
fillings, and consist mainly of quartz. These are exposed on the south bank of Butler 
creek, strike about N 20° . W, and are from 20 to 30 feet apart. On the north side 
of Butler creek a vein from 3 to 10 inches thick is also exposed, which is, in all proba­
bility, the extension of either No. 1 or No. 2. This is here broken and offset by a 
number of faults, having displacements of from a few inches to several feet each. On 
the wagon road, about 750 feet from where these veins . cross Butler creek, a vein is 
exposed (marked No. 4, see Fig. 2) which is traceable about 100 feet, strikes N 20° 
W, is from 1 to 2 feet thick, and is probably also the extension of either No. 1 or No. 
2 vein. On the south. side of Butler creek, about SO or 100 feet above No. 2 vein, No. 
3 vein is exposed, and has a thickness of 3 to 4 feet~ this is really only a faulted zon~ 
in the formation, into which has been introduced a considerable amount of quartz, 
which occurs mainly in the form of narrow stringers, and also as a cement uniting the 
various rock fragments. About 700 feet from here, in a southerly direction in the 
apparent line of strike of No. 3, is a similar zone or compound vein about 10 feet 
thick, that is apparently the extension of No. 3, and has been traced for at least 400 
feet, with a general strike about N 25° W. No. 5 vein is exposed about 100 feet to 
the south of the Gleaner tunnel, is apparently about 2 feet in thickness, and strikes 
approximately N 15° W. 

Quartz is practically the only gangue mineral in these veins, and with the inter­
calated layers and fragments of wall rock, constitutes nearly the entire vein-filling, 

1 Report of Minister of Mines, British Columbia, 1904, p. G. 81, and G. 91. 
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with the exception of the small amounts of native gold, iron pyrite, and iron oxide. 
Where the gold occurs it is generally finely disseminated through the quartz, but in 
places thin leaves and flakes half an inch across have been found. This mineral has so 
far been obtained chiefly in pockets or shoots which are generally small, but during the 
latter part of the past summer a pocket or shoot was discovered on the north side of 
Butler creek that contained several sacks of ore, through all of which native gold wafl 
plentifully visible to the naked eye. 

Development.-Some small open-cuts and trenches have been made on the veins 
outcropping along Butler creek, and a tunnel 180 feet long has also been driven from 
a point about 1,000 feet to the south of the creek, that wa-s intended to cross-cut vein 
No. 3, but so far this quartz deposit has not been encountered. 

The K1:rtl'and Group. 

The Kirtland group is owned by Thos. Kirtland and Captain W. Hawthorn, R.N., 
and consists of six claims that extend along the east shore of Taku arm from the 
Engineer group southward to 100 feet or so across Hale creek, a distance of approxi­
mately 8,000 feet (Fig. 1). The geological formation on this property is the same as 
at the Engineer mines, and on the Gleaner group, and the veins that have so far been 
discovered resemble those found on these properties. However, on the Kirtland group, 
only a slight amount of prospecting has yet been performed, and this has practically 
all been confined to the Jersey Lily claim, which adjoins tl;te Engineer group. Several 
simple quartz veins a few inches in thiclmesR, awl o.ue brocciuted vein 2 to 3 feet 
thick, have been discovered. Two pits _about 10 and 14 feet deep respectively have 
been sunk, and a few open-cuts and trenches have been dug. · 

Since this property adjoins the Engineer mines, and the formation is apparently 
identical on the two properties, it is hoped that rich ores will also be discovered on the 
Kirtland group when the claims have become more thoroughly prospected. So far little 
gold-has been foun:d. · · 

GOLD-SILVER QUARTZ VEINS. 

Gen~>-ral. 

Gold-silver quartz veins have been discovered at a number of points in Atlin 
district, the most important of which are: on the White Moose group and on the 
Rupert group on the west side of Taku arm above Golden Gate; on the Lawsan group 
on Bighorn creek; at the Be-avis mine near the town of Atlin; on Munroe and 
Boulder mountains, east of the town of Atlin; and on the Brothon and Alvine claims 
on Hoboe creek near the head of Atlin lake. 

The White Moose Grm~p. 

General.-The White Moose group is situated on the west side of Taku arm oppo­
site the Engineer mines (Fig. 1), and consists of eight claims, which are owned by 
four persons, three of whom are Dr. H. E. Young, and Messrs. J. Johnson and Robt. 
Grant. Two veins, distinguished as the North and South veins, respectively, have 
been discovered on this property. Five claims have been located in the valley bottom 
along the strike of the North vein, and these extend along-the shore from a point abo•ut 
half-a-mile above the mouth of Buchan creek southward, the length of the five claims. 
The other three claims have been located along the South vein, which strikes in a 
northwesterly direction; · and the most easterly of these claims exten:ds to the shore of 
Taku arm, and adjoins the most northerly of those located o.n the North vein. 

Geological Formations.-The rocks in the vicinity of the White Moose group, 
with the exception of occasional dykes, all belong to the Mt. _Stevens group of lower 

1 Report of Minister of Mines, British Columbia, pp. G. 81, G. 82, G. 92. 
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Palreozoic (?) age and consist mainly of greenish schistose amphibolites that are 
much contorted, faulted, and metamorphosed. 

The V eins.-Outcrops which are thought to be portions of one vein-the North 
vein-occur at intervals. for a distance of over 5,000 feet, strike i1i a general way N 
40° W, and dip to the northeast at angles ranging from 40° to 60.0. It is possible, 
however, that these various exposures represent more than one vein, but they all lie 
in the same general line of strike, dip to the northeast, contain identical mineral 
combinations, and in every way appear to have a common origin and to be parts of one 
fi ss,ure-filling; so all these vein-portions are here, for convenience in description, con­
sidered as belonging to the so-called North vein, which varies in thickness from 1H 
inches to 4 feet, and consists mainly of quartz, which is predominately massive, bright, 
and white to colourless. In places, slightly vesicular white quartz occurs, and occ!l ­
sional small patches of white cal-cite were also noted. In addition to these ganguP 
minerals, the vein is fairly well mineralized, chiefly with argentiferous tetrahedrite 
(grey copper), pyrite, and chalcopyrite (copper ·pyrites) , but galena and malachitL' 
(green copper st Rin ) also occu r. At tl1e most northerly exposure of the vein, where it 
outcrops at the shore, a small shaft has been sunk; here the vein is about 2 feet thick 
and in places is composed largely of metalliferous mineralE, mainly tetrahcLlritc, 
chalcopyrite, and galena, with subordinate pyrite, and malachite. Towards the southern 
end of the claims on this vein, some trenches and open-cuts have been m!lde, a shall ow 
prospect shaft has been sunk, and a cross-cut tunnel has been commenced, which has, 
however, not tapped the ore' as yet. The vein at the shaft, and in the vicini ty, has 
an average thidmess of about 2 feet, and above the tunnel is 7 feet thicl~, but is here 
not so well mineralized as in places where the thickness is less. It is not known ut 
nll definitely ho~v much gold and siher the ore in this vein carries, but a nnmher of 
the assays that have been made gave results of from $10 to $15 in gold, and from 20 
to 100 ounces of silver per ton. 

The South vein is from 6 to 10 feet in thickness, strikes approximately N 57° W, 
dips to the southwest at angles ranging from 50° to 70°, and is composed mainly 
of quartz containing varying amounts of di sseminated gnlena and chalcopyrite; the 
metallic constituents were nowhere noted, however, in sufficient quantities to con­
stitute any considerable portion of the vein mntorial. It is not kn own ;>et what thi c 
quartz assays. 

The Rupe1·t Gro1tp. 

The Rupert group ia owned by Messrs. .Allan Rupert ·and J ames J ohnson, and 
consists of eight claims located on the east face of Whitemoose mountain, which is 
situated on the west side and near the upper (south) ' e1id of Taku arm (Fig. 1) . 
Five veins have been discovered on this property, and the flo at from a sixth has been 
found . The rock formation here ia the same as on the White Moose property, and 
consists of the rocks of the Mt. Stevens group, largely the greenish amphibolite 
members, which are here highly schistose and much folded, mashed, broken. 
an·d metamorphosed. The veins appear all to be approximately parallel , ancl 
are best exposed on the mountain slope directly above, i.e., to the west of Rupert's 
camp on the west shore of Takn arm. Fur convenience in description these veins 
have been numbered consecutively, beginning at the lowest and ascending towards the 
top of the mountain. 

Vein No. 1 outcrops prominently i1i a gulch, at an elevation of 1,700 feet ab!)ve 
Taku arm, strikes about N 80° W , and is from 2 to 3 f eet in thickness. No. 2 
vein lies about 300 feet, mea-sured vertically, above No. 1, is from 6 to 8 feet in 
thi ckness, strikes N 73° W , and has a nea rly perpendicular attitude. No. 3 ve·in is 
fr om 2 to 3 feet in thickness, outcrops about 70 feet above, and strikes and dips 
practically parallel with No. 2. No. 4 vein is approxi\uately 950 feet ·above (mea­
surec'l vertically) No. 1, dip·a at high angles to the southwest , and is from 4 to 12 
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inches in thickness. Vein No. 4 appears to be about 4 feet in thickness, and to lie 
approximately 1,300 feet above No. 1, but it was only noted at one point, and the 
strike and dip could not be determined on account of the small extent of the outcrop. 
Nos. 1, 2, 3, and 4 are each traceable along the side hill for several hundred feet, 
have fairly persistent strikes and thicknesses, and ·appear to be similarly mineralized 
throughout. All consist mainly of quartz, which is prevailingly white and massive, 
although occasional vugs and bunches of vesicular crystalli11e quartz were noted, and 
in places the quartz is stained reddish with iron oxid~. Galena il' the prevailing 
metallic mineral present, and usually occurs sparingly distributed through the q~artz 
gangue. Occasional particles of pyrite and native gold also occur. No. 2 vein is 
more heavily mineralized than the others, and in one place 6 feet of well mineralized 
ore occurs. The best ·.specimens of native gold are believed to have been found in 
vein No. 4. . 

On the top of the hill above No. 5 vein, and lying along the northern edge of the 
glacier, are a great number of angular pieces of ore, some of which are as much as 
several hundred pounds in weight. This ore is different from that of the other veins, 
so far discovered on the hill, as the metallic minerals pyrite and galena are ~nore 
abundant in it, and frequently exceed the gangue in amount; also pyrite is here 
the most abundant metallic constituent, whereas in the lower veins pyrite is of some­
what rare occurrence. A heavily mineralized vein of apparently considerable thick­
ness must, therefore, exist under this glacier. 

It is not known what amounts of gold or silver the·ae veins contain, but assay!' 
r11nning from $100 to $300 are claimed to have been obtained; however, it is probable 
that. average tests would give results not exceeding a small portion of the smaller of 
1 hese amounts. The property is on the lake front, 'very favourably situated for 
mining purpose-a, and the · information that has been obtained concerning these 

. claims appears to at least -warrant further exploration and development. 

The Lawsan G1·oup. 

General.-The Lawsan group is owned by Messrs. Fred Lawsan, Thos. Kirtland, 
\Vm. Powell, Robt. Pelton, and Dan Sullivan, and Agnes A. Lawsm1, and consists of 
six claims located on the west side of the valley of Bighorn creek, 10 miles distant, 
measured along the wagon road, from Kirtland on Taku arm (Fig. 1). This .property 
was first staked in 1898, has since that time been owned by sev.eral parties, has lapsed 
twice, and was located by the present owners in 1909. The great{lr number of the 
veins that have been discovered are on the Bighorn claim, where all the development 
work has been done. 

Geological FO'rmation.-The rock formations on this group and in its vicinity, 
with the exception of occasional dykes, consist of the members of the ~It. Stevens 
group, of which the finely textured, greenish amphibolites predominate, and in 
these the mineral veins prevailingly occur; in addition, mica and sericite schists, as 
well as quartzites occur. Some of the Mt. Stevens rocks are in places quite fissile, and 
all are decidedly schistose, and have been folded, faulted, crumpled, and so metamor­
phosed that their original character has been masked, and in some cases entirely des­
troyed; they have also been invaded by numerous post-Palreozoic dykes of andesite, 
rhyolite, and the granite-porphyry. The formation in general strikes about N 15° E, 
!!nd dips to the northeast at angles up to 15°. 

The Veins.-The veins on this property are lense-shaped and are practically every­
where conformable to the foliation planes of the enclosing- rock: no fissure veins 
intersecting- the formation were noted. The lenses are divisible into two groups. 
formed at different times; of these the older veins were affected by pronounced 
d:ynamic activity before the newer ones came into existence. All the lenses are quite 
similar in their general appearance, and the two groups can only be distinguished in 



46 GEOLOGICAL SURVEY 

1 GEORGE V., A. 1911 

the field by observing the faulting. The earlier veins are much more broken than the 
later ones, in fact although quartz veins and vein fragments are plentifully distributed 
throughout the formation in this vicinity, and outcrops from a fraction of an inch to 
several feet in width are everywhere to be seen, yet entire lenses more than a few 
inches in thickness, and 5 or 6 feet in length, are of rare occurrence. Some lenses 
ore so faulted that one end only is removed; others are curtailed at both ends; and the 
original fragments have, in places, been again subdivided so that a considerable 
variety of forms result. One fragment 4 to 5 feet in thickness was noted that had lost 
both ends, and only a central portion 10 feet long remained. Another vein with an 
average thickness of 8 inches outcropped for 60 feet, and one end was complete and 
terminated in regular lense fashion, while the other end terminated abruptly, show­
ing that an original portion was removed. Many lenses and lens fragments occur up 
to 20 feet in length and as much as 2 feet in thickness. .A: 'few lenticular veins occur, 
however, associated with those just ·described, that have been formed since the greater 
part of _the faulting occurred, and so have been unaffected by these movements. The 
largest quartz lens noted was from 4 to 24 inches in thickness and over 200 feet in 
length; this is the vein on which the bulk of the work on the Bighorn claim has 
been performed. 

The veins or lenses· are composed of quartz which is in places rust-stained, and 
carries small amounts of galena, chalcopyrite, pyrite, and native gold. Some speci­
mens were seen in which particles of gold existed, which were as much as lho of an 
inch in diameter. In other places small flakes or leaves of gold were noted up to 
i of an inch across. Also, from the limited amount of prospecting and assaying that 
has been perf.ormed, it has been fairly conclusively demonstrated, for the Bighorn 
claim at least, that the gold only occurs in economically important amounts in the 
newer veins, and that the older more broken lenses are practically barren. The owners 
claim that the 200 foot lens will average $160 in gold and silver to the ton, the bulk 
of this amount being in gold. 

Two tunnels 55 and 30 feet long, respectively, have been driven, and some open-cuts 
and trenches have beeen made. Also a temporary rerial tramway 1,700 feet long has 
been constructed to carry the ore from the tunnels down to the valley bottom. The 
British Columbia government constructed a wagon road during the past summer from 
the erid of this tramway to Kirtland, on Taku arm, a distance of 10 miles, so that the 
properties are now quite a{3cessible. 

Othe1· ·Bighorn Claims. 

About 1i miles north of the Lawsan group, and also on the western slope of 
Bighorn valley, at a point about opposite Peter's cabin (Fig. 1), a :fissure-vein out­
crops, which is traceable for a distance of at least 3,000 feet, and throughout this 
distance is remarkably persistent in dip, strike, thickness, and mineralization. This 
'Vein occurs cutting the schistose and gneissoid members of the Mt. Stevens group of 
rocks, has an average thickness of about 3i feet, strikes N 56° E, and has an almost 
perpendicular attitude. The fissure filling consists almost entirely of quartz, 
throughout which are occasional particles of pyrite. This vein is remarkable for its 
persistency, and for the fact that it is the only :fissure vein noted in this locality. 
The quartz is believed to carry a few dollars per ton in gold, but none of the known 
assays so far obtained have given more than $10 per ton in gold and silver. 

At least two claims-the Birdie and the Gold Cup-owned, respectively, by Wm. 
Powell and Fred. Lawsan, are located on this vein, and on the Gold Cup two tunnels 
135 feet . and 160 feet in length, respectively, have been driven in on the quartz. 
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The Imperial Mines.l 

The Imperial mines are owned by 1viessrs. T. H. Jones and James Stokes, of 
Atlin, and William A. Moo re, of N anaimo, B.O., and consist of four Crown granted 
claims, situated on the south side of Munroe mountain, 5 miles in a northwesterly 
direction from the town of Atlin (Fig. 1). This property was first located in 1899, 
and in 1900 was bonded to the Nimrod Syndicate of London, England, who surveyed 
artd Crown granted the claims, built a five stamp mill and bunk house on the pro­
perty, and did considerable development. At the end of a year this syndicate aban­
doned the property, and :h1:r. Herbert Pearce obtained an option on it for two years, 
1901-2, since when no work has been performed on the property.' 

The rock formation at the Imperial mines appears to be nearly everywhere of a 
greenish, finely textured, volcanic rock that exhibits, in most places, considerable 
hornblende, and for convenience in the field has been given the indefinite name green­
stone. 

All the work on these claims has been applied to developing one main vein or lode, 
which strikes approximately N ·70o E, dips from 50° to 60° to the southeast, contains, 
where it has been exposed, from 1 to 7 feet of vein material, and has been traced for 
a distance of over 500 feet. The vein is not simple in form, but consists, in most 
places, of quartz and associated minerals, which fill several close, parallel fissures; and 
also includes portions of the intervening wall-rock that have been altered by metaso­
matic replaeement processes, and now eonsist, to a considerable degree, or entirely, -of 
secondary ore materials. The vein is thus a compound vein, or since replacement has 
been effective to a considerable degree in altering the intervening and intercalated 
rock portions, the term lode is probably more appropriate. 

On account of its compound nature this vein naturally varies considerably in 
thickness, and is also irregular in strike and dip. 'The main mineralized fault-zone 
which eonstitutes this lode is fairly persistent, but the various small included breaks 
are quite erratic, and in most places the lode is divisible into two or more distinct 
parts. In the upper tunnel on the property a rather typical section gives:-

Hanging wall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . .. .. ............. . .... . ..... . 
Quartz, etc.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Rock somewhat replaced ....... ... . ..... . . ......... . ...... . ........ . .. ..... .. 
Quartz, etc. . . . . . . . . . . ........ .. ............. . .. . .......... . .. . . ... . .... ... . . : .. 
Rock considerably altered and heavily iron-stained. . . . . . . . . . . .............. . 
Qu:trtz .............. . ................................. . ...... . ...... . . . . ... . . . 
Foot-wall ...... . ..... . ........ . ............... . .... . . .. . . . ..... . ..... . ....... . 

Another section 30 feet to the northeast shows:-

Feet. 

2 
2 
0 
1 
0 

Inches. 

1 
0 
7 
6 
7 

Feet. Inches. 

~:!~~~~t~a~l.' · . : : : · . . ·. : : : : : ·. : : : : : : : : : : : : : : : : : : ·. : : :': : : : : : : : ·. : : : : : : : : : : : : : : : : : . : . : : .. ... .. 2. . . . . . . . 0. · 
Rock, heavily iron-stained and somewhat decomposed. . . . . . . . . . . . . . . . . . . . . . . . . 2 7 

~~~~~!'atf~: .' .' .' .' .' .' .' .' . .' .' .' .' .' .' .' .' .': .': .': .': .' .' .'·.' .': .': .'::: .' .': :: .' .':::::::: .' : .': ::::: :::::::: · · ····· ~ ··I··· ··· · ~ ·· 
1 Report of the Minister of Mines, British Columbia, 1900, p. 777, 1904, p. G. 74, G. 76, G. 91 • 

• 
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The vein material appenrg to have an average aggregate thickness of from 2 to 
3 feet, and consists mainly of quartz, which is often iron-stained or rose-coloured, 
and frequently exhibits crustification and comb structures, but is also in places quite 
massive in appearance. Sparsely distributed through the quartz are particles of 
galena, chalcopyrite, pyrite, malachite, and native gold. Pockets or shoots occur, how­
ever, in which these metallic minerals occur more plentifully. 

In addition to this main lode, numerous other veins and stringers exist on the 
property, and the lower tunnel has cross-cut several fissures that contain from 6 to 8 
inches of quartz and associated metallic minerals. · 

What averag-e amounts of gdld and silver this main lode contains are only a I> proxi­
mately known, but a considerable portion of it probably carries from $10 to $30 per 
ton in these minerals. In 1902 a test samp~e of this ore, weighing 3,267 pounds net, 
was sent to PeHow-Harvey, Bryant, and Gilman, of Vancouver, B.U., who reported 
the ore to contain:-

Gold, 1·29 ozs. valued at $20 per oz . . ........... . 
Silver, 1·26 ozs valued at $0-52 per oz .. . . ..... . 

Total. ............................ . 

. . $25 80 
66 

. . . . $26 46 

This firm also adds: ' The best method of treating this ore would be first to save 
the gold by amalgamation on the plates from a stamp-battery, and then cyanide the 
tailings, when a total extraction of about 97 per cent of the gold and silver content~ 
should be saved.' 

A mill-run, continued for several weeks by the Nimrod syndicate in 1900 upon 
the ore of this vein, gave, according to their published report, a little over $10 per ton 
in gold. 

Seale of Feet 
Jo tOaa otO&o • 

' 
' I 

---- - ---c·n,-o, hof.lzOntatdTriciiDn- ~- - .. .J 

Fig. 3.-Section Through 'Working of Imperial Mines, Atlin Mining District, B.O. 

The average slope of the south face of 1Iunroe mountain is about 20°, aml the 
vein dips in the same direction, but at an average of approximately 55°, so that the 
ore gradually gets farther from the surface of the mountain, but until the foot of 
the mountain is 11eached continues to be readily accessible by cross-cut tunnels. 

Two cross-cut .tunnels have been drive:v.; the upper tunnel tapped the vein at a 
distance of 25 feet, and the lower one reached the ore in 112 feet. From the ends 
of these tunnels drifts have been d~riven in both 'directions, and 580 feet, in an, of 
underground work has been performed. 

The entrance to the lower tunnel is 1,030 feet in elevation above the surface of 
Atliin lake at the wharf in Atlin, from which point there is a g·ood wagon road to the 

• 
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mines. Plenty of water is available at the base of :Munroe mountain for crushing 
and milling requirements, and the falls on Pine creek nearby would afford amplo 
power for any mining requirements. 

This property thus possesses many natural advantages, and contains· a consider­
able tonnage of ore which, although low grade, should :yet prove workable by modem 
methods. 

Th e Beavis 111ine.l 

The Beavis mine is owned by the Gold Group :Mining Company, Limited, in 
which :Messrs. H. :Maluin and Wynn Johnson are the principal shareholders. This 
property consists of nine mineral claims, three of which are Crown granted, and is 
situated on the east shore of Atliu lake, 1! miles north of the Atlin post-officL'. 
(Fig. 1.) . 

Several thousand dollars have been expended in the development of these claim~, 
mainly on two shafts, which, when visited in October, were filled with water, so that 
no definite information could be obtained concerning their depth or tho character 
of the ore deposit. From the material exposed on the dump,. the rock in the shafts 
appears to be mainly black chert, and chert breccia, but a granite-porphyry dyke also 
cuts the formation in this vicinity. The ore apparently consists of a quartz vein 
carrying some pyrite and free gold. 

BonldeT Matmfain Cla-ims. 

A number of cla-ims have been located on the east slope of Boulder mountain, 
between Birch and Boulder creeks, about 12 miles in a northeasterly direction 
from Atlin (Fig. 1); of these the White Star group2 of three claims owned by Captain 
Wm. Hawthorne, R.N., and the Lak.e View groupS of three claims owned by J os. Clay 
have been the most explored. Other claims between and adjoining these groups are 
also being held, and on some of them the same veins are supposed to outcrop that ar& 
found on the Lake View and White Star properties. 

The formation in the vicinity of these claims consists of the members of the 
}lit. Stevens group of rocks, mainly the chloritic and sericiti c schists, quartzites, 
and limestones. 

On the White Star group two veins have been d~scovered; of these the upper ono 
occupies a fissure in finely textured chloritic schists, is from 4 to 5 f eet in thicknes•. 
st,rikes N 70u W, 'dips t o the sou thwes t at angles r ang·ing from 80° t o 85° . and OIJt­
crops at an elevation of 1,650 feet above the lower end of Surprise lake. This vein 
consists mainly of quartz, which is sparsely mineralized with galena; pyrite, and 
occasional particles of native gold. A tunnel 58 feet long has been driven on the ore. 

Approximately 400 feet down the mountain slope from this upper vein is an 
exposure of quartz, across which a trench 30 feet long has been dug without coming 
to its edges, so that the dip, strike, etc., of this deposit are not known. The quartz · 
contains occasional particles of pyrite and iron oxide, but has not been found to carry 
any other metallic minerals. 

On the Lake View group two veins have also been discovered, that are about 400 
feet apart and strike approximately in the direction of the White Star group. These 
are thought by the owners to be probably the same veins as those found on the Whitn 
Star property, but sufficient work has not yet been performed to entirely justify thi s 
conclusion. · 

The upper vein on the Lake View group is from 3 to 4 feet, and the lower one 
1s about 30 inches in thickness. The quartz of both is sparsely mineralized with 

1 Report of Minister of Mines, Briti sh Columbi a, 1904, PD· G. 78, G. 91. 
2 R eport of Minister of Mines, British Columbia , 1904, pp. G. 76, G . 77, G. 92. 
3 Report of Minister of Mines, British Columbia , 1904, .Pl'- G. 76, G. 77, G . 92. 
2~ ~ 
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galena, pyrite, and rare specks of native gold. A tunnel over 150 feet in length has 
been driven, two shafts about 35 and 27 feet deep respectively have been sunk, and a 
number of trenches and open-cuts have been dug on this group of claims, with the 
result that the two veins thereon have been traced for several hundred feet. 

A few samples have been obtained from these Boulder Mountain deposits that 
assayed from $100 to $300 per ton, and one or two are claimed to have given even 
higher results, but an average of the veins would probably not exceed $10, and might 
be somewhat less. From the various tests that have been made, however, it is hoped 
that a considerable portion of the quartz will pay for mining when such can be done 
economically. Further, in all probability, other veins will yet be discovered in this 
v:icinity, as the mountain is in many places co·vered/ with a mantle of su;perficial 
materiruls that hide the bed-rock and whatever ores it contains. 

The Laverdiere Group. 

The Laverdiere group is owned by three brothers, Messrs. Noel, Frank, and 
Thomas Laverdiere, and consists of six claims, three of which are Crown granted, 
and two fractional claims. This property is situated on the west side of Hoboe creek, 
about 2 miles from where it runs into West bay, which forms the upper end of Tiorres 
channel, an arm of Atlin lake. (Fig. 1.) . The principal ore body on the Laverdiere 
group, or at least the one most highly valued and that on which the bulk of the 
development has been expended, is described under 'Contact Metamorphic Deposits.' 
In addition, two fissure veins have been discovered on the Alvine and Brothon claims, 
respectively, that appear from the limited amount of work that has been performed 
on them to belong to the gold-silver quartz veins, and so will be here described. It 
is possible, however, that they would be more appropriately classed under high-grade 
silver veins. 

The vein on the Alvine claim strikes approximately N 30° W, has an average 
thickness of about 2 feet, and occurs in the Coast Range granitic rocks. This deposit 
consists almost entirely of a gangue of quartz, which is in most places sumewhat 
stained with iron-oxide, and with which is associated a small amount of white calcite. 
Disseminated through this gangue is, nearly everywhere, more or less argentiferous 
tetrahedrite (grey copper containing silver) and in addition, smaiD. particles and flakes 
of native silver also occur. It is not known what this ore will assay, but its general 
appearance warrants the expenditure oi sufficient work to thoroughly explore the vein. 

On the Brothon claim another mineralized fissure occurs in the Ooast Range 
granitic r ocks, which strikes N 85° E , has an almost vertical attitude, and can be traced 
from near the level of the valley bottom several hundred feet up the mountain side. 
In places, this fissure includes between its walls several inches of quartz which is 
associated with some calcite, and contains more or less galena and tetrahedrite, and 
also occasional particles and flakes of native silver. Near the valley this fissure in­
cludes only about one-fourth of an inch of decomposed clayey material, through which 
and the somewhat altered and replaced walls for 6 to 14 inches on each side of the fault, 
is a certain amount of disseminated argentiferous tetrahedrite, and native silver. 
Assays of the mineralized wall-rock have been obtained that gave results as high as 
600 ounces, and it is claimed tiliat a zone 12 to 14 inches in thickness, bordering the 
fi s.<;;ure, will average from 20 to 30 ounces of silver per ton. 

CUPRIFEROUS SILVER-GOLD VEINS. 

Table Mountain Claims. 

The Petty G1·oup.-The Petty group is owned by !fr. Ira Petty, and consists of 
two claims which are situated on the southeastern corner of Table mountain, over­
looking Graham inlet, and are about 3~ miles in a northwesterly direction from Taku 
I,anding (Fig. 1). 
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The rock formation in thia vicinity consists mainly of the C hieftain Hill vol­
canics, which are here prevailingly greenish andesites and andec itic tnffs. These 
have been extensively invaded by dykes of granite-porphyry, belongi'ng to the Klusha 
intrusives. 

The ore all occurs in the granite-porphyry and exists mainly in the form of 
fissure veins, but also includes more or less mineralized and replaced wall-rock. Only 
one main vein has been so far exploited on the Petty group, and this strikes N 30" 
E, and has an average dip of about 40° to the northwest. The vein consists mainly 
of quartz, calcite, galena, chalcopyrite, pyrite, malachite, and azurite, and one small 
·cavity was found to be lined with small crystals of the rare mineral linarite (a basic 
sulphate of lead and copper). The quartz is generall.(y rust stained, and occurs assooi­
ated with varying amounts of · calcite, which in places even exc.eed the quartz in 
amount. Galena and cha.Icopyrite are the most abundant ore minerails pres.ent, and 
occur in approximately equal amounts, and in. sufficient quantity in pLaces to constitu te 
the greater portion of the vein material. This vein has a thickness, at the widest 
point so far discovered, of about 2 feet, but rapidly diminishes to 6 inches or less with­
in a distance of 50 feet in each direction, and has not been followed for over 100 feet. 
It is possible, however, that further development may 'Show the vein to extend a 
somewhat greater distance. In addition, several other mineralized fissures occur in 
places on both sides of this main fissure, and within distances of 1 to 2 feet from 
each wall; and the rock between these is, to soma extent, replaced and impregnated 
with various ore materials; so that at the main shaft the ore might be considered to 
have a total thickness of 3 feet at the surface, but towards the bottom of the shaft its 
thickness is much less. The ore is claimed to contain $4 or $5 per ton in gold, with 
the main values in silver and copper; but so few tests have been made, that it is 
uncertain what average amounts of these metals the ore carries. 

An inclined shaft 90 feet deep has been sunk on the ore, commencing at the most 
promising point on the surface, and within 50 feet an open-cut has been dug. A 
trail has been made from the shore up to the workinga, which are about 1,200 feet in 
elevation above, and directly overlooking Graham inlat. 

The Dundee G1·oup.-The Dundee group is owned by the British Crown Gold and 
Co9per Mining Co., of Victoria, B.O. This Company was incorporutcd Novemher 29, 
1909, with a capital of $1,000,000, and with Mr. Scott I. W allace, of Seattle, Wash., .as 
secretary-treasurer, and Messrs. W. W. Felger, F. G. Holder, A. C. Pellissier, and 
Wm. F. Howe as directors. The property consists of two ·adjacent claims, one of 
which, the Dundee, adjoins the Petty group to the northeast, in the supposed direc­
tion of strike of the Petty vein (Fig. 1). The formation on the Dundee group is 
the same as on the Petty claims, and the ore also occurs associated with a granite­
porphyry dyke. Only one vein has been developed on this property, and this strikes 
N 30° E, dips to the northwest at 40° to 50°, is lens shaped, and for 10 or 1:) feet 
has a thickness ranging from 1 to 2~ feet. Thirty feet to the northwast from this 
point of greatest thickness at the surface, the vein is not more than 1 inch thick, 
and it cannot be traced more than 20 feet to the southwest. It has been supposed 
that this is the same vein as that on the Petty group, as both strike in the same direc­
tion; · however, there appears to be no support for this assumption, as the vein on the 
Dundee claim distinctly terminates within 100 feet, at most, of the places where it 
outcrops, in the direction towards the Petty claims; this is clearly evident from the 
fact that the rocks are ·all well exposed in a draw 100 feet from the outcrop of the 
Dundee vein, in a direction towards the Petty shaft, and although any vein crossing 
this draw would be easily seen, none ia to be found. Further, if the vein continued 
from the Petty shaft in the line of strike it there maintains, it would pass consider­
ably above the sh'owing in the Dundee claims. 

· The Dundee vein is similar in appearance to that on the Petty group, and con­
sists of a quartz and calcite gangue, highly impr!"gated with galena, chalcopyrite, 

26-H 
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malachite, and azurite. The wall-rock alao contains a considerable amount of thege 
minerals disseminated through it. Instead of following a :fissure in the central por­
tion of a gr anite-porphyry intrusion, however , as in the Petty group, the vein here 
eontinues near the edge of a granite-porphyry dyke, but was nowhere seen to depart 
from this rock into the surrounding andesitic materials. 

Two tunnels, having respectively lengths of approximately 20 and 150 feet, have 
been driven on the Dundee claims, neither of which has cross-cut the vein; and in 
;Hldition two small open-cuts have been dug. A trail has been constructed from the 
s lwre of Graham inlet up to the higher of these workings, which is about 700 feet 
aLovc and directly overlooking the water. · 

The P elton Group.-The Pelton group is owned by Mr. R. L. P elton, of T aku 
Landing, and consists of two claims, which adjoin the Dundee group in the dinection 
of the general line of strike of the vein on that property (Fig. 1). The rock form­
ations on the P elton claims are the same as on the Petty and Dundee groups, but no 
ore has been encountered as yet. 

Ve1:ns on Omte1' 01·vek and Vicinity. 

General.-When visited in- October, 1910, about a dozen claims were held on 
Crater creek and in the vicinity, and of these, those on which the most development 
has l>een performed, and which exhibit possibly the most promising showings, con­
stitute the Big Canyon group of four claims. which were located in 1899 and are 
owned by Messrs. J ohn }.falloy, Thomas Vuughan, allll M. Summers. · Mr. 8. Johnson 
·a lso owns several claims in this locality (Fig. 1). 

The formation in the vicinity consist s mainly of a coarsely textured, light coloured, 
granitic rock, which, in many places, is porphyritic, and contains f eldspar phenocrysts 
often exceeding an inch in length. This formation has been extensively invaded by 
dark gr.een, finely textured, andesiti c dykes, which are everywhere in evidence. The 
ore deposits as a rule occur entirely within the volcanic intrusives, but in a few places 
were observed t o lie at the contact between these and the granitic rocks, and, in all 
cases, seem to be genetically relate ·} to the dykes. 

B1:g Canyon Group. 1-Two main mineralized clvkes o1· vPins occur on the Big 
Canyon group ; of these, one crosses the right branch of CratPr creek possibly 300 or 
400 f eet above, and the other meets the main creek a short distance below the forks 
of the creek. 

The upper dyke stril"es N 40° E, dips 80° to s5:o to the northwest, h as an 
averag-e width of about 30 feet, and is traceable on the surface for at least several' 
hundred feet. This dyke, where exposed and explored on the left bank of the creek, 
is roughly divisible into three portions of about equal thickness. The upper thinl 
has been subjected to repeated faulting, and now consists predominantly of brecciated 
fragments .cemented together mainly with infiltrated quartz, there being an increasing 
proportion of oement as the cen tral portion of the dyke is approached. The upper 
Pdge of the dyke thus consists mainly of rock, which decreases gradually until at a 
distance of about 10 or 12 feet there is a predominance of vein and ore materials. 

The mi1ddle third of the dyke cont ain~ the bulk of the ore, which occurs in the 
form of one or more :fissure veins, including numerous narrow veinlets, and in irregu­
larly-shaped bodies, bunches, etc., which occur between and replacing the breccia 
fragments: Metasomatic replacement is here ver~' clearly and vividly illustrated, as 
breccia fr agments can be found in all stages of transition. from those consisting entirel.\­
o£ original rock materials, to others formed altogether of secondary ore and vein 
matter,· with generally the original shape of the fragments still preserved. Galena 

' Heport of Minister of Min es, British Columbia, 1900, pp
1 

760, 778, 779. 
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and arsenopyrite (arsenical iron pyrite) -are the prevailing ore minerals, but pyrite, 
zinc blende, and ankerite1 also occur. In addition to these minerals, a certain amount 
of quartz and calcite, and more or less alte red dyke rock occur, constituting the gangue 
of the ore. In places, howevt,r, almost no quartz or calcite are present, and in one of 
the tunnels in this dyke a body 4 feet in thickness, composed almost entirely of galena. 
was noted. 

The lowest 10 feet of the dyk.e has been here but slightly affected, but lying along 
the foot-wall is a vein of ore about 1 foot thick, composed mainly of galena, arseno­
pyrite, and altered dyke rock. 

The lower of the two main 011e-containing dykes on the Big Canyon group strik e,; 
N 40° E, dips at angles from 80° to 90° to the northwest, is traceable for at least 
3,000 feet and possibly considerably farther, and is, wherever seen, from 8 to 15 feet 
wide. This dyke, in a general way, much resembles the upper one just described, but here 
no distinct zones or persistent bands were noted, and the ore varies in position from 
place to place along the vein, 'but appears generally to be best near the foot-wall. 
From 4 to 12 f eet of this dyke is'heavily mineralized, mainly with galena, zinc blende, 
and arensopyrite, but pyrite, as well as chalcopyrite (copper pyrite), also occurs. Here 
also tho ore occurs filling· various fissures and irregular cavities, and forming numer­
ous narrow veinlets; and also exists in irregular bodies, bunches, particles, ete., re­
placing the original dyke rock. Constituting the cavi ty nllings is a considerable amount 
of quartz and calcite, which are almost entirely absent where metasomatic lJrocesses 
have been prevailingly effective. 

In addition to these two main bodies, a number of small veins, generally a few 
inches in thickness, were noted, which possess the same general appearance and char­
acteristics that distinguish the larger deposits. 

In the deposits on the Big Canyon group, as well as those elsewhere in the 
vicinity, both the filling of cavities, including fissures, and the replacement of the 
original rock, have been instrumental in producing the ore. deposits; but, of the two 
processes, the latter appears to have been th!l more effective. 

A most striking feature in connexion with these deposits is the persistency with 
which ·the f aulting and subsequent mineralization adhere to the andesite dikes. In 
one place a fault, or rather a fault zone, was followed for over 3,000 feet, and for the 
entire distance it rema ined coHfiued to a d,vke that nowhere exceeds 15 feet in width; 
and at no point, though it might almost be expected to do so, does the fracturing extend 
into the granitic rocks on either side. This phenomenon is apparently due to one or both 
of two causes. In the first place there appear to be a number of old, well-defined 
lines of weakness in the formation in this locality, and at the time of the andesitic 
intrusion the main dykes followed these, and since that time the various stresses to 
which the earth's crust has been here subjected have found relief along the same 
lines. It may also be that the dyke materials are more brittle, and less resi~tant to 
the forces that have here been active than the granitic rocks, and that on this account 
mainly, the fractures hav·e been confined to the dykes. Whatever the cause, it is 
evident that faulting has been active along- these definite lines for a long- period, com­
mencing before the andesitic intrusion, and continuing possibly to the present time, 
but at least until long after the bulk of the ore and vein materials was deposited in 
the faulted and breociated dykes, since more r.ecent veinlets were discovered cutting­
portions of the deposits in practically their present condition. 

The ores of the two larger deposits on the Big Canyon group contain only a small 
amount of gold, generally under $4 per ton , but they are believed to carry more 
important amounts of lead and si lver. It is not known definitely how much of these 
metals the ores contain, but from the information obtainable it is thought that they 

1 CaCO, + (Mg, Pe, Mn) CO,, or a dolomite in which magnesia is more or less eompletely 
rPplaced by protoxide of iron, or of iron manganese. 
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are decidedly low grade, but that they occur in quantities holding sufficient lead, 
silver, and gold to make them worthy of careful exploration and investigation. 

On the upper vein two tunnels have be~n driven, the lengths of which could not 
be determined on account of ice which they contained, but they probably have an 
aggregate length of over 100 feet. A shaft, possibly 40 or 50 feet deep, has been sunk 
on the lower vein, and several open-cuts and shallow pits have been dug. Two cross­
tunnels have also been commenced, which have, however, not yet tapped the ore. There 
are, in addition, a number of open-cuts, trenches, etc., on this property. 

Other Deposits.-Crossing Crater creek at a point about · 300 feet in elevation 
below where the upper vein on the Big Canyon group crosses the right fork, is a dyke 
which strikes N 27° E, dips from 80° to 90° to the southeast, and is about 5 feet in 
thickness. ·Where this dyke is exposed on the right bank of the creek, about 2 
inches of ore occurs on the hanging wall; and on the left bank of the creek, where 
the ore is claimed to be considerably thicker, a short tunnel has been driven, which 
when visited had so caved in' that the hanging wall side of the dyke was not visible. 
The ore seen was very similar to that in the Big Canyon veins. 

At approximately 1,500 feet in an easterly direction from the showings on the 
Big Canyon group on Crater creek another dyke occurs, which is about 6 feet in thick­
ness, strikes N 40° E, and has an almost perpendicular attitude. This dyke has been 
subjected to faulting and brecciation until it is now composed almost entirely of rock 
fragments, more or less cemented with quartz, calcite, galena, arsenopyrite, and zinc 
blende. In places the secondary minerals constitute about half the filling between 
the granitic walls. A shaft about 10 feet deep has been sunk on this material. 

Besides these, a number of similar, and promising deposits of ore are believed to 
occur in the vicinity, but on account of the lateness of the season, and the prevailing 
~tormy weather, they were not examined. 

COPPER VEINS. 

Copper veins were noted in Atlin. district in ~nly one area, which includes 
the southwe~tern corner of Copper island1 and the adjoining small islands in Atlin 
lake (Fig. 1). Several claims were held here for a number of years by the Laverdiere 
brothers, but were allowed to lapse during the year 1910. The formation consists of 
reddish and bluish, prevailingly coarsely textured basalts and tuffs, of which the tuffs 
predominate, and in places consist almost entirely of basic volcanic fragments, but 
grade into rocks containing a predominance of sedimentary materials. 

A number of veins, from a fraction of an inch to 6 inches in thickness, and 
composed mainly of calcite and di-sseminated particles of native copper, intersect 
these basalts and tuffs. The veins consist in most places mainly of calcite, but pieces of 
copper weighing several pounds each are occasionally found in them. Associated 
with the native copper are malachite (common green copper stain), and occasionally 
cuprite (red oxide of copper), and tenorite (black oxide of copper). Copper also 
occurs, both in small disseminated particles and collected along the various seams 
adjoining the veins. · 

ANTIMONY VEINS. 

Antimony veins were noted in Atlin district at only one point, which is situ­
ated on the west shore of Taku arm about 10 miles below (noJth of) Golden Gate. 
Two claims, the Lakefront and Antimony, have been located here by Messrs. J. John­
son, and C. B. Dickson (Fig. 1) respectively. 

The ore occurs in the form of bedded veins that conform in a general way to the 
stratification planes of the ·enclosing rocks, which here lie almost :flat, and. consist 
mainly of the dark, finely textured, clay-shale memb8rs of the Jura-Cretaceous, 
Laberge series. 
------------~----------------------------------------- -----

1 RePQrt of Minister of Mines, British Columbia, 1904, p. G. 80, 
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. The main vein is from 3 to 4: feet in thickness, and is composed chiefly of quartz 
and stibnite (antimony sulphide), with also some galena, and includes, as well, vary­
ing amounts of intercalated shale. In some places the entire· 3 or 4 'feet is com~osed 
of vein materials, but in others, beds of shale occur separating the layers of quartz, 
and constitute about one-half the tmtire material, which is, in a general way, regarded 
as the vein or ore body. 'l'he quartz is generally quite heavily mineralized. 

In addition, a number of bedded veinlets, ranging in thickness from a fraction 
of an inch to 2 or 3 inches, occur within a few feet of the upper edge of this vein. 

A drift · about 15 feet in length constitutes the bulk of the development on .this 
deposit. 

CONTACT METAllfORPHIC DEPOSITS. 

General. 

Contact metamorphic deposits of economic interest have been found in the Atlin 
district in only one locality, which is situted on Hoboe creek, near the upper end of 
Torres channel, an arm of Atlin lake (Fig. 1). 

The valley of Hoboe creek has an average width of about half a mile, is flat, and 
contains numerous, swampy meadows, which are the result, to a great extent, of 
beaver dams at different points on the stream. Schists, quartzites, limestones, etc., 
of the lower Palreozoic (?) Mt. Stevens group apparently underlie a considerable ' por­
tion of this valley, and, for a distance of approximately 2 miles from Torres channel, 
extend up its western slope as well. Adjoining these rocks on the west are the Coast 
Range granitic intrusives, which constitute the high, steep sided hills to the we·at 
and south. The contact metamorphic ore deposits are included in the Mt. Stevens 
rocks near their contact with the granitic intrusives. 

Along this contact, the Laverdiere ·and the Callahan groups of claims have been 
located. 

The Laverdiere Group. 

The Laverdiere group i"a owned by three brothers, Messrs. Noel, Frank, and 
Thomas Laverdiere, and consists of six claims, three of which were located in 1899 
and have been Crown granted, and two fractions. In addition to the contact deposit 
which is here considered, two mineral veins have been discovered on this property, 
and are described above under gold-silver veins. The main workings on this pro­
perty are situated· on the western edge of the valley of Roboe creek, 1i to 2 miles 
from the mouth of the stream. 

The Mt. Stevens rocks which outcrop along the western edge of the valley con­
sist prevailingly of finely textured, chloritic and greenstone schista, and limestone. 
Cutting these, and lying to the west and southwest of them, are the Coast Range 
granitic intrusives, which are prevailingly light grey or pink, coarsely textured, 
granodiorites. The ores prevailingly occur in the older rocks and near their contact 
with the intrusives. 

The ore deposit is at one point -approximately 150 feet in thickness, and where­
ever a section of the rocks immediately below the granitic intrusives has been seen, 
at least 30 to 40 feet of ore material ha·s been found; this consists mainly of mag­
netite, chalcopyrite, tetrahedrite (grey copper), malachite, cobalt bloom, and ·various 
altered gangue materials including considerable biotite. Typical samples of these 
ores were supplied to Mr. R. A. A. Johnston, mineralogist, of the Geological Survey, 
who states: 'These specimen'S consist of an association of magnetite, chalcopyrite, 
and occasional small amounts of tetrahedrite, with altered gangue material made up 
of mixed carbonates and silicates of indefinite composition. The more important 
minerals in these specimens are sometimea sufficiently well segregated to admit of 

1 Report of Minister of Mines, British Columbia, 1904, pp. G. 79, G. 80 . 
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easy recognition, but in general they are so intimately mixed with each other, and 
with the gangue materials, that they can be separated only with very great difficulty; 
these mixtures are so intimate at times as to at first ·sight present a homogeneous 
aspect; this intimacy of mixture not only affects the appearances of the different 
constituent minerals but it also has the effect of greatly modifying the tarni·ah colours 
produced through oxidation; this applies pa_rticularly m the case of chalcopyrite, 
which tarnishes to a brownish colour and presents almost the appearance of some 
pyrrhotite.' 

The best showing of ore is perhaps on the French claim, on which a cross-cut 
tunnel188 feet long has been driven, of which more than 130 feet are in ore. Numer­
ous faults, having displacements generally of only a few inches or a few 'feet, were 
encountered in the tunnel, with the result that in several places blocks of rocks were 
found adjoining others compO'aed of ore. 

The rocks that are altered and replaced appear to have been mainly the chlori­
tic schists; the limestone has for the greater part suffered merely crystallization and 
marbleization. The ore extends up to within a few feet of the contact, which is about 
50 feet in elevation above the valley. A few hundred feet up the valley from the 
French tunnel, the contact and its associated ore, by persisting iu their southeastely 
strike, extend from the hillsides out into the valley-flat and are here lost to view, but 
probably again outcrop on the hills to the southeast. 

The ore in the French tunnel assays from 1-.65 per cent to G per cent copper, and 
it is thought that a considerable portion of it will average between 2 per cent and 
4 per cent. 

On the Holy Cross claim a tunnel 35 feet long ha ~ been driven, but has not yet 
reached the ore. Above here, however, a body 40 feet in thickness, composed almost 
entirely of g1'anular magnetite, occurs. This iron ore contains a certain amount of 
chalcopyrite, and malachite, as well as cobalt bloom, which occurs disseminated 
through the ore in places, and also frequently coats weathered surfaces. The ore 
htwe. as on the Nljoining French claim higher up the valle~·. exteuds up the hillside 
to within a few feet of the contact between the schistO'se and granitic rocks, which 
is about:55 feet above the valley. The ore in the Holy Cross tunnel does not contain 
as much copper as in the French tunnel, and does not, probably, average more than 
1 ·per cent. All tl1e ore on the T,averdiere group is reported to contain small amonnts 
of silver and gold. 

The Callahan Group. 

The Callahan group (Fig. 1) is owned by Mrs. Callahan, and consists of six 
claims, which adjoin the Laverdiere group and extend in a northerly direction to the 
upper end of Torres channel, known as West bay. The contact between the Mt. 
Stevemr rocks and the Coast Range intrusive-a passes through these claims, .but is in 
most places concj'laled by superficial materials, and by the forest growth; where it is 
exposed, however, ore occurs in its vicinity much resembling thdt on the Laverdiere 
property. These contact deposits have not been developed, however, and the assessment 
work has been performed ' on various quartz veins, generally lens-shaped, that occur 

-mainly in greenish schistose rocks, and are prevailingly only a few inches but in 
places are as much as 6 feet in thickness, and show generally only ·a small amount of 
pyrite. It is. clai.merl that these veins contain also native gold. 

C'OAL. 

S lol.:o Lalce Claims. 

In 1908 Mr. Alex. l\{cDonald was informed by Indians of the occurrence of float 
coal near the southeastern summit of Sloko mountains, and at a point to the north­
east of and overlooking the lower (east) end of Sloko lake. Since then ten claims 
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have been located in the vicinity, by Alex. :M:cDonald, Norman :McLeod, J ames John­
son, :NI. A. Dickson, J. Dunham, M. Wynn J olmaon, David Gibb, E. Lambert, N. C. 
Wheeling, and Samuel J ohnson. Seven of these claims are now owned or controlled 
by the Amalgamated Development Co., of Vnncouver, B.O. 

The rocks outcropping along ·the shores and on the hills everlooking· the lower 
end of Sloko lake from the north are mainly lavas and tuffs belonging to the 
Wheaton River volcanics, ·and are prevailingly greyish to yellow in colour, except 
where stained by iron oxide. Occasional basaltic dykes pierce these materials, but 
do not comprise any considerable portion of the general formation. The volcanic 
flows and beds still lie nearly flat, and outcrop horizontally along the walls of 
Sloko Lake valley, giving rise to numerous successive benches or terraces forming 
broad steps up the mountain slopes. These rocks weather and decrepitate rapidly, 
giving rise to an abundance of talus, which in turn decomposes readily to form a fine 
a·sh-like .material. The mountains are consequently, in most places, rugged and pre­
cipitous, and the scenery is wild and imposing. 

The Wheaton River rocks extend to the east down the valley of Sloko river, the 
outlet of Sloko lake, for approximately 2 miles, where sedimentary rocks belonging· 
to the Jura-Cretaceous Laberge a.eries outcrop, and thence continue down the valley for 
several miles at least . The Laberge beds occur also on the mountain slopes on the north 
side of Sloko river, where they extend to an elevation of 2,550 f eet above Sloko lake nt 
their most northwesterly exposure, and 2~ miles in a northeasterly direction from the 
northeastern corner of the lake.l Here only a narrow tongue of these rocks has been 
stripped by eros•ion and weathering processes of their original cover of volca.nics, and 
is still surrounded, and overlain on three sides, by ftat-lyi:ng beds, which hide the 
remaining portions of the Laberge rocks to the north, east, and west . 

The sedimentary beds, where exposed, strike about N 70° W , dip to the southwest 
at from 20° to 50°, and consi"at mainly of dark, finely textured shales and sandstones, 
but also include near the summit of the ridge some dark conglomerates that belong 
to the Tantalus conglomerates, and consist entirely of quartz, chert, and slate pebbles, 
generally firmly cemented together. All the important coal seams that have been four•d 
in northern British Columbia and southern Yukon occur as·aociated with these Tan­
talus conglomerate beds. 

The uppermost portion of this sedimentary area just described is, in most places, 
covered by several feet of weathered and decomposed material, which is derived from 
the 'i!Urrounding and underlying volcanics and sediments, predominantly from the 
volcanics, and is in the form of sand, mud, and clay; this in places contains a cer­
tain amount of wash coal, which occasionally occurs in layers more or less mixed 
with other products of erosion and weathering, and near the summit of the ridge, 
pieces of lignitic coal and carbonized. wood, as much as 6 inches thick, have bePn 
tound. Some of the layers of detrital coal were at first thought to be coal seams in 
place, but the fallacy of this idea soon became apparent. 

When visited in the latter part of September, 1910, the seams from which the 
float coal is derived had not been discovered, but a small amount of work should 
expose them. The pieces of coal fouhd are lignitic in character, and would make a 
g-ood fuel. The utilization of thi"a coal, when found in place, will ~e difficult, owing 
to the fact that it is situated on a mo\lntain top high above timber-line and in an 
almost inaccessible portion of the distri\Jt. An attempt should be made to trace the 
seams, when uncovered, to the more accessible country to the east or southeast, in 
the valleys Of Sloko river or its tributarie-s, where it might pay to mine the coal, if 
found in clean seams of sufficient thickness. . 

1 The level of Sloko lakE> on Sept.E>mber 25 was approximately 230 feet above that of the 
upper end of Atlin lake. 
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Other Ooal . 
• 

Coal is to be expected wherever the Tantalus conglomerates occur, especially 
where any considerable thickness of these beds remains. The south side of the lower 
end of Sloko lake, and along Sloko river, are very probable localities that should be 
carefully prospected. · 

Tantalus conglomerates were found on an inconspicuous summit on the south 
side of Graham inlet, about 5 miles southwest of Taku Landing, but only about 30 feet 
of the bed remain, as the overlying portions have been removed by erosion; however, 
it is probable that more of the conglomerates occur farther to the south and southwest 
where the accompanying coal seams should also be found. This probability almost 
reaches a certainty, from the fact that small pieces of coal are reported to have been 
found during the past season in one of the creeks running into the north side of 
Graham inlet. 

A piece of solid, firm coal, apparently bituminous in character, and weighing 
possibly 20 or 30 pounds, was brought to Atlin by prospectors, and placed 
on exhibition in the Gold Commissioner's office. This sample is reported to have 
been obtained from a 4 foot seam on Taku river, 12 miles above canoe navigation, 
and about 30 miles from J uneau . 

• 
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The season of 1910 was spent in studying the geology and ore deposits of the 
Portland Canal district. I was assisted by Mr. A. 0. Hayes in the geological examina­
tion, while Mr. Malloch collected data for a topographical map. 

The woi:k was greatly hampered by the lack of a suitable topogTaphical map on 
which to lay down the geological boundaries, and further field work will ba necessary 
before a correct geological map can be issued. A sketch map compiled as carefully 
as the existing conditions permitted has been prepared to accompany this report. 

Previous Worlc.-While no work had previously been done by the Geological Sur­
vey in the district, three reports have been published by the British Columbia Bureau 
of Mines. Two of these, by Mr. H. Carmichael, Provincial Assayer, are included in 
the annual reports of the Bureau of Mines for 1906 and 1909 respectively, and one by 
Mr. W. F. Robertson, Provincial Mineralogist for British Columbia, was· published 
during the past season as Bulletin No. 2, 1910. 

A clcnowledgments.-The writer is indebted to most of the mining men in the 
district for information and other courtesies, and especially to Mr. C. M. Dickie, 
president, Mr. Elmendorf, manager, and Mr. Sheridan, mine superintendent of the 
Portland Canal Mining Company; Mr. A. Erskine Smith, president, and Mr. Webster, 
mine superintendent of the Red Cliff Mining Company; Mr. A. D. }fcPhee, manager 
<>f the Red Cliff Extension and other mining companies ; Mr. H. B. Williams, engineer 
for the Lordigordy Mining Oompany, etc.; Mr. Vaughan-Rhys, engineer for the Main 
Reef }fining Company, etc.; Mr. Tuomy, mine superintendent of the Stewart Mining 
.and Developmel}t Company; Mr. Knobel, manager of the Pacific Coast Exploration 
Company; Mr. Smith, manager of the International Portland Mining Company; Mr. 
13axter, mine superintendent of the Main Reef claim; Mr. J ames Lydden, part owner 
<Jf the. Old Chum and other claims; and Mr. Anderson of the Black Bear group. 

SITUATION AND COMMUNICATION. 

The district is situated in northern British Columbia, close to the Alaska bound­
:ary, at the head of Porti:an:d clmal, one of the largest of the numerous fiords 
·which indent the North P aJCific coast. Portland canal cuts completely across 
the long granitic batbolith which forms the central portion of the Coast range ami 
:reaches the mineralized sedimentary and intrusive rocks which border the batholith 
on the east. Bear river empties into the canal at its head, and the area examined 
'includes the portion of the mineralized belt drained by that stream and its tributaries. 

Portland canal is a large deep inlet, easily navigable by the largest steamers. 
:Stewart, the distributing point for the district, is situated at its head, and several 
steamship lines maintain regular communication between it and Prince Rupert, Van­
·Couver, and other coast towns. 

A wagon road has been built by the Provincial . Government, from Stewart up 
Bear River valley to Bitter creek, a distance of about 10 miles, and from it the prin­
cipal showings are reached by trails constructed partly by the Government and partly 
by private companies. A railway up the valley is now being built. 
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DISCOVERY. 

The metalliferous character of the Portland Canal mining district was first di:;­
covered by a party of prospectors in 1898, the year of the great Klondike rush. They 
were searching for placer deposits, but failing to fi1id pay gravels tumed their atten­
tion to prospecting for quartz. The Roosevelt and other claims on the North fork 
of Bitter creek were staked in 1899, and the Mountain Boy and American Girl on 
American creek in 1002. The Alaskan boundary at that time had not been defined, 
and the claims were first staked nnder United States laws, but were subsequently 
restaked and recorded in British Columbia. The Red Cliff, which could hardly escm:P 
the notice of prospectors as the croppings show up prominently on the mountain side, 
was first staked in 1898, and h~s lapsed and been restaked several times, the last tiri1e 
in 1908. 

While some prospecting and staking were done year by year, little actual mining 
work was attempted until1907, when the Portland Canal Mining Company commenced 
development work on the Little J oe and Lucky Seven claims on Glacier creek. The 
success met with drew the attention of miners to the district, and during the last 
three or four seasons, prospectors have swarmed over it, and little ground from 
Stewart far up Bear River valle_y, which shows any signs of mineralization, is now 
left unstaked. Only a few of the claims have been even roughly prospected, and on 
only two, the properties of the Portland Can al and the Red Cliff Mining Company. ;s · 

development work much advanced. A number of companies, however, · commenced 
.systematic work during the past season. 

TOPOGRAPHY. 

The Portland Canal mining district is situated m the heart of the Coast range, 
in a region of intense glaciation, and its topography, while still bol:d and striking, 
has been toned down by moving ice, and much of the. originai ruggedness removed. 
It has been heavily glaciated up to a height of fully ' 5,500 feet' above the sea, an.! 
the mountain slopes, below this level, although usually very steep, often rising in 
sheer unscalable cliffs, are, as a rule, comparatively smooth, except where scored and 
broken by narrow canons carved out, in post-glacial times, by streams plunging down 
from the perennial snow and ice fields above. 

The district embraces a number of high mountain groups and mountain ridges, 
separated by the deep valleys of Bear river and its numerous tributaries, but usuall,y 
coalescing around the heads of these streams. 

The principal mountain divisions include the long, rather even ridge separating­
Bear river and its tributary American creek from "the Salmon; a group of mountains 
between American creek and the upper part of Bear river; a range of high sharp 
peaks known as the Cambria range1 bordering the upper part of Bitter creek; a broken 
ridgy gronp Clllminating in Mt. Gladstone between the north fork of Bitter creek 
and Bear river, and a group of high , snow covered, rather flat topped- elevations 
between Bitter and Glacier creeks. for the highest point of which the name Mr. 
Dickie' is proposed. 

The long· ridge west of Bear river has a general elevation of about 5,000 feet, bnt 
is sm·mounted by occasional irregularly distributed rocky peaks, some of which attain 
a height of over 6,000 feet. One of the most prominent of these, situated nearly 
opposite the mouth of Bitter creek, is known as J'l{t. Dolly. The sharp-crested, 
:mgu]ar-perlkPcl Cnmbria range, the wildest portion of the district. risP~ 1in place~ 
to elevation of over 8,000 feet , and Mt. Otter. the highes t point, to an elevation of 8,800 

z Name proposed by miners interested in the vicinity. 
"After tllP President of the Portland Canal Mining Company. 
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feet. Mt. Gladstone, the highest point in the range bordering the upper part of Bear 
river on the south, has an elevation of 6,800 feet, and }.lit. Dickie, between Glacier 
and Bitter creeks, an elevation of nearly •6,600 f eet. The snow covered mountain 
group of which Mt. Dickie forms the centre is exceedingly precipitous on the Bitter 
Creek side, but falls away in easier slopes towards Bear river and Glacier creek. 

The dominant features of the mountain landscape, viewed from one of the higher 
>Clevations, are the steep vall ey slopes, the jagged peaks of the Cambria r ange, and the 
prevalence above an elevation of 4,500 feet of vast fields of snow and ice. The~e 
~ither terminate in long lines of ic~ cliffs from which huge masses -are constantly 
fa lling, or form glaciers which descend the mountain slopes for some distance, and 
me then replaced by roaring t orrents often 'deeply hidden in rocky canons. 

Dminage.___:The di.stri ct is drained entirely by Bear river and its tributari es. 
Bear river i·a .a swift mountain stream about 18 miles in length. It heads with a 
branch of the Nass in a glacier, which flows northward to the Pass from a peak in the 
Cambria range, and is then diverted by the mountains bordering the P ass on the 
110rth, westward down Bea r r-iver and eastward down a branch of the Nass. The 
tongue flowin g down Bear river has a length of about three-fourths of a mile. The 

· one flowin g towards the N ass is reported to be somewhat longer. 
The P ass is comparatively low, the elevation at the foot of the glacier, measured 

with the aneroid, being approximately 1,370 feet, and the ice divide at the summit, 
2,100 f eet . 

Bear river in the lower part of its course, below Bitter creek , is a wide, winding· 
stream, flowing rapidly in a net work of channels around gravel bars and low islands. 
which are being constantly built up and destroyed. The valley is a deep, steep-sided, 
fl at-bottomed typically ice worn trough, practically a continuation of the Portland 
Canal depression , partially filled up with gr'uvel and silt. 

Above Bitter creek. Bem· river is more confined, and its valley, while still widr. 
becomes m ore irregular. R ough benches, cov~red in places with moraine material, 
occur along the sides, and occasion:al rocky spurs extend part way across it. Betwee 11 
American creek and the summit the valley bends to the east, becomes much narrow!'r. 
and at one point passes into a caiion, known as the Bear River caiion. The valley 
bottom above the caiion is usually from 200 t o 500 yards in w~dth , anrl is liner] iu 
places with low gravel terraces . A small lake, filling the valley, interrupts the course 
<>f the stream a mile below the t ermination of the summit glacier. 

The principal tributaries of Bear river are Glacier and Bitter creeks from the 
C'nst, an·d American creek and an unnamed stream n ear its heacJ: from the north. 

Glacier creek is a short, r apid stream, from 20 to 50 feet in width, formed by 
three g·lacier fed branches. The trunk str eam has a leng-th of 2~ miles, and is sunk 
in a deep narrow caiion throughout its whole course. 

Bitter creek joins Bear river 8~ miles from its mouth, and is the largest streiam 
ientering it, probably carrying more water at ordinary seasons than the main river. 
It h fls a length of 6 miles to its main source in the Great Bromley glacier, and a 
fall averaging 100 feet t o the mile. It is a wild stream, the sw-ift current anrl, 
boulder strewn channel making it practically one long rapid: The valley is narrow, 
except near the mouth and in the vicinity of the North Fork, and in places is badly 
blocked in the early part of the season by snow slides. 

F our miles above Bitter creek , Bear river bends to the east , and is joined by a 
l arge branch from the north, known ·as American creek, the two forks being nea!_'ly 
rqual in size. Only the lower portion of American creek was examined. It is 
longer than Bear river, and is fed by numerous glaciers, one of which. about 7 miles 
above its month , crosses and blocks the valley. 
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A fourth large tributary joins Bear river 1! miles below the summit glacier. It 
is a short stream issuing from a large glacier, and flows more water than Bear river 
above tha junction. 

Besidea the large tributaries referred to, the mountain sides are furrowed every­
where by a multitude of roaring torrents cascading down the steep slopes, and few 
places in the district are free from the sound of falling water. 

Glaciers.-The upllands oi the district, except on the steep slopes, are largely 
covered, above an elevation of from 4,500 to 5,000 feet, with permanent fields of ice 
and anow. These form numerous glaciers, which fill the upper part of most of the 
valleys of the district and creep down the mountain slopes for varying distances; 
few of them reaching the main valley bottoms and most of them terminating at ele­
vr.tions of from 2,500 to 4,000 feet above the sea. 

The largest glacier in the district is the Bromley1 glacier, at the head of Bitter 
creek. This is formed by several branches, originating in large ·snow fields situated 
east of the area examined. One branch sweeping southward, skirts the hase of Mt. 
Trevor,1 a beautiful snow covered peak rising high above the icy plain at its base, 
and is reported to head with a glacier descending Marmot river. Only the lower 5 
mile·a of the glacier were mapped. In this stretch it has a width of from 4,000 to 
5,000 feet, and fills the valley of Bitter creek from side to side. The slope is irregu­
lar and averages about 700 feet to the mile. The surface, while rough in places, 
especially near the sides, is not badly crevassed, and the glacier is easily a·acended for 
several miles. The Bromley glacier descends to an elev'ation of less than 1,000 feet, 
the lowest level reached by any of the glaciers of the diatrict. 

Other prominent glaciers occur on the North fork of Glacier creek, the North 
Fork of Bitter creek, at the head of Bear river, and at numerous points ·along Bear 
river, and American creek. 

All the large glaciers are receding slowly up their valleys. This is shown by 
fresh moraines, both terminal and lateral, left behind in the retreat, and by the 
absence of vegetation for aome distance below the present terminations. The Bitter 
Creek valley below the Bromley glacier is bare for a distance of over half a mile. 

FOREST. 

All the valley bottoms of the Portland Canal district are well wooded, and the 
forest sweeps up the mount~in slopes, except where clear.:ld away by snow slides, to 
heights of from 3,500 to 4,500 feet, depending on the exposure. ·Stunted specimens 
of balsam and mountain hemlock were found at an elevation of 5,000 feet. 

. The principal tree in the valley bottoms and lower slopes of the mountains is a 
hemlock (Ptsuga mertensiana). It is a fair-sized tree, usually attaining a diameter 
of from 2 to 4 feet, and furnishes excellent mining timber. The Sitka spruce (Picea 
Sitchensis), which usually accompanies the hemlock, is a tall stately tree, some speci­
mens seen measuring fully 6 feet acruas. The cottonwood (Populus Trichocarpa) 
a:rid a large -alder (Alnws Oregona), are well represented along the flats. The yellow 
cedar (Chamaecyp'aris nootkatensis)' occurs in a few places in the district, but no 
specimens of the red cedar were seen. On the higher slopes the trees mentioned 
above are replaced by balsam (Abies Amabilis), and the mountain hemlock (Ptsuga 

· Heterophylla). · 
The forest is protected from destructive fires by the humid climate, and the 

timber resources are sufficient to meet the requirement of the district for many yeara. 

FAUNA. 

Only a few species of animals thrive in the district. The mountain goat is 
abundant in places, and it, with the black bear, the siffieur, an occasional wolf, the 

1 Name proposed by mining men interested in Bitter creek. 
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marten, and mink are the principal representatives of mammalian life. The heavy 
winter snowfall is probably re·aponsible for the absence of the deer and other species 
usually common along the co·ast. 

CLIMATE. 

The situation of the Portland Canal district on the west ' slope of the Coast 
range, though some distance inland, places it within the rainy belt, and the precipi­
tation, while not so excessive as in the outer range-a, is still very high, probably 
averaging well over 100 inches per year. The best weather occurs as a rule in the late 
spring and early summer months. The past season was. exceptional in this respect, 
dry weather continuing well into September. Tha precipitation falls as rain in the 
valleys from early in April until near the end of October, and as snow during the 
rest of the year. The temperature is equable, as the <mmmers are cool and in the 
winter the thermometer seldom drops much below zero. 

Heavy snow slides, due to the excessive winter snowfall and the steep slopes, are 
common throughout the district in the late winter and spring month-a. These usually 
follow the valleys, but in places plunge directly down the mountain sides, destroying 
the forest in their course. At some of the mines and prospects the slides are at times 
a -aerious menace. 

WATER-POWER. 

Large streams with steep grades, most of them fed from permanent ice and snow 
fields, are ·available for water-power in every part of the district. At the present time 
only Glacier creek is being utilized, although plants at several other points are pro­
jected. 

GENERAL GEOLOGY. 

The rocks and rock ormations represented in the Portland Canal district are 
classified tentatively as follows, in order of relative age:-

1. Glacial deposits. 
2. Basic dykes. 
3. Felsitic dykes. 
4. Coast Range granitic rocks. 
5. Diorites en. 
6. Nass formation (tuffs, agglomerates, etc.). 
7. Bear River formation (complex series of greenstones). 
8. Bitter Creek formation (dark argillites). 
No fossils were found in the district, and the age of the formations is uncertain. 

The last three are cut by granitic rocks and felsitic dykes, and are, therefore, older 
than the Coast Range batholith usually referred to late Jurassic. 

BITTER CREEK FORMATION. 

The Bitter Creek formation consists of a series of dark argillaceous rocks, well 
exposed on Glacier and Bitter creeks. It is the oldest formation in the district and 
economically the most important. 

Dist?·ibuU.on.-The Bitter Creek slates and slaty rocks are separated from the 
granitic rocks of the Coast Range batholith by the Bear River greenstone formation. 
They appear from beneath the greenstones on Glacier creek half a mile above its 
mouth, and are exposed in ·almost continuous sections to its head, except where cut 
by intrusives. They cover most of the region between Glacier and Bitter creek, and 
extend north of Bitter creek to Mt. Gladstone, near the limit of the area examined. 

• 
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Roclcs.-The Bitter Creek formation is very uniform in composition, consisting 
almost entirely of dark and dark g-rey, often iron-stained argillites. On Bitter creek 
and other places they have a striped appearance, due to the alternation of fine-grainerl. 
dark and coarse greyish layers. They are highly altered, and in places pass into 
lustrous, mica schists. Slaty cleavage is well developed in some sections, while in 
others the principal.partings follow the original bedding planes. 

The argillites include at rare intervals beds of dark grey, finely crystalline lime­
stones, and occasional thin, greyish feldspathic bands, probably tufaceous in origin. 

Structu1·e.-The Bitter Creek argillities have a northwest-southeast strike, approxi­
mately parallel to the eastern edge of the Coast Range batholith, and dip in a south­
westerly direction towards it. This applies both to the original bedding where observ­
able, and to the subsequent slaty cleavage. The dips are low along the western edge 
of the area, but become &teeper going eastward, and in the Mt. Gladstone ridge the 
inclination often approaches verticality. 

Faulting on a small !Scale was ob~ervE> rl in places, b\lt no E>vid!'nce of great breaks 
or overturns affecting the whole formation was obtained. 

Econom·ic Featu1·es.-The Bitter Creek argillities are traversed by numerous quartz 
veins or silicified zones, usually conforming very closely to the dip and strike of the 
enclosing rocks. Large, persistent veins, well mineralized i1i places with metallic sul­
phides, occur south and north of Glacier creek, on Bitter creek, and in other places. 
The veins often parallel felsitic dykes at a short distance, and are occasionally in 
contact with them. 

BEAR RIVER FORMATION. 

This name is applied to a series of altered greenstones lying east of the granitic 
mass of the Coast range and apparently overlying the Bitter Creek argillites: 

Distribution.-The great ridge west of Bear river is formed almost entirely of 
the rocks of thi s formation, north of the granite contact. They also cross the Bear 
River valley and occur on the lower slopes of the elevations east of the valley. The 
rocks in the group of mountains between Bear river and American creek, and in 
tilE> mountains bordering Bear river above the mouth of American creek, although 
differing in some respects, are included in it provisionally. 

Roclcs.-The rocks of the Bear River fm·rr>ntinn "rm~ist mostly of !!"reenstrmeR. 
differing greatly in character and often altered into schists. They probably represent 
an old volcanic complex. The principal rock in the ridge west of Bear river below 
American creek is a massive, rather fine-grained greenstone, usually destitute of 
phenocrysts. It resembles a cliorite in hand specimens, but has not been examined 

. microscopically, and probably consists partly at least of altered fine-grained tuffs. 
Dark, hard argillaceous rocks are associated with it in a few places, and coarse, 
altered agglomerates, holding faintly outlined fragments, occur occasionally in the 
higher slopes of the Bear River ridge. -

Ascending Mt. Dolly opposite the mouth of Bitter creek, the fine-grained 
greenstones are largely replaced above an elevation of 4,000 f.eet by a vari ety sprinkled 
with feldspar crystals. This porphyritic variety is often reddish in colour and is 
traversed by numerous small, branching, reddish veinlets, not conspicuous in the 
compact green variety outcropping below. 

Northward along the ridge the porphyritic variety becomes more important, and 
descends in places nearly to the level of the valley. It is irregular in its distribution, 
and often alternates with and passes gradually into the even-grained green variety. 

In the mountains between American c1'eek a'nd Bear river the same varieties are 
represented, but the proportion of agglomerates is increased, and banas of dark slates. 
and slates and limestones occur at a few points. At the south end of Bear River 
c<~iion a greenstone variety with a ugite phenocrysts covers a considerable area. 
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The rocks of the Bear River formation are altered occasionally by silicification 
into cherta. Large cherty -areas occur north of Lydden creek at an elevation of about 
4,000 feet, and on the slopes of the mountains bounding Bear river on the south above 
the Bear River canon. A red coloured mountain, east of the Bromley glacier 3 
miles above its termination, is formed almost entirely of cherts. The cherts here are 
filled with iron pyrites in grains, ·and the conspicuous coloration is due to their ·.:mr­
face decomposition. The definite classification of the original rocks in this area 
awaits further study, as they differ in some respects both from the Bear River and 
Bitter Greek formations. They are dark coloured but are coarser textured than the 
"Bitter Creek argillites, and include fragmental bands. 

8t?"uctu1'e.-The Bear River formation, although known to be partly at least of 
fragmental origin, is practically massive throughout. It is schistose in a few places, 
-especially in the valleys, but bedding or banding, except where infrequent dark argil­
laceous bands are included, is seldom observable. The original massive, and fine and 
coarse fragmental constituents, have been compacted and altered by the granitic 
invasion and the processes of mountain building into a massive formation, often 
nearly homogeneous except for slight differences in texture, through sections 3,000 
feet to 4,000 feet in height. 

Economic FeatU1'es.-The Bear River formation is well mineralized. The deposits 
{)CCur frequently in the form of lenses or irregular shaped areas, often of large size. 
The principal mineral in these is usually pyrite, occasionally pyrr:1otite. The iron 
-sulphides are accompanied by subordinate and varying amounts of chalcopyrite, 
blende, and galena. The gold and ailver values are often important. 

Veins filled with quartz, -and fissured zones with the country rock partially 
Teplaced by various sulphides are also common. 

NASS FORMATION. 

The Nass formation overlies the massive greenstones of the Bear River forma­
tion. It consists of red, green, grey and dark tufts, agglomerates, slates, and shales, 
.all well bedded, with occasional massive porphyritic bands, probably representing 
flows. It has a limited distribution in the district, occurring only near the summit 
{)f the ridge ·separating Bear river and American creek from the Salmon. Two areas 
were seen, one of limited extent south of Lydden creek, and the other exposed only on 
pointa projecting through the snow which covers the ridge north of Lydden Creek 
valley. Outside the immediate Portland Canal district its area] extent must be con­
-siderable. It occurs, resting on the Bear River greenstones and dipping northwest­
ward at a moderate angle, in the summits of the mountains north of the B ear River­
N ass divide, and eastward towards the N ass ; and the drift brought down by the 
Bromley, Bear River summit, and Salmon River glaciers, and scattered along the 
-valleys, corrsists mostly of the rocks of this formation. 

No mineral deposits of importance have so far been discovered in the rocks of 
the N ass formation in the district. 

DIORITES ( ~). 

A fine-grained greenstone, resembling a diorite in hand specimens, intrudes the 
:slates of the Bitter Creek f ormat ion in a rounded area about 1-1 miles in diameter at 
the head of Glacier creek. A second area, also intruding slates, was traced from the 
g lacier at the head of the North fork of Bitter creek, southward in a generally narrow­
ing band across Hartley gulch to the Bromley glacier. 

The rocks in these areas resemble some of the greenstones· of the Bear River 
formation, and may possibly be of the same age. They are badly altered, too much 
so, in the few sections examined, for ·specific determination, but ·are nowhere crushed 
into schists. 

26-5 
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The Glacier Creek occurrence is cut by numerous moderate sized veins, mostly 
siliceous in character but occasionally containing a calcite or siderite filling. They 
are well mineralized in places with pyrite, galena, blende, chalcopyrite, tetrahedrite, 
stibnite, and other minerals. Promising veins also occur in the area east of Bitter 
creek, especially in the vicinity of Hartley gulch. 

GRANITIO ROCKS. 

The eastern edge of the Coast Range granitic batholith crosses the western angle 
of the district examined, and granitic rocks form the mountairrs bordering the lower 
portion of Bear river on the west. The boundary of the batholith has ·a general 
northwest southeast direction, but is irregular in detail. Near the mouth of Bear 
river it bends southward, forming a large spur, which crosses Bear River valley and 
extends for some di-atance into the mountains east of the valley. 

Granitic outliers in the form of rounded areas and long dyke like masses are 
common throughout the district. A long area, over half a mile wide in places, was 
traced from Mt. Dickie northwesterly down the valley of Bitter creek, and across the 
great ridge bounding Bear river on the west to the Salmon River valley. On Goose 
creek, and at the head of Lydden creek, this area is represented in part by a succes­
sion of wide parallel dykes. Numerous smaller areas occur in the ridge west of Bitter 
creek, in the mountains between Glacier and Bitter creek, and north of the lower part 
of Bitter cre~k. 

The granitic rocks. vary widely in mineral composition. In the main area, the 
principal rock is a greyish, medium grained granodiorite, with biotite as the princi­
pal dark mineral. Two of the outlying areas are gabbroic in character, and varieties 
occur ranging from this ba·aic type through quartz diorites, acid granites, and quart~ 
porphyries, to an acid siliceous rock scarcely distinguishable in hand specimens from 
a quartzite. Quartz porphyries, with numerous rounded quartz grains and occasion­
ally some feldspar phenocrysts scattered through a felsitic ground-mass, are common 
both in dikes and areas. 

The granitic rocks, while fractured and mineralized at a few points, are not so 
important economically as the Bitter Creek and Bear River formation. 

FELSITIC DYKES. 

The grey felsitic dykes which are formed .everywhere in the district cutting the 
Bear River, Bitter Creek, and N a se formations are generally connected with the 
granitic rocks, and were intruded during, or possibly in some cases immediately after 
the granitic invasion. They generally follow more or less closely the bedding or 
cleavage planes of the sedimentaries, but in places cut directly across them. They 
are usually large, often 30 feet or more in thickness, and traceable for long distances. 
On Bitter creek, especially along the southwest side of the Bromley glacier, a succes- · 
sion of large gr.ey dykes, alternating with the dark argillites of the Bitter Creek forma­
tion and running nearly horizontally along the steep valley walls, forms a conspicuous 
feature of the landscape. 

The dyke rocks are usually medium grained, and occur both in a granular and 
porphyritic condition. In composition they resemble the granitic batholithic rocks, 
but are probably more acid, as the dark ferro-magnesian minerals are seldom present 
in quantity. A light coloured quartz porphyry is a common variety. 

The felsitic dykes are often paralleled at a short distance by mineral veins, and 
occasionally are in contact with them. 

BASIO DYKES. 

The youngest rocks in the distri.ct consist of a widespread system of dark grey­
ish, brownish-weathering basic dyk.es. These cut all the older formations, up to and 
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including th~ various granitic varieties. They ar~ smaller than the felsitic dykes, 
seldom exceeding 6 feet in width, and are also :finer grained and darker coloured. 
They have not been studied microscopically, but probably, judging from hand speci­
mens, mostly belong to the diabase group. 

The basic dykes are not mineralized, except by scattered grains of iron pyrite, 
and were intruded after the main era of mineralization. In many instances they cut 
directly across veins and ore bodies without noticeable effect on either themselves or 
the deposit intruded. 

GLACIAL DEPOSITS. 

Below Bitter river the accumulations of the Glacial period in Bear River valley 
are buried beneath alluvial gravels, silts, and sands. Above Bitter creek the main 
valleys are generally :floored with boulder clays and loose morainic material. The 
deposits are very irregular in thickness, and in places have been destroyed and carried 
away by the rapid streams. Clay beds cover an area about a mile in length above 
Bitter Creek valley. They were evidently laid down in a glacial lake, formed by the 
extension of the Bitter Creek glacier · across Bear River valley. 

On the mountain slopes occasional moraines, formed du;ring halts in the reces­
·.sion of the great glacier, occur up to a height of 5,000 feet, while scattered erratics 
were found up to an elevation of 6,000 feet. 

EcONOMIC GEOLOGY. 

The Portland Canal district is remarkable for the widespread character of the 
mineralization it has undergone. This is manifested not only by the number of con­
centrated metalliferous deposits of varying sizes scattered throughout the region, even 
though these are so numerous that practically the whole district has been staked, but 
also by changes in and additions to the principal rock formations themselves. Second­
ary iron pyrite is everywhere present, and silici:fication on an unusually large scale 
has taken place. Large areas-in one instance a whole mountain mass-have been 
altered by this process into hard cherty rocks. 

The district is situated immediately east of the great group of granitic rocks 
which form the central portion of the Coast range, and its mineralization is doubtless 
due to this fact. During the granitic invasion, the neighbouring rocks, both sedi­
mentary and intrusive, were intruded by dykes, crushed and broken and rendered 
permeable to emanations, probably mostly in the form of siliceous waters from the 
cooling magma. These were either originally charged with the various metals, or 
leached them out in their passage through the various rocks encountered and deposited 
them when heat and pressure lessened. · 

The whole district is probably underlaid in depth by granitic rocks, as dykes and 
stocks are numerous everywhere. 

CLASSIFICATION. 

The deposits of the district may be generally grouped into two classes:-
1. Veins (mostly quartz). 
2. Irregular, replacement deposits. 

Quartz Veins.-The quartz veins occur mostly in the Bitter Creek argillites, but 
in some instances were found traversing the massive Bear River greenstones. In the 
argillites they follow, in most cases, long zones of ·fissuring and crushing, often of con­
siderable width, which while enlarging and pinching at intervals along the strike, are 
on the whole fairly regular. The walls are straight and well-defined in plaees, in 
others ragged and irreg:ular. The quartz filling varies greatly in purity in different 
veins and along different portions of the same vein. Fragments of the broken coun-
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try rock are almost invariably present in some quantity, and in places the vein con­
sists of alternating bands of quartz and argillite, or of a brecciated mass of argillite 
·cemented together by quartz. In some instances the line of the vein is marked only 
by stringers and lenses of quartz distributed irregularly through the argillites. 

The veins, with few exceptions, have a general northerly trend, approximately 
parallel to the 'direction of the eastern edge of the neighbouring granitic batholith 
and to the strike of the enclosing: argillites. The dip is usually westward towards 
the granite at angles varying from 20° to nearly vertical. 

Wbile most of the veins are comparatively small, usually ~rom 2 to 4 feet in 
width, a number are exceedingly strong and very persistent. The most notable of 
these is the vein on which the Portland Canal Company's mine is situated, south of 
Glacier creek. This vein, while it cannot be continuously followed, as some stretches 
are concealed and others are inaccessible, is traceable by a succession of outcrops, 
some of considerable length, all following the same ·general 'direction for a distance 
of over 2 miles, and probably extends across Glacier creek to the Sunbeam claim, a 
total distance of nearly 4 miles. The quartz filling may be interrupted in places, 
but it is· practically certain that the line of disturbance is continuous. In places 
several parallel veins are present. The width of the vein is commensurate with its 
length, ranging from 10 feet to over 60 feet, and probably averaging 20 feet in the 
outcrops seeiL The strike of the vein is· northerly, and the dip is westerly at low 
!BUgle!, usually about 30°. 

North of Glacier creek, the o:K., Portland Wonder, George E, and other claims 
are situated on veins following a line of strong £ssuring, traceable for over a mile. 
On the George E, four well-defined veins, the largest 27 feet in width, occur in the 
'fissured zone. These veins are usually considered to be a continuation o:f the vein, 
or series of veins south of Glacier creek, but this, while probable, is· not altogether 
certain, as the 01.1tcrops are separated by a concealed interval about half a mile in 
length. The dips in the veins north of Glaciei· creek are also somewhat steeper, and 
the 'direction is· more easterly. 

Other large quartz veins occur on Bitter creek south of the Bromley glacier. 
The principal metallic minerals in the large quartz veins are pyrite qarrying gold 

values, silver bearing galena, zinc blende, and occasionally notable quantities of native 
silver. Pyrite is always the most abundant mineral present, and in portions of the 
veins is often the only one. Wbere it occurs in masses it is usually associated with 
subordinate quantities of galena, and some blende. 

While practically only a beginning has so far been made in the exploration of the 
large quartz veins, enough has been done to show that the distribution of the metallic 
contents is extremely irregular. The veins are seldom entirely barren, and small 
bunches of ore are common, but concentrations large enough and rich enough to b<:> 
of commercial value are rare. One such deposit is now hoeing worked by the Portland 
Canal Mining Company, and others may be discovered as exploration proceeds. Several 
promising portions of the veins are now being investigated. 

Small and medium sized veins, that is, veins ranging from a few inches to 6 
feet in width, and occasionally even wider, are very common in the Bitter Creek 
slates, in the dioritic area at the head of Glacier creek, and also occur, though less. 
frequently, in the Beiar River greenstones, and in the grnnite. Some of these veins 
are very persistent, one on the Middle 'fork of Glacier creek having been traced across 
three cl-aims, and one on Hartley gulch for over 1,000 feet. Few of them have been 
explored sufficiently to determine their extent, 

The gangue in the smaller veins is more varied than in the larger ones. Quartz 
is nearly always present, and a few of the veins consist entirely of that mineral. 
Others have calcite as the principal gangue, or a mixture of qalcite and quartz, and 
occasionally the filling consists mostly of siderite. 
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The metallic content also show greater variation. In the dioritic area at the 
head of Glacier creek tetrahedrite .in grains, bunches, and small lenses occurs in ·some 
of the veins, associated with galena, pyrite, blende, and stibnite. Lenses and stringers 
of nearly solid galena occur in veins at Bear River ca:iion, and at points east of 
American creek. Chalcopyrite, in bunches and lenses, usually accompanied by pyrite, 
blende, and galena, also occurs in a few croppings. 

The small veins, like the larger ones, ·are, as a rule, irregularly mineralized, 
shoots of ore, usually short, alternating with barren or comparatively barren stretches, 
and the bunchy character of the mineralization has ·already led to some disappoint­
ments. Very few of the veins, however, have had any considerable amount of work 
done on them, and a large number, some with promising outcrops of good ore, still 
await investigation. 

Replacement Deposits.-In the masaive and slightly schistose greenstones of the 
Bear River formation, the ore deposits occur characteristically in irregular, often 
ill-defined masses. A number of red patches, due to the oxidation of these masses, 
are plainly visible from the valley in the mountain slopes bordering Bear river and 
American creek. The shapes are very variable, some are wide and blunt, others 
rounded or elliptical, and a few are elongated, resembling wide irregular veins. In 
some of their features these mineralized areas resemble contact metamorphic deposits, 
but the characteristic contact metamorphic minerals, such as garnet, epidote, augite, 
etc., which invariably accompany such deposits, are never present in quantity, ·and 
are usually altogether absent. Garnet, mostly in disseminated crystals, was seen at 
only two of the croppings visited. 

The gangue in these deposits is mostly the more or less altered country rock, 
although some quartz is usually present, and in places there is a considerable develop­
ment of this mineral. Calcite and barite also occur, but are less common. 

The deposits probably always occur in connexion with lines of fissuring, or, as 
suggested by their irregular outlines, with broken areas, but this ia not always evi­
dent. In some of them the relationship is plain, as they are bounded on one, or 
aometimes on both sides by :fissures, and for portions of their courses, especially\ where 
the replacement is nearly complete, resemble and practically are veins. Traced far­
ther, the space between the so-called walls becomes less well mineralized, and often 
passes into ordinary country rock. Transitions occur from this vein like type, 
through occurrences partially bounded by waHa, to others wholly lacking in definite 
boundaries other than those afforded by the gradual disappearance of the replacing 
minerals. · 

The metallic minerals in the replacement deposits are generally similar to those 
in the veins, except that pyrrhotite is occasionally present in place of pyrite. The 
proportion of chalcopyrite is probably greater on the whole, ·and the proportion of 
galena leas. 

Pyrite, often carrying significant gold values, is usually the principal mineral 
present. The pyrrhotite is always, as far ·as known, low grade. The associated 
minerals are chalcopyrite and galena in varying quantities, and usually a little 
b1ende. The chalcopyrite at the Red Cliff ore body, the only member of this class of 
deposits on which much development work has been done, is distributed in grains, 
bunches, and interbanded with pyrite through the whole mass of the lode, and forms 
a considerable percentage of it. In most of the occurrences examined the copper and 
lead sulphides are present only in portions of the pyritized area, ·and in some are 
apparently absent altogether. 

The ultimate value of these l!!rge mineralized areas cannot safely be predicted, 
a number of them are inviting enough to warrant exploration, while others are hope· 
lessly low grade, on the surface -at least. 
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MINERALOGY. 

The following list includes the most important minerals so far identified:­

Gold.-While no specimens· containing free gold were'collected by the writer, it i:s 
r~ported, on good grounds, to occur in a quartz vein crossing the Ruby claim now 
being developed by the Portland Bear River Mining Company. The vein in places 
assays high in gold. Free gold is also stated to occur in a yellowish quartz vein, from 
4 feet to 10 feet in width, on Gold Bar No. 1 claim, south of Bitter creek, but was not 
positively identified. 

Native Silver.-N ative silver in small blebs and plates enclosed in quartz, and 
in thin flakes and scales ·along partings, occurs in places in the workings of the Port­
land Canal Mining Company, the Stewart Mining and Development Company, on the 
•O.K. claim, and in other places. There is reason to believe that the silver is·, partly 
:.at least, an original constituent of the ores. It often occura in solid quartz, associ­
oated with iron and other sulphides which have undergone no change of ·any kind. 

Iron Pyrite.-This is the most abundant mineral in the district. It occurs in 
-some quantity, and is usually the principal mineral present in all the showings, both 
in the argillites and greenstones. It ·also occurs in grains disseminated through most 
of the rocks of the district. Its gold content is usually important, and in places high 
aEsays for gold have been obtained from it. The silver value is also important in 
places. 

. Pyrrhotite.-Pyrrhotite occurs in veins and large irregular mas·aes in the green­
stones, but is seldom found in veins cutting the argillites. Its tenor in gold is 
usually low. · 

Arsenopyrite.-Arsenical pyrites occurs in some of the veins, but is not common. 

Ohalcopyrite.-This mineral is widely distributed in the district, and at the Red 
Cliff mine constitutes a considerable proportion of the lode. It occurs in veins and 
lenses in the greenstones, in veins in the granite, and occasionally in veins cutting 
the argillites. Except at the Red Cliff no large body has so far been found. 

Bornite.-Bornite is reported to occur on the Rangoon, a claim not examined by 
the writer. 

Malachite and Azurite.-The copper carbonates are conspicuous in some of the 
deposits as stains and incrustations, but do not occur anywhere in quantity. 

Galena.-Lead sulphide is one of the important minerals of the district. It is 
found in some quantity in most of the deposits, its usual associates being pyrite, zinc 
blende, and occasionally chalcopyrite. Veins or narrow lenses of nearly solid galena, 
a few inches in thickness, occur in the Bonanza, Independence, and a number of other 
claims. Most of these appear to be short. 

The galena, besides its lead content, always holds appreciable values in silver. 
The tenor is variable, ranging from a few ounces to over 100 ounces per ton. 

Sphalerite.-Zinc blende is widely distributed in the district, accompanying 
iron pyrite and galena. The percentage present is usually small, but in some in­
stances, notably on the Ajax, is considerable. The discovery of workable zinc deposits 
is not improbable. 

Stibnite.-This mineral is not common. Specimens were obtained from the 
Silver King claim and it is also reported to occur in the Mountain Boy. 

Tetrahed1·ite.-This rich silver mineral, commonly known as grey copper, occurs 
in grains, bunches, and small lenses, in some of the veihs cutting the greenstone area 
at the head of Glacier creek. The principal occurrences are now being investigated. 
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Argentite.-Argentite is reported to occur at a number of points, but was not 
positively identified. Specimens shown as argentite proved on examination to be 
thin plates of tarnished native silver. 

Anthraxolite.-This dark carbonaceous mineral occurs in small quantities in a 
quartz vein on Bitter creek, and also on a claim in the Salmon River district. 

GANGUE MINERALS. 

Quartz.-Quartz is the common gangue mineral of the district, and in the slates 
is often the only one present. It occurs in numerous veins in all the formations of 
the district, and also, though less prominently, in the irregular replacement deposits 
characteristic of the Bear River formation. Large areas of country rock have also 
been silicified. 

In the veins the quartz filling is often marked by long lines of interlocking 
crystals, and in places a concentric arrangement of the crystals around fragments of 
country rock, and occasionally around metallic grains is a prominent feature. 

Oalcite.-Coarse crystalline calcite occurs in some quantity in most of the 
deposits, and in a few of the smaller veins is the principal vein filling. 

Siderite.-Siderite is not common as a gangue mineral, but occurs as the prin­
cipal filling in a vein traversing the Silver King and Evening Sun claims on the 
Middle fork of Salmon creek. 

Ba1·i te.-Veins of nearly pure barite a few inches in width occur on the Waratah 
claim, high up on the slopes of Mount Dolly. It also occurs as a gangue mineral 
in the Mountain Boy lode on American creek, and in other showings in the vicinity. 

Garnet.-Garnet is rare in the camp, occurring, so far as known, only in small 
quantiti~s on two claims, both in the Bear River greenstones. 

Ohlorite.-;-A bright green chloritic mineral is a conspicuous constituent of the 
veins on the George E, O.K., and other claims north of Glacier creek. It occurs in 
blotches and narrow bands up to half an inch in width, following lines of quartz 
crystals. The bands are occasionally straight for short distances, but usually follow 
wavy courses, and in many cases circle round fragments of slate and other impurities 
enclosed in the quartz vein filling. 

This mineral is usually spoken of in the camp as a silver chloride, but is referred 
by Mr. R. A. A. J ohnston, who examined a number of typical specimens collected by 
the writer, to the chlorite group. It appears to be an original constituent of the 
veins. 

Chlorite, sericite, and other micaceous minerals occur largely as decomposition 
products in the replacement deposits of the Bear River greenstones. 

Hornblende.-Secondary hornblende occurs in a few places in the deposits in the 
Bear River greenstone, but is not prominent. 

MAIN FEATURES OF SOME OF THE PRINCIPAL }.fiNES AND PROSPECTS. 

CLAIMS ON GLACIER CREEK. 

Portland Canal Mining C_ompany. 
This Company, under the management of Mr. W. J. Elmendorf, M.E., has been 

engaged for some time in exploring a group of claims near Glacier creek, and has 
succeeded in finding and partially outlining what is at present the most important 
known ore body in the camp. 

Situation.-The Lucky Seven and Little Joe, the two Claims most developed, are 
situated south of Glacier creek about 2 miles east of Bear river. The country fllopes 
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steeply up from Bear river ·and Glacier creek, and at the workings (lower tunnel) 
has an elevation of 2,453 feet above sea-level. 

Geology.-The Glacier Creek basin is occupied principally by the dark coloured 
Bitter Creek argillites, described on a previous page. Near the mouth of the creek 
they are replaced by the Bear River greens tones, and between the South and North 
forks are intruded by an important diorite mass. The argillities are seldom contorted 
H crumpled except in the vicinity of the vein, and have a fairly regular westerly dip. 
The general strike is a few degrees west of north. 

Vein.-The vein explored forms part of a long :fissured and silici:fied zone trace­
~· ble for over 2 miles, which follows the upper part of Glacier creek on the east and 
continues up the South branch. At the workings the :fissured zone has a width in 
places of over 30 feet. It is irregularly silici:fied, and consists of quartz often :filled 
with metallic sulphides and usually holding fragments of slate, alternating with par­
tially silici:fied and unaltered slates, and brecciated slates cemented by quartz. Usu­
ally there is a persistent central quartz mass from 2 to 6 feet in width, bordered on 
both sides by small quartz lenses and veinlets which diminish in size and frequency 
outwards. The boundaries are occasionally definite walls, but similar walls often occur 
in the interior of the vein, and simply mark subordinate lines of :fissuring. Ordinarily 
the limits are known only by the disappearance of the quartz. Following the strike 
the proportion of quartz in the vein varies greatly. The amount present is doubtless 
a measure of the completeness of the :fissuring and shattering suffered by the slates 
in any particular part and the relative ease with which they were infiltrated and 
repla~ed by the ore-bearing solutions. 

The dip of the vein is westerly, and is comparatively low, somewhat less than 30°. 
The strike is about 25° west of north. Both dip and strike conform closely to that 
of the enclosing argillites. 

Wo?"kings.-The vein outcrops on a steep hill side, and has been openeu up by 
three tunnels driven along the strike of the vein. The drifts wind considerably, a 
witness to the difficulty experienced in following the ore in the wide, gently dipping 
lead. 

The upper or No. 1 tunnel has a length of 190 feet. It follows a practically con­
tinuous ore body for a distance of 100 feet, beyond which the sulphides which carry 
the values occur in a condition too disseminated to constitute co=ercial ore.-

No. 2 tunnel is situated 110 feet easterly along the vein from No. 1, and has a 
length measured along its curving course of 180 feet. A narrow band! of ore was 
followed from the portal for a distance of 30 feet. A low grade stretch of 30 feet 
succeeds this, beyond which good ore was encountered and followed for 60 feet. A 
second waste stretch 30 feet in length occurs at this point, after which ore reappears, 
and continues to the present breast of the tunnel, a distance of about '35 feet. 

No, 3 tunnel, 170 f€et northeasterly ·along the vein from No. 2, is much the 
longest of the three, but shows the least ore. It has a total length, following the bends, 
of nearly 500 feet. · Owing to the contour of the surface, the vein outcrops consider­
ably east of the probable. extension downwards <if the ore bodies found in the upper 
tunnels, and no ore is exposed for the first 140 feet, and no large continuous body until 
near the end. The last 40 feet, and the face, were in ore at the time of my visit, and 
the vein for some distance before reaching the ore body contains disseminated sul­
phides in considerable quantities. Ore also occurs in a short cross-cut to the south 
150 feet from the portal, and in a second cross-cut to the east 120 feet farther on. 
The extent of these ore bodies is still unknown. , 

No. 3 tunnel is connected with No. 2 by an upraise 65 feet in length, on a slope 
of 45°, and an upraise from No. 2 to No. 1 was under construction when the mine 
was examined. · 
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Ores.-The Portland Canal ores consist mainly of auriferous pyrite, associated 
with varying but much smaller quantities of silver bearing galena, some blende, and in 
:portions of the vein a little native silver, most of which appears to be primary. The 
galena at times is interbanded with the pyrite, but as a rule is scattered somewhat 
irregularly through it in grains and small bunches. The sulphides, while occasion­
ally occurring in almost solid masses, are usually scattered more or less densely 
throught a siliceous, sometimes a slaty matrix. Fragments of slates are also frequently 
enclosed in the ore. The values are mainly in the sulphides, and when the propor­
tion of sulphides present drops below a certain point, difficult to estimate but probably 
somewhere between 10 per cent and 20 per cent, the vein ceases to be profitable. 

The ore shows little oxidation and secondary minerals are unco=on. 

Ore Bodies'.-The ore body or bodies-as pr.obably more than one is present­
extend beyond the present development work, and are stil:l imperfectly outlined. 
The ore occurs in flattened masses, usually from 2 feet to 6 feet, but occasionally 
8 or 10 feet in thickness, and' probably averaging about 4 feet. The masses never 
occupy the full width of the vein, and while fairly regular in their extension, occasion­
ally jump along cross fissures to higher or lower positions in it. 

In No. 1 tunnel a practically continuous ore body has been followed for 100 
feet. The two lower tunnels enter and penetrate for some distance near their ends, 
what is considered, and probably is, an extension downward of the same sulphide mass. 
This would indicate an ore body at least 200 feet in length, following the dip of the 
vein, with both ends stil1 unknown, and a known width at one point of 100 feet. 
Open-cuts in the croppings of the vein above No. 1 tunnel, all showing bands of ore 
from 2 to 4 feet in thickness, indicate an extension of the ore body, or at least of simi­
lar ores, upwards along the dip of the vein for a further minimum distance of 250 
feet. The extension downward below No. 3 tunnel can only be ascertained by further 
development workJ . 

In No. 2 tunnel a second important sulphide mas·a, 60 feet in length and over 8 
feet thick in the central portion, was encountered. It is separated in the tunnel level 
from what may be considered the main ore body by a sparingly mineralized stretch of 
30 feet, ·but may be connected with it above. It is exposed in the upper part of the 
upraise from No. 3 tunnel, but soon leaves it, -as its dip is less than the slope of the 
raise. The two ore bodies found in cross-cuts from No. 3 tunnel, referred to above, 
may represent its downward extension, but the connexion has not been traced. 

It is still an open question whether the various bodies of ore exposed in the work­
ings form a continuous irregular mass with low grade patches, or consist of a num­
ber of separate ore bodies in close proximity. While many thousands of tons of ore 
are unque·ationably present, any even approximate measurement of the amount is 
impossible until development work is more advanced. 

Values.-The mine has been ·well s-ampled by the management and the values are 
fairly well known. They are in gold, silver, and lead, and usually •aggregate from $11 
to $12 per ton. The gold usually varies from 0-12 to 0-30 ounces, the silver from 5 to 
·25 ounces, and the lead from 3 per cent to 12 per cent per ton. 

The following results of the ·sampling, selected from a large number of assays, 
are fairly t ypical of the general run of the ore :-

Gold. Silver. Lead. 
oz. ozs. per cen t. 

Fa.oe of No. 2 tunnel , Sept. 4, width 5 feet . . . ... . . .. 0-16 6·6 13 
Slope in No. 2 tunnel, w1dth 6 feet .. .. ...... . .. ... 0·16 9·00 6 
Face of No. 3 tunnel.. 00 00 • • 00 00 .. 00 00 00 00 00 00 0·24 15·2 3·9 
A sample of waste from No. 2 tunnel gave . .. .. . .... 0·02 1·46 nil 

The following assays by Mr. J. H. Marston, ·assayer for the Company, are inter-
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esting as showing the tenor of the different sulphides in the precious metals. The 
material used wa·a as pure as could be obtained:-

Bl,~nde ...........• · ................. · . · . · · · · · · · 
•• •• •• •• •• •• •• •• •• •• •• •• •• oo •• oo I •• •• •• •• 

P;r;ite ............ ......................... , .. .. 

Galena:: :: :: :: : : : : ·: ·. '.'. '.'. :: :: :: :: '.'. :: : : : : : : : : : : 

Gold. Silver. 
oz. 

•. 0·10 
•• 0·10 
•• 0·30 
•• 0·30 
•. O·Hl 

ozs. 
5·20 
3·00 

13·50 
20·00 
85·00 

Equipment.-Preparations are now almost completed for working the mine in an 
economical manner. An aerial tramway, used both to bring the ore down and supplies 
and other material up, has been constructed from No. 3 tunnel to the valley of Bear 
river, where a mill to concentrate the ore and separate the lead and iron sulphides 
has been erected. Glacier creek near by furnishes an excellent water-power, and this 
is med to operate the mill, and will also be used for the electric lighting and com­
pressor plant.s in course of installation at the time of my visit. 

The following description of the mine equipment was kindly furnished by Mr. 
W. J. Elmendorf, engineer and general manager. 

'" Portland Canal Mining Company, Limited. Head Office, Duncan, B.C. 

' The concentrating mill of the Company is located at Glacier creek, about 3! 
miles north from Stewart. The mine is reached by a trail about 3 miles in length 
from that point, and is about 2,250 feet above tide-water. 

'Water-power for the operation of the mill and air compreSBing plant is taken 
from Glacier creek by a flume 3 feet by 4 feet inside measurement and about 1,100 
feet in length. Water rights to the amount of 2,000 miners inches are held by t.he 
Company. 

'Concentrating Mill.-This is advantageously located on a hill-side millsite, and 
has a nominal capacity of 50 tons daily. The crushing machinery consists of a Stur­
tevant crusher, 2 pairs of Allis-Chalmers rolls and a slow speed Lane Chilean mill. 
The concentrating machinery includes four 4 compartment Abeling jigs, 1 each Wil:fley 
and Overstrom tables, and 2 suspended type Allis~Chalmers 6 foot rvanners. Settling 
tanka -are provided for the slimes. The sizing is done by three trommels of the new 
sprocket driven type, and a very complete system of hydraulic classifiers. Especial 
attention is paid to the careful sizing of the ore. 

' A short conveyer belt carries the ore from the crusher to the storage bin, which 
in turn feeds the first set of rolls by means of a revolving feeder. 

' The ore is supplied to the mill by a covered chute, and this, with the two ore 
bins in the mill, furnishes a ·storage capacity of about 400 tons. 

' Power is supplied by a 6 foot and 3 foot Pelton wheel working under a head of 
100 feet. The larger wheel can be used to drive all the mill machinery, but the 
smaller can be connected with the jigs and tables in order to ensure constant speed 
for these machines. Its principal use ia to drive the generator for the electric light­
ing of all the buildings. 

' The conveying, crushing, and screening machines are ampla for a mill of double 
the present capacity, ·and were installed with the contingency of an increase in the 
concentrating machines in view. Just what these will be, and in what number, will 
be determined by the behaviour of the present installation. 

'Large bim; for the concentrates are provided, and these fill from pipes and 
launders, thus avoiding the handling of any of the mill products, the middlings and 
tailings ·also being distributed automatically. 

' The aerial tramway which connects the mine with the mill is of the Bleichert 
type, and was made by th~ Trenton Iron Works. It is H miles in length, and of a 
17 per cent grade. About 900 pounds of ore can be loaded into each bucket, of which 
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there are 26. A round trip is made in a little les·a than an hour, and the power for 
operation is furnished by gravity alone, the loaded buckets on one side bringing the 
empties and whate>er mine supplies may be needed up on the other. 

' The air compressor is a D-2 type Canadian Rand compound machine of 5,20 
cubic feet free air per minute capacity. This is installed at the ·mill, and is direct 
driven by~ 6 foot Pelton wheel. The air is conveyed to the mine by a 4 inch pipe line. 

'An office, assay-office, and boarding house have recently been completed at a 
cost of about $7,000. These buildings are commodious and comfortable, a bath and 
many other conveniences being included in the men's quarters. 

' The Company has expended more than $150,000 in development and improve­
ments in the past two years.' 

Jumbo, :Ben :Bolt, Etc. 
The fissured, silicified zone on which the Portland Canal mine is situated extends 

up Glacier creek, and a number of claims, including the Jumbo, Ben Bolt, Chicago 
Nos. 1 and 2, and others have been located on it. These claims are now under bond 
to the P acific Coast Exploration Company, and preparations are being made to explore 
them. A trail t o the Jumbo was built during the past season, a bunk house and 
other buildings erected, and the Company late in the season was in -a position to begin 
mining. 

The vein on the Jumbo and Ben Bolt, the two claims at the southern end of the 
group, is exposed in a series of quartz cliffs, continuously traceable for a distance 
of 2,000 feet. The vein here is very strong, portions of it having an estimated thick­
ness of fully 75 feet. It consists, as usual, of quartz holding fragments of slate, 
brecciated slates cemented by quartz, and silicified slates. Partially altered green­
stone dykes, evidently apophyses from an intrusive mass which outcrops a short dis­
tance to the east, also occur in it in places. 

The workings consist of some open-cuts along the base of the line of quartz cliffs. 
The mineralization is irregular, and in most of the vein consists only of dissem­

inated grains of pyrite. In a few places masses of pyrite, holding some galena and 
zinc blende, several feet in thickness, are exposed. The extent of these is now being 
investigated. 

On Chicago No. 1 and No. 2 the vein, where exposed, has a thickness of from 20 
to 25 feet, and is fairly well mineralized with pyrite, intermingled with a little galena. 
It looks promising in places, and deserves attention. The workings consist only of 
a short tunnel, and a couple of open-cuts. 

Gipsy. 
This claim is in the group owned by the Portland Canal Mining Company. It 

contains a vein about 3 feet in width, which is supposed to be a branch from the 
main zone of mineralization, but has not been actually traced into it. Its direction 
is nearly east and west, and the dip is southerly at an angle of 60°. 

The Gipsy lead, while narrow, is traced for several hundred feet , and carries 
good values in places at least. The ore, mostly pyrite, galena, and blende in a quartz 
matrix, taken from a shaft sunk on the vein, assayed over an ounce in gold and 10 
ounces in silver. 

CLAIMS NORTH OF GLACIER CREEK. 

0. K. Fraction. 

The 0. K. Fraction is situated on the western end of a fissured zone traversmg 
the Bitter Creek argillites, traceable from Glacier creek eastward through a number 
of claims, and generally considered to be an extension of the Portland Canal lead. 
On the 0 . K. ground two quartz veins 60 .feet apart are .Present, and quartz stringers 



SUMMARY REPORT 77 

SESSIONAL PAPER No. 26 

Qccur in the country between. The main vein strikes 10° east of north, and dips 
to the west at angles of from 45° to 70°. In places it is a well-defined quartz vein 
from 2 feet to 6 feet in width, while in others the quartz is intermixed with consider­
able slate. 

The workings, which consist of a tunnel driven along or near the lead for a dis­
tance of over 150 feet, show no commercial ore. Native silver occurs in the croppings 
{)f the vein at several points. · 

Little Wonder. 

This claim adjoins the 0. K. Fraction on the east, and is being explored by the 
Portland Wonder Mining Company. The fissured zone from the 0. K. passes into 
and crosses it. The workings consist of a shaft, a cross-cut tunnel 150 teet in length 
to the lead, and a drift of 150 feet along it. Some sulphide ore carrying good values 
occurs in the shaft, and bunches were also encountered in the drift. The manage­
ment intend extending the drift 300 feet farther in order to undercut a portion of the 
vein said to carry good gold values in the surface showing. 

Stewart 'Mining and Development Company. 

This Company owns a· group of claims stretched along a continuation of the same 
fissured zone outcropping on the 0. K. and Little Wonder. A large amount of explor­
atory work has been done on the George E., one of the claims in the group, and 
several of the others have been prospected by surface cuts. 

The argillites in the vicinity of the lead are much disturbed and dip steeply to 
the west. They are traversed by a number of dykes belonging both to the felsitic pre­
mineralization and the basic post-mineralization seri.es. In crossing the felsitic dykes 
the leads become restricted, and at times are represented only by stringers of quartz. 

The fissured and crushed zone on the George E. has· a width of over 350 feet, 
and includes four well-defined and nearly parallel quartz leads, one on the western 
and the other three on the eastern side of a deep narrow canon which crosses the 
claim. The workings are situated in the bottom of the canon, and consist of a cross­
cut tunnel to the east, which cuts tne three leads on the eastern side of the canon 
known as Nos. 1, 2, and 3 veins, at distances of 50 feet, ·140 feet, and 300 feet, and 
drifts along the leads of 60 feet, 120 feet, and 200 feet respectively. No. 4 vein on 
the western side of the canon outcrops in the valley, and has been drifted along for 
some distance. 

The veins have a general direction of N 12° E, and dip to the west at angle81 
varying from 40° on the western or No. 4 vein to 80° in the eastern or No. 3 vein. 
Nos. 1 and 2 veins have dips of 55° and 45° respectively. 

The eastern or No. 3 vein is the largest of the group, having a width in the 
tunnel of 27 feet. On the surface 200 feet above, its width is reduced to 7 feet. It 
consists of quartz, sometimes nearly pure but usually holding fragments of or alter­
nating with the broken country rock. Some calcite is also present. No. 1 vein has a 
width of about 4 feet, No. 2 of 6 feet, and No. 4 of 8 feet. 

:. The portions of the vein explored are all lightly mineralized, mostly with iron 
pyrite in grains and bunches, occasionally a little galena, some blende, and native 
silver. Specimens often yield high assays in silver an~ gold, but in general samples 
the values are low, seldom much exceeding $4 per ton. The veins look inviting and 
fully warrant the expenditure incurred, even if the persevering efforts of the manage­
ment have not yet been attended with success. 

The Main Reef. 
The Main Reef claim is situated some distance north of the Stewart group, near 

the junction of the argillites with the Bear River greenstones. The vein explored is 
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narrow, in places practically a single, well-defined line of fissuring, bordered by 
crushed slates. It overlies a large, westerly dipping granitic dyke, which forms the 
foot-wall of the vein in portions of its course, and in others is separated from it by 
a few feet of argillite. 

The vein or fissure has a general direction of N 10° E, but curves slightly along 
its course, and it has a westerly dip of from 30° to 50°. It has been explore'd by a 
drift for a distance of 240 feet. Near the mouth a small ore shoot up to 30 inches 
in width and about 40 feet in length was encountered, and light mineralization con­
tinues to the face. Near the end of the drift small bunches of galena in a calcite 
gangue occur in the fractured slates. 

The ore consists of pyrite, galena, and blende in a calcite gangue. Four tons of 
picke'd ore, shipped, yielded:-

Gold, 0·7 ounce; silver, 20·94 ounces; lead, 23 per cent. 
Several other showings on the claims have been prospected, one situated at the 

base of the same large felsitic dyke which underlies the main lead. This consists of 
4 to 5 feet of silici:fied slates, mineralized with pyrite, blende, and some galena and 
chalcopyrite. 

· Tyee. 

The Tyee is situated on the Main Reef trail from Bear river at an elevation of 300 
feet above the valley. The argillites here are cut by a granitic stock, an'd the showing 
occurs in fractured granite. The development work consists of a shaft, filled with 
water at the time of my visit, and an open-cut 40 feet to the north. ·Three feet of 
shattered and partially silici:fied granite, holding considerable pyrite and occasional 
bunches of chalcopyrite, are exposed in the cut . . ' 

Silver :Sow Group. 

These claims are situated, on the upper waters of Maude gulch, a tributary of 
Glacier creek. The argillites here are interbarided with altered greenstones, which 
are probably intrusive into them. The principal showing seen occurs in Maude gulch, 
at an elevation of 2,850 feet, and follows one of the greenstone bands. 'l'he lead is a 
strong one, the massive greenstone being fractured and irregularly silicified and 
mineralized for a width of 10 to 15 feet in places·. Pyrite in small lenses, bands, 
and scattered grains is the principal mineral present. Associate'd with it are small 
quantities of blende, galena, and tetrahedrite. The lead is traceable along the creek 
for fully 700 feet. The workings consist of a couple of shafts, and some open-cuts. 

Some work was done on this lead during the past season by the Silver Bow Mining 
Company under bond, but the values obtained 'did not come up to expectations, and 
the bond is reported to have been thrown up. 

A galena showing on the west branch of Maude guleh was also investigated by 
the same Company. It occurs in argillites, and consists of a narrow vein of galena 
and blende, about -6 inches thick, where widest. It proved ti> have little permanence. 

Northern :Belle. 

This claim is situated west of the glacier from which the North fork of Glacier 
creek issues, at an elevation of 3·175 feet. Only a little stripping has been done. 
This exposes an oxidized lead 5 to 6 feet in width, made up of quartz and slate, and 
mineralized with pyrite and smaller quantities of chalcopyrite. The latter often 
occurs in small solid masses several inches across. The lead has an east-west strike, 
and dips to the south at an angle of 40°. It is exposed for a distance of 50 feet. 
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CLAIMS IN BASIC INTRUSIVE AREA AT THE HEAD OF GLACIER CREEK. 

Columbia and Evening Sun. 

These two claims, one south and the other north of the Middle fork of Glacier 
creek, are being explored by the Lordigordy Mining Company. A vein, usually nar­
row, but sometimes 6 feet to 8 feet in width, striking about N 30° E, occurs in both 
claims, and is supposed to be continuous, but is concealed where it crosses the creek, 
and for some distance on either side. The vein is usually rather sparingly mineral­
ized, but contains occasional narrow shoots, up to 8 inches in width, of rich ore made 
up of fine and coarse-grained galena, running high in silver, tetrahedrite, blende, and 
pyrite. Two of these shoots, one on the Columbia at an elevation of 450 feet above 
the creek, and the other on the Evening Sun at an elevation of 600 feet, are now 
being investigated. The vein filling consists mostly of siderite and calcspar, usually 
intermixed with more or less of the crushed and schistose country rock. Small ship­
ments of high grade ore have been made from the claims. 

Silver King. 

This claim, owned by Andrew Nelson, adjoins the Evening Sun on the north· 
east, and the vein on the latter has been traced into it for a distance of 300 feet. The 
vein has been drifted at several p~ints. It is irregularly mineralized, most of it 
E:paringly, but a couple of small shoots of ore are exposed in the workings. The 
minerals present include galena, blende, stibnite, tetrahedrite, and pyrite. The 
principal gangue mineral is siderite. 

Katherine Claims. 

This claim is situated near the glacier at the head of the North fork of Glacier 
creek, at an elevation of 3,400 feet. It is one of a group owned by the Rush Port­
land Mining Company. A vein from 1 to 3 feet in width occurs on the claim, 
and has been followed by a drift 87 feet in length at the time of my visit. Open-cuts 
exposed the vein for a further distance of over 100 feet in a southeasterly direction, 
and it is also traceable from the portal of the drift northwesterly for some distance. 
The gangue is siliceous, !and the metallic . minerals present include ordinary and 
araenical pyrites, galena, blende, and tetrahedrite. The principal values are in 
silver. 

~jax. 

This , claim, situated on the east side of the South fork of Glacier creek, about 
700 feet ·above the valley bottom, is being examined by the Pacific Coast Exploration 
Company. An oxidized zone, striking nearly east and west, and dipping to the north, 
about 25 feet wide, occurs on the claim. A portion of the zone, near the hanging wall, 
from 5 to 6 feet in width, is well mineralized with pyrite, zinc blende, and some 
galena. The showing is being explored by a drift, only in 30 feet at the time of my 
visit. 

Excelsior. 

This claim was visited by Mr. Malloch, who furnishes the following description:­
The Excelsior claim is situated on the spur between the Middle and the South 

forks of Glacier creek, and the main showings occur within a few hundred feet of the 
ice field which feeds the glacier descending to the head of the South fork. 'Tiwo 
veins occur Jabout 100 feet apart and striking approximately north and south. The 
eastern vein is about 2 f.eet in width and is well mineralized with galena, zinc blende, 
and subordinate amounts of grey -copper in a gangue of siderite. Specimens from the 
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·capping are reported to have assayed 300 ounces of silver to the ton. This rvein dips 
at abont 65° to the west. The second vein strikes more to the northeast and south­
west than the first and the dip is nearly vertical. The maximum width observed was 
18 inches. The same minerals are present, but there is rather more zinc blende and 
less galena. Some shallow pits had been sunk on the veins, but comparatively thick 
-deposits of morainic material would have to be removed before the continuation of 
tbe veins for any considerable distance ·in either direction could be demonstlJated. 
Numerous quartz veins were seen on this claim, striking generally east and west, but 

·-except for a few copper stains no indications of economic minerals were observed. 

CLAIMS ON BITTER CREEK. 

:Black :Bear Group. 

These claims are situated southwest of the Bromley glacier, the source of Bitter 
ereek, 2! miles above the snout of the glacier, and 10 miles above the mouth of Bitter 
ereek. They were the cause of considerable excitement for a while last season, owing 
to the spreading of exaggerated accounts in regard to the ·aize and richness of the 
leads which cross them. 

The rocks along the southwest side of the Bromley glacier consist mainly of the 
-dark grey Bitter Creek argillites. They are less; altered than on Glacier creek, are 
{)ften striped and include occasional .tufaceoua hands. They strike nearly north and 
south, and dip regularly to the west at angles of from 38° to 40°. 

A prominent feature of the geology is the number of large greyish felsitic dykes 
which alternate with the dark argillites. They run nearly horizontally ·along the bare 
steep mountain slopes and look like a succession of sills. They CQnform, as a rule, 
very closely to the dip and strike of the argillites, but occasionally cut across them at 
a considerable angle. The series of brownish weathering, dark, bm;ic, post-metal­
liferous dykes are also well represented. 

The leads consist of crushed and silicified zones of various size·a up to 15 or 20 
feet in width, which, like the dykes, follow closely the dip and strike of the argillites. 
The principal croppings occur on Gold Bluff No. 2 claim, at a height of 600 feet 
above the glacier, and about 3,700 feet above the sea. The lead at the point examined 
eonsists of about 15 feet of quartz and silicified argillites, holding considerable iron 
pyrite in places. A red zone, usually inaccessible ·and in places concealed by wide 
slides, outcrops t1t intervals along the. mountain side, at about the same height, for a 
distance of half a mile or more, and probably represents the extemion of the lead. A 
number of smaller showings occur at various other points in the vicinity, some of 
which are sparingly mineralized with chalcopyrite and galena in addition to the 
pyrite. 

The pyrite in the main lead where examined is gold bearing, but the values are 
too low to constitute it a commercial ora under present circumstances. It is, how­
ever, only accessible at one or two points, and it is possible that in other portions of 
its course better values may be present. No exploratory work has been done on it. 
Good looking float occul'!l in soma abundance along the foot of the slopes, but the 
source of this has so far not been determined. 

Old Chum Group. 

These claims are situated about a mile up Hartley gulch, a steep mountain tor­
rent which joins Bitter creek from the east, three-fourths of a mile above the ter­
mination of the Bromley glacier. The principal showings occur on Old Chum No. 
2 claim, ·and consist of three fis·aured and mineralized zones in a space of 130 feet, 
traversing slates in a direction a few degrees south of east. The centre lead is about 
4 feet wide, and is made up of quartz and decomposed and reddened slates. 'The 
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slates bordering it are broken ·and pyritized for some distance. It contains galena 
1n grains and bunches, and iron pyrite. The pure galena carries 80 ounces in silver 
and $2 in gold per ton. The south lead is seamed with quartz stringers for a width 
of 15 feet, and mineralized with iron and a little chalcopyrite and blende. The north 
lead is about 6 feet wide, and minaralized chiefly with pyrite. The workings consist 
only of some surface cuts insufficient to indicate the extent or importance of the 
deposits. 

L. L. and H. Group. 

The claims in this group are situated on the side of Hartley gulch a short dis­
tance below the Old Chum group. The argillites here are intruded by greenstones, 
and are contorted and broken in places. The principal showings occur on the Union 
Jack and Famous claims, ·and consist of three nearly parallel lines of fissuring, one 
of which, the centre one, is traceable along the precipitous slopes which border the 
valley for a distance of about 1,000 feet. The width of the fissured and partially 
silicified and altered zone varies from a few inches to 6 feet. The mineralization is 
irregular, and consists mostly of iron with some arsenical pyrites. Small quantities 
of galena and chalcopyrite are also present in places. The py;ite carries significant 
gold and small silver values. A coarse-grained variety yielded $8 in gold and $1.38 in 
silver per ton, and better returns have been obtained from selected samples. 

The upper lead has a width of over 10 feet and carries considerable galena. It 
has not been traced out. 

The claims have only been staked recently, and with the exception of a short 
cross-cut tunnel into the foot-wall of the upper lead no work has been done on them. 

Roosevelt. 

The Roosevelt is situated on the North fork of Bitter creek near the bottom of 
the valley, about a mile aboTe its junction with the main stream. The Bitter Creek 
argillites, which form the country rock in the vicinity, are cut and disturbed by 
numerous dykes referable to three periods. The oldest set is much altered, and con­
sists of greenstones, probably of the same age as the intrusive area at the head of 
Glacier creek. These are cut by large greyish felsitic or granitic dykes·, and later by· 
brownish-weathering basic dykes. 

The main lead occurs below one of the greenstones dyke and has been followed 
by a drift for a distance of 70 feet. It consists of 5 feet of broken and silicified 
country rock, carrying some pyrite and cbalcopyrite. The mineralization diminishes 
towards the end of the drift. A small lens of good chalcopyrite ore has also been 
uncovered above the dyke. A good trail to the claim was built during the summer, 
and a bunk house erected, but little mining work was attempted. 

Bitter Creek Mining Company. 

This Company owns a group of thirteen claims situated -along a small stream 
which enters Bitter creek from the north, immediately below the North fork. Some 
work has been done on the Cupron and Swede-American No. 14. The latter is situ­
ated above the timber line, at an elevation of about 4,000 feet above the sea. A lead 
about 12 feet wide, which occurs on it, has been drifted for a distance of 45 feet. It 
consists of crushed and broken argillite~, often partially decomposed, seamed with 
numerous irregular veins of quartz and calcite. The metallic minerals present are 
galena, blende, and iron pyrite. The pyrite is stated to carry good silver values. 
The lead is a strong one and seems worth following up, although no continuous body 
of commercial ore is exposed in the present workings. 

26-6 
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·The Gupron showing is situated lower down the creek at an elevation of 1,650 
feet above sea-level. It outcrops in the creek bottom,. and is exposed for a distance 
of 60 feet. The lead has a thickness of about 5 feet, and consists of a broken slate 
gangue, with bunches and stringers of quartz and calcite, well mineralized in places 
with chalcopyrite, galena, and pyrite. A . cross-cut tunnel to intercept the lead in 
depth has been started but not completed. 

Gold Bar No. 1. 

This claim is situated south of Bitter creek about a mile above its mouth, and at 
an . elevation of 1,000 feet above it. It contains a quartz vein, which follows the 
ragged contact between a granite area and the Bear River greenstones which it in­
trudes. The quartz vein has a width of from 4 to 10 feet, and is stripped at intervals 
for a distance of 150 feet. It contains some disseminated iron pyrites, and weathers. 
to a yellowish colour. It is stated to carry fair gold values, but no assays were seen. 

A second quartz vein, or a continuation of the first, outcrops on the Blue Belle 
No. 1 claim 400 feet to the south. 

. CLAIMS IN RIDGE WEST OF BEAR RIVER AND AMERICAN CREEK. 

International Portland Mining Company. 

This Company owns a group of eight claims situated on the ridge west of Bear 
river, opposite the mouth of Bitter creek. Three of the claims, the :Mammoth, Dun­
dee, and Ben Lomond, were prospected during the summer. 

The :Mammoth showing, as exposed in ·an open-cut 500 feet ·above Bear river, 
consists of a fissured zone about 18 feet wide, cutting an argillaceous band enclosed 
-in the Bear River greenstones. At the south wall of the zone the slates are crushed 
and decomposed for a width of 3 feet, and mineralized somewhat sparingly with pyrite, 
galena, and blende. Good values are reported from this portion of the lead near the 
surface. 'A tunnel 50 feet lower down the slope follows the same crushed zone for a 
distance of 40 feet. The same minerals are present, but in smaller quantities. 

The Dundee showing is situated some distance north of the :Mammoth, at an 
elevation of 850 feet above Bear river. It occurs in the same argillaceous band as 
the :Mammoth, and consists of the broken country rock, seamed for a width of about 
10 feet with small irregular quartz veins. Pyrrhotite, pyrite, blende, and a little 
galena are present. 

The Ben Lomond is situated much higher up the mountain slope, at an elevation 
of about 2,300 feet above B€ar river. The country rock here is th~ tBear River green­
stones, altered in places into a light coloured schist. Irregular areas of the green­
stones are heavily charged with pyrite, and bright r.ed and yellow patches due to its 
oxidation are traceable along the mountain side for over half a mile. Some quartz 
in bunches and veins occurs in the mineralized areas, and chalcopyrite has also been 
found in several places, but so far not in commercial quantities. Exploratory work 
was commenced ]ate in the season, and consists only of surface cuts. 

Red Cliff Mining Company. 

This Company owns a group of six claims and some fractions, situated along 
Lydden creek. This stream cuts a deep gash in the Bear River ridge west of the 
forks of American and Bear creeks, then bending ·aouthward, flows for some distance 
before joining Bear rilVer, parallel with it and in the same valley. The mountain 
ridge west of the valley rises in steep cl iffy slopes at an angle of fully 55 °, and on the 
bare sides the red oxidized zones and patches which first attracted the attention o£ 
the prospectors are clearly outlined. 
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The country rock in the vicinity consists altogether of the Bear River green­
stones, here a dark green, even-grained, massive appearing rock, without recogniz­
able phenocrysts. It is considerably altered, and in the lower tunnel lines of schis­
tosit;1 have developed in places. It is cut by granitic dykes, and by later brownish­
weathering basi0 dykes, neither of which :hav~ any evident 'connexion with the min­
eralization. 

The Red Cliff claim, on which nearly all the development work has been done, iE\ 
situated near the southern end of the tier of claims, and while west of Lydden creek 
is practically in the Bear River valley ana easily accessible. The principal croppings 
occur near the base of the mountain, commencing 60 feet above Lydden creek and 
about 900 feet above sea-level, and consist of lenses of sulphide ore slightly oxidized 
on the surface ·and clearly traceable up the mountain slope for a distance of about 
400 feet. The surface outcrop·a show two main lenses striking in a southwesterly 
direction, and separated by a barren stretch 100 feet in length measured along the 
slope. The lower lens has a width of from 5 to 25 feet, and the upper of 3 to 8 feet. 

A tunnel has been driven into the lower lens, proving the ore body for a distance 
of about 70 feet. The full length is not known, as the tunnel bends to the right and 
leaves it. At the portal the ore body has a width of 5 feet, and 50 feet in, a mini­
mum width of 15 feet, with the left wall still concealed. The drift cuts the lens 120 
feet below the ·highest part exposed on the surface. ' 

The upper lens has not been worked. It is narrower than the lower one, and 
contains a smaller proportion of chalcopyrite. Other smaller lenses occur in the 
vicinity. 

The lenses or ore bodies are irregular in outline, and are only occa·aionally 
bounded by definite :fissured walls. While probably deposited along zones of weak~ 
ness, this is not evident either on the surface or in the workings. Fissure·a occur in 
their vicinity, some crossing and apparently younger than the ore body, but are not 
more numerous or better marked than in places showing little mineralization. · 

The gangue matter is mostly the altered country rock, usually silici:fied to some 
extent, and seamed in places with small irregular quartz veins. Some calcite is also 
present. The metallic minerals are chiefly pyrite and chalcopyrite, with a little zinc 
blende. The chalcopyrite occurs -in grains, small solid bunches, and in narrow bands 
alternating with the pyrite; ·and both the pyrite and chalcopyrite contain varying 
gold, and ·amall silver values. -

About 200 tons of ore have been taken from the workings. The copper tenor of 
this is estimated at from 4 per cent to 5 per cent, and the total values in copper, 
gold, and silver at about $20 per ton. 

· During the past season the principal work in the Red Cliff mine consisted in 
driving a long tunnel designed to undercut the ore body at a depth of 280 feet below 
the upper workings. The tunnel passe-a below Lydden creek at a depth of 60 feet, 
and when completed will have a length of about 1,300 feet. Reports received since 
leaving the camp state that ore has been reached at about the estimated distance. 

The mine is equipped with a 10 drill air compressor, two 60 horse-power boilers, 
and an electric lighting plant. A power plant on Lydden creek is projected. 

A number of other showings, some seemingly important although little or no 
work has so far been done in them, occur in the tier of claims owned by the Red Cliff 
Mining Company. Ascending Lydden creek a large patch, reddened irregularly ·and 
fully 100 feet acro·as, occurs at the top of a steep talus slope ne-ar the junction of the 
Red Cliff and Little Pat claims. The mineralization is more scattered than in the 
Red Cliff showing, and consists mostly of pyrite, with some chalcopyrite in spots.' 
The average values ·are not known. Farther up Lydden Creek canon an outcrop of 
ore on the Montrose claim has excited considerable interest on account of the high 
gold value-s it contains. The exposure, as seen in the cliff rising up from the valley 
bottom, has a length of 35 feet, and a minimum width of 15 feet, and consists of the 

26-6~ 
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country rock more or less completely replaced with quartz and pyrite. Some galena 
and copper carbonates occur along the inner wall. Assays of over $100 per ton in 
gold have been obtained from the pyrite in this ore body. Other wide croppings 
occur farther up the valley in the same line, and also on the opposite side of the . 
canon a short distance lower down. 

Ouray and :Big Casino. 

Exploratory work on these claims was commenced last season by the Big Casino 
Mining Company. They are situated on the ·same mountain as the Red Cliff, but 
farther up Lydden creek and at a much! greater elevation, the altitude at the Big 
Casino workings, as registered by the aneroid, being 3,140 feet above sea-level. A 
zigzag pack trail up the steep mountain to the showings was completed during the 
summer. 

The Ouray showing occurs in a fissur.ed zone, about 15 feet wide where best seen, 
traversing the Bear River greenstones in a southeasterly direction, and· dipping to the 
northeast, The lead has been stripped for a distance of 200 feet. It consists of the 
fissured country rock, sparingly silicified and mineralized with galena, pyrite, and 
some chalcopyrite in scattered grains and bunches. 

The Big Casino showing has a width of 35 feet, and has been stripped for 60 feet. 
It contains considerable quartz, and is mineralize'd with pyrite, chalcopyrite, and 
bunches of galena. A drift along the lead had just been started at the. time of my 
visit. 

Initial Group. 

This is situated south of Big Casino group on the same mountain, but towards 
the Goose Creek slope, at an elevation of 3,1.35 feet. A band of granitic rocks and 
quartz porphyries runs northwesterly from Bitter creek up Goose creek and across to 
the Salmon river, and the main showing occurs near the northern junction of this 
with the Bear River greenstones. The showing consists of two mineralized zones, 
one 6 to 12 feet in width, and the other up to 25 feet in width, separated by a felsiti~. 
dyke. The leads strike N 30° W, dip towards the granitic belt, and) are irregularly 
mineralized with pyrite, chalcopyrite, and galena. Very little work has been done 
on them, 

Red Cliff Extension. 

The Red Cliff extension is situated high up on the slopes of the mountain north o£ 
;Lydden creek, at an altitude of 3,500 feet above the sea. The rocks here, as at the 
Red Cliff, are the Bear Riwer greenstones. Higher up on the mountain they ·are over-. 
laid by the tuffs and agglomerates of the N ass formation. The greenstones are tra­
versed by a zone of fissuring running nearly east and west. This has been opened 
up by two surface cuts about lOO feet apart, and 100 feet lower down the slope an 
exploratory drift along the lead has been started. The lower cut exposes a small lens 
of good chalcopyrite ore. At the upper cut the fissured country rock is largely 
replaced, for a width of 12 feet, with quartz, often red and jaspery, and calcite, and 
carries some pyrites, and small quantities of galena and chalcopyrite. 

Mountain :Boy. 

This claim is one of the oldest in the district, having been staked in 1902. It 
forms one of a group now under bond' to the Pacific Coast Exploration Company, and 
is situated in the lowflr slopes of the mountain ridge, bordering~ American creek in 
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the west~ about 4 miles above its junction with Bear river. The rocks here, while 
referred to the Bear River formation, are more porphyritic than usual, and are often' 
reddened irregularly. They are slightly schistose in places. 

The showing occurs at the top of a steep tal us slope, at a height of about 1,000 feet­
above the valley bottom and 2,200 above the sea, and is a somewhat imposing one, as 
the fissured and broken country rock for a width of about 25 feet is almost completely · 
replaced by a mass of quartz, calcite, and barite, which projects along the surface­
in a pinnacled cliff. The lead strikes nearly east and west, and dips to the south at an 
angle of 50°. Traced up the steep hill it soon becomes less well defined, and the pro­
portions of secondary minerals present gradually diminish. The extension of the lead: 
downwards towards the valley is buried beneath slide material. , 

The Pacific Coast Exploration Company was occupied most of the season in the­
necessary preliminary work of trail building, erecting winter quarters, etc., and had 
not commenced actual mining at the time of my examination. The old workings con­
sist of a tunnel about 100 feet long, which starts on the lead, but soon leaves it and 
then bends gradually round to the left in an effort to pick it up again. It affords 
little information. 

The metallic minerals present consist mostly of zinc blende, galena, pyrite, and 
chalcopyrite distributed somewhat sparingly in grains, veinlets, and small bunches 
through a mixed gangue of quartz, calcite, and partially altered country rock. The_ 
deposit, as a whole, is low grade so far as explored, although fair assays, mostly i~ 
silver, are reported from portions of it. Some good ore occurs along a cross fissure 
which cuts the lead 75 feet above the portal of the tunnel. 

Several parallel zones -of mineralization, all somewhat similar to the one just 
described, occur in the vicinity. 

CLAIMS IN MOUNTAUi'S BETWEEN BEAR RIVER AND AMERICAN CREEK. 

Bonanza. 

The Bonanza claim is situated between Bear . and American creeks, about a mile 
above the junction, and at an elevation of 400 feet above it. The showing occurs in a 
band of slates enclosed in the Bear River greenstones, and consists of a narrow vein 
made up of brecciated slate and quartz, holdi!ig a small seam of nearly solid galena 
from 2 to 5 inches in thickness. The galena seam is exposed on the surface, and in a 
pit sunk on it for a distance of 40 feet. An open-cut, 75 feet farther north-northwest 
along its strike, shows the lead, but it is here less well mineralized. 

The galena occurs in a coarse, cubical condition and is associated with a little 
chalcopyrite, blende, and pyrite. The pure galena is stated to give values of $90 in 
lead and silver. 

Catchem. 

The Catchem claim is situated east of American creek, about 2-! miles above its 
forks with Bear river, and the showing on it is very similar to that on the Bonanza. 
The country rocks consist of a band of argillites and tuffs in the Bear River greenstones. 
Some of the beds contain considerable lime in small lenses following the bedding 
planes. These weather readily, and on exposed surfaces the rock has a honeycombed 
appearance. 

The lead or fractured zone has a width of 5 or 6 feet, and contains on the hanging 
wall a seam of nearly pure, mostly fine-grained galena up to 6 or 8 inches in thickness. 
This is followed by 2 feet of broken country rock, carrying some galena in small 
stringers· and bunches. The workings are insufficient to define the extent of the deposit 
either in strike or depth. A long tunnel to undercut the lead at some depth has 
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been started but not completed. Assays of the ore show from 45 ounces to 107 
ounces in silver per ton, while one exceptional specimen is said to have run several 
hundred ounces. 

Ruby No. 2. 

This claim was not seen by the writer, but was examined by Mr. Hayes. It is 
situated on the Bear River slope of the ridge 'between Bear river and American creek, 
at an elevation of about 2,'700 feet above the sea. The rocks in the vicinity consist 
mostly of the greenstone agglomerates of the Bear River formation with some included . 
slaty bands. A quartz vein from '7 inches to 2 feet in width, and traced by surface 
stripping for 250 feet, occurs on the claim. The quartz contains considerable iron 
pyrite, and in places assays high in gold, returns of several ounces per ton having been 
obtained from selected specimens. The vein is now being investigated by the Portland 
Bear River M'ining Company. 

CLAIMS ON BEAR RIVER ABOVE AMERICAN CREEK. 

Independence. 

This claim is situated in the Bear River caiion, a constricted portion of Bear 
River valley, a mile and a half above the American Creek forks, and was explored 
during the past season under bond by the Bear River Caiion Mining Company. The 
showing occurs in a band of slates, tuffs, and limestones enclosed in the Bear River 
greenstones. · These are traversed in a nearly north and south direction by a well 
marked line of fissuring which follows closely the strike of the rocks. The fissure has 
been drifted on for a distance of 140 feet. A lens of nearly solid galena, with some 
blende about 8 inches in thickness which outcropped on the surface, was cut through 
in a distanee of 20 feet. A second lens, consisting mostly of blende with some galena, 
was encountered at 50 feet and followed for 12 feet, and beyond that the fissure proved 
!barren. A shaft at the mouth of the tunnel followed the galena lens down to a depth 
of 15 feet when it disappeared. 

Similar narrow lenses of galena ore, on what seems to be the same line of fissuring, 
oceur north of Bear river on the Victor claim, but have not been investig:ated. 

Bear River Mining Company. 

This Company was engaged during the season in prospecting a group of claims 
situated south of Bear river, some distance above the Bear River caiion. The country 
rocks consist mostly of fragmental greenstones often silicified over large areas, and 
are referred to the Bear River formation. Reddish oxidized zones and patches, some 
of eonsiderable extent, are numerous in the vicinity. One of these on the New York 
claim was opened up by a short drift. It consisted mostly of pyrrhotite distributed 
irregularly through the country rock, and associated in places with a little chalcopyrite. 
The mineralized mass has a width of over 30 feet. Its length was not determined. A 
second mineralized mass fully 30 feet wide occurs in the London claim; iron pyrite is 
the principal mineral present. The gangue, mostly the al:ered country rock, contains 
garnets in disseminated crystals. 

Float chalcopyrite ore occurs in some quantity in the wash of a glacial stream 
which deseends from the mountains, a short distance east of the London claim. The 
region at the head of the stream is exceedingly precipitous and difficult to expl~re, and 
the source of the ore has not been definitely determined. 

THE SALMON RIVER DISTRICT, 

Before leaving the Portland Canal district, a couple of days were spent on the 
Salmon river, where promising discoveries of ore were reported, in company with Mr. 
H. B. Williams, M.E., manager of the Salmon Glacier Mining Company, one of the 
companies operating there. 
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Transportation into this district at present is by no means easy. A rough boggy 
horse trail has been cut up the valley for a distance of 8 or 9 miles, from which point 
supplies and other materials needed are packed on men's backs to the foot of the 
Salmon River glacier, a distance of about 4 miles, along the glacier for several miles, 
then up the steep mountain side to the various camps. 

Salmon river parallels Bear river on the north, the two streams being separated 
by a long mountain ridge, and empties into Portland canal near its head. . It is a 
swift, branching stream, usually from 75 to 100 feet in width where confined, and a 
length to the glacier at its head, measured along the valley, of about 12 miles. Its 
grade averages 40 feet to the mile. An important tributary heading in or passing 
through several large lakes joins it from the east 9 miles above its mouth. 

The glacier at the head of Salmon river is a large one, its width averaging over 
a mile. Salmon river heads with a branch of the Nass, and the glacier extends across 
the summit and flows for some distance down a tributary of the latter, its total length 
probably exceeding 12 miles. Its principal feeder is a large ice stream, which joins 
it almost at right angles, from the west, at the summit. 

The Salmon River valley, like Bear River valley, is, in the lower 10 miles of its 
course, a wide, straight, flat bottomed glacial trough, partially filled with alluvial 
gravels, sands, and silts. Above the forks a long spur projects into the valley from 
the west, bey{)nd which the flats resume and continue to the moraines at the foot of 
the glacier. 

Rocks.-The rocks exposed along the Salmon River valley up to the foot of the 
glacier consist mainly of the granites and granodiorites of the Ooast Range batholith. 
These are replaced east of a line running diagonally across the valley near the foot of 
the glacier by greyish green rocks, sometimes massive but usually in a more or less 
schistose condition, the lines of schistosity striking nearly north and south and dipping 
to the west. They resemble the more schistose varieties of the Bear River formation, 
and may represent an altered phase of that formation. A narrow band of crystalline 
limestone is included at one point. 

A wide band of dark, almost black argillites crosses the valley of the East fork 
about 3 miles above its mouth. The argillites are younger looking than the green­
stone schists, and apparently overlie them, but the relationship was not clear in the 
exposures seen. 

Granitic dykes and stocks are numerous along the valley east of the main bath­
o]ith, and a series of later post-metalliferous basic dykes similar to those in the Bear 
River valley are also well represented. 

Mineralization.-The showings seen occur altogether in the greenstone schists, 
and consist mainly of reddish coloured oxidized zones and areas, some well-defined 
and with a regular trend, and others very hazy in outline. A series of these oxidized 
patches some 100 feet or more across, was followed along the valley, east of the glacier 
anrl at an elevation of about 1,000 feet above it, for a distance of over 2 miles, and 
they are reported to extend up the valley for several miles farther. Well marked lines 
of fissuring occasionally traverse, or partially or wholly bound the mineralized areas, 
and, in a few instances, they have the regularity of veins, but in most cases the bound­
aries are marked only by a sudden or gradual cessation of the mineralization. 

The oxidation is shallow, the unaltered sulphides usually being found immediately 
beneath the surface. 

The metallic minerals in the showings consist largely of pyrite, associated in 
places with galena, chalcopyrite, and blende. The principal nlues are in silver, gold, 
and lead, no large copper deposits having so far been found. The silver tenor of the 
galena is reported at about 50 ounces per ton, and $19 in gold per ton has been obtained 
fl'om the pyrite. -
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The principal gangue is the altered country rock usually more or less silicified but 
~eldom entirely replaced. Some calcite is also occasionally present. 

lV01·lcings.-During the past season some exploratory work, mostly surface cuts,. 
was -done on a few claims by the Salmon River Glacier Mining Company and the· 
Golden Crown Mining Company. The work, while too limited to afford conclusive 
results, has proved the existence of several ore concentrations certainly worth further· 
exploration. 

The Salmon River Glacier Mining Company hold four claims situated on a 
hummocky ridge bordering the Salmon River glacier on the east, at an elevation of 
about 1,300 feet above the glacier, and 3,400 above the sea. The showings consist of 
mineralized zones traversing the greenstone schists, which form the country rock in an 
approximately :m:orth and south direction. The zones are well mineralized and carry 
pay values in places, at least, but the persistence of these values /along the strike and 
in depth still remains to be demonstrated. 

Several of the zones were trenched across and sampled during the season by Mr. 
H. B. Williams, engineer and manager for the Company. A cut on the }.fartha Ellen 
claim saopled for 29 feet yielded, according to Mr. Williams, 0· 34 ounces gold, 2 ·1 
ounc'?S silver, 3·6 per cent lead, and 0·2 per cent copper. A second cut in the same 
claim 49 feet in length, sampled for 10 feet, yielded 0-45 ounce gold, 13-8 ounces 
silver, 27·6 per cent lead, and 1·1 per cent copper. A cut on the Glacier claims yielded 
along a 10 foot stretch 0-26 ounces gold, 4-0 ounces silver, and 11·2 per cent lead. 
These values are about equal to those in the ores mined by the Portland Canal 1-fining 
C0mpany. 

Farther southeast along the mineralized belt are the claims, over 30 in number,. 
held by the Golden Crown Mining Company. Some preliminary work has been done 
on the Rambler, Buena Vista, Province, Big Missouri, and a few others. A well­
defined vein occurs on the Rambler, the filling consisting o£ quartz and the brecciated 
country rock mineralized with pyrite and some galena. On the Buena Vista a red 
oxidized hill top has been drifted for a distance of 36 feet. The minerals present consist 
of pyrite, with some galena and blende and occasional specks of chalcopyrite. A general 
sample along the tunnel is stated by the management to have yielded $16 per ton in 
gold, silver, and lead. The extent of the deposit is still unknown. At the Big 
Missouri, the cliffy hillside is reddened and irregularly mineralized, mostly with 
pyrite, for a width of several hundred feet. The :fiace of the hill has been stripped 
for 100 feet and a tunnel driven in 35 feet. The tunnel passes through 8 feet of goodi 
looking ore, beyond which it penetrates oxidized and pyritized schists. The ore 
minerals are pyrite, chalcopyrite, galena, and blende. Veinlets and bunches of calcite, 
and some quartz occur in the gangue. A tunnel has been started lower down the slope 
tc explore the deposit in depth. · 

The Portland No. 2 claim is situated farther down the glacier near the south­
eastern end of the known mineralized: belt and is being opened up by the Portland, 
s~.lmon River syndicate. A strong lead striking S 20° E, and dipping to the east at 
a high angle, occurs on the claim. The lead is bordered on the east by a felsitic dyke 
altered and sparingly mineralized near the contact, and on the west by green schists, 
and has a width on the surface at one point where cut across, of 14 feet. A section 
across the bottom of the cut shows 8 feet of nearly solid galena, followed by 6 feet of 
mineralized and silicified country rock passing near the dyke into nearly pure quartz. 
The galena, according to Mr. Williams' sampling, assays from 25 per cent to 45 per 
cent in lead, from 13 ounces to 16 ounces in silver, and from $1.20 to $2.10 in gold. 
A general sample from the silicified portion of the vein yielded $1.10 in gold, 6 ounces 
in silver, and 5~ per cent lead. 

'fhe galena is only exposed in the cut. It narrows above, and the workings are· 
not sufficient to determine whether it occurs in a large bunch or short lens in the 
lead, or persists for some distance along it. The lead at a second cut 150 feet to the· 
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south shows little galena, but contains fair gold and silver values, a general sample 
yielding 0·38 ounces in gold and 3·2 ounces in silver per ton. Preparations are now 
being made to drift along the lead from a point 300 feet south of the main: galena 
showing. The country falls rapidly in that direction, and the drift at the showing will 
ha"te a depth of 150 feet. 
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TOPOGRAPHIC WORK IN THE PORTLAND CANAL DISTRICT. 

NoRTHERN BRITISH CoLUliBIA. 

(G. B. Malloch.) 

Topographic work in connexion with the geological smwey of the Portland Canal 
district, by Mr. R. G. CMcConnell, was begun early in June, and continued until near 
the end of September. Signals erected by the Canada-Alaska Boundary Commission 
were used as a base for a system of triangulation extended so as to control a large 
part of the valleys of Bear river and its tributaries. Thirteen dozen photographs 
were secured from the triangulation points to record the main features of the topo­
graphy, and compass and telemeter surveys were run of the wagon road, trails, and 
some of the streams ·in the thickly wooded portions of the valley where their positions 
could not be determined by means of the photographs. An endeavour was made to 
fix the positions of all mines, tunnels, and important prospects, but the latter were 
so scattered, and their number was so large that it was found another season's work 
would be necessary to secure data for an adequate mining map of the district: The 
area in Canadian territory at the head of the Salmon river, and the valley of 
Marmot river, remains to be done, as well as the upper parts of the valleys of Bear 
river and its two principal tributaries, American and Bitter creeks. A sketch map 
of the district has been prepared for publication in the Summary Report. It is based 
Qn the traverses without photographic control, but it is hoped that the distances between 
points will prove roughly correct. The prospects are indicated by crosses, and the 

· i!alient topographic features by broken contours. 
The writer's thanks are due to many mine foremen and prospectors who often 

went to a great deal of trouble to point out prospects on their properties, and evinced 
a desire to help the work in any way possible. 

Mr. S. D. ·Robinson proved an efficient and painstaking assistant. · 
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(W. W. Leach.) 
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During the past season work was confined chiefly to the vicinity of the Bulkley 
valley; the greater part of the time being spent in connecting up the work of past 
seasons-both geological and topographical-with the idea of collecting sufficient 
information to complete a map now under compilation. This map will include the 
greater part of the Bulkley valley from Hazelton to ·a point about 20 miles north 
.of Aldermere, as well as parts of the adjoining country. 

Great activity has been evidenced in prospecting this district, and it is hoped 
that, on the completion of the Grand Trunk Pacific railway, which traverses the 
valley, many mines, both coal and metalliferous, will be opened up. 
· A few days were spent in the vicinity of Kitsalas, where a hurried examination 
was made of ·some of the mineral properties there. 

Every facility for the examination of the various properties was extended to the 
writer by the respective managers and owners. 

Field work was carried on from the end of May until the end of September. It 
<Jonsisted chiefly of more or less detailed examinations of the most important proper­
ties, and an attempt to correlate the geological features of the various isolated dis­
tricts examined in previous years. 

The main topographical work done was the connecting up of the transit triangu­
lation of past seasons, and this again with the British Columbia land surveys and the 
railway survey. The triangulation was supplemented by panoramic sketches from all 
1ltations occupied. Pace and compass traverses were run on practically all the travelled 
trails i~ the district. 

Material aid in the work was rendered by Mr. S. E. Slipper, who acted as 
assistant. 

LOCATION AND ARBA. 

The Bulkley river is the most important tributary of the Skeena, entering that 
Tiver from the southeast about 150 miles from its mouth. The town of Hazelton, the 
present commercial headquarters of the district, is situated at the junction of the two 
rivers, at the head of river navigation of the Skeena, which is carried on with con­
siderable difficulty by a number of small stern-wheel steamboats. From Hazelton, a 
fair wagon road extends up the Bulkley valley to Aldermere (56 miles) and beyond, 
from which many trails branch off on either side. The area under examination 
includes the valley of the Bulkley for a distance of about 75 miles from its mouth, 
and extends back from the river for from 15 to 35 miles on both sides. 

The village of Kitsalas is situated at the foot of the canon of the same name, 
.on the Skeena river about 60 miles below Hazelton. 

PREVIOUS WORK. 

Dr. Dawson in his report on 'An Exploration from Port Simpson to Edmonton' 
(Report of Progress 1879-80) briefly reviewed the geology of part of this district; 
while Mr. Wm. Fleet Robertson, Provincial Mineralogist for British Columbia, 
visited the mineral properties of the Telkwa in 1905 (Report of Minister of Mines 
for British Columbia, for 1905). Apart from these reports, nothing has been written 
eonceming the geology of this country with the exception of the summary reports, 
1906-1909, and the preliminary report on Telkwa river and vicinity by the writer. 
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SUMMARY AND CONCLUSIONS. 

In general, the geology of the new districts visited this year, shows little varia­
tion from that of the neighbouring localities described in previous summary reports .. 

Rocks of the Hazelton (Porphyrite) group in all cases predominate in areal 
distribution, while a number of new areas (in most cases small) of the Bulkley 
eruptives were noted. Only one new area of the coal-bearing Skeena series was. 
examined; it contains a number of coal seams; but it is doubtful if their quality 
is sufficiently good or the seams large enough to permit of coal-mining on a com-
mercial scale. · 

A small area of Tertiary sediments · was noted on Driftwood creek, being the­
first occurrence of these rocks seen in the district. They contain seams of lignitic coal 
which have been prospec.ted to a certain extent during the past season; the results. 
obtained, however, do not give much promise that they will be of value. 

A number of coal claims have been staked, and a little work done on some black 
carbonaceous shales, containing streaks of coal, which occur low down in the Hazelton . 
group, and outcrop at intervals for 30 miles along the lower reaches · of the­
Bulkley river. It seems highly improbable that workable coal seams will be found in 
these shales. 

As noted in previous reports the chief mineral deposits occur near the contact 
between rocks of the Hazelton group and the Bulkley eruptives, either in, or alongside 
of dykes from the latter, in fissures around the peripheries of the intrusive masses, 
or in sheared and crushed zones in the eruptives themselves. It seems clear, there­
fore, that i.t is in the immediate vicinity of these intrusive rocks that prospecting 
should be most thoroughly carried on. 

Few new discoveries of note were examined during the past season, but prospectors 
are penetrating farther into the mountains every year, and vague reports were heard 
of the finding of new mineral bearing localities; notably on the Rochers Deboules 
mountains, the headwaters of the ·Suskwa river, and Babine lake. 

The silver-lead claims on Ninemile and Fourmile mountains, near Hazeltop., were 
the centre of activity of the district, the various properties being energetically pro­
spected and some development work being done. 

A trial shipment of about 5 tons of ore was made from the Lead King, while the 
Silver Cup and Sunrise mines had jointly about 15 tons sacked and ready for ship­
ment. 

GENERAL CHARACTER OF THE DISTRICT. 

The country is on the whole mountainous, although it is intersected by many 
comparatively wide and fertile valleys: such as those of the Bulkley, Kispiox river, 
and parts of the Skeena river and of Babine lake. The greater part of the district. 
examined is drained by the Bulkley river, the largest tributary to the Skeena, which 
ocupies a wide valley with many open or slightly timbered areas, which are rapidly 
being settled. To the south and west, the watershed between the Bulkley and tht» 
Kitseguecla and Zymoetz rivers consists of the Rochers Deboules mountains and the 
Hudson Bay mountains respectively; both of these are large isolated blocks of 
mountains, reaching elevations of from 7,500 to 8,000 feet, and are cut off on all sides 
by low valleys. 

To the east and north, the Babine range divides the waters of the Bulkley from 
those of Babine lake. This range reaches its greatest height to the northeast of Hazel­
ton, the highest peaks attaining elevations of 8,000 feet. About 10 miles above 
Hazelton the Suskwa river enters from the east, taking its rise in a comparatively 
low pass (3,500 feet). Southeast of the Suskwa the Babine range reaches heights of 
from 6,000 to 7,000 feet; until in the neighbourhood of Moricetown (30 miles from 
Hazelton), a region of much lower timbered ridges is met with, gradually rising again 
to culminate in a group of high, rugged peaks, in which head Twobridge, Driftwood, 
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and Canon creeks-the chief tributaries of the Bulkley from the east-north of the 
Suskwa. From this point southeast the range gradually diminishes both in height 
.and width. 

The valleys of the Skeena and the Bulkley, and of the lower portions of the 
Suskwa and Telkwa rivers are, for the most part, terraced, and the rivers have in 
many cases cut through the ancient valley floors forming secondary, deep, canon-like 
channels. This is particularly noticeable on the Bulkley, which flows in a · canon for 
nearly 30 miles from its mouth, with a total fall of about 1,000 feet in this dis­
tance. 

The country is, on the whole, well wooded, the principal trees being spruce, poplar, 
jack-pine, balsam, and birch with a little hemlock and cedar. 

GENERAL GEOLOGY. 

TABLE OF FORMATIONS. 

1. Quaternary . . . . ... . . ..... _Glacial deposits. 
2. Tertiary ..•.. . ...... .. ... Sandstone, conglomerate, 

( Oligocene ~) shale and coal. 
3. Tertiary? ................ Bulkley eruptives. 
4. Lower Cretaceous ........ Skeena series (coal-bearing). 
5. J urassic ................. Hazelton group. 

DESCRIPTION OF FORMATIONS. 

Hazelton Group.-These rocks were originally named by Dr. Dawson the 'Por­
phyrite Group' ; but this name was abandoned last year as being somewhat mislead­
ing. Where originally met with by Dr. Dawson, in the FranQois Lake ·district and 
on the Skeena near Kitselas, they consisted almost exclusively of porphyrites; where­
as in the vicinity of Hazelton, tuffs, sandstones, and shales, are extensively Q.eveloped. 

Generally speaking, it may be said that to the south, this formation is built up 
almost entirely of flow rocks, chiefly andesites, massive, and with characteristic dark 
red and green colours. At the top of the series, a few thin beds of fossiliferous sand­
stones and shales appear, a number of fossils from which have been determined to be 

·Df J urassic or early Cretaceous age. These are over lain directly by the coal-bearing 
Skeena series, so that in the Telkwa River district little difficulty was encountered 
in separating these two formations in the field. On travelling northwards, however, 
it was found that these flows gradually thinned out, and were replaced by a consider­
able thickness of tuffs and tufaceous sandstones, although a few of the andesite beds 
extended as far north as Hazelton.. Locally, these tufaceous beds are known as sand­
stones, and where altered near the contact with intrusive masses, as quartzites. A 
number of thin sections of these rocks were examined microscopically by Dr. G. A. 
Young, and in all cases were found to be of volcanic origin. 

The best section available of these t 11faceous rocks is to be found in the canon 
of the Bulkley, from Hazelton to Moricetown, where, although the strata are highly 
folded and faulted, it is hoped that a fair estimate of their minimum thickness may 
be obtained. 

Well down in the series, and' intercalated with beds of purely volcanic material, a 
series of sediments occur which do not exceed 150 feet in thickness, but which are of 
importance, inasmuch as several beds of black carbonaceous shale, with thin streaks 
of coal contained therein, have been mistaken for coal, and many coal claims located 
on them. From the evidence on hand it seems improbable that workable coal seams 
occur in these shales. Typical exposures of these rocks can be seen in the Bulkley 
canon near the mouth of }.{ud creek, and about 2 miles above the mouth of Boulder 
creek. A few fossils were coll~cted from these beds, but they were so imperfectly 
preserved that it wHs found impossible to identify them. The similarity of these 
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serliments to those of the coal-bearing Skeena series, and the great amount of dis­
turbance that the strata have been subjected to, entails very careful study before an 
opinion can be expressed as to the horizon of any given outcrop. 

In the Babine range, at the headwaters of Driftwood canon, and Twobridge 
c ... eeks, the rocks of the Hazelton group consist chiefly of dark reddish, and greenish 
andesites, very similar to those seen on the Telkwa river, with this difference, how­
ever, that in the Babine they show, nearly everywhere, a certain amount of 
schistosity, whereas on the Telkwa they are always massive. This schistosity is also 
very apparent on the Bulkley rive~, in the neighbourhood of the mouth of Twobridge 
creek. 

Roughly speaking, rocks of the Hazelton group underlie about four-fifths of the 
area under consideration, and, with the exception of the above mentioned shales and 
sandstones, are, as a rule, readily distinguishable from the other formations present. 

From the Morice river northward to the vicinity of Moricetown they consist 
almost entirely of ·thick beds of massive, fine-grainetl andesites (usually either dark red 
m· green in colour), but with some beds of tuff. From Moricetown to Hazelton the 
tufaceous beds predominate; which are generally rather fine-grained, and hard, and 
show well-defined bedding. They are usually light in colour with prevailing greenish 
tints. 

Skeena Se1·ies.-This series is · of great economic importance, inasmuch as all the 
known coal of commercial value is contained therein. The strata consist essentially 
of rather soft; thin-bedded shales and sandstones, the former, in places, carrying many 
clay-ironstone nodules and holding a number of coal seams. At the base of the series 
there is usually found a bed of coarse, crumbly conglomerate, but this, though fairly 
persistent, is not always present. 

Owing to the disconnected nature of the exposures and the seeming lack of con­
tinuity of the beds, a complete section of these rocks has never been obtained. I t 
seems pro.bable, however, that their total maximum thickness is in the neighbourhood 
of from 600 feet to 800 feet. A number of fossils (chiefly plants) collected at various 
times, have been determined by Mr. Lawrence Lambe and Mr. W. J ; Wilson, and show 
the age of these beds to be lower Cretaceous, and about equivalent to the Kootenay 
series of the Crowsnest pass. 

The Skeena series is apparently conformable with the Hazelton group, and the 
line between them must be rather arbitrarily drawn, the coarse conglomerate already 

·mentioned being r~arded as the base of the Skeena series. 
These beds occur in a number of comparatively small patches in various widely­

separated localities, being folded in with the harder, underlying volcanics. TheJe 
small isolated areas seem to be remnants of one or more large fields, which, owing to 
favourable circumstances, have escaped denudation. It is only in the valleys and low 
country that these rocks are now to be found, erosion having completely removed them 
from the higher ridges and mountains. The most important coal-bearing areas are 
situated on the Telkwa river and the headwaters of the Morice, which have been 
described in previous reports. Other impo-rtant localities where they have been noted 
are on the Shegunia and Kispiox rivers. The only new area. examined this season is 
situated on the Bulkley river near the mouth of Boulder creek, about 21 miles above 
Hazelton, where the beds occur in the form of a shallow, synclinal basin, with a 
number of minor undulations, the river cutting across it diagonally. The greatiest 
width of this trough is probably, not more than H miles, with a length of about 41 
miles. The only outcrops occur in the banks of the river so that it is a matter of 
some difficulty to define the boundaries definitely. To thle north the coal-bearing beds 
are cut off by a granitic intrusion, while at the southern extremity there is a faulted 
contact with rocks of the Hazelton group. A number of small coal seams have been 
uncovered here and a little prospecting has been undertaken. 
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Bulkley Eruptives.-These rocks, consisting chiefly of granodiorites and diorita 
porpbyrites, have evidently played an important part in the deposition of the various 
mineral deposits in the district, since it is in the immediate neighbourhood of these 
intrusive masses that all the principal ore bodies have been discovered. 

Numerous areas of these eruptive rocks are found at various points in the dis­
trict, almost invariably accompanied by more or less mineralization near their con­
tacts with the intruded volcani.cs. Among others examined during the past season 
is a comparitively small but important area situated on the headwaters of Tuchi 
river: a stream rising in the Babine mountains, and following easterly. to Babine 
lake. It is near and along the contact of this granitic mass with tufaceous rocks and 
argillites of the Hazelton group that the claims of the Babine Bonanza Mining and 
Milling Company, as well as many others, are situated. Other important areas occur 
on the Bulkley river near Gramaphone creek, in the Babine mountains at the head of 
Sharp creek, and in the ~ochers Deboules mountains at the head of Boulder and 
Porphyry creeks; as well as the areas mentioned in previous summary reports on the 
Telkwa river, and on Ninemile, Sixmile, and Twentymile mountains. The rocks of 
this group vary greatly in texture and appearance, but are, as a rule, rather coarse 
grained, porphyritic, and grey in colour, although in a few localities pink colours 
prevail. 

Nothing definite is known of the age of these rocks except that they are younger 
than the Skeena series; dykes from them cutting the coal measures at a number of 
places. They are here provisionally classified as Tertiary. · 

Tertiary Sediments.-On Driftwood creek (which enters the Bulkley about 
45 miles above Hazelton), 2 or 3 miles above the Hazelton-Aldermere road crossing, 
a small area of soft conglomerates, sandstones, and shales occurs. Some of these beds 
contain many plant impressions, often well preserved, a number of which have been 
identified by Mr. W. J. Wilson as 'clearly belonging to the Tertiary formation, and 
being very common in the Oligocene.' 

A number of seams of lignitic coal have been found in these beds, but where 
~tripped, they are so banded with shales that it seems unlikely that they can be 
profitably mined. 

The country in this neighbourhood being very heavily drift-covered, it was found 
impossible to trace the boundaries of this basin with any degree of accuracy, but 
its total extent is probably not more than 4 by 2 miles. The strata are usually 
very soft and readily-weathering, and the sandstones and conglomerates are very light 
in colour. In places, along Driftwood creek, the coal has evidently been burned, with 
the result that the clay shale, interbedded with the coal, has been baked to a hard, 
white, brick-like material, although at times very finely laminated. 

Though unconformable with the underlying volca:nics, these beds have been very 
highly :flexed and faulted in places, although where the coal seams have been pros­
pected the strata are nearly horizontal. 

EcoNOMic GEOLOGY. 

The Bulldey eruptives appear to have been the main factor in the deposition of 
mineral deposits in this district. All the important mineral-hearing localities are 
situated near the contact of these eruptives with rocks of the Hazelton group, either 
in or alongside of dykes radiating f rom the main masses, in fissure!:! in the volcanics 
near the contact, or in sheared zones in the intrusive rocks themselves. 

The coal seams have also been affected to a considerable degree by these rocks, as 
the quality of the coal appears to depend to a great extent on contiguity to these erup­
tive areas, becoming more anthracitic in character as they are approached. The 
seams have also, in places, been cut by dykes, often accompanied by faulting which 
will undoubtedly complicate future mining operations. 
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GROUPS OF DEPOSITS. 

The copper and copper-silver deposits of the Telkwa river and the silver-lead pro­
perties of Hudson Bay mountain, have been briefly described in previous summary 
reports, and no new information is at hand this year in regard to them. 

Prospecting has been actively carried on at the various silver-lead properties on 
Ninemile and Fourmile mountains, near Hazelton. It is expe()ted that when adequate 
transportation facilities are obtainable on the completion of the Grand Trunk Pacific 
railway from Prince Rupert to this district, that several properties will be in a posi­
tion to co=ence ore shipments. 

Prospectors have been energetically all work in the Babine and Rochers Deboules 
mountains, and about the head of Suskwa river and Babine lake, as well as in many 
other localities, but nothing definite is yet known as to the results obtained. 

Coal prospecting has been carried on with much activity, during the whole season, 
from the M01·ice river to the Kispiox valley, and many new locations have been made. 

DESCRIPTION OF PROSPECTS. 

The Babine-Bonanza Mining and Milling Ca.-This property (better known as 
Cronin's mine) is situated in the Babine mountains near the headwaters of a branch 
of Tuchi river, a tributary of Babine lake, and not far from the sources of Driftwood 
creek. The locality is somewhat difficult of access by the present trail up Driftwood 
creek, as the summit at the head of that stream is high and rugged and passable with 
loaded pack animals only for a short season. It is expected, however, that a more 
favourable route, with no adverse grades, can be found by way of the Tuchi river 
and Babine lake. 

The ore occurs at or near the contact of an area of pinkish granite porphyry, with 
a series of altered black argillites and tu:fEs of the Hazelton group. Along the con­
tact the porphyry is much decomposed, and nearly everywhere more or less mineralized. 
It would appear that there are two classes of ore deposits on this property; the first, 
on which most of the work has been done, occurring in a sheared zone in the por­
phyry, and the second along the contact where the porphyry has in part been replaced 
by secondary minerals. 

The ore consists essentially of crysta11ine galena and zinc blende in a gangue of 
quartz and brecciated porphyry; it also contains small quantities of iron, copper, 
and arsenical pyrites. No information is available as to the values contained in the 
ore. 

The principal work done is a tunnel, driven along a sheared zone in the granite 
porphyry, with the intention of cutting an ore shoot exposed on the surface at the top 
of the hill, about 250 feet above the level of the tunnel. What is probably the con­
tinuation of this ore shoot, was cut about 350 feet from the entry, and showed 3-4 
feet of good ore, consisting of galena and zinc blende in a quartz gangue, striking 
N 65 E, and dipping about 70° NW. A short way beyond this point the ore is cut 
off by faulting, the tunnel having been driven in barren ground a further distan,ce 
of about 125 feet, and a cross-cut driven to the southeast for about 115 feet, without 
finding the ore. An upraise was driven on the ore for about 30 feet, where the vein 
was again found to be faulted. 

On the surface a considerable amount of prospecting work has been done, con­
sisting of open-cuts and several small shafts. An incline shaft sunk on the dip of the 
vein, in what is probably the same shoot as that found in the tunnel, shows about 
3 feet of ore, but the vein is somewhat irregular. The whole width of the vein is 
fairly heavily mineralized with galena and zinc blende in a gangue of quartz and 
altered country rock, both walls consisting of granite-porphyry, and the foot-wall 
being heavily slickensided. The shaft is about 40 feet deep on the dip of the vein, 
which here is about '60" north. 
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About 450 feet to the southwest a vertical shaft has been sunk to a depth of 
about 20 feet .. Although within a few feet of the contact, this shaft is entirely in the 
porphyry, and shows about 2 feet of ore: consisting of galena, pyrites, arsenopy­
rites, and much zinc blende, in a gangue of brecciated porphyry and quartz. Along­
side of this shaft and. adjoining it a slope has been sunk on the contact between the 
granite-porphyry and the black argillites, the foot-wall being porphyry and the hang­
ing wall argillite. The dip is here 70°, and the ore about 4~ feet wide and similar 
to that in the shaft. This slope is about 28 feet deep on the dip of the ore. 

It does not seem probable that the ore body here has any connexion with that 
found in the tunnel, but is rather a separate contact deposit. Continuing in a south­
westerly direction along the contact, a number of open-cuts and shallow shafts show 
ore more or less continuously for a distance of about 1,500 feet. 

Ste. Anne and St. Eugene Mineral CZaims.-These claims, the property of John 
l\IIcKendrick and partners, are situated in the Babine mountains near the headwaters 
of Canon creek, but on the Babine Lake side of the divide, and at an elevatio).1 of 
about 5,000 feet above sea-level. 

The ore occurs in a well defined vein in an intrusive area of what is probably a 
granodiorite, but which has not yet been microscopically examined. These granitic 
rocks cut the volcanics of the Hazelton group, and consist chiefly of green and red 
andesites and breccias. The vein occurs near the contact of the two formations. 

The ore consists of white and rusty quartz, with tetrahedrite and galena, which 
occur, as a· rule, more or less concentrated in bands parallel to the walls of the 
vein. The writer was unable to obtain any definite information in regard to the 
assay value of the ore. 

With the exception of a few open-cuts, the only development work done on this 
property consists of a tunnel 50 feet in length, driven on the vein, which, in the face 
of the tunnel, has a width of 4·4 feet. 

Last Chance and Little Wonder Claims.-Last Chance and Little Wonder min­
eral claims, owned by Brewer Bros., are situated at the head of the south fork of 
Boulder creek, a stream which flows into the Bulkley river about 21 miles above Hazel­
ton. .An important area of granitic rocks occurs in this neighbourhood, extending 
southwards to the north fork of Moricetown-Twomile creek, and northwards to the 
head of Mud creek; cutting the red and green andesites of the Hazelton group. 

The claims are located in the granitic rocks, but quite close to their contact with 
the volcanics, the mineral being deposited along a crushed and sheared zone. The 
only work seen consisted of a couple o£ open-cuts which exposed about 16 feet o£ 
ore consisting of pyrites, a considerable admixture of tennantite, and some chalcopy­
rite, in a gangue composed of quartz and decomposed granitic country rock. Many 
small seams and lenses of quartz are in evidence, usually in bands pa.raHel to the walls, 
and frequently showing comb structure with many exceptionally large quartz crystals 
developed. The walls are not clearly defined, but merge gradua11y into the granitic 
wall rock, which is much decomposed for some distance on each side of the ore body. 

The strike of the lode is about southwest and the dip 45° northwest. 
The writer was unable .to obtain any information in regard to the values con­

tained in this ore. 

Silver Cup Mines Limited.-A brief description of the claims of this Company, 
which are situated on Ninemile mountain, near Hazelton, was given in the Summary 
Report of 1909. , Since then, a considerable amount of work has been done on the 
property, and about 15 tons of ore sacked, ready for shipment for a smelter test. 

Three tunnels have been driven, in each case on the vein, which show a total 
difference in elevation of at least 1,000 feet. The upper tunnel is about 200 feet in 
length and shows some ore all the way, while the second tunnel, about 150 feet below 
the :first, has been driven a distance of 65 feet in ore averaging about 2t feet in width. 

26-7 
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The lower tunnel had only been started at the time of the writer's visit, and had not 
at that time reached solid rock. 

Sunrise Group.-Thisgroup, situated on Ninemile mountain, was also described 
in last year's Summary Report, and since then has been actively prospected. The 
main vein occurs in a granitic (granodiorite) intrusion; the ore, consisting of galena 
with a little stibnite and zinc blende, being deposited in a sheared zone. The vein 
has been stripped for about 150 feet on a very steep hillside and shows about 3 feet 
of quartz, and disseminated galena, and from 6 to 15 inches of solid galena. The 
sheared zone containing the ore is from 10 to 2·5 feet in width, and is generally more 
or less mineralized; and it is possible that part of it at least will prove of shipping 
quality. 

A short tunnel was being driven to cut the vein below the lower end of the strip­
ping, but at the time of the writer's visit had not yet reached the ore, in a distance 
of 30 feet. 

About 16 tons of picked ore was sacked and ready for shipment before the close 
of navigation on the Skeena. 

Silver Pick Group.-This group of three claims is also situated on Ninemile 
mountain, to the east of the Sunrise group. The ote occurs in a number of roughly 
parallel veins, in highly altered tufaceous rocks of the Hazelton group, and near their 
contact with the main granitic intrusion of Ninemile mountain. It appears probable 
that the ore deposition has taken place along the bedding planes of the tuffs, the 
original country rock having been replaced in part by quartz and ore. ·with the 
exception of a little surface stripping, no work has been done on these claims. Four 
veins, varying from 2 feet to 3 feet in width, have been exposed, all of which are very 
similar in appearance, the ore consisting of disseminated galena with a little zinc 
blende and stibnite in a quartzose gangue. The writer was informed that a number 
of assays obtained by the owners showed returns of from $19 to $125 in combined 
silver and lead values. 

COAL. 

Morice River Areas.-On the Morice River waters three known areas of coal 
lands, situated respectively on the main Morice, on the Clarkford and on Goldstream (a 
tributary to the latter), have been energetically prospected by Messrs. Jefferson and 
Dockrill. These areas have been described in previous reports. Two diamond 
drills, one operated by hand power and the other by steam, were in service most of 
the season; unfortunately a forest fire damaged the larger machine, necessitating, for 
some time, a cessation of operations. 

The writer was unable to get any details of the results attained, but was assured 
by Mr. Dockrill that in the Goldstream basin a large area of excellent coal had been 
proved. 

G-rand .Trunk Pacific Railway Company's Coal Lands.-Considerable prospecting 
has been carried on by this Company during the past season on their coal locations. 
situated on the Telkwa river and its tributaries, Mud and Goat creeks. 

A number of short tunnels were run on the seams outcropping on Mud creek. 
The first of these (No. 1) was driven near the northeastern edge of the synclinal trough 
in which the coal measures lie. At the point of entry, on the southeast bank of Mud 
creek, the seam was nearly horizontal, but on driving, it was found to have a light 
southwesterly dip which, at 118 feet from the entry, brought the coal to the surface 
again. The seam is 3.9 feet in thiclmess, and is overla id by 3 feet of shale followed 
by 3 feet of coaL The lower bench appeared to be good, clean, firm coal, and an 
average sample taken from near the face of the tunnel gave the following analysis:-
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Moisture ....... ~ 
Volatile combustible matter. . . . . . . . 
Fixed carbon ........... . 
Ash ................. . 

Coke :firm and coherent. 

Per Cent. 

2-35 
27-72 
60-65 

9-28 

gg 

No. 2 tunnel, also driven from the southeast bank of Mud creek, but about 400 
yards above No. 1 tunnel, opened up a 4 foot seam of coal for a distance of 140 
feet. The coal here, however, is rather severely disturbed and much crushed. 

On Goat creek an attempt was made to sink a slope on a 9 foot seam of what 
appears at the surface to be good, clean coal. The slope was started near the level of 
the creek, but had to be abandoned on account of flooding. 

Two diamond drills had been ordered by this Company, but up to the middle of 
September bad not started operations, although at that time it was hoped to begin 
work within a few days. 

The Ashman Qoal Mines Limited.-Tbis Company holds twelve sections of land 
as local locations on the Bulkley river between Boulder creek and Moricetown-Two­
mile creek. This area is underlaid by rocks of the Hazelton group, consisting chiefly 
of tufaceous sandstones, tuffs, and some andesitic flows. There are, however, several 
beds of sbaly sandstones and carbonaceous shales with thin irregular streaks of coal, 
and it is due to the presence of an 11 foot bed of carbonaceous shale and its 
resemblance to coal that these lands were located. The bed in question outcrops in 
the deep, canon-like channel of the Bulkley, near the mouth of Swamp creek (a small 
tributary of the Bulkley entering that stream about 23 miles above Hazel­
ton), where it strikes S 18° W with a dip of 60° NW. It is about 11 feet in 
thickness, has been stripped at several places, and a short tunnel driven on it from 
near the level of the river. The following analyses, by the Mines Branch, Department 
of Mines, from average samples taken at different times, will show that this can 
hardly be classed as a true coal; but rather as a carbonaceous shale:-

Moisture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. .. .... . 
Volatile combustible matter.. . . . . . . . . . . . . . . . . . . . . . .. .. . . . .. . . .. .. . 
F ixed carbon . . ..... . . . . ......... . . .. . . . . .. ..... . . . . .. .. . .. . ... . .. . 
Ash .. .. . . . .. . . .. ..... . .. ...... ............. . ... . ...... . 

No. 1. I No. 2. 

1 '91 
10'79 
20'50 
66'80 

1'73 
12'38 
37'98 
47'91 

No. 3. 

2'04 
10 ' 40 
23'86 
63'70 

All the rocks of the Hazelton group, from this point to Moricetown, are much 
folded, and many faults may be seen. 

The Grand T1·unlc B1·itish Columbia Coal Company, Limi ted.-The property of 
this Company, consisting of twelve claims, ·is situated on the Bulkley river about. 
20 miles above Hazelton. The coal beds of the Skeena series are here found in 
a rather shallow but fairly regular basin, with a total length of about 4l miles, and a 
maximum width of probably not more than H miles. 

A number of small coal seams were stripped some years ago at the northwestern 
extremity of the hasin, when a total of eleven seams were uncovered, ranging from 
12 to 40 inches in thickness, and included in about 500 feet of sandstones and shales. 
1'he following analyses from two of the best looking of these seams proved disappoint­
ing, the percentage of ash being very high:-

26- H 
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Moisture. Vol Comb. Fixed 
c .. rbon. Ash. 

No. 1-15 inch seam ... . ... . . . . .. .. .. ... .... .. .. . . 
No. 2-18 inch seam .... . . . ... ...... ..... . . . .... . 

1'02 
1' 39 1 

Coke in both cases firm and coherent. 

25•70 
25'56 

52·9() 
50 '06 

20'32 
22'9!) 

Near the centre of the basin the Company has stripped six seams, varying from 
12 to 38 inches in thickness, and probably represen ting in part the above-mentioned 
seams. The strata at this point are very regular, the strike being S 40° E, and the 
dip 30° to the northeast. 

The following analyses, by the Mines Branch, of samples from three different 
seams, show an unduly high percentage of ·ash:----, 

No. 1-20 inch seam .. .. . . .. .. . ....... . .. . .. . 
No. 2- 38 inch seatn ...... .. . ..... .. .... . ... . . 
No. 3- 20 inch s~am ......... .... ....... ... .... .. 

Coke in Nos. 1 and 2 firm and coherent. 
Coke in No. 3 coherent, but t ender. 

Moisture. IV ol. Comb. 

1'12 
2' 15 
1'36 

23'70 
22•03 
25'18 

Fixed 
Carbon. 

51'72 
43•66 
55"41 

23.46 
32' l(j 
18'05 

This coal differs considerably in appearance from .that of the Telkwa river. It 
is very hard, is finely l aminated, and shows a very distinct cleavage at right angles 
to the bedding planes. 

Driftwood C1·eelc Ooal.-This area of coal bearing rocks has been known for a 
number of years, but it was during the past season only that any claims have been 
located thereon. The coal seams occur in a comparatively small patch of Tertiary 
sediments-probably not more than 4 by 2 miles in extent-altho~1gh its bound­
aries have not been closely defined: On part of the area the coal has been burned, 
baking the interbedded clay shales to a whitish brick-like material. 

The Tertiary rocks are found outcropping in the valley of Driftwood creek, about 
2 to 3 miles above the crossing of the Hazelton-Aldermere wagon road. An open-cut 

· in the bank of Driftwood creek shows this section. 
Feet. 

:!.. Grey and carbonaceous shale and a little eo al.. . . . . . . . . . . . . 5·00 
2. Fairly clean coal.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 1·80 
3. Coal and dark shale .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 4·40 
4. Dark clay shale and a little coal. ........... : . .. .. .. .. .. .. 3·60 

In Nos. 3 and 4 d this section, the coal and shales alternate in very narrow beds, 
never more than an inch or two in thickness, the shales themselves being usually 
highly carbonaceous. 

The analyses here given are from the 1 -8 feet of clean coal (No. 2), and from an 
average sample from 6·2 feet of combinnd coal and shale (Nos. 2 and 3) :-

No. 1-1 ·8 fPet fairly clean c.-,al. ....... .. .. . . . ... . 
No. 2-6 ·2feetbanded coa.land shale .. . . 

Mois ture. Vol. C:nnb. 

790 
7'39 

36 ' 64 
31'88 

Fixed 
Carbon. 

42'06 
28·07 I 

A.sh. 

13'40 
32•66 
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In No. 1 the coke was non-coherent, while in No. 2 it was coherent but tender. 
The above analyses show the coal to be of lignitic character. In picked specimens 

it is hard and bright, with a conchoidal fracture, but it is extremely doubtful whether 
a workable thickness of coal clean enough for market purposes will be found here. 
Several small seams varying from a few inches to one foot were noted below this one. 

KITSALAS. DISTRICT. 

On returning down the Skeena river to P:cince Rupert a short stay was made at 
Kitsalas village, situated at the foot of the canon of the same name and about 60 
miles below Hazelton. From Kitsalas a fair trail leads up Gold creek to its head, then 
descending into the valley of the Zymoetz river it continues up a branch of that stream 
to the Telkwa pass, from which .point it follows the Telkwa river down to Aldermere 
on the Bulkley. 

Near the Gold Creek-Zymoetz River divide, a number of claims have been staked, 
but very little development work has so far been attempted. 

The geological conditions here are very similar to those of the upper Telkwa river, 
the predominant rocks belonging to the Hazelton group, and consisting chiefly of red 
and green andesites with some breccias and tuffs. These rocks are cut by several 
granitic intrusions (probably Tertiary) , but it is possible that all the graniti,c rocks 
to be seen here are not contemporaneous, some of them at least being most probably 
referable to the okler C8scade Crystalline series of D8wson, denudation having removed 
the overlying IVolcanics in places. The similarity of these two series of granitic rocks, 
however, would necessitate a much closer study of them than could be made this year, 
in the short time availab1e, before any definite classification could be undertaken. 

The 'Avon group' of three claims, owned by Messrs. Olesen, Burns, and Lowery, is 
situated near the head of Gold creek. The country rock is a grel;ln andesite, lying 
nearly horizontal and much altered in places. The ore occurs in what appears to be a 
dyke from an intrusive granitic mass to the east, th~ dyke having a width of 40 feet 
and striking S 25° E with a dip of 70° NE. The ore consists of chalcocite, bornite, 
chalcopyrite, pyrites, blende, and copper carbonates, in a gangue of altered dyke rock, 
garnets, quartz, epidote, and calcite, and occurs scattered throughout the dyke, but 
seemingly more or less concentrated in the neighbourhood of the walls. 

- The Wells Group.-The 'Wells group' is situated on the Zymoetz River slope 
near the head of Gold creek, at an elevation of -about 4,600 feet above sea-level. The 
country rock here consists of red and green andesitic flows, which strike about N 30° 
E and dip 50° to the southeast. The ore occurs along the walls of, and in places dis­
seminated through, a dyke about 30 feet in width, which has a strike of N 30° Wand 
a dip of 60° to the south~est. The mineralization appears heavier along the south­
west wall, but the whole of the dyke rock has been more or less rep~aced with ore. A 
width of about 2 feet along the southwest wall shows considerable quantities o£ 
chalcocite and copper carbonates in a gangue of calcite, quartz, and decomposed dyke 
rock. 
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GEOLOGY OF THE VICTORIA AND SAANICH QUADRANGLES, VAN­
COUVER ISLAND, B.C. 

(Cha1·les H. Clapp.) 

The greater part of the field season of 1910 was spent in a detailed 
geological examination of a district in the vicinity of Victoria, Vancouver island, 
B.C. The topographic maps prepared by R. H. Chapman in 1909 were used as field 
maps. These maps consist of two fifteen minute sheets, the Victoria and the Saanich 
quadranges, mapped on a scale of 1:48,000 (1 inch=>4,000 feet) with 20 foot contours. 
The total land area represented is about 150 square miles, and includes the south­
eastern part of Vancouver island, the region adjacent to the city of Victoria, the 
Saanich peninsula, and the southern part of Saltspring island, and several smaller 
islands in Haro straits. The detailed geological work on the Victoria and Saanich 
quadrangles was completed by the middle of September. The rest of . that month, and 
the first part of October, were spent applying the results reached during the detailed 
work to the geology of the whole southern end of Vancouver island, over which recon­
naissances had been made during the seasons of 1908 and 1909. 

I was very ably assisted in the detailed work, and in part of the reconnaissance 
work by Mr. John D. MacKenzie and Mr. Alexander G. Haultain. 

PREVIOUS WORK. 

Very little detailed geological work had been done in the Victoria and Saanich 
quadrangles. In the seventies, Selwyn, Richardson, and Dawson made reconnaissances 
in the neighbourhood of Victoria. In 1908 I made a general reconnaissance over the 
southeastern part of Vancouver island, including virtually the entire area mapped 
during the present field season, the results being published in the Summary Report 
for 1908. 

SuMMARY AND CoNCLUSIONS. 

The larger part .of the Victoria and Saanich quadrangles is underlain by crystal­
line rocks. These belong to two, or possibly three groups. The older groups consist 
of metamorphosed basic volcanic rocks, with intercalated lenses of crystalline lime­
stone. They have not only been folded, faulted, and dynamo metamorphosed, but also 
contact metamorphosed by the .younger group, which consists of intrusive plutonic 
rocks. The larger part of the metamorphic rocks belong to the Vancouver group, and 
nre lower J urassic, and in part probably Triassic in age. Some of the volcanic rocks 
1:ear "Victoria and Esquimalt are more metamorphosed than the greater part of the 
Yancouvel' group, and may be Palreozoic in age. 

The intrusive batholithic rocks may be divided into three principal types, which 
were erupted in a definite sequence as follows: · di01·ite gneiss, quartz diorite gneiss, 
and granodiorite and quartz diorite. The two older types have been greatly dynamo 
metamorphosed, and also somewhat contact metam.orphosed by the later gr::modiorite 
intrusions. As a whole the batholithic rocks belong to one general period of eruption. 
:md are correlated with the upper J urassic, Coast Range batholith. 

Unconformable on the old crystalline rocks occur the upper Cretaecous sedi­
ments. These sediments, which belong to the N anaimo formation, occur in the north­
ern and eastern part of the Saanich quad1·angle in two synclinal basins. 
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The larger part of the area is covered by superficial deposits of glacial ongm. 
They have, however, been worked over by post-glacial rivers and marine agencies so 
that the deposits are now usually stratified. 

The mineral resources of the quadrangles are confined to non-metallic deposits, 
lime, cement, clay, sand, gravel, and crushed stone. 

GENERAL CHARACTER OF THE DISTRICT. 

TOPOGRAPHY. 

The relief of the area represented by the Victoria and Saanich sheets is generally 
low, ranging from sea-level . to 1,940 feet on Saltsp_ring island, and to 1,440 feet, the 
top of Mt. W ark, on Vancouver island. The average elevation in the · eastern part of 
the area is from 200 to 300 feet above sea-level, and in the Highland district, in the 
west central part of the area, is from 600 to 1,000 feet above sea-level. The higher 
elevations are knob-like hills, which rise several hundred feet above the g.eneral level. 

A peculiar feature of the relief is the long ridges of stratified sand, gravel, and 
clay which occur in the eastern p·art of the Saanich peninsula, and on J amea and 
Sidney islands. They are in certain cases 2 miles long, 100 to 200 feet high, and 
esker-like in form. 

Although the relief is low, there are no plains of any great extent. The Colwood 
plain, and the basins underlain by stratified clays ancli sands in the neighbourhood 
of Victoria and Sidney, are relatively flat, but are only 2 miles or less in width. 

There are no large rivers in the area, but there are many small creeks, the greater 
number of which are dry during the summer months. Small lakes are numerous in 
the southern and western districts, and occur chiefly in wide, pre-Glacial valleys, with 
drift dividf?S. In detail the valleys are irregular, but in general they have either a 
north-south or a northwest-southeast trend. 

The coast line of Vancouver island is very irregular, and there are a large number 
of relatively small islands near the main island. Steep, wave-cut cliffs of sand and 
gravel, up to 200 feet high, occur, usually with attendant sandspits and bars. 

In the eastern part· of the area, in pre-Glacial time, the erosion cycle, initiated 
by the uplift of a peneplain developed by a Tertiary erosion cycle, reached old age, 
and the only elevations remaining at present are rounded, monadnock-like hills. In 
the Highland district, ,however, the Tertiary peneplain althougjh maturely dissected 
is still represented by flat-topped and ridge-like hills, which are interrupted by rather 
narrow but deep valleys. It appears as if the whole area at some time subsequent to 
the mature dissection of the Tertiary peneplain was depressed, thus· forming the 
drowned coast line of the present day. ' 

The topography was greatly modified during the Glacial period; the monadnock­
like hills were rounded, the valleys deepened and widened, thus changing the drowned 
;valleys to typical fiords, and the country was covered by a heavy mantle of drift. 
The glacial drift was worked over by post-Glacial rivers and deposited in lakes and 
marine basins. It is probable that an elevation of comparatively recent date brought 
the stratified sands and gravels above sea-level. 

CLIMATE AND VEGETATION. 

The temperature of the region is remarkably uniform throughout the year, averag­
ing about 55° F in summer and 40° F in winter. The rainfall is much less than in 
other portions of the north Pacific coast, owing to the occurrence of high mountains 
on all sides. It averages less than 35 inches. The greater part of the rain falls in 
the winter months, while the summer is very dry. 

The region was once heavily forested, but the forest trees, largely conifers, have 
been cut over a large part of the area. Fruit, especially berries of various kinds, is the 
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chief agricultural product. The higher and more rocky parts of the area are stiU 
covered with the dense timber and thick underbrush so characteristic of Vancouver 
island and the north Pacific coast. 

:MEANS OF ACCESS. 

The area has many wagon roads, and is traversed by two railways, the Esquimalt 
and N anaimo, and the Victoria and S;ydney. An electric tramway has been projected 
along the Saani.ch peninsula. The roads, and the large amount of cleared land, make 
the area very accessible, and as rock outcrops are abundant, the geology may be done 
with a minimum amount of physical labour. The elucidation of the geology of the 
area is important, since it is representative of the geology of the whole island, and in 
fact of the coast region of British Columbia. 

GENERAL G EOLOGY. 

TABLE OF FORMATIONS. 

Superficial deposits . . . . . . . . . ..... Pleistocene and Recent. 
Nanaimo formation . . . . . . . . . . . . Upper Cretaceous. 
Dyke and batholitJhic intrusives .. . ... Upper Jurassic. 

Porphyrites · 
Granodiorite and quartz diorite 
Quartz diorite and diorite gneisses 

Vancouver group. . . . . . . . . . . . . . Lower J urassic and probably Triassic; 
and may include upper Palreozoic. 

GENERAL DESCRIPTION OF FORMATIONS. 

Vancouver Group.-The larger part of the volcanic rocks of the Saanich and 
Victoria quadrangles, with their associated limestones, notably those on the Saanich 
peninsula and neighbouring islands, undoubtedly belong to the Vancouver group. A 
belt of limestone lenses may be traced from Saanich inlet northwest to Cowichan lake, 
where a large number of fossils were collected in 19091, and which have been identified 
by Professor H. W. Shimer and myself. The species are all new, but the fauna is 
very definitely assigned to the lower Jurassic. In another lens of limestone, in the 
same belt, near the forks of Robertson river, 6 miles south of Gowicban lake, rem­
nants of fossils were found, which appear to be similar to, or identical with, those 
identified. The strttctural relations of all the limestones in the belt are similar, and 
the volcanic rocks with which they occur are virtually continuous, so that it is almost 
certain that the limestones and volcanics of the belt are at least of the same general 
age, that is lower J uTassic. 

The only important lens of limestone belonging to this belt, in the Saanich quad· 
Tangle, occurs near Tod inlet. The limestone is a compact, bluish grey marble, 
altered more or less by constant metamorphism, and is quarried and utilized for the 
manufacture of Portland\ cement by the Vancouver Portland Cement Company. 
Another much smaller deposit of limestone occurs on the shore of Cordova bay. 

The associated volcanics are metamorphosed fragmental and flow rocks, basaltic 
and andesitic in composition. In places they have been silicified by contact meta· 
morphism. They are commonly green weathering, greatly fractured, and ·often seamed 
with quartz and epidote stringers. Red weathering rocks, usually the fragmental types, 
are also characteristic. 

The principal area of the volcanic rocks extends from the Saanich inlet, where 
the belt is over 2z miles wide, to Cordova bay, where the belt is over 3 miles wide, 

' Summary Report, 1909. Geological Survey, Canada, p. 87. 
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although in the neighhourhood of Elk la_ke it narrows to less than a mile. Along the 
south shore of Shoal harbour there is another area of meta-volcanics, which probably 
forms a continuous belt extending to the southern end of Sidney island. 

In the vicinity of Victoria there is a group of limestones and associated volcanic 
rocks, which although structurally similar to those described above are more altered 
and metamorphosed, and may be older. The limestones vary from white, coarsely 
crystalline marble to bluish compact marble,. ·the more coarsely crystalline varieties 
predominating. Where unsilicified they are very pure, varying from 90 to 100 per 
cent CaCo3. They occur in lens-like masses, chiefly in the vicinity of Esquimalt 
harbour, although one very small lens occurs on the north shore of Victoria harbour. 
The largest limestone mass, which extends from the west shore of Esquimalt harbour 
to the Colwood plain, is only a mile and a half long by a fourth of a mile wide. The 
other lenses are much smaller, from half a mile in length to mere inclusions in the 
volcanic rocks. 

The volcanic rocks, originally andesites and basalts, have been converted by con· 
tact and dynamo metamorphism into silicified and epidotic rocks, or more rarely to 
t;rpical greenstones. There are two principal areas of these volcanic rocks, one, pinch­
ing out to the west, extends from Gonzales point west to Clover point and north to 
Oak bay; the other, which is the larger, occurs in the vicinity of Esquimalt harbour, 
extending as far north as Thetis lake and westward to Colwood plain. Another much 
smaller area occurs at Knockan hill, and other very small masses1 occur in the intru­
sive plutonic rocks. 

The volcanic rocks of the Vancouver group are intrusive into the limestones, 
sending dykes into them, and brecciating them along the contact. In a large sense, 
however, the limestones are considered as contemporaneous with the volcaniC' rocks. 
Both rocks have been intruded by the plutonic rocks of the upper J urassic batholiths. 

While it is most probable that all the volcanic rocks and associated limestones 
are Mesozoic in age, and belong to the Vancouver group, it is possible that more 
metamorphosed types are Palreozoic. If this were true they would belong to the 
Victoria group.l It has been shown, however, by the detailed work of the past season, 
that the larger part of the rocks which were thought in 1908 and 1909 to belong to 
the Victoria group are either members of the Vancouver group, or metamorphosed 
plutonic rocks. It seems best, therefore, until definite evidence of the Palreozoic age 
of some of the rocks has been found, to consider them all as belonging to the Van­
couver group. 

Exposed on the southern end of Saltspring island, and extending across Russell 
and Portland islands to Moresby island, are a series of schists and interbedded 
volcanic rocks. The schists, which are chiefly quartz, chlorite schists, are largely of 
volcanic origin, but some fairly typical slates and greywacks, undoubtedly sedimentary, 
are present. The rocks of volcanic and of sedimentary origin could not be separated 
in the mapping, and so are grouped together and mapped as a single unit. These 
rocks were first met with, in 1908, on Mt. Sicker, and have been traced eastward to 
Saltspring island. They have been called the Mt. Sicker formation,2 and are one 
of the formations making up the Vancouver group. 

Intrusive into the Mt. Sicker formation are large irregular bodies of andesite 
and diorite porphyrite, which though they may be related to the batholithic rocks, 
intrusive into the Mt. Sicker formation, are apparently related to the volcanic members 
of the formation itself. -

On: Albert head occur volcanic rocks of diabasic habit, which fo'l'IIl part of the 
belt extending to the west coast, and which have been called the Metchosinvolcanics.3 

1 C. H. Clapp, Summary Report, 1909, Geolo~ical Survey, Canada, p. 87. 
2 C. H. Clapp, Summary Report, 1908, Geolog1cal Survey, Canada, p. 56. 
s C. H. Clapp, Summary Report, 1909; Geological Survey, Canada, p. 89. 
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The rocks of Albert head include flow rocks, amygdaloids and porphyries, dyke rocks, 
and tuffs and agglomerates. The fragmental varieties are largely stratified and the 
fragments water-worn. The rocks are far less altered than any of the other volcanic 
rocks of the region, and though provisionally assigned to the Vancouver group, are 
apparently younger. No evidence as to their age is given by their structural rela­
tions, as these are obscured by the thick deposit of sand and gravel of the Colwood 
delta. To the west of the area they are known to be separated from the Leech River 
slates to the north by a profound and extensive fault. 

Dyke and Batholithic IntnMives.-Intrusive into all of the above formations, with 
the exception of the Metchosin volcanics, are large masses of plutonic rocks and their 
accompanying dykes. The plutonics w~re erupted during one general period of batho­
lithic intrusion, but in detail may be divided into three types which were erupted in a 
definite sequence. The three groups are, in order of their eruption, diorite gneiss, 
quartz diorite gneiss, and granodiorite and quartz diorite. As indicated by their names, 
the first two types have been greatly dynamo-metamorphosed, and have been converted 
into gneisses. Although the granodiorite and quartz diorite are somewhat gneissic in 
structure, they are not typical gneisses•. All of the above rocks have been considerably 
altered and fractured. 

The diorite gneiss and quartz diorite gneiss are very intimately related, and form 
virtually a single batholith. The batholith extends from the southern end of Saanich 
inlet, in the neighbourhood of 1'lt. W ark, southeast across the Highland, Lake, and 
Victoria districts to the east shore of Vancouver island; and the diorite gneiss also 
occurs on Chatham and Discovery islands. The older type, the diorite gneiss, is 
fairly uniform, and is composed chiefly of plagioclase feldspar and hornblende, with 
more or less biotite~ It ranges from fine to coarse grained, and is typically medium to 
!coarse grained. The composition varies, sometimes the feldspar and at other times the 
hornblende predominates, and it also passes into hornblende gneisses or amphibolites. 
Although relatively large masses of typical diorite gneiss occur, as on Mt. Wark and 
north of Cadboro bay, it is nearly everywhere cut by numerous apophyses of quartz 
diorite and quartz-feldspar gneisses. Often a complex of the diorite and quartz 
diorite gneisses has been formed, in which the two types can not be mapped separately. 

The quartz diorite gneiss forms long lenticular masses which are intrusive into 
the diorite gneis·s, so that a series of alternating irregular belts of the two rocks is 
formed. The series has a strike of N 50° to 60° W. 

The gneisses have not only been dynamo-metamorphosed but also contact-meta­
morphosed, the metamorphism having greatly affected the quartz diorite. In its re­
crystallization the li:ght and the dark coloured minerals have been segregated in zones, 
from less than an inch up to several feet in width; so that the formation has a charac­
teristic banded appearance. These banded rocks were thought by Dawson,1 and in 1903 . 
by the writer2, to be partly metamorphosed sedimentary and volcanic rocks, but the 
microscopic study and detailed field work have shown conclusively their igneous and 
plutonic origin. 

The larger part of the Saanich peninsula is underlain by a fairly uniform body of 
granodiorite, growing more basic in places and grading into a quartz diorite. This 
body of granodiorite is relatively unmetamorphosed, and is quite distinct from thB 
gneissic rocks to the south, although it is very similar in composition to the quartz 
diorite gneiss. It is separated from the W ark and. Victoria gneisses by a belt of 
rvolcanic rocks, but some of the aplite and other salic granitic apophyses in the gneisses 
arc doubtless referable to the Saanich batholith. Another granodiorite stock occurs at 
:the southern end of the Es·quimalt peninsula. It is clearly intrusive into the diorite 
gneiss, tlJC coiJ iact being marked by an extensive shatter breccia. 

'G. JU. Dawson, Geological Record of the Rocky Mts., in Canada. Bull. Geol. Soc. Am 
Vol. 12, 1901, p. 72. · 

'C. H. Clapp, Summary Report, 1908, Geol. Survey, Canada, p. 55 . 
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Assocint'.lcl with the plutonic rocks, notably with the Saanich batholith, are ande­
sitic dyke rocks and other porphyrites, which are holocrystalline and range from bu~ i c 
to very acid, quartz-bearing varieties. They are irregular in composition, and arc 
confined in their occurrence to the contact zones. . 

All the batholithic rocks belong to the same general period of intrusion. The,y 
are known to be intrusive into lower J urassic rocks, and the upper Cretaceous 
measures rest unconformably upon them. They are, therefore, correlated, With con­
siderable certainty, with the Coast Range batholith of British Oolumbia, which is 
upper J urassic in age. 

Nanaimo Formation.-The unmetamorphosed sedimentary rocks of the southern 
part of Vancouver island, which are refera.ble entirely, or in large part, to the Creta­
ceous, have been grouped together, since they have not yet been definitely subdivided, 
and have been called the Cowichan group.1 The rocks belonging to the Oowichan 
group, which occur in the Saanich quadrangle, probably all belong to one formation, 
or at least one series, which has been named and described by Richardson, Whiteaves, 
and Dawson as the N anaimo series.2 The rocks consist of conglomerates, sand­
stones, and shales, the sandstones greatly predominating. With them occur a few 
thin seams and lenses of a fair grade of bituminous coal. 

The greater part of the N anaimo formation occurs in the Cowichan basin, as 
defined by Richardson.3 The rocks of this basin occur in a close folded syncline over­
turned to the south, so that the beds have a general dip to the north. The strike 
ranges from N 45° to 90° W. Several smaller folds occur in the major syncline. The 
north boundary of the basin is a thrust fault, and many smaller faults occur. The 
rocks of the syncline occur on the southern end of Saltspring island, and extend acr.oss 
the northern end of the Saanich peninsula to Bare and Low islands to the east of 
Sidney island, and are exposed on several ·small islands off the east coast of Vancouver 
island. 

On Saltspring, Russell, Portland, and :M:01·esby islands occur relatively small 
sedimentary areas, which belong to the N anaimo formation, and which occur in the 
N anaimo basin. The southwest shore .of Pender island consists of thick bedded coarse 
cc-nglomerates, which also belong to the N anaimo basin. 

Superficial Deposits.-A very large part of the area is covered by unconsolidated 
superficial deposits of various kinds, which are, however, almost entirely referable to 
the glacial period. Unmodified glacial till is comparatively rare below an elevation of 
250 feet above sea-level. Above that level it occurs on Saltspring island, and in the 
Highland and Lake districts. As it occurs on steep slopes it has been more or less 
modified by sliding, and the removal of the finer material. Unmodified drift also 
occurs below 250 feet, resting unconformably on stratified drift. 

The superficial deposits consist chiefly .of stratified gravel, sand, and clay, and are 
principally :fl.uviatile, lacustrine, and marine deposits. The material which was thus 
deposited was, however, derived from glacial·till. The most extensive are probably 
lake or estuarine deposits and consist of stratified yellow and greyish blue clay, over­
lain to a considerable extent by sand and thin beds of gravel, with rounded glacial 
boulders up to 10 feet in diameter irregularly scattered through the deposit. The 
country underlain by these deposits is :flat or gently undulating, and is generally 
covered by thick loamy soil, and forms, therefore, good farming land. 

Undoubted river deposits of sand and gravel occur, with delta structure, and well 
developed terraces. The best example ·is Colwood plain, which is a delta deposit, 

1 C. H. Clapp, Summary Report, 1909, Geol. Survey, Canada, p. 89. 
2 James Richardson, Report on the Coal Fields of Nanaimo, Comox, Cowichan, Burrarit 

Inlet, and Sooke, B,C. Geol. Survey:, Canada, Rept. of Progress, 1876-77, pp. 160-192. 
J. F. Whiteaves. Mesozoic Foss1ls, Vol. I, Part II, Geol. Survey, Canada, 1879, pp. 93-96. 
G. M. Dawson. The Nanaimo group. Am. Journ. Sci. Vol. 39, 1890, pp. 180-183. 
~ J a mes Richard6on. Geol. Survey, Canada. Rept. of Progress, 1876-77, pp. 187-188. 
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built up by a very large, post-glacial river. In the south Saanich district, and on 
J ames and Sidney islands are four parallel, esker-like ridges, 100 to 200 feet high, 
one-fourth of a mile wide, and which have a trend of about N 15° W. The two western 
ridges apparently extend, although not continuously, across Lake district to the 
eastern part of Victoria district. The origin of these ridges is at present obscure. 

Another peculiar type of deposit occurs to the south (the lee side) of the knob­
like hills north of Victoria. They are esker-like in shape and form long trains 
extending south from the hills, in the case of the Mt. Douglas train, for over a mile. 
They are composed of stratified sands and gravel, the sand predominating, and are 
cross-bedded and apparently have been deposited by flowing water. 

Recent alluvial deposits occur in small depressions and in the river valleys. 
Along the shore, especially in the vicinity of the wave-cut cliffs of stratified sa:nd and 
gravel, large sand bars have been built, some of which form barrier beaches, behind 
which occur lagoons and salt marshes. 

EcoNOMIC GEOLOGY. 

The mineral deposits of economic value are entirely n<Jn-metallic; the products 
derived from them include lime and cement, brick and tile, sand and gravel, and 
crushed stone. More or less prospecting for metals has been carried on, chiefly for 
gold and copper. 

GOLD AND COPPER. 

The deposits which have been prospected for gold are chiefly the quartz-feldspar 
veins which accompanied the intrusion of the batholith rocks, and are not likely to 
carry gold in commercial quantities. Quartz veins such as occur in the Leech River 
slates to the west, and which are known to be gold-bearing, do not occur. Small 
veins carrying pyrite and chalcopyrite occur in the sheared zones of the meta-volcanics 
which illustrate the occurrence of copper ores in other parts of the island,1 but which 
are not of themselves important. In the Mt. Sicker schists, on Saltspring and Mores­
by islands, pyrite and chalcopyrite occur, impregnating shear zones. In the Highland 
and Esquimalt districts, near the contacts of the plutonic rocks with the limestones 
and meta-volcanics of the Victoria and Vancouver groups, occasional contact deposits 
have been developed. They are similar in their occurrence to those to the west, des­
cribed last year, but none of them are of commercial importance, on account of their 
small size and irregularity. .An interesting feature of these deposits is the develop­
ment of garnet in a contact metamorphosed volcanic rock. 

COAL. 

The occurrence of small seams and lenses of coal in the measures of the N anaimo 
formation has attracted very considerable attention, chiefly on account of their proxim­
ity to the productive coal seams of the N anaimo and Comox districts. One or two 
attempts have been made to mine· the exposed seams, and some diamond drill boring 
has been carried on, as yet without successful results. The conditions are not very 
favourable; though the measures are well exposed along the shores of the various 
islands, no thick or extensive seams are known to occur; the measures are thick, fully 
6,000 feet and more, probably 10,000 feet; they have been folded and faulted to such 
an extent that the dips are high, and the known coal seams occur near the base of 
the formation, so that the coal horizons probably occur chiefly at great depths. 

LIME AND CEMENT. 

The limestones of the Victoria and Vancouver groups yield excellent material for 
the manufacture of lime and cement since they are almost pure calcium carbonate. 

1 See Summary Report, 1909. Geol. Survey, Canada, pp. 91-94. 
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The stratified glacial clays are suitable to mix with the limestone for the manufac­
ture of Portland cement. At the present time there is one Portland cement plant in 
operation at Tod inlet, the limestone and clay both being obtained from the adj®ining 
property. 

Lime is manufactured on the we3t shore of Esquimalt harbour, by the Rose­
bank Lime Co. and by Thomas Atkins. The Silica Brick and Lime Co., situated 
about a mile west of Esquimalt harbour, on the Esquimalt and N anaimo railway, 
manufactures lime, hydrated lime, and sand-lime brick. 

SAND AND GRAVEL. 

Sand and gravel, for concrete filling and similar purposes, is quarried extensively 
in the district. The British Columbia Sand and Gravel Co., and the Royal Bay Sand 
and Gravel Co., operate two banks on the Colwood shore of the Royal roads, the 
material of the Colwood delta being quarried. The gravel and sand are mined with an 
hydTaulic giant, and then washed and screened. Sand and gravel are also obtained from 
the esker-like trains to the south of Mt. Tolmie, and from a sand and gravel ridge 
in northeast Victoria. 

CLAY. 

The stratified glacial clays are used for common brick and drain-tile at Victoria, 
Sidney, and Sidney island. At Sidney island the stiff-mud process is used, but at all 
the other plants the wet-mud process is used for the manufacture of the brick, 
although at Victoria drain-tile is moulded in an auger machine. No high grade 
clays are known to occur in the district. The shales of the Nanaimo f ormation are 
almost invariably sandy, and are not suitable for other wflres than brick and drain-tile. 

STONE. 

No building stone is quarried at the present time in the area. The older crystal­
line rocks, even the Saanich granodiorite, are too badly fractured and sheared to yield 
good building stone. Some of the sandstones of the N anaimo formation would furnish 
material of a fair quality, but sandstone of better grade, and more readily quarried, 
occurs farther to the north and west, and supplies the present demand. 

Crushed stone is obtained from the Metchosin volcanics on Albert head by the 
British Columbia Trap Rock Company. The rock is a somewhat altered basalt of an 
ophitic or diabasic texture, and furnishes a rock of excellent quality for crushed stone 
for concrete, road metal, and similar purposes. 



110 GEOLOGICAL SURVEY 

1 GEORGE V., A. 1911 

TOPOGRAPHIC WORK ON VANCOUVER ISLAND. 

(R. H. Ohapman.) 

Field operations on Vancouver island were begun about the middle of May. One 
party was organized under K. G. Chipman, and the survey of the Sooke sheet-a 
rectangle extending between latitudes 48° and 48° 30' and longitudes 123° 30' and 
124 o -was begun. 

This sheet includes the full width of the strait of Juan de Fuca, and will show 
the International Boundary and part of the shore line of the State of Washington. 

The same party continued work northward surveying the Duncan sheet, which 
is bounded b.Y the parallels 48° 30' and 49 ° of. latitude, and meridians 123° 30' and 
124 ° of longitude. 

Later, a second party under S. A. Wookey was organized, and co-operated m 
this work. 

This sheet shows the eastern shore line of Vancouver island from the head of 
Finlayson Arm of Saanich inlet to Oy~ter harbour at Ladysmith, and includes parts 
of Saltspring and Galiano islands, and the smaller islands of the vicinity. 

The field scale of the Sooke and Duncan sheets is 1 to 96000-for publication at 
about 2 miles to 1 inch; with topography shown by contours at an interval of 100 
feet. 

About June 1, a party under B. R. McKay was established near Ladysmith, and 
later a party under T. A. McElhanney; and the surveying of the N anaimo sheet was 
begun. 

This sheet covers an area bounded by parallels 49° and 49° 15', and meridians 123° 
45' and 124°. It includes the flat areas of ~edimentary rocks, with which the coal of 
this field occurs, as well as some of the volcanics appearing in the foot-hills. Nanaimo 
and N orthfield and the coast line from Oyster harbour to a point about 10 miles 
northwest of Nanaimo, are shown, together with the larger (western) part of Gabriola 
island and the smaller adjacent islands. 

This sheet, which joins a portion of the northern edge of the Duncan sheet, was 
surveyed at a field scale of 1 to 48000, and will be published at about 1 mile to 1 
inch. The topography is shown in great detail by contours at 20 foot interval. 

All the mapping was prosecuted by the plane-table intersection and traverse 
methods, essentially the same as used the preceding year. A land area of about 1,000 
square miles was mapped. 

Very carefully run lines of levels were extended along the Esquiroalt and N anaimo 
railway, from Langford lake to Ladysmith, thus giving a tie between the datum at 
Victoria and that at Nanaimo, bQth of which were used in 1909. Standard bench 
marks-copper discs or iron pipe-were placed at short intervals on these lines, and 
were also placed along the lines run during the season of 1909. 

This work was done with all the care and precision of the previous work. 
Triangulation was extended from stations established in 1909 to points in the 

vicinity of Buttles and Great Central lakes and Effingham inlet. This work which i:: 
available for ·the extension of the topographic maps, was accomplished with the same 
refinement as that of the preceding year, and was again done by S. C. McLean. 

All the work was greatly retarded by forest fires and smoke, and latterly by heavy 
and continuous rains. 

The field work closed early in December. Efficient service was rendered by the 
following assistants : F. S. Falconer, R. E. 111:cBeth, K. H. Smith, R. H . J arvis, F­
Bowman, A. U. Meikel and A. G. Haultain. · 
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PARTS OF THE SIMILKAMEEN AND TULAMEEN DISTRICTS. 

(Charles Oamsell.) 

During the season of 1909 geological :field work was begun in the Tulameen 
district on a sheet covering about 160 square miles. About two-thirds of this work 
was completed in that season, leaving the remaining third to be :finished in 1910. 

During the season of 1910 nearly two months were spent on the Tulameen sheet 
itself, and in the examination of such adjacent country as was necessary for the 
proper interpretation of the geology of that :field. The work of compiling the geological 
data obtained on this sheet in the past two seasons is now in progress, and a :final 
report will be prepared for publication in the immediate future. The essential 
structural and economic features of this :field were outlined in the Summary Report for 
1909, so that it will not be necessary here to give more than a mere statement of 
progress in mining development d·uring the last year. 

Besides the work on the Tulameen sheet a few days were spent at Hedley in 
obtaining information on the development that had taken place there since the com­
pletion of the author's report on that district. An examination was also made of 
certain asbestos deposits situated in the neighbourhood of Okanagan Falls on the east 
side of Okanagan valley. 

A little work was done in the region lying between Tulameen and Nicola valley, 
and a plane-table and telemeter traverse was carried through along the wagon road 
between these two points. 

The :field party consisted of four persons, including J. D. Galloway and W. S. 
McCann as assistants. 

PROGRESS OF MINING IN THE TULAlliEEN DISTRICT. 

Although most of the ore deposits of the Tulameen district are still in the prospect 
stage of development, the near approach of the Great Northern railway has within 
the last year given a slight stimulus to the mining industry, which had previously 
shown some sign of languishing. Among the various lode metal prospects, such as 
gold, silver, copper, and platinum, the development has not been great, and in the 
large majority of cases the work done has only ~:!n such assessment duty as is 
necessary to hold a mineral claim that is not Crown granted. 

Placer mining operations received a decided reverse in the early spring, by the 
washing out for the third time ·Of Lambert and Stewart's dam on Granite creek. 
Work had advanced so far on this lease that the owners fully expected to be able to 
mine some 600 feet of the creek bed during the summer. Three seasons had been 
spent in preparation, and about $10,000 expended on dam and flumes, and it was con­
fidently expe~ted that the gold and platinum obtained from the mining of this ground 
:would have amply repaid them for their outlay. 

A few Chinese miners were again placer mining on a part of the bed of the 
Tulameen river between the mouths of Eagle and Champion creeks. This particular 
portion of the stream bed has been worked over a great many time.s since the :first 
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discovery of gold on it. Within the last twelve years it has been mined at least eight times 
and the old cabins, gravel dumps, and abandoned machinery, show that it had already 
been worked over years before. Gold and platinum are obtained here in about equal 
proportions. The evidence suggests that the gold and platin}p:u on the stream bed are 
replenished annually from some near-by source. What this s;urce is has not yet been 
determined. There are no prominent gravel deposits directly above this point, but it is 
significant that it lies immediately below a sheared and broken zone formed in the 
bed-rock, on the contact of pyroxenite with green schists. The method of working is 
:to divert the water by wing dams to one side of the stream bed, and mine the other 
by sluicing. The ·amount of gold and platinum actually recovered was not ascer­
tained, but it appears to have been satisfactory to the miners. 

Some placer mining is also carried on annually in Granite creek by a few indi­
viduals. Here attention is devoted largely to old channels in the creek valley. 

The most important developments in the Tulameen district within the last year 
have been in coal mining operations. Virtually all the known coal in the Tulameen 
coal basin has been acq,uired by the Columbia Coal and Coke Company, and prospect- -
ing has been vigorously carried on throughout the year by this Company. 

As outlined in-the Summary Report for 1909, the rocks of the coal formation are 
of Oligocene age, and consist of sandstone, shale, conglomerate, auct beds of coal. 
These rest conformably on volcanic rocks, while they are in part ove1laid unconform­
ably by a basaltic flow. That the latter is simply a surface flow capping the coal 
formation has been satisfactorily proved by sufficient evidence. Fissures through 
which this basalt rose to the surface were noted in two places in the canon of Granite 
~reek, and it is possible that one or more of these fissures may cut the coal formation 
itself. 

The coal basin is synclinal in structure, with the main axis of the syncline run­
ning approximately N ' 50° W. The total area covered by the Oligocene sedimentary 
rocks is 3,700 acres. As near as can be estimated by following out the outcrop of the 
'Coal seams 3,254 acres of the basin are covered by coal. The lava covers 1,070 acres 

-of the coal-bearing rocks. 
· Enough work has not yet been done to prove the total number o:£ workable 
seams existing in the basin, but what work has been done is sufficient to prove that u 
thickness of 20 feet of coal would be a fair estimate. 

Taking the usual estimate of 1000 tons of coal to the acre per foot of seam the 
basin 'contains about 65,000,000 tons of coal that can be extracted in mining. 

The total thickness of coal as exposed in the workings on Granite creek appro­
ximates 50 feet, but a great part of this thickness is made up of narrow seams, 
separated by partings of clay or s·andstone. As the beds are explored some of these 
parting<! may pinch out and leaye a good workable seam. 

Up to the end of August, 1910, over 2,500 feet of tunnelling, drifting, and raising 
had been done in exploration of the coal basin. Most of this had been carried out 
at two points-one on Granite creek on the south side of the basin, and the other at 
Collins gulch. It was found, however, that the outcrop of the coal seams approached 

nearer to the Tulameen river on Fraser gulch than at any other point in the basin, 
consequently all recent work has been concentrat!id there. It is the intention to mine 
the basin by tunnels driven in at this point. A drill hole· is also being sunk through 
the formation at a point near the head of Fraser gulch. This point was oelected on 
account of its being near the centre of the basin, where a hole would pierce all the 
·strata. 

Since returning from the field the important discovery has been made of the 
.occurrence of diamonds in a sample of chromite taken from the perido-
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tite of Olivine mountain situated about 7 miles west of Tulameen village. This is 
the first recorded discovery of diamonds in Canada either in the solid rock or in 
placer. 

As described in the Summary Report f or 1909 (page 109) the peridoti te forms 
an elongated body about 2! miles long and about a mile wide extending from the 
summit of Olivine mountain northward across the valley of the Tulameen river to 
Grasshopper ridge. The total area of this body is 2·8 .square miles. It is surround~ 
ed on all sides by pyroxenite into which it passes by a gradual transition. These 
two rocks have been thrust . through a series of interbedded volcanic rocks, lime­
stones, and argillites, which are believed to be of Triassic age. 

The peridotite contains only two constituent minerals, olivine and chromite, 
and is, therefore, the variety dunite. The chromite in which the diamonds were 
fo.und is not evenly distributed through the rock mass, but occurs in short irregular 
vein-like segregations an inch or more in width, in irregular masses, or in small 
grains disseminated throughout the rock. In all cases it is doubtless a product of 
differentiation in the molten magma during cooling. 

The peridotite in some places is altered t o serpentine, but in many place:> it is quite 
fresh and shows little evidence of decomposition. It is of the same family of rocks 
as that to which belong the matrices of the South African and Arkansas diamonds, 
but it differs slightly from the foreign r ock in constituent minerals and in the degree 
of alteration undergone. The origin of the rock in each instance is identical. 

The South African di amonds are found in a decomposed serpentine which occu­
pies circular or elliptical pipes, varying from 20 to 750 yards in diameter. The 
Arkansas diamonds are found in two isolat ed bodies of peridotite, the larger of 
which covers about 60 acres. In Africa, and to a certain extent in Arkansas, the 
diamonds are distributed fairly uniformly throughout the mass of the rock, so that 
an estimate can be made of the number of carats that a given area will yield. For 
example, in South Africa it is estimated that one cubic yard of rock yields about 5 
carats, while in Arkansas 16 cubic feet of rock gives 0·21 carats. 

Samples of chromite taken from the peridotite of Olivine mountain were sub­
mitted to lvir. R. A. A. J ohnston, mineralogist of the Survey, to determine the nature 
of the chromium minerals. In the course of his examination Mr. J ohnston secured 
some insoluble crystals which on subjecting to further tests he found to be diamonds. 
Plat inum and gold were also identified in the residue. 

Results previously obtained in the course of a search for the original source of 
the platinum of the Tulameen district showed that this mineral was often asso­
c iated with tha chromite in appreciable quantity, and Prof. J. F. K emp in one 
sample obtained as much as half an ounce t o the ton. The saiilJPle submitted to :Mr. 
J ohnston has yielded platinum at the rate of about one ounce to the ton. When 
seen under the microscope the platinum appears as small rounded pellets or as thin 
sheets having a bright metallic lustre. The chromite segregations, however, where 
they have been observed, are too small and too widely separated throughout the body 
of the rock to make the extraction of the platinum a profitable commercial !Venture. 

The gold is in considerably less quantity than the platinum. 
The diamonds so far obtained by t he breaking down of the chromite in the 

laboratory are of small size, the largest being about the size of an ordinary pin's 
head. When examined under the microscope many of them are seen. to be clear and 
bright, and apparently of excellent quality. Some have a faint yellowish colour. 
Other specimens are massive, opaque, and greyish black in colour and are presumably 
the variety carbonado. 

All of the diamon& extracted have been found to be associated with the 
chromite of the peridotite, and not with the olivine. I£ this association holds true 
throughout the mass of the rock the diamonds will be found to be very unevenly 

26-8 
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distributed, and for that reason, if for no other, their extraction is a difficult pro­
blem. Again, the rock is so fresh and hard that the South African methods of 
extraction cannot be used here. Mechanical methods cannot for several reasons be 
advantageously employed, and chemical processes are slow and expensive. The dis­
covery, therefore, of these diamonds in the solid rock of the Tulameen is of great 
scientific interest even if it does not prove to be of much commercial importance. 

Placer deposits have been found in the streams which drain the peridotite, and 
in these it is to be expected that diamonds comparable in size and quality with 
those obtained in the laboratory will be found. These deposits may also contain 
stones of greater size, but in the placer mining for gold and platinum which has 
been carried on in these streams for a number of years, altho,ugh stones of commercial 
size on the sluice boxes should have attracted the attention of miners, the discovery 
of a diamond has not yet been recorded. 

The present discovery of diamonds in Cailada is the first that the department 
ihas been able to verify. For many years officers of the Survey working in British 
Columbia have been on the lookout for precious stones, so that the discovery of 
diamonds has not been altogether unexpected. Some years ago the present Director 
of the Survey obtained some microscopic crystals which were believed to be diamonds 
and which gave positive results in all tests to which they could be submitted. At that 
time he advised the prospectors of British Columbia to be on the lookout for diamonds 
and expressed the belief that they might occasionally be found in the placers. The 
present discovery justifies that . belief. 

A few diamonds have beeen found in the glacial drift in Illinois and Ohio, and 
as much of the material of this drift has been derived from rocks in Canadian ter­
ritory and carried southward by glacial action it is presumed that the diamonds 
also may have had their original ~ource in Canada. 

RECENT DEVELOPMENTS AT HEDLEY. 

In December, 1909, trains began running regularly into Hedley from the east, 
over the tracks of the Victoria, Vancouver, and Eastern railway. The effect of this 
on the mining industry of the Similkameen has been more marked perhaps in other 
portions of the district than in the immediate vicinity of Hedley. Operations have 
been carried on more vigorously than formerly on the Sunnyside and Nickel Plate 
mines, but this is not due solely to the advent of the railway. The Kingston group 
has been bonded to a Boston company, and exploratory work is being done, but in the 
remaining part of the camp the exploitation of mineral claims is in virtually the same 
condition as it was on the completion of our field work there in the spring of 1909. 

On August 13, 1909, the Yale Mining Co., owners of the Nickel Plate and Sunny­
side mines, sold out to the Exploration Syndicate of New York, who are now operating 
these mines under the name of the Hedley Gold Mining Company. The Daly Reduc­
tion Company also went into the hands of the same people, but the old name is still 
retained. 

Since the change a vigorous policy has been pursued both in the mines and 
reduction ~orks, resulting in a greatly increased output. 

For a detailed description of .the geology and ore deposits of this region refer­
ence can be made to a recent publication by the present author.1 For the sake of 
ccnvenience, however, a brief statement of the geological conditions is here made. 
The stratified rocks of the district consist of interbedded limestones, argillites, quartz­
ites, and volcanic materiala of Palreozoic age, now much altered by igneous intrusion 
and dynamic action. Into these have been intruded a batholithic mass of grano­
diorite, and smaller bodies of an igneous complex made up of gabbro, diorite, and 

1 The Geology and Ore Deposits of the Hedley Mining District, Memoir No. 2, Geological 
Survey Branch, Department of Mines, Canada. . 
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quartz diorite. The ore bodies are of contact metamorphic ongm, and are situated 
on the contact of the altered limestone with apophyses of gabbro which are connected 
with the main bodies of that rock. The principal ore mineral in them is arsenopyrite, 
which occurs in a gangue of lime silicate minerals, and yields gold as the chief 
valuable metal. 

At the mines the ore bodies, which a year and a half ago were thought by the 
fermer owners to be almost exhausted, have been proved to extend a considerable 
distance both in length and width. Two new ore bodies have been discovered, one 
on the Nickel Plate, and another on the Bulldog. A third ore body, lying under the 
foot-wall of the old Nickle Plate ore body, and formerly thought to consist entirely of 
low grade ore, has been prospected and found to contain a large quantity of ore, 
averaging about $12 to the ton. 

On the Bulldog claim, which adjoins the Sunnyside on the south, a prospecting 
adit tunnel has been driven into the mountain at a point about 30 feet below the 
electric tramway, and not far from Sunnyside No. 1. At the time of examination 
the tunnel was in about 60 feet, and was largely in ore up to the face. The horizon 
of this ore body is apparently the same as that of Sunnyside No. 2, and the ore is of 
somewhat similar character, with perhaps a higher proportion of pyrrhotite to the 
arsenopyrite. The gangue is largely calcite, with some of the lime silicate minerals. 

At Sunnyside No. 2 mine, which has been second only to the Nickel Plate as a 
producer of ore, the work has been largely stoping of ore, and diamond drilling. 
Prospecting of this mine has not extended the limits of previously known ore. 

On Sunnyside No. 3, which is an incline dipping about 45° on a foot-wall of 
gabbro, a new level has been opened up, and the main entry driven 120 Jeet below 
the first level. On the first level a raise has been put up 112 feet to the north, and 
is in ore all the way. 

Sunnyside No. 4 is also an incline, with a dip of 17° Rnd a length of 420 feet. A 
drift has been run to the south in the mine and connexion made with Sunnyside No. 
3 on the first level. Ore is being stoped from both these mines. 

The Nickel Plate mine shows the greatest development. At the last examination, 
made in June, 1909, onl;y one ore body was being worked in this mine, namely, that 
lying above the foot-wall of gabbro (andesite). Another ore body was known to lie 
beneath this foot-wall, but it was always considered to be of lower grade than could 
be profitably mined at the time. 

During our recent examination at the end of July, it was found that the limits 
of the original ore body had been extended both along and acros·3 the strike, and in 
places about 20 feet of what was originally considered to be the hanging wall has 
been mined out. · The so-called low grade ore body beneath the gabbro foot-wall has 
been prospected and found to contain some high grade ore, and a considerable 
quantity-amounting to thousands of tons-of other ore of approximately average 
grade. 

Besides these two ore bodies, a third has been discovered in the lower, or No. 4, 
tunnel. All three ore bodies are being mined, and at the time of our examination 
about 18,000 tons of ore had been broken down and was lying in the stapes. 

The lower, or No. 4, tunnel, which >vas originally driven to form the main entry 
to the mine, and later abandoned, is now being used, and an electric tramway laid 
into it. Oonnexion has been made underground from this tunnel to the old workings 
above, and it is proposed to take all the ore from the mine through this entry. Pre-
parations are also being made to sink from this level. • 

Besides the developments in the mines there have been impr<Wements in trans­
portation and methods of treatment, resulting in an increase in the quantity of ore 
milled. Previous to 1910 the reduction works treated a maximum of 135 tons daily. 
This has been increased to 160 tons, largely by a change in the drop of the stamps 

26-8~ 
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from 6 inches and 106 per minute to 7~ inches and 99 per minute. With other 
improvements that are now being made it is estimated that the capacity of the mill 
will shortly be increased to 2oo tons per day. 

The changes in the mill will include the addition of a 100 ton tube mill for re­
grinding, Bunker Hill screens for classifying, Deister tables for slime concentration, 
Merrill precipitating presses to replace the zinc boxes, and Oliver filter presses -for 
dewatering the slime residue. 

The power. plant also is being improved and increased. All the machinery was 
formerly operated directly by water-power, but electric motors are now being installed 
everywhere. A 360 K. W. W estinghouse generator has been installed in the main power · 
house. This is connected at one end of the shaft with a 400 horse-power condensing 
steam engine, and at· the other with a 500 horse-power 'Doble impulse wheel, so 
that the plant can be operated either by steam or water-power. By the addition of 
three new return tubular boilers the steam boiler capacity has been increased from 
250 to 700 horse-power. 

In spite of all the changes that are being made there has been no interruption 
of the regular milling operations, and with the increase in the steam boiler capacity 
\there will be no necessity in the future to close down during part of the winter, as 
was so often done when water was the only motive power. Up to the end of 1908 the 
total tonnage of ore treated was 153,013. The following table shows the monthly 
tonnage since that date:-

January ..................................... . 
February ..................................... . 
March ................................ ·· ·· ·· 
April. .................. . ..... . 
May ........... . .. . ............... . .... . 
J·une ......... . ...... ·· ·· ·· · · · · ·· ·· · · · · ·· 
July ................... . ... . .. . ........ . 
August ................................. . 
September.. • . . . . . . . . . . . . . . . . • . . . ...... .•. 
October ......• • ................ 
November.. .. .. . ...... .. ................... . 
December ........•...•.......... . 

1909. uno. 
Tons. Tons. 

1,588 
3,831 
3.389 
:.,695 
3,873 
3,700 
3,944 
3,691 
3,392 

2,718 
3,052 
1,919 
3,921 
4,305 
4,574 
4,549 
4,347 
4,360 
4,300 estimated. 

31,103 38,045 

Within the last two years the average grade of the ore milled has decreased from 
$14 per ton to $12 per ton. The extraction has, however, gradually increased, until 
at the present time it is 93 per cent of the assay value of the ore. 

Extraction of gold from the ores of the Nickel Plate and Sunnyside mines began 
~n June, 1904. From that time up to September, 1910, or in a little more than six y_ears, 
these mines have produced gold to the value of $2,741,277.28. · 

Since the completion of the field work for th~ report on the Hedley mining 
district in September, 1908, some development has taken place in the district, and this 
development has a bearing on the theory advanced in that· report . for the origin of 
the ore bodies. The ores are therein stated to be the result of contact metamorphism, 
and the theory attributes their origin to the intrusion through beds of limestone of 
gabbro dykes-locally called andesite-emanating from a main central stock. This 
intrusion produced the primaryores. Secondary enrichment was also supposed to have 
taken place in the surface zone by downward moving waters, effecting concentration 
where dams had been formed by impervious cross-cutting dykes. 

Recent development has done much to confirm the theory that the intrusion of 
tlie gabbro was the primary cause of ore deposition, and where new ore bodies have 
been found, they have always proved to be associated with the white gabbro. It is 
also true, however, that many bodies of gabbro have been intruded into the limestones 
without forming ore bodies of commercial magnitude. 



SUMMARY REPORT nr 
SESSIONAL PAPER No. 26 

The theory of secondary enrichment. in the surface zone through downward mov­
ing waters is not of such general application as the other. While this theory has been 
found to be true in a few cases, these cases are not in the majority, and one would 
not be justified in attempting to draw any general conclusions from them. The 
majority of the ore bodies now being worked do not show any evidence of secondary 
surface enrichment and appear to contain only the primary ores, which are the result 
of contact metamorphism. This may be taken as a reason for encouragement to mine 
owners, for it indicates that secondary enrichment is not necessary for the formation 
of commercial ore bodies in this camp. It suggests at the same time that ore bodies 
will be found to persi-st to depths greater than was first supposed. Both of these 
factors go to lengthen the probable life of the existing mines, while they tend to 
increase the probable number of yet undiscovered ore bodies occurring in this camp. 

It is true that the average grade of the ore now mined has decreased slightly 
with the working out of those ore bodies that were near the surface and did show 
evidence of secondary enrichment, but this decrease has been so slight that there is 
still a considerable margin of profit in the mining of these ores. The grade of the 
ore now mined averages about $12, while the cost of extraction is in the neighbour­
hood of $5 per ton. 

The lowering of the grade of the ore with depth has been accompanied by a 
slight change in its character. The gold. now mined is finer and is more intimately 
mixed with the arsenopyrite, and is not so readily extracted by amalgamation. This 
change, however, has been met by various changes in the treoatment, and so successfully 
has this been done that a higher percentage of the assay value of the ore is now 
recovered than was formerly done with the more easily reduced surface ores. 

In view of the fact that the surface zone has been passed through, and no great 
change in treatment has become necessary to meet the change in character of the 
ore, it is not likely that any radical change, such as the smelting of the ores, will 
ever have to be resorted to in the future as depth in the mine increases. 

THE OCCURRENCE OF ASBESTOS AT OKANAGAN FALLS. 

Asbestos is reported to have been discovered at this place in 1898, by G. Maynard, 
but until the last year nothing had been done to demonotrate its quality, or the area. 
covered by the asbestos bearing rocks. In the spring of 1910, fourteen mineral 
claims were staked to cover the ground, the owners being Messrs. Ritchie, Hislop, 
Maynard, and Bailey. · 

The claims ·are situated ou the east · ·aide of Okanagan valley, and on the south 
side of Shuttleworth creek, which flows into the Okanagan river below Okanagan 
falls. The claims extend up the slope of the valley, from an elevation of 400 to 2,000 
feet above the level of Dog lake. 

The sides of the valley slope up gradually but irregularly. The lower part is 
level land, on which fruit farming is being carried on. The upper parts are rocky, 
and broken into irregular hills and hollows. 

The rocka in which the asbestos occurs belong to the Shuswap series, and this 
series extends up and down the eastern side of Okanagan valley, and for an unknown 
distance inland to the east. Patches of Tertiary volcanic rocks are found resting 
here and there on the rocks of the Shuswap series, and on the west side of the valley 
they attain a great development. 

The rocka of the Shuswap series here consist of granite and diorite gneisses, 
mica, hornblende, and talc schists, limestones, narrow beds of pyroxenite, and some 
serpentine. In general the planes of schistosity and gneissic structure are parallel 
to the planes of stratification in the limeatone, the strike being east and west, and 
the dip 'at low angles to the north. 
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The serpentine is the result of an alteration of an impure peridotite, of which a 
little yet remains in the unaltered state. One, .and perhaps two bands are known to 
occur near the top of the valley slope, but neither of them appear· to be as much as 
100 feet in width. 

The asbestos i'a found in veins running through the serpentine. These veins 
vary in width from a fraction of an inch up to 14 inches, and are exposed in a few 
places by open-cuts to a depth of 4 to 10 feet. 

The larger veins appear to show some movement of the walls after the formation 
of the asbestos, for the middle of the vein shows a break, the fibre not being continu­
oua across the whole width of the vein. The fibre is coarse and sometimes brittle, 
and though it can be worked up into a soft fluffy mass it lacks toughness and tensile 
strength, and would not yield either of the higher grades of asbestos product. 

The smaller veins, varying in width from ! to 1 inch, contain a slightly better 
grade of fibre, but the depth to which they have been exposed i'a not sufficient to 
fairly demonstrate the quality. 

At present the deposits me handicapped by two things; one is their situation at 
an elevation of about 2,000 feet above the main Okanagan valley, and the other is 
the limited quantity of visible serpentine in which asbestos could form. · The quality 
of such fibre as is now exposed is inferior, but it would be unfair to condemn the 
deposits from this standpoint ·alone, when so little depth has been attained in develop­
ment. 

SUMMIT CAMP AND VICINITY. 

The group of mineral claims locally known as Summit Camp is situated on the 
divide between Sutter creek on the Tulameen slope and Dewdney creek on the 
Coquihalla slope. The distance from Tulameen village is about 24 mile-a, and the 
camp is connected with that point by a good pack trail running up the Tulameen 
valley. 

Ore was first discovered at Summit Camp in the autumn of 1895, and more or 
less development of the claims has been done every year since that date. There are 
now nine surveyed and Crown granted mineral claims, besides fifteen or twenty others 
en which the ·annual assessment work is still done. 

The country was all burnt over the year after the discovery of ore, and a great 
deal of valuable fir and spruce timber was destroyed. The elevation of the summit 
of the divide i'a estimated by aneroid as about 5,700 feet above sea-level. All of the 
mineral claims are over 4,000 feet above the sea, and some of the points in the neigh­
bourhood reach an elevation of over 7,500 feet. 

The rocks consist of argillites, limestones, quartzites, and breccias, cut through 
and intruded by igneous rocks of medium basic composition, in the form of dykes 
and sheets. In Ethological characteristics they resemble strongly rocks in other parts 
of the district, which are classed as of Carboniferoua ·age. They are, as a rule, thin 
bedded, and dip at high angles, having a general strike about N 20 W. Bordering 
these rocks on the east is a belt of Cretaceous rocks, but these ·are of no importance 
in connexion with metallic ore deposits. 

The most pronounced planes of fracture have a strike of about N 80° E. The 
ore 'deposits are replacements, generally of limestone, in and along either side of these 
fracture planes. The ore minerals are galena, zinc blende, chalcopyrite and pyrite, in 
a gangue of quartz or unreplaced country rock. From the lo9se appearance of the 
well-formed quartz crystals in the fissures, and the incipient comb structure exhibit­
ed therein, these fissures appear to have been at one time open spaces. Ascending 
solutions carrying the sulphides have traversed these fissures and deposited the ores in 
them, at the same time replacing the wall rocks on either side for a distance of 2 or 
3 feet. The fissures themselves .are narrow and se1dom more than 6 inches in width. 
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The middle portion of the ore body represents the original :fi~sure. This portion is 
often completely :filled with a solid mass of galena, blende, and some copper and iron 
sulphide. That portion of the deposit which represents the replaced wall rock con­
tains more pyrite, and ~ess galena and blende. 

The deposits carry silver as the principal valuable metal, and though not of great 
size are fairly high grade. A 1,700 pound sample of picked ore was shipped to a 
smelter a few years ago from one of the claims owned by the Terre Haute Company, 
and this sample is reported to have yielded 215 ounces in silver, $12 in gold, and 
4 per cent in copper. Lack of good transportation facilities has retarded the develop­
ment of this camp. 

During the early spring of 1910, some 20 coal claims were staked out on a belt 
of Cretaceous rocks lying directly east of Summit Oamp, and between the main Tula­
meen river and its south fork, This belt, at the mouth of Sutter creek, is probably 
3 miles wide, and strikes slightly east of south. It is probably continuous with a belt 
of Cretaceous rocks found on the International Boundary line between Pasayton and 
Roche rivers, and may also extend northward to connect with other Cretaceous rocks 
in the valley of the Fraser river. 

On the west these rocks rest on the ore bearing rocks of Summit Camp, and on the 
east on a sheared and gneissic granite which is probably continuous with the Eagle 
granite of the Tulameen sheet. The basal formation of the Cretaceous on the west is 
a coarse conglomerate, containing w:ater worn boulders of quartzite and argillite, as 
well as of plutonic and vo1canic igneous rocks. This bed dips at a high angle to the 
east and rests unconformably on a volcanic andesite. 

On the eastern border the ba~.al bed is a volcanic breccia, above which is a hard 
conglomerate, having a dip of 50° to '70° to the southwest. Above the conglom­
erate beds on both sides of the belt are massive sandstones, and black, grey, and red­
dish argillites. The whole basin is clearly synclinal in structure, though it shows 
minor folds towards its centre. 

The sandstones and argillites are cut by dykes of granite, and syenite porphyries 
and andesite. Faults are of common occurrence. 

No coal, either float or in place, was found in this part of the basin. It is, 
however, quite possible that it may exist, for rock exposures are not very abundant, 
and the drift is so widespread that the outcrop of a coal seam may easily be covered. 
It is reported that a thin seam of coal, and some narrow lenses, have been found in 
this belt farther to the s·outh. Very thin seams of coal undoubtedly have been found 
in the Roche River district to the south, in rocks which are of the same age and pre­
sumably in the same basin as this. 
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BEA VERDELL DISTRICT, WEST FORK OF KETTLE RIVER, 
BRITISH COLUMBIA. 

(L. Reinecke). 

The season w;as spent in finishing the topographic map of the Beaverdell district, 
which was begun last year. The work was primarily topographic, but attention was 
given to the geology whenever time could be spared from the topographic work. An 
area of 162 square miles was mapped on a scale of 4,000 feet to one inch, 48! 00. 

The primary and secondary control were obtained by transit triangulation and plane­
table intersection, the detail by plane-table and stadia, and plane-table and tape traverse. 
Work was started on May 25, and the traversemen had all left the :field by October 16. 
After attending to a few details necessary in :finishing the topography, we left the 
:field on October 27. Messrs. Chas. C. Galloway, W. G. Hughson, and Karl A. Clark 
assisted in topography throughout the season. Mr. Ernest Bartlett acted as traverse­
man up to the end of July, when his place was taken by Mr. F. H. McCullough. 1fr. 
John Stans:field assisted in both topography and geology. lVfy thanks are due these 
gentlemen for the unfailing interest they showed in their work. 

LOCATION. 

The area mapped lies in the .valley of the West fork of Kettle river, in southern 
British Columbia. It is included between longitudes 118° 55' and 119° 10'; and lati· 
tudes 49• 25' and 4'9° 37·5'. Its southern boundary is 43 miles by wagon road from 
Midway, on the International Boundary, and almost 23 ,miles above where the West 
fork joins the Kettle river. Within the map sheet occur the silver-lead ores of Wal­
lace mountain, the gold-silver ores !!.t Carmi, and the gold and copper prospects of 
Triple lakes, Kn.ob hill, and Arlington mountain. 

HISTORY. 

An account of the mining history of the district was given m the Summary 
Report for 1909.1 

GENERAL CHARACTER OF DISTRICT. 

TOPOGRAPHY. 

A description of the topography was given in the Summary Report for 1909. 
This dascription is in the main correct, though the map does not take in as much C?Jf 
the drainage of the main Kettle as was proposed. The completion of triangulation 
also, has shown the elevation of the higher points within the map to lie between 5,600 
and 5,760 feet above sea-level, making the maximum relief within the sheet between 
3,200 and 3,300 feet. 

A few other facta brought out more clearly by the topographic map may be men­
tioned here. A series of mature uplands is the most general and striking feature of 
this part of the Interior Plateau. The main drainage, on the other hand, occupies 
valleys in which the topography is in a more youthful stage. Tha present land aspect 

1 On the Beaverdell District, West Fork of Kettle River, B.C., by L. Reineoke. Sum­
m:uy Report of the Geological Survey Branch, Dept. of Mines, Canada, for 1909. 
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is, therefore, evidently the product of several epochs of erosion. A well marked upland, 
in which all evidences point to advanced maturity, occurs between the elevations of 
4,000 and 4,600 feet. It is well represented in the northeastern part of the map. 
Above that is another, not quite so well developed, and carved out of what were once 
extensive volcanic flows. It is thought that ·at the time the volcanics were laid down 
on the lower plateau its topog.raphy very cloaely resembled that of to-day. 

The valleys show a marked tendency to follow north-south and east-west direc­
tions. These are also the more common directions of fault planes in ·the underlying 
rocks, ·and were probably directions of structural weakness in overlying rocka long 
since eroded away. It may be inferred that the present valleys are the sites of the 
lines of d.rainage of the old uplands or plateaus. 

The steep sides and flat bottoms of a few of the more important valleys are due to 
the effects of glacial erosion. Since glacial times the tributary streams, in getting down 
to the new level of these valleys, have cut gorges near their mouths. These gorges 
represent the youthful stage of a new epoch of erosion. A furt~er change is recorded 
in the series of terraces representing old river bottoms left upon the valley side·a. 
They probably represent uplifts since glacial times. 

FLORA. 

The following plants were collected by Mr. Karl A. Clark in two localities in the 
Beaverdell district. Both localities are in open valley bottoms, the higher at an 
elevation of 2,800 feet, and the lower at about 2,500 feet above sea-level. It ia hoped 
that the list may be of interest to those studying the flora of British Columbia. The · 
specimens were identified by Professor John Macoun of the Geological Survey. 
Popular names are put in parenthesis after the scientific. 

1. Pentstemon confertus, Dougl. (Beard tongue). 
2. Antennaria parviflora, T. and G., var. rosea (rose-coloured everlasting). 
3. Eriogonum heracleoides, N utt. 
4. Py1·ola asarifolia, Rook. (Liverleaf wintergreen). 
5. Erigeron speciosus, DC. (Large flowered fleabane). 
6. Geum triflorum, Pursh. 
7. Oamwanula rotundifolia, L. (Scotch harebell or bluebell). 
8. Achillwa millefolium, L. (Yarrow). 
9. Senecio balsamitw, T. and G., (Balsam groundsell). 

10. Lupinus laxiflo?·us, Dougl. (Loose flowered lupine). 
11. Galium boreale> L. (Northern bedstraw). 
12. Spirwa betulifolia = glauca, Green. 
13. Astragalws campestris, Gray. (P·rairie milk vetch). 
14. Epilobium angustifolium, L. (Willow herb). 
15. Zygadenus elegans, Pursh. 

Quaternary. . . . 
:M:iocene ..... . 
Oligocene ( n .. 
J urassic ( n. . . . . . . . . . 
Pre-J urassic. . . . . . . . . 

GENERAL GEOLOGY. 

TABLE OF FORMATIONS. 

River deposits, glacial till. 
Basalt, andesite, and dacite lavas. 
Volcanic breccias and tuffs. 
Granodiorite batholiths. 
Limestones, argillites, cherts, with inter­

bedded volcanic mat1er and intruded dykes. 
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PRE-JURASSIC. 

A series of limestones, jasperoids, and argillites occur in patches or narrow 
strips within granodiorite, in the southeastern part of the district. They are accom­
panied by interbedded volcanic matter, and intrusive aplite, augite-porphyrite, quartz 
porphyry, and younger feldspathic dykes. The sediments are all intensely metamor­
phosed, and almost all traces of bedding have diaappeared. The interbedded volcanic 
matter appears to be of nearly the same age as the argillite or hornfels with which it 
is associated. The intruded dykes are of much later age. The mode of occurrence of 
the sedimants, and the relations at the contacts with the granodiorite, indicate that 
they are older than the latter. It has been suggested that they are remnants of a sedi­
mentary roof at one time covering the batholith. - No fossils were found in them. 
They resemble strata found in the Boundary district, which have been provisionally 
classed as Palooozoic. 

JURASSIC. 

Most of the area examined up to an elevation of about 4,500 feet is underlain 
by granodiorite. :Four types were recognized in the field. They vary in composition 
from a basic diorite to a rock closely resembling the Nelson granite, and represent 
several distinct intrusions. 

'l'ERTIARY. 

Volcanic rocks of Tertiary age occupy the higher points. They consist of 
breccias and tu:ffs, overlain by dacites, andesites, and basalts. The breccias and tu:ffs 
ail'e found in the region around Goat mountain, in the south. They have been 
a~signed to the Oligocene through their resemblance to tuffs of that age in the Bound­
ary district. No shales or sands tones were found with them. 

Dacites, andesites, and basalts overlie the tuffs at Goat mountain, cap the high 
hills around the Nipple, and are found in patches in the northeastern half of the sheet. 
They are classed as Miocene. 

RECENT. 

Recent deposits consist of glacial till, talus, and river deposits. A thin mantle 
of glacial drift is found over most of the upland.s. The river deposits, consisting 
partly of resorted glacial materials, are found in the form of terraces on the valley 
:s1des. There are series of them in some places ranging in elevation from 10 to over 
100 feet above the present stream bed. 

EcoNOMic GEOLOGY. 

An account of the silver-lead ores on Wallace mountain, and the gold-silver ores 
at Carmi, is given in the Summary Report for 19091• The Sally mines, on Wallace 
mountain, were shut down last winter, and very little mining has been done since. 
A railway is now, however, being built from :Midway through Beaverdell. This will 
eliminate the long and expensive hauling of ore by wagon to }.fidway, which has been 
one of the chief hindrances to the opening up of the district. Renewed activity may 
be expected in the W allace Jviountain camp on its completion. 

1 On the Beaverdell District, West Fork of Kettle river, B.C., by L. Reinecke. Sum­
-mary Report of the Geological Survey Branch, Dept. of Mines, Canada, for 1909. 
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SLOCAN DISTRICT, BRITISH COLUMBIA. 

(0. E. LeRoy.) 

123 

The Slocan geological map sheet comprises an area of about 260 square miles, in 
the mining divisions of Ainsworth and Slocan, British Columbia. It includes all the 
mining centre·a from Fourmile on the south to.Whitewater basin on the north; the east 
and west boundaries are Kootenay and Slocan lakes respectively. The field work. 
which is. now completed, occupied the greater part of two sensons, during which period 
the writer was assisted most efficiently by Mr. C. W. Drysdale. Messrs. S. A. Hutch­
inson and R. Bartlett were appointed to the field staff of 1910, and both rendered 
material ·aid. The hearty co-operation of the mine owners and superintendents was 
of great assistance in facilitating the work connected with the examination of the 
mines. 

During the midsummer of 1910 a portion of the district was vi-sited by a most 
disastrous and fatal fire, in which six lives were lost :md a large amount of vain­
able property wes destroyed. The Kaslo and Sandon railway was completely crippled 
as far east as Sproules. An irregular service has been kept up between Sproules and 
Kaslo, but this will be discontinued through the winter. It is to be hoped that the 
policy of the Great Northern Company will be to repair and rebuild the road at an 
early date. In the meantime a wagon road, built from Three Forks. on the Canadian 
Pacific railway to Whitewater and to the Rambler Cariboo mine, is being utilized. 
The Canadian Pacific railway, only temporarily affected by the fire, operat.es a line 
from Sandon to Roseberry, where connexion is made with the lake service to Slocan 
city. 

TOPOGRAPHY. 

The Slocan district lies within the Selkirk system, which is here composed of a 
series of rugged ridges without any general trend. The crests are usually sharp, the 
general altitude varying from 6,000 to 8,000 feet above sea-level. The slopes are 
either bare, or covered by a mantle of wash or glacial drift of varying thickness. 

A marked feature of the district is the transverse valley which extends from 
Kaslo to New Denver, with ·a low divide at Bear and Fish lakes, separating the drain~ 
age systems of Kaslo creek and Seaton-Garpenter creeks, which flow into Kootenay 
and Slocan lakes respectively. S'chroeder creek, flowing into Kootenay lake, and 
Wilson and Fourmile :flowing into Slocan lake are other important streams. The 
tributaries of all the main streams :flow with steep gradients, with many local falls 
and cascades, and either enter the main valley at grade, or by a series of small falls 
through narrow gorges. 

Water-power has been developed at several points to suit local requirements for 
mines and towns. Of the undeveloped powers the most important are the falls on 
Wilson creek. 

GENERAL GEOLOGY. 

The rock senes underlying this district are the Shuswap, Selkirk, anJ Slocan, 
of which the former is Pre-Cambrian. The relative ages of the Selkirk and Slocan 
series have not yet been fixed with any degree of definiteness, owing to the appar­
ently entire absence of fossils. The present contact relations between the three above 
series i-s to be accounted for by intense folding, accompanied by overthrust faulting 
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during the later epochs of mountain building. The biotite schists of the Shuswap 
are in sharp contact with the softer green schists of the Selkirk, and those of the 
latter are similarly related to the black slate·a of the Slocan series. 

Near the border of the Selkirk small infolds of the Slocan series are occasion­
ally to be found, while along the Blue ridge summit there is a marked syncline, 
passing southwards into a monoclinal fold, the central portion of which is compo-aed 
of rocks lithologically identical with those of the Slocan series. 

In J urassic, or post-J urassic time the above serie-a were intruded by enormous 
batholiths of granitic rocks, and mountain building processes continued long after 
this intrusion, as evidenced by the folded and faulted dykes and sills genetically con­
nected with the batholith. 

The Tertiary period is not represented in this district, and the Quaternary only 
by limited areas of glacial drift and alluvium. 

Shwswap S~ries.-The Shuawap series is developed ·as a comparatively narrow 
band along the west shore of Kootenay lake, broadening somewhat in its northern 
extension beyond Schroeder creek. The series consists of interbedded acid and basic 
gneisses, hornblende, and biotite schists, quartzites and crystalline limestones, with 
intercalated -aills of granite, quartz porphyry, diorite, etc. The general strike makes 
a slight angle with the trend of the shore line, and varies from N 15° W to N 25° 
W, with southwest dips ranging from 45 o to 85 °. The series also occurs along the 
east shore of Kootenay lake, and the west shore of Slocan lake in isolated expo·aures. 

Selkirk Senies.-The Selkirk series occupies a roughly triangular area in the 
north and northeast part of the sheet, and is composed, in the main, of rocks of 
igneous origin, with but a -amall development of sedimentaries. Hornblende, chlorite, 
and quartz schists predominate, with subordinate breccias, partially sheared erup­
tives both acid and basic, silicified ash rocks, cherts, quartzites, and limestones. Of 
the basic eruptives, dykes and masses of serpentine are of most frequent occurrence. 
The general strike of the series corresponds with that of the Shuswap, and in the 
northern extension of the series gradually swings to the west. With the exception of 
a portion of the Blue ridge syncline, the dips are prevailingly to the southwest and 
south. 

Slocan Series.-This series occupies the main ·area of the sheet south and west 
cf the Selkirk. It is composed of interbedded sandstones (passing into quartzites), 
ai:gillite·a, slates, and limestones, with all grades of transition between the main types. 
The slates are usually highly carbonaceous, and in a crushed form become graphitic. 
The quartzites and sandstones are usually impure from clayey and calcareous mater-

. ial, and the limestones ·are both carbonaceous and argillaceous. 
In the zone of contact metamorphism surrounding the granodiorite batholith, 

the above rock types have been altered to andalusite, biotite, and quartz schiats, 
hornstone, crystalline limestone, and marble. 

The series lies in -an irregular basin, the rocks overlying the Selkirk on- the east 
margin, and apparently the Shuswap on tha we·at, although the Selkirk may also be 
present but concealed by the waters of Slocan lake. No basal beds are exposed, but 
sandstones ·and quattzites are predominant in the west, while limestone is a more 
prominent member of the eastern portion of the series. In the we-at the strike of 
the rocks is northerly, in the main, but gradually swings to the east · and south of 
east, roughly corresponding to the trend of the contact between the Slocan and Sel­
kirk series. The dips are usually high, and are rarely under 40°. 

IGNEOUS ROCKS. 

With the exception of those rocka peculiarly associated with the Shuswap and 
Selkirk series, tha igneous rocks are later than the Slocan series. The oldest group 
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occurs chiefly as sills in the slates and quartzites; they are completely altered and 
now consi·at of secondary quartz, carbonates, mica, ·and chlorite. 

To Jurassic or post-Jurassic time is referred the enormous batholithic intrusions 
of granodiorite and other closely related plutonic rocks which occupy so large an area 
in the West Kootenay district. The northern part of the Nelson batholith occupies 
the greater portion of the southern border of the Slocan sheet. The rock varies from 
mica and hornblende granites to granodiorites, and even more ba;;ic types. They 
range from medium to coarsely porphyritic in texture, and in colour from light grey 
to almost white. Genetically connected with this batholith is the great seriea of sills, 
dykes, bosses, and stocks of finer grained porphyritic varieties of the above plutonics, 
which are widespread throughout the area, with the greatest development in the rocks 
of the Slocan ·aeries. 

At a somewhat later period all the older rocks, both sedimentary and igneous, 
were cut by basic, mica lamprophyre dykes, and these represent the last evidences of 
igneous activity in the district. 

EcoNOMIC GEOLOGY. 

Silver-lead and zinc deposits occur in the granitic rocks of the Nelson batholith, 
and in the Selkirk and Slocan Beries, the most important and numerous ore bodies 
being found in the Slocan slates. 

In the Selkirk the ore bodies occur in the greenstones and schists, and have been 
found hitherto to be too small and of too pockety a character to render them impor­
tant products. In the granitic rocks the ore bodies ·occupy fissures or zones of fis­
suring, which may correspond to the local master jointing in the rock. The fissure 
may be several hundred feet long, with a width varying from that of a knife blade 
to 5 or 6 feet. Both wet and dry ores occur in the granite; examples of the former 
are the Fisher-Maiden, Mountain Con, and Flint mine·a; and of the latter the Molly 
Hughes, McAllister, Sweetgrass, etc. In the rocks of the Slocan series the fissure 
system is best developed and contains the largest vein-a and ore bodies. The veins 
vary in length from a few hundred to about 4,000 feet, and in width from a few inches 
to 50 feet. They ·almost invariably cut across the strike or dip of the formation, 
bedded veins being quite rare. In such a wide area the strike varies greatly, and the 
dips range from 30° to 80°. The veina either end by swinging in on the bedding 
plane of the slates and quartzites, or feather out in the broad bands of softer slates. 
Faulting is difficult to detect on account of the similarity of the rocks; it is only 
where sills of porphyry occur that the small displacementa may be seen. 

Where the vein is wide the filling is largely crushed and br<Jken country rock. 
Siderite, quartz, and calcite are the most common of the gangue minerals, and the 
deposits are characterized by having one of the above either as the predominant or as 
the almost exclusive gangue mineral. 

The ore 'Ohoots are usually composite in character, and consist of irregular bands, 
lenses, and masses of clean galena or zinc blende, and intimate mixtures of the two. 

The shoots vary from a few feet to 400 feet or more in length, and from a few 
inches to 40 feet in width. As a rule, the pay streaks of high grade ore favour the 
hanging wall, and vary from ·a fraction of an inch to over 5 feet in width. 

The ore bodies favour the softer slatea and ·aandstones which are more carbon­
aceous, rather than the quartzites and porphyries, but there are some exceptions in 
which the reverse is true. 

The ores are classified under wet and dry; the former having calcite or siderite 
as gangue with the galena, while the latter have quartz. Galena, and blende, with 
tetrahedrite (freibergite, grey copper), are the chief metallic minerals. Ruby and 
native ·ailver, and argentite are found in a few deposits. · Ohalcopyrite and pyrite are 
almost invariably present, the former in small amount, and the latter in increasing 
quantity as the lead content decreases. 
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At present the values of the ores mined range from about 7 per cent lead, and 20 
ounces of silver, to the ton-which is low grade concentrating ore-to the high grade 
ore which ranges from 50 per cent to 75 per cent lead, and from 80 to 175 ounces of 
silver per ton. The dry ores run high in silver, with low lead content. Gold occurs 
in many of the ores, with assay values from $1 to $7 per ton. 

MINING. 

The following is a list of the producing properties of 1910 :-
"\Vhitewater, including the Deep, R ambler-Cru·iboo, Lucky Jim, Hope, Richmond, 

Eureka, Slocan Star, Van Roi, Standard, Rewitt, Bismark, Flint, Emerald, Utica, 
Ohio, Panama, McAllister, Payne, Evening, Bachelor, Idaho-Alamo, California, 
Molly Hughes, Noonday, Buffalo, and Fisher Maiden. The amounts produced by 
the above individual mines range from half a ton to about 4,000 tons. Steady 
development has been carried out on the W a·ahington, Nob le Five, Surprise, Twilight, 
and Sunset, with minor work on the Twilight, J ackson, Rio, Winona, Charleston, 
Sure Thing, Jo Jo, Milton, Monte Crista, Sweet Grass, Elkhorn, Ya Ya, and several 
other properties. 

Whitewater.-The Whitewater includes the Deep property, as both are on the 
same vein, and are operated under one management. The destruction of the mill 
and village by fire in July caused a temporary cessation of mining operation·a. D.ur­
ing 1909 a cross-cut tunnel was driven to the vein from the valley of Kaslo creek, 
which gives a vertical depth of about 1,400 feet below the apex of the vein, and about 
400 feet below the Deep or lowest drift tunnel. The upraise to connect with the 
present workings will he completed this winter, and at the same time intermediate 
levels and cros·a-cuts will be driven to prospect the vein between the main cross-cut 
and Deep tunnels. This is the most important development work recently undertaken 
in the Slocan district, and the results obtained will have a marked influence on further 
developments of similar character elsewhere in the district. 

LtLclcy Jim.-This mine is the only one worked almost exclusively for zinc in the 
district. During the year of 1909 about 4,700 tons were shipped, with zinc content 
ranging from 39 per cent to 54 per cent. In 1910 No. 5 tunnel has been driven 200 
feet vertically below the old workings, and has encountered two ore bodies, the size 
and character of which has not yet been definitely ascertained. No. 6 cross-cut is 
now being driven oaome 400 feet vertically below 5. The work this season was greatly 
hampered by the fire which destroyed all the buildings. 

Ramblm·-CaTiboo.-Mining was seriously interrupted by the fire which destroyed 
the buildings in July, and the mine was only put on a working basis again in the 
early part of November. The ore body discovered in 1909 has been partially developed 
on the eighth and ninth levels, with very encouraging results. The shoot pitche-a to 
the south, and all the lower levels will be driven in that direction during the winter 
and the ground thoroughly explored. The development work is sufficiently advanced 
to permit immediate ·and extensive stoping. The clean lead ore carries up to 64 per 
cent lead, and 175 ounces of silver per ton. 

Hope. - The Hope mine, situated at Sandon, is still in the development -atage, 
and the ore so far stoped has come mainly from drifts and raises. Four drift tunnels 
have been driven on the vein, and a fifth has been started. The most pr~ductive por­
tion of the vein lies in the eastern half of the mine, between the second and fourth 
leveh. There the ore body is made up of a series of lenses, the whole pitching r ather 
fl atly to the east or out of the hill. The ore is high grade throughout, from the large 
admixture of grey copper in the lead and zinc. With the completion of the lowest 
tunnel and the necessary rai ses to No. 4, the mine will be in a position to make steady 
and large shipments. 



SUJIMARY REPORT 12'1 

SESSIONAL PAPER No. 26 

Richmond-Eureka.-This mine, owned and operated by the Consolidated Mining 
and Smelting Company of Canada, is situated at Sandon, on the opposite ·aide of the 
gulch from the Slocan Star, the vein being the eastern extension of the Star vein. 
Up to June 30, 1910, the mine has produced and shipped 7,958 tons of ore, contain­
ing 443,938 ounces of silver, and 2,848,743 pounds of lead, the gross value being 
$334,648. The lowest, or No. 6, is a joint tunnel with the Slocan Star, as at this 
level the vein traverses the ground of both companies. The main work of the latter 
Company in recent months has been to develop the extension of the Richmond vein, 
both on No. 6 level and through the Slocan King tunnel. 

Standa1·d.-The Standard is situated on Fourmile, above Silverton.. The large 
ore body developed on the lower levels has been the most important feature of mining 
development during 1910. The ore body is the continuation of that stoped on the 
level of No. 1 tunnel, and has steadily improved with depth, both in size and values. 
On No. 4 it is about 320 feet long, with clean ore varying in width from a few inches 
to 9 feet. On No. 5, when the drift was about 100 feet in the ore shoot, the v:ein had 
widened to 30 feet, with 23~ feet of ore, at one point over 12 feet being clean galena. 
The present shipments come only from development, the clean ore carrying from 70 
per cent to 73 per cent lead, and from 80 to 90 ounces of silver to the ton. 

No. 6 tunnel is now being driv·e·n, but is not in far enough to catch the ore body 
on its pitch. This level is 573 feet below No. 1. 

Van-Roi.-The Van-Roi mine is situated on the south side of Fourmile, and just 
east of Granite creek. There are at least two veins on the property, and both are being 
developed at present. They are not quite parallel, but approach each other in their 
eastward extensions. They are known as the main or north, ·and the Beryl or south 
veins respectively, and have been partially developed by nine tunnels covering a ver­
tical range of about 1,000 feet. In the past the ore was mainly won from the large 
ere bodies in the main vein, but recent developments are proving the existence of a 
large shoot in the south vein, which in future will probably produce the greater bulk 
of ore.. Only development work is being done at present, and stoping will not be 
started until the new mill at the junction of Fourmile ·and Granite creeks is com­
pleted. An aerial tram-line now being installed connects No. 5 level with the mill. 

Up to the end of 1910 the total production has been 78,203 tons. The ore is of 
the dry type, is low grade in the main, with lense·a of high grade ore, and is character­
ized by having, as a rule, considerable ruby silveT. The average of the metallic con­
tent of the ore for June, 1910, was 18 ounces of silver, 7-75 per cent lead, and 12 per 
cent zinc. 

llewitt.-The Hewitt joins the Van-Roi group to the west, and is on the same 
zone of fissuring. The mine buildings have been transferred to the ea·at side of the 
ridge across which the vein outcrops, and the mine is connected with the W akefield 
mill by an aerial tram. On the east side of the ridge the vein system is developed 
by seven drift tunnela. During the past two years development only has been carried 
on, and ore shipped has come from such work. The vein system on the second and 
third levels consists of the north, main, south, and main south veins. The two former 
join to the east, and the main is connected with the main south by the south vein. 
The largest ore bodies occur in the north and main veins, continuing down to and 
below the sixth level on the north vein. East of the main ore bodies, there are in the 
north vein smaller shoots of high grade, containing ruby and native silver, with con­
siderable grey copper. 

The Washington, Surprise, Nob le Five, and Sunset have been engaged in develop­
mEnt work only, and have made no shipments during the past year. 

The \Vashington-Slocan Boy vein has been opened up by four main tunnels, with 
some intermediates. No. 1 is being driven through the hill in order to prospect the 
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ground for bodies of clean le·ad, or high grade ore. Below No. 1 an important body 
<>f zinc blende, containing some lead, is being blocked out on and between the several 
levels. · 

The Surprise raise has been driven almost continuomly since the -autumn of 
1909, and it is expected that connexiom; will be made with the old workings in Sur­
prise basin some time early in 1911. With the raise completed active prospecting of 
the vein will be commenced. 

On the N able Five, the Deadman vein has been opened up by four drift tunnels 
and the or.e body has been partially blocked out. Work on the N able Five vein will 
be extended during the winter. A certain amount of ore has been taken out during 
the past year, but none has been shipped. 

The Sunset is still driving No. 8, or the loweat tunnel, but with changed course, 
to bring the level directly under the projection of the ore body-which extends down­
ward from the seventh level. 

Of the properties at present idle the more important are the Payne, Queen Bess 
(Queen Dominion), Reco, .Alamo, and Bo-aun. All of them contain blocks of ground 
which should, in the light of past experience, prove favourable for ore bodies. With 
the exception of the Payne, which would require a lower adit level 600 or 700 feet 
below No. 5, the other properties have sufficient levels already driven, ·and the ground 
could be immediately prospected by upraises, with intermediate drifts and cross-cuts. 

Such develop:11ent as indicated would, ·of course, necessitate a varying am<>unt of 
initial capita], and in the case f a lease, the owners ought to allow most liberal terms, 
.and depend mainly on the benefits resulting from the proper development of their pro­
perties. 

De'ldwood Camp, Boundary District. 

A small area in the Deadwood camp, consisting of about one-half of a square mile, 
was geologically mapped on the scale of 400 feet to 1 inch. It includes the Mother 
Lode, Crown Silver, Sunset, and Marguerite mines, and the map will _be similar in 
character to those previously made of the Ross1and and Phamix camps. The m·eal 
.geology was in charge of Mr. C. W. Drysdale, while the writer devoted his time to a 
study of the ore bodies an'd associated rocks. The area will be the subject of a special 
report which is now in course of preparation. 

Franlclyn Camp. 

A week was spent in the Franklyn camp, on the north fork of the Kettle river, 
and a general examination of -the geology and ore deposits was made, sufficient data 
being collected to outline detailed work for another season. 
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TOPOGRAPHICAL WORK IN THE SLOCAN AND DEADWOOD DISTRICTS. 

(W. II. Boyd.) . 
The mapping of the Slocan district, begun last year (1909), was continued during 

the past season (1910).. The methods employed were the same as those used the pre­
vious year, namely: camera, plane-table and stadia, compass and telemeter. 

It was intended to complete the Slocan work this ye3;r, but, unfortunately, the 
rlense mantle of smoke that hung over the country generally, and particularly over 
the Slocan district-due to the prevalence of forest fires--almost entirely prohibited 
camera station work from the middle of July to about the end of September; hence, 
it was impossible to obtain the information necessary for the complete mapping of the 
area. 

One very disastr~us fire swept over part of the area embraced by the map sheet, 
resulting in the loss of human life; the destruction of mining and railway property; 
the burning of much valuable timber, and the complete wiping out of the small town 
of Whitewater. 

Vu ring the latter part of July and all of August, the time was occupied in obtain­
ing lH! much information as possible by running traverses. Some camera stations 
were occupied 'during this period. 

' On August 29, the party moved to the Deadwood district, where a detail map of 
the vicinity of the Mother Lode and Sunset mines was made on a scale of 400 feet 
to 1 inch, with contour lines at 20 foot intervals. This map was completed by the 
end of September, as the smoke did not interfere with instrument work on this par­
ticular scale. The area embraced by the map is about one-half a square mile, and 
includes the Mother Lode, Sunset, and Marguerite mines. The method employea 
was: transit and stadia control traverses, cutting the area into small blocks; the 
detail being put in from the control hubs by plane-table and stadia. 

On September 19, accompanied by Mr. Sheppard and one assistant, I went back 
to the Slocan district, in order to determine if it were possible to secure enough 
camera stations to complete the mapping. The remainder of the party was left, under 
Mr. Lawson's superintendence, to complete the Deadwood work. After arrival in the 
Rlocan, rain fell almost continuously, consequently, while some results were obtained, 
it was found impossible to finish the work; the rain continuing nearly every day, with 
an ever increasing amount of snow on the higher levels, rendered station work pro­
hibitory. 

On October 3, the field season closed. Leaving the Slocan, I joined the Direct')r 
at Nelson, and accompanied him to Frank, Alta., where a day was spent on Turtle 
mountain, after which I left for .the e!!st. .. _ _ .. . . 

Messrs. W. E. Lawson and A. C. T. Sheppard were attached to the party as 
topograhical assistants, and both rendered efficient service. Messr~. E. E. Freeland, 
J. R. Cox, D. B. Oole, and H. F. Collier, were appointed as field assistants and aid 
their work in a satisfactory manner. · 

On the way west, early in the summer, a few days were spent with Mr. W. A. 
J ohnston in conne:l:ion with the mapping of the area in the vicinity of Barrie, Ont. 
During the last week of July a visit was made to Mr. Reinecke's camp on the West 
fork of Kettle river; for the purpose of looking over the area included. in the map 
sheet on which he was engaged, to see the progress of the work, and to inspect 
1he methods used. A similar visit was made during the latter half of August to the 
parties working on VancoY.ver island, under the supervision of llfr. R. H. Chapman. 

2·6-9 
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RECONNAISSANCE IN EAST KOOTENAY, CRANBROOK SHEET. 

(Stua:rt J. Schofield.) 

The season of 1909 was spent in completing the geological and topographical map­
ping of the Cranbrook sheet, an area in southeastern British Columbia enclosed by 
115° 45' and 116° 30' west longitude, and 49° 30' and 49° 45' north latitude, embrac­
ing an ~J,rea of about 575 square miles. A base line 11 miles long was measured on 
the St. Mary prairie and expanded into the main triangulation of the sheet. A trip 
was made to the J~ternational Boundary line for the purposes of correlation with 
geographical forihations recognized in the Boundary survey. The writer was 
ably assisted in the field work by Messrs. L . E. Wright and R. Bartlett. The field 
season lasted from June 5 to November 17. The rocks and. some of the prospects 
occurri~g in the area were described in the Summary Report of 1909. 

SUMMARY AND CO;\" C LUSIONS. 

The region is underlain by a very thick, conformable sedimentary series, which 
is Oambrian or Pre-Cambrian in age. It is intruded by numerous sills of variable 
composition and small cro~s-cutting bodies of granite and granite porphyry. The 
principal ore-deposits of the area occur in the Kitchener formation, and are probably 
associated with the Purcell sills and the granite intrusives. The proper exploitation of 
the numerous copper deposits, which are low grade in character, will require econo­
mical management, and the bonding together of a large number of claims, in addition 
to good transportation facilities. The silver lead ores are now mined at the Sullivan 
mine, and successfully treated at the Consolidated Mining and Smelting Oo.'s smelter 
at Trail. 

The structure of the region is anticlinal, caused by mountain-building forces 
acting in post-J urassic times. · 

GENERAL GEOLOGY. 

The division of the sedimentary series into the three subdivisions, Oreston. 
Kitchener, and Moyie, is based solely on Ethological characters and !ltructural rela­
tions; fossils werE\ diligently sought for at all horizons, but without success. 

Pleiatocene and Recent . ..... . .... . 
Jurassic ? ...•..•........... • . . ...... 

Cambrian ? . ... . ..•.... . . .... . • .... 

TABLE OF FORMATIONS. 

TTnconsolidated gravels and sands. 
Dyke intrusions; aplite, quartz porphyry, and pegmatite. 
Granite; hornblende granite, granite porphyry. 
Moyie f9rmation ; argillites, argillaceous quartzites, limestones, 

q uartz1 tes. 
Dyke intrusions ; lamprophyrs. 
Purcell sill intrusions ; sills probably of three types :­

(1) basic : abnormal gabbro. 
(2) acid : abnormal granite. 
(3) differentiated : abnormal gabbro phstse at bottom gradually 

passing into granite at the top. 
Ki~chener formation ; argillaceous quartzites, quartzites, argillites, 

hmestone. 
Cr~ston formation ; argillaceous quartzites, qua-rtzite>, argillites, 

limestone. 

.... 
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Creston Formation.-In the western part of the area this formation consists of 
well-bedded quartzites and argillaceous quartzites, the beds having average thicknesses 
of 1 foot, separated by very thin beds of argillite. These sediments are a light 
grey colour on fresh fracture, and weather in grey tones. Ripple marks are present 
at various horizons. In the eastern part of the area, the formation becomes thinner 
bedded and more argillaceous; occasionally small bands of limestone occur. The esti­
mated thickness of the formation is about 7,500 feet. 

Kitchener Formation.-This formation consists of an alternating series of heavy 
bedded and thin bedded argillaceous quartzites· and purer quartzites, the average 
thicknesses of which are 1 foot and 3 inches respectively. On fresh fracture, the sedi­
ments are generally a very dark grey to black. The heavier beds weather in grey tones, 
while the thinner beds weather a reddish brown, and, being in greater amount, give 
the prevailing red colour to the formation as a whole. One bed of grey limestone 
was found near :Marysville. The estimated thickness of this formation is over 
(),000 feet. 

Purcell Sills.-The greater number of the Purcell sills were injected into the 
Kitchener formation. They were intruded probably near the · close of the Kitchener 
epoch and before the :Moyie, as no sills were found in the :Moyie formation. Differenti­
ation is well shown in some of these sills. At the bottom of each differentiated body 
is a gabbro phase, passing gradually into a granite at the top. The contact effect of 
these intrusives on the sediments is very slight. 

Dyke intrusion; small, £ne-grained, lamprophyric dykes are associated with the 
above-mentioned sills. 

M oyie F01·mation.-This- formation lies conformably upon the Kitchener formation. 
lt is composed largely of very thin-bedded argillites, with a subordinate amount of 
pure quartzites and argillaceous quartzites. Near the middle of the formation lime­
stone having a thickness of 150 feet is exposed on Whitefish creek. It is white in 

· colour and weathers buff. Worm trails and borings were found near the base of the 
formation. The estimated thickness pf this formation is over 10,000 feet. 

Granite Intrusion.-Numerous small cross-cutting bodies of hornblende granite 
and granite porphyry, from 200 feet to 2 miles in diameter, cut all the sedimentary 
formations. They are relatively small in size, and seem to be associated with the 
major faulting in the region. No · relation exists between this granite and the 
granite of the Purcell sills. 

Dyke Intrusions.-Dykes of aplite, quartz porphyry, and pegmatite cut the younger 
granite and occur as apophyses in the sediments. 

Pleistocene Deposits.-At the head of Palmer Bar creek, typical morainal material 
occurs, while over the whole region numerous sub-angular boulders of granite and 
diorite were found. Glacio-fluviatile gravels and sands are present in all the valley 
bottoms, and form benches on both sides of the valley. 

EcoNOMic GEOLOGY. 

The economic deposits of the region may be classified as follows:-'­
Metalliferous:-

Silver-lead deposits, 
Copper deposits, 
Gold-quartz veins, 
Placer deposits. 

Non-metallic:­
Shale, 
Limestone, 
Marble, 
Clay. 

26-9} 
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SILVER-LEAD DEPOSITS. 

The Sullivan Mining Group.-The Sullivan mine, situated about 2 miles north 
~of Kimberley, resumed operations in J anuary, 1910, under the management of the 
Consolidated Mining and Smelting Company of Canada which has a lease of the 
property until January 1, 1911. Prospecting of the ore body is being pursued on 
an extensiTe scale. The deposit occurs near 'the top of the Kitchener formation, 
and is a replacement of argillaceous quartzites by a fine-grained mixture of galena, 
zinc blende, and pyrite. The gangue, which is small in amount, consists of garnet 
and pyroxene. intimately associated with the ore. During the first half of 1910, 
6,704 tons were shipped to Trail, which yielded 46,196 ounces of silver, and 2,451,758 
pounds of lead. 

Mascot and Eclipse.-These claims are situated on the east branch of Hells 
Roaring creek, at an elevation of 5,800 feet. The vein occurs in the argillaceous 
quartzites of the Creston formation; it is well defined and conforms in dip and 
strike with the sedimenta, which near the vein dip N 5° E, angle 69°. The ore, 
consisting of galena, with a small amount of chalcopyrite in a quartz gangue, favours 
the hanging wall, and is associated with a band of gouge about 1 foot wide. At the 
bottom of a shaft 56 feet deep, which opens up the deposit, the vein is somewhat 
broken, but is still in evidence. About 200 feet down the hill from the outcrop of 
the vein, the sediments are intruded by a granite porphyry which contains large 
idiomorphic crystals of orthoclase in an isometric ground-mass of plagioclase, quartz, 
and hornblende. The following assays were supplied by the owners, Messrs. Tarrant 
and Angus:-

Sample. I Gold. Silver. L ead. Copper. 

---------.. ------~~Z-8.-- ---0-::---;- ----;:---
1.. . . . . .. . ... .. . . .. ........ .. . .. .. .. .. .. .. .... ... o·ot 2'2 10' 3 
2 .. . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 0'16 o·6 
3. . .. .. ... ... . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . o·to 
4.. .... .... .... .. .............. .. . ... . . .. .. ... .. 0'24 
5.. .. . .. . .. . .. .. .. .. . .. .. .. . .. .. . . .. .. .. .. .. .. o·n 

·6 ........ '.... . ... ... .. ........ .. . .. .. . .. .... .. 2'00 
:] (Dump) ... . ,... . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4'80 
·s... ..... ... ..... ..... ......... .... .. . . . . . . . . . . . . . . 2·2o 

6•1 

.... -:~:: .. [ 3'4 1 '2 
G·s 
4 '17 ::::~. I 2'34 4 12 
4 •69 

COPPER DEPOSITS. 

The copper deposits occur as veins cutting the Purcell sills and also as impreg­
>nations or differentiations in the sills. The veins usually occupy zones of shear, 
:their strike varies greatly in direction, and the dip is high in most cases approachng 
the vertical. In one or two cases, veins containing copper, with a little galena, were 
fou•d at the contact of the sills with the quartzites. In one case, a vein which was 
'Very strongly defined, and about 8 feet wide in the sill, quickly pinched out in the 
neighbouring quartzites. The sills in which these veins occur vary from 6 feet to 
2,000· feet in thickness. 

McKay'$ Olaims.-These are situated on the northe-rn slope of Whitefish creek, 
and about 7 miles from where it joins St. Mary river. The vein, which is 8 feet 
wide, occupies a shear-zona in a Purcell sill of basic type. The ore consists of chal­
copyrite and cupriferous pyrite in a quartz gangue. Sheared fragments of the 
wall rock occur in the vein, and along the wall of the vein the feldspars show a11. 
alignment parallel with the vein. · 
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Sylvia.-This claim is situated about 2 miles east of Marysville, and contains 
a vein 'l feet wide in a coarse-grained abnormal gabbro which probably forms one of 
the Purce1l sills. The vein contains cupriferous pyrite in a gangue of quartz and 
ca1cite. 

Blue Dragon.-The Blue Dragon claim is situated about 1 mile east of the 
Sylvia. The vein, consisting of a number of vertical shear-zones, contains 4i feet of 
workable ore, which consists of. c:P,alcopyrite and pyrite in a quartz-calcite gangue. 
An open-cut 20 feet long and 7 feet deep exposes the deposit. 

Black Hills.-This claim, adjoining the Dragon, contains three main veins, 
probably in a Purce11 sill of basic type. An open-cut exposed two intersecting veins 
which are 6 to 8 feet in width, and are filled with quartz impregnated with pyrite 
and cupriferous pyrite. 

Yankee Girl.-This property contains a quartz vein 6 feet wide which carries 
pyrite and chalcopyrite as ore minerals. Cobalt bloom occurs as one of the products 
of oxidation. A shaft 25 feet deep, and an open-cut expose the vein. The following 
assays were supplied by Messrs. Angus and Tarrant :-

Sample. 

1 (open-cut) .... : • ... . .. _... . . .. . . . . . . . . . . . .. . . . , . 
2 11 11 • •••• • • 0 ••• ' • ••••• 0 •• ••• •••• 0 ••• • • 

3 (shaft) ........ .. .... .... ..................... . 

Gold. 

Ozs. 

o·so 
0'44 

trace 

Silver. 

Ozs. 

1 ' 44 
4'20 
2'80 

Copper. 

% 
690 
2'05 

3:o50 

OoZe's CliLim in the Bootleg Basin.-The Tein, which is 4 to 5 feet in width, 
occurs in a Purcell sill of b-asic type. It is a shear-zone filled with quartz containing 
some cupriferous pyrite. A tunnel 350 feet in length, at an elevation of about 7,200 
feet, has been driven along the strike of the vein. 

Evans Group.-Work is being pursued on these claims to determine the size of 
the low grade ore body.l 

Omineca.-This claim is situated about 1 mile west of Marysville, at an eleva­
tion of 3,100 feet. The vein occurs probably in a Purcell silL It is 7 to 8 feet wide, 
and contains chalcopyrite and pyrite in a quartz-calcite gangue. An inclined shaft 
has been sunk on the vein to the depth of 60 feet. 

GOLD-QUARTZ VEINS. 

A number of quartz veins occur in the argillaceous quartzites of the Creston 
formation on Perry creek, but only one group of claims is at present being worked. 

Running W oZf.-This claim is owned by the Perry Creek Mining Company, and 
is situated on French creek, at an elevation of 5,000 feet. It contains two parallel 
veins, 100 feet apart, and each 20 feet wide, vertical and striking S 50° W; and a 
single vein about 30 feet wide, vertical and striking S 50° E. The veins, occurring 
in the Creston formation, are composed mainly of quartz with very little, if any, 
sulphides. The country roclt is an argillaceous quartzite, well-bedded and massive. 

'Summary Report, 1909, Gool. Survey, p. 138. 
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PLACER DEPOSITS. 

Renewed activity in placer mining was seen on Perry creek. In addition to the 
hydraulicing plant of the Perry Creek Hydraulic Mining Oo., Ltd.l, a steam shovel, 
situated on Perry creek about 6 miles above Old ·Town (now called Perry Creek), 
after some years of idleness was put in operation during the season of 1910. 

SHALE. 

At Wycliffe, shale of the Ores·ton formation, suitable for the manufacture of fire­
bricks, is exposed in a railway cut. It is reported that bricks made from this shale 
have been successfully used in the burner of the saw-mill at Wycliffe, and in the 
smelter furnaces at Marysville. 

:MARBLE. 

Situated about 1~ miles north of Wycliffe is a small area of white marble, 
produced by the contact effects on limestone of a granite porphyry ' which is 
here intruded into the Oreston sediments. The marble is white to grey in colour, and 
is practically free from secondary minerals, although garnet and epidote, associated 
with a little pyrite and chalcopyrite, are developed immediately along the contact. 

LIMESTONE. 

About 16 miles up Whitefish creek a band of limestone of the Moyie formation 
outcrops in the creek. It is a white siliceous crystalline limestone weathering a buff 
colour. The band is about 1{)0 feet wide, and would be of value for a flux, or the 
manufacture of lime. 

CLAY. 

Large quantities of clay, occurring in the Pleistocene river deposits on Perry 
creek and St. Mary river, could be used for the manufacture of bricks and stone­
ware. 

1 G110logical Survey Summary Report, 1909, p. 138. 
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ICE RIVER DISTRICT, BRITISH COLUMBIA. 

(John A. Allan.) 

135 

According to instructions, a· survey was begun on a sheet which will include the 
Ice River district and the area about Field, B.O. The field season was comparatively 
short, extending from the middle of June until the middle of September. In order to 
become familiar with the various sedimentary series across that part of the Rocky 
Mountain belt, a rapid survey was made during the first two weeks along the Oana·· 
dian Pacific railway, between Golden and Banff, the section worked up in 1886 by 
R. G. }/[c0onnell. .Tuly and August were spent in the I ce River area proper, which 
is important because it contains one of the very few igneous intrusive masses which 
are at present known in the whole of the Rocky Mountain belt. The igneous mass 
is of the alkaline type, and contains sodalite deposits; this mineral has a limited occur­
rence in Canada. During the remainder of the season a reconnaissance was made up 
Ottertail river, McArthur creek, over McArthur, Duchesnay and Dennis passes to 
Mt. Stephen, for the purpose of connecting up the sedimentary series in Ice river with 
those already determined on Mt. Stephen by 0. D. Walcott. 

The topographical map used was that issued by the Department of the Interior, in 
April, 1909, on a natural scale of nnr'o() , or approximately 2 miles to 1 inch, contour 
interval of 250 feet. This map was enlarged to 1 mile to 1 inch for field use. As 
the field examination of the area is not yet complete, final conclusions cannot be 
given on many points. . 

The writer was efficiently assisted by Mr. Fred. J . Barlow. 

LOCATION AND HISTORY. 

The area examined in the field season of 1910 is situated on the west slope of the 
Rocky }/fountain belt, and is separated from the Rocky }.fountain trench1 by the 
Beaverfoot range. It includes about 100 square miles, and lies almost entirely within a 
15 ,foot rectangle between 51° and 51° 15' north latitude, and between 116° 15' and 116° 
30' west longitude. It is within the Y oho park, which is reserved by the Dominion 
Government, and is located within East Kootenay district and Golden unning division. 
I ce river is readily reached by a good pack trail from Field, or from Leanchoil, which 
is 17 miles west of Fie1d, on the railway, where the trail leaves the railway and 
follows up the northeast side of the Beaverfoot valley for a distance of 12 
miles, where it crosses Ice river. This trail has been in use for over half a century, 
and was originally used by the Stoney and Kootenay Indians, a:rid is known as the 
Kootenay trail. It continues southward down the Kootenay valley to Fort Steele. 

The district has never been examined in detail. G. M. Dawson, in 1885, made r 
hasty visit to the mouth of Ice river, and his observations are included in his pre­
liminary report which appeared in the Annual R eport for that year.2 He notes the 
intrusive mass, with the occurrence of sodalite, and gives the probable extent of the 
igneous body. R. G. McOonnell worked out the well-known geological structure section 
across the Rocky Mountain belt in the vicinity of the 51st parallel.' During the last 
three years 0 . D. W alcott has studied the Oambrian sedimentary series about Field 

1 R. A. Daly. Nomenclature of the North Amer. Cordillera between the 47th and 53rd 
Parallels of Latitude. Geog. Jour. 1906, p. 576. 

' Annual Report, P art B; 1885, p. 122. 
• Annual Report, Part D ; 1886. 
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and east on the Canadian Pacific railway, and his accurately measured sections have 
since been printed by the Smithsonian Institution.' The district has been thoroughly 
prospected during the last twenty years. Many small pockets of ore have been opened 
up, some of which will be described under economic geology. Prospecting has, how­
ever, been abandoned in the last two years, as the ore was not found in paying quan­
tities. The district is especially known because of the somewhat rare occurrence of 
sodalite, which is found in the intrusive mass. This beautiful blue mineral has 
attracted many tourists into the valley, who wished to obtain specimens of this decora­
tive stone. Ice River valley, and its parallel to the south-Moose Creek valley-are 
known locally as good hunting grounds. 

GENERAL CHARACTER OF THE DISTRICT. 

The area under consideration lies to the south of the Canadian Pacific railway, 
to the west of Field, in a range of mountains, a part of which has been called the 
Ottertail mountains.' This range is continued to the northwest in the Van Horne 
range which is parallel to the Rocky Mountain trench.3 

The topography of this area is very rugged, and characteristic of the Rocky 
mountains. Relief is very distinct. The whole district is maturely dissected, and the 
interstream areas have been worn down to very narrow knife-like ridges, which in 
many places are not a foot in width. 

The intervening ridges rise from 8,000 to 11,500 feet above sea-level. The inter­
stream divides have a fairly uniform elevation of 8,000 feet. The highest peak in the 
area is Mt. Goodsir-11,676 feet. Other peaks in the area over 10,000 feet )ligh are 
Chancellor peak, Mt. Vaux, Hansbury peak, Mt. Sharp, and Helmet mountain. The 
highest average elevation is in the northern portion of the rectangle, in the range 
which, since it is parallel to the Ottertail valley, has been called the Ottertail moun­
tains. In general, the average elevation decreases towards the south, and that part of 
the area along the Beaverfoot valley rises about 8,000 feet above sea-level. The drain­
age system is important, and characteristic of the region. It is largely dependent upon 
the geological structures. 

The principal stream valleys follow the trends of folding. Beaverfoot and Otter­
tail rivers have a northwest and southeast trend, which corresponds to the major axis 
of folding in the Rocky Mountain belt. Ice river, Moose, Goodsir, and McArthur 
preeks, have a north and south trend, which corresponds- to the axis of a later period 
of folding. Other smaller valleya have -a northeast-southwest trend. 

The valley of the Beaverfoot averages 2 to 3 miles in width; it is faintly 
terraced on both sides. This valley is continuous with the Kootenay valley to the 
southeast. The divide between the· Kootenay and Beaverfoot rivers can scarcely be 
located, and the head branches of these streams interlock with each other. The summit 
has an elevation of 4,000 feet, or 250 feet above the mouth of the Beaverfoot. The 
Beaverfoot follows a narrow but tortuous channel over the bottom of the valley. It 
is joined by Ice river 12 miles from its mouth, and by Moose creek 6 miles farther 
up the valley. 

Within 2 miles of their points of junction with the Beaverfoot the courses of 
:these two streams turn sharply to the southwest. These facts seem to strongly suggest 
that the drainage has formerly been to the southeast, and a slight uplift has caused the 
Beaverfoot to capture some of the streams at the headwaters of the southeastward 
drainage system. 

Ice river, which has been very appropriately so named on account of the extreme 
coldness of the water at all times of the year, and Moose creek, head in small hanging 

1 Cambrian Geol. and Palreontology, Smithsonian Inst., Vol. 53, No. 1812, 1908. 
• G. M. Dawson, Annual Report, Part B, 1885, p. 122. 
2 R. A. Daly, Grog. Jour., 1906, p. 596. 
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glaciers, which are the last remnants of the continental ice sheet. The valley of the 
former is about 8 miles long; both are U shaped and have beev. .carved out by 
the ice. The former existence of a valley glacier is suggested by the number of hang­
ing valleys on the sides of both valleys. Many of the side tributaries head in glacial 
cirques or rock .basins, some of which are readily recognized on the map; but many of 
the £nest are too small to show on a map of this scale. Small blocks of ice may still 
be found in some of these cirques. Remnants of the British Columbia ice sheet are 
seen in the W ashmawapta snow£elds and the glacier at the head of Ice River valley. 
The former lies on the east side of Moose creek and towards the head of the Ottertail; 
it covers an area ·of about 8 square miles, including smaller masses to the north­
west. ·The glacier at the head of Ice river covers about 5 square miles, is deeply 
crevassed, and has a visible thickness of at lea~t 1,500 feet. The water coming from 
under the ice is loaded with silt, which it deposits on the floor of the valley below. The 
glaciers are decreasing in size. Glacial striations and groovings are not found, on 
account of the rapid rate at which erosion is proceeding in this part of the mountains. 

The side tributaries are fast eating back into the intervening ridge, forming in 
some cases large fan-shaped talus slopes, some of which are 1i miles long, with slopes 
from 30° to 50°. The intervening divides are narrow, and in many places less than 
2 feet wide. 

Timber line is between 6,500 and 7,000 feet. The lower levels are heavily wooded 
with a second growth of spruce, balsam, fir, and aspen; under brush of many kinds 
abo11nds in the valleys. 

The ·summer season is very short, as snow begins to fall early in August, and 
the upper parts of the ridges are pretty well covered until the first of July, while 
many slopes and canons retain snow in patches throughout the year. 

Big game is becoming abundant, as it is protected within the park limits. It 
consists of goats, deer, grizzly, black and cinnamon bears, moose and caribou. Of these 
goats are especially abundant, and may be seen in large flocks on rocky slopes above 
timber level. Small game includes the beaver, lynx, coyote, wolverine, martin, mink, 
marmot, _and porcupine. The last three named are abundant. Beaver are becoming 
abundant in the Beaverfoot and Kootenay valleys. 

GENERAL GEOLOGY. 

TABLE OF FORMATIONS. 

As the correlation is not yet complete, only a general classification can be given, 
which is as follows:-

Pleistocene, and Recent . . .. . .. . .... . .... Stream deP.<Jsits. 
Glacial dnft. 

Post-Cambrian . .... ........... •. .•... .. . Dyke intrusions. 
Alkaline intrusion. 

Cambrian (Upper?)... . .. . .... (4) Alternating hard and soft bands of argillaceons, 
calcareous, and siliceous shale, weathering light 
yellow, grey, and buff . .... . . . . . . . . . . . . . . . . . . . 2, 975 feet 

(3) Thin-bedded siliceous dol0mites and dolomitic 
limestones dense and hard; especially devE:loped 
in Mt. Goodsir....... . . . . . . . . . . . . . . . . . . . . . . . 6,040 ., 

(2) Massive blue limestone with shaly bands. . . . . . 1,550 ., 
(1) Thin-bedded grey argillaceous i!lates weathering 

yellowish buff, underlain by dark grey argilla-
ceous shales an.1 slates.. . . . . . . . . . . . . . . . . . . . . . 1,160 ., 

Total thickneEs ................. : .. . . . 11, 7:Mi feet 

CAMBRJAN (UPPER n 
The oldest rocks in the area are sediments of Cambrian age, with a total thickness 

throughout the area of about 11,700 feet. They represent a distinctly conformable 
series, which can be easily subdivided into four separate formations. as shown in the 
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table. As the ex'amination is not yet completed they have not been given names. 
The beds are for the most part calcareous or dolomitic, and argillaceous. An almost 
complete section of the series is exposed on the west slope of Mt. Goodsir, with the 
exception of the first division, which forms the uppermost beds on the east side of 
Moose creek. · 

The lowermost beds consist of dark grey to light grey shales at the base, with a 
silken lustre. Above these are grey slates, which weather reddish, brownish to yellow­
ish, and buff. Many of these slates ·contain concretions of pyrite; sometimes the 
pyrite appears in leaf-like impressions along the bedding, and sometimes the concre­
tions are encased in tremolite. This slate cleaves parallel to the bedding, frequently 
weathering out into large thin flags. Some of these are 4 feet long, 2 or 3 feet broad, 
and i to 1 inch thick. The commercial importance of these slates is doubtful, as they 
become highly discoloured on exposure to the atmosphere. They are especially well 
exposed in Zinc valley, and in the east base of Chancellor peak, where they form long, 
even talus slopes. 

These slates are overlain conformably by a band of limestone, composed of thick 
bedded massive blue limestone and alternating thin-bedded dolomites and limestone, 
which, on weathering, have a furrowed surface. This limestone band is a good hori­
zon-marker, being traceable about the sides of Ice River and Moose Creek valleys. This 
band thickens towards the southeast. It has a total thickness of 625 feet at the head 
of Zinc valley, and increases to a measured thickness of 1,550 feet in the creek to the 
north of :Mt. Mollison. 

In Mt. Goodsir, and about Ice River valley, the limestone is overlain by thick 
and thin-bedded siliceous slates, dolomites, and limestones. 

Much of this formation is highly fractured, and, the rock being dense, weathers 
readily into angular fragments. In Mt. Goorlsir there is an estimated thickness of 
6,040 feet. 

To the south of the area these beds are replaced by soft argillaceous and dolo­
mitic slates, which are especially well developed in the more south~rly part of the ridge 
to the east side of :Moose creek. For an elevation of 4,000 feet above the valley on the 
side of this ridge, there are exposed alternating bands of soft argillacous shale 
which weather readily into gentl~ slopes, and more resistant dolomitic argillaceous 
shales which form steeper slopes. These beds give the face of the mountain a dis­
tinctly striped appearance. Thirt1-two hard bands, and the same number of soft bands, 
are exposed. Those accessible were measured. The whole formation has an estimated 
thickness of 3,000 feet. It lies conformable upon the limestone, and is intensely 
metamorphosed and cleaved. The cleavage planes dip almost vertically and strike 
S 50° E, while the beds have a general strike of east and west with a dip of 30° S. 
These beds were originally fossiliferous, but metamorphism has been so extensive that 
only small fragments can now be found. Metamorphism throughout the sediments 
seems to have been regional. 

The age of the sedimentary rocks in the area cannot yet be definitely fixed, but 
from their lithologic appearances they must closely resemble those beds of the upper 
Cambrian as determined by W alcott in his section in Mt. Bosworth on the Continental 
Divide.1 Only one fossil horizon has been found; that is in the uppermost part of 
the blue limestone band. The specimens found are very poor, and, although they have 
not yet been specifically determined, they appear to belong to the Cambrian. The 
fossils include trilobites, and at least one species of a brachiopod and one of a pele­
(cypod. The genus Bathyriscus was determined by W alcott. Furthermore, in a 
reconnaissance up Ottertail river and over l.IcArthur pass to Mt. Stephen, it was 
found that the series as exposed in the Ice River area has a higher position than 
those exposed on Mt. Stephen, which are placed in the middle Cambrian. It seems 

1C. D. Walcott-Cambrian Geology and Palooontology . .Smithsonian Mise. Coli. Pt. IIJ. 
No. 1812, 1908, p. 204. 
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probable that the series in question belongs to the upper part of the Cambrian, but, 
until the correlation is more extensively worked out to the north, they cannot be 
·definitely named. There is no general strike and dip to the sediments in question as 
the structure is anticlinal. Ore bodies of small size are found in the lower weathering 
slates, and in the limestone band above these slates. 

POST-CAMBRIAN. 

Alkaline Intrusive.-As the main object of the survey of this area was to make 
.a study of the intrusive alkaline mass, much of the time was spent on this problem. 
The igneous mass covers between 12 and 15 square miles; it is very irregular in out­
line, and is shaped somewhat like a retort. It is an injected body and is lael!o1ithic 
in character. Its southerly limit is in the north face of 1ft. Mollison, ~here it dips 
steeply and conformably under the blue limestone band. The contact follows under 
this horizon-marker of blue limestone to Chancellor peak. Here it pinches out in 
:the form of a sill, in which the lower contact is traceable down to the bottom of the 
valley of Ice river. This sill projecting from the main mass is 3 miles long, and 
has a maximum width of 1i miles. From the bottom of the valley the contact 
runs irregularly up the west slope of Zinc mountain, around the head of Zinc 
:valley, and ends abruptly in the side of Mt. Goodsir. The igneous mass covers the 
whole dividing ridge between the valleys of Ice river and Moose creek, between Mt. 
Goodsir and Mt. Mollison. The lower contact may be found about 500 feet down the 
Moose Greek slope, where it conformably overlies the blue limestone, as is the case in 
Garnet mountain in Ice River valley. There is another small mass of similar syenitic 
rock exposed at the head of Moose creek between Mt. Sharp and Helmet mountain. 
This appears to be the lateral extension of the northern end of the main mass. 

This alkaline intrusive varies greatly in composition and minerat constituents. 
The principal type is a normal light grey nephelite syenite; it is especially abundant in 
Zinc mountain and Sodalite creek. This rock varies through intermediate types into 
one very basic in appearance, made up almost entirely of basic constituents among which 
hornblende and pyroxene predominate. This dark type is especially well developed in 
the sill-like extensions on the west side of Ice river and also along the eastern side of 
the intrusive. In many plaees these two extreme types are transitional int9 one an­
other. The light grey syenite is sometimes found brecciating the darker type~, 

enclosing frag~ents·, and sending dyke-like apophyses into the surrounding rock. 
These facts suggest that there were disturbing forces at work while the mass was still 
in a semi-plastic condition. Very few apophyses are found cutting the surrounding 
sediments. Pegmatitic phases are found in several places throughout the intrusive. 
Some consist of crystals of nephelite, and a variety of amphibole; others contain very 
large hornblende crystals. The largest crystals of hornblende observed were 10 to 
12 inohes long, and biotite 4 inches in diameter. Other minerals noticed in the 
darker rock types are: sphene, in excellent crystals, magnetite, ilmenite, tremo1ite, 
scapolite, zeolites, pectolite, thomsonite, serpentine, schorlomite, and sodalite. A 
large variety of minerals is expected from a microscopic study of the various types in 
,this alkaline intrusive. Sodalite is an important mineral found in the igneous 
material; it has a deep blue colour and takes an excellent polish. It is found in places 
associated with the nephelite syenite, and usually occurs on or near the contact of the 
normal rock with the sediments. It occurs both as a mineral constituent of the rock 
and also as veins of almost pure soda1ite. Very thin .stringers may be found extend­
ing several yards from the contact. A few very small veins were found in some of the 
·surrounding sediments. A 6 inch boulder of almost pure nephelite and cancranite 
was picked up near the head of the valley of the Ice river. Its position suggested 
that the fragment was derived from a rock-body lying to the north of the mass already 
mapped. 



140 GEOLOGICAL SURVEY 

1 GEORGE V., A. 1911 

On the contact between the igneous rock and the limestone there is sometimeJ? 
a band of dark reddish, dense, .hard hornfels, which varies in width from a few feet to a 
maximum of 300 feet. It has always been found conformable with the limestone above, 
but the igneous body has both conformable and cross-cutting relations with the horn­
fels band. Microscopically, the hornfels is seem to contain muscovite, sericite, diopside, 
calcite, epidote, chlorite, and quartz. This band is provisionally regarded as represent­
ing the contact phase in originally calcareous sediments. Fragments of the hornfels 
were found enclosed in the igneous rock near the contact. Near the upper surface the 
igneous rock has also enclosed fragments of the limestone, which have become crystal­
lized with a development of calcite, hornblende, and siderite. ' 

The cross-cutting relations can be seen at the head of Zinc valley. A few 
apophyses also cut the siliceous and doloniitic slates on the side of Mt. Goodsir. It 
seems evident that the dark type of igneous rock, which represents the femic pole of 
the magma, was the first to solidify. It appears, however, that all varieties of types 
belong to one period of intrusion, as suggested by the transitions between types. 
These tra!lflitions may be gradual or sudden; they possibly represent immiscible 
portions of the magma. There is sometimes :fluxional structure in the femic phase-

DYKES, 

There are very few dykes in this area. Those noted are generally under 2 
feet in width. They all represent very basic types, and seem to be complementary to 
the intrusive mass. Some have the form of sills, as they are almost conformable with · 
the bedding of the sediments. 

PLEISTOCENE AND RECENT. 

The large valleys are :floored with glacial detritus. This detritus in Ice River 
valley is known to extend at least 200 feet above the present stream, which has since 
cut down its broad course. The silt of the main streams coming directly from under 
the glaciers has formed local broad :flood-plaina in their valleys. Some of these plains 
are over a mile wide, and along the surface the stream quietly meanders. The main 
streams carry a large amount of sediment in suspension. 

The glacial detritus has become partially re-cemented; this is seen in the banks 
of some of the side streams. The boulders are well smoothed, grooved, and faceted by 
the action of the ice. Most of the material is of local origin, but there are a few 
quartzitic boulders, which are similar in appearance to rocks exposed within a few 
miles. Small terminal and lateral moraines occur ,around some parts of the glaciers. 
There appears to be little or no plucking or berg-schrund erosion by the existing 
glaciers. The cirques are numerous, and are as a rule :floored with glacial debris and 
tal us. 

STRUCTURAL GEOLOGY. 

The whole of the area considered during this season lies within one of the Rocky 
Mountain folds, which has a general trend of northwest and southeast. The large 
streams, the Beaverfoot and the Ottertail, follow this trend of folding. A later system 
of minor folds have their major axes striking almost north and .south; it is along 
these folds that the valleys of Ice river and Moose creek have been developed. Ice 
river :flows in an anticlinal valley. The anticline pitches towards the south. In 
Moose. Creek valley the strata are synclinal towards the head, and anticlinal towards 
the outlet of the valley. The inter-stream ridges, and many of the higher mountains, 
are synclinal or monoclinal. · 

The cleavage in the sediments, especially about the intrusive mass, is approxim­
ately parallel to the axes of these folds. This period of folding appears to have come 
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after the igneous intrusion, for a fragment of the syenitic rock was found enclosed 
~long a plane of cleavage in the limestone on the top of the ridge to the south of 
Chancellor peak. 

A shifting in the direction from which the pressure came seems to have formed 
other folds, and to have cleaved the argillaceous shales and slates in the direction 
S 50° E. Many of the sediments, especially the thin-bedded limestones, are crumpled 
and contorted, which on the weathered surface show miniature folds and faults. 

From the present observations it appears that the intrusion came after the main 
period of mountain building, and was followed by a later period of folding, which 
was probably caused by the intrusion. 

Larger fauits are few in number and have small displacement. Those observed 
were either normal or reversed. Small breaks and slips are numerous, especially in 
the dense slates in Mt. Goodsir. 

EcoNOMIC GEOLOGY. 

METALLIFEROUS DEPOSITS. 

The small prospects which have been opened up in Ice River area show that the 
mineralization is not extensive. It is confined to the blue limestone and the uilder­
lying slates. A note will be sufficient on each of these. The workings on Mts. 
Stephen, Field, and Dennis were also visited; of these the Monarch mine of Mt. 
Stephen is alone of importance, and is the only property which has been worked during 
this season. 

PROSPECTS IN THE ICE RIVER AREA. 

Waterloo Mining Claim.-This property is located near the head of Moose creek, 
on the west side of the valley, at an elevation of 7,100 feet. The workings consist of 
two tunnels 250 feet and 50 feet long respectively. The ore-body, so far as the limited 
exposures showed, forms a continuous bed, conformable with the bedding of thin 

. bedded hard, dense, quartzitic limestone, with strike of N 15° E and dip 42° N. 
Where seen, the ore-body was about 6 feet thick. The ore minerals are sphalerite, 
galena, chalcopyrite, pyrrhotite, arsenopyrite, and pyrite, and are usually found in 
separate zones of almost pure material. The pyrite is well crystallized. The gangue 
minerals are calcite, with some quartz sparsely disseminated through the ore. The 
values which have been obtained are reported to have been in copper and zinc, with 
low values in gold. 

ZINC VALLEY MINING CLAIM. 

This is only a small prospect driven 15 feet into the yellowish buff weathering 
slates on the south side of Zinc valley, but seems worth mentioning on account of the 
position of the minerals in the ore body. A band of siliceous limestone about 15 
feet thick is interbedded in the slates, which strike N 75° W and dip 30° S. This 
less resistant band has been squeezed into lenticular masses. The mineralizing solu­
tions have replaced the lower portion of one of these lenses. The opened up portion 
of the ore body is 8 feet in maximum thickness. Lt appears to pinch out about 
15 feet down· the dip. The surface outcrop of lenticular form is about 60 feet 
long. The ore minerals are sphalerite, galena, pyrite, chalcopyrite,, arsenopyrite, and 
native arsenic; the gangue is calcite and" quartz in small amounts. The pyrite forms 
a layer on the foot-wall about 1 foot thick, and a thinner one on the roof. Within 
the pyrite zone is one of arsenopyrite and native arsenic, which in the upper part 
ls almost free from minerals of the other zones. The central zone contains sphale­
rite, with some galena and chalcopyrite. It is very irregular, sending short branches 
into the surrounding zones. Other pockets of ore have been found in this band of 
siliceous limestone in the slate. 
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SHINING BEAUTY MINE. 

This property has been abandoned for two years. It was owned and worked by the 
Labourers Co-operative Gold, Silver, Lead, Zinc, and Copper Mining Company of 
Golden. The mine is located about 3 miles north of the bridge over Ice river, at 
the head of the first large creek entering from the west. A wagon road was built from 
Leanchoil to Ice river, with the intentio.n of extending it up to the mine, but it was 
never completed, and it is now used only as a pack trail. The workings are between 
elevations 6,500 and 7,500 feet, and consist of three almost parallel tunnels, one above 
the other and about 200 feet apart. The upper one is 375 feet long, the middle one 
is 450 feet, and the lower one about the same length. They follow closely along the 
strike of the limestone, which is N 3·5° W and dip 72° W. A vertical vein, about 2 
feet wide, of calcite, containing zeolitic material, fills a fissure in the limestone 
almost parallel to the strike. Pyrite and galena were the only minerals visible. 
Reported values are $20 in silver, zinc, and lead. Pockets of almost pure pyrite, 
arsenopyrite, and some bornite are found in the limestone. 

MONARCH MINE. 

The Monarch mine is situated on the precipitous face of Mt. Stephen, about 
3 miles east of Field and 1,000 feet almost vertically above the Canadian Pacific 
railway. It is reached by a trail which leaves the railway about half a mile farther 
east on the base of Cathedral mountain. The trail passes around the cliff, clinging to 
the slightly projecting harder bands of blue siliceous and dolomitic limestone, and 
supported in places by brackets. It finally reaches this apparently inaccessible point at 
which the ore body outcrops, and from which a tunnel has been driven into the 
mountain. 

The property is owned and operated by the Mt. Stephen Mining Syndicate, with 
Mr. J ames Crudders in charge. This mine is one of the earliest opened in British 
Columbia, and was first worked in 1885. During the past three years development has 
been carried on part of each year. More extensive developments have been carried on 
during the past year, and the first shipment of ore was made to the Trail smelter in 
the spring of 1910. 

The ore body occurs in a broad band of bluish limestone which on the weathered 
surf ace is slightly pinkish in colour. This band is in the Cathedral formation, which 
is middle Oambrian.1 Development consists of about 500 feet of tunnelling. The 
rock is fissured nearly vertically, and in one of these fissures the ore body occurs. The 
limestone is brecciated. on both sides of this fissure and the fragments are cemented 
with calcite and ore minerals, whieh are argentiferous galena, with some sphalerite. 
The ore body is almost vertical. Its thickness is irregular-in one place as much as 
15 feet. Pockets several feet in diameter of almost pure galena have been found. 

The following assay from a representative sample was given by the Provincial 
Mineralogist in his report for 1909.2 Gold, 0-04 ounce; silver, ·6·0 ounces; lead, 50 
per cent; zinc, 15-18 per cent; iron, 1-2 per cent; sulphur, 12-14 per cent; silica, 1-2 
per cent; lime, 4-6 per cent. The syndicate has an air compressor at the side of the 
railway, which is operated by two gasoline engines. The ore is taken around the cliff 
on a narrow tramway and dumped down a chute with a slope between 35° and 40°, 
which is partly built under the talus and through solid rock to an _ore bin at the side of 
the railway. The syndicate expects to build a concentrator at the base of the mountain 
in the near future. The zinc blende is intimately associated with the galena. 

Other Prospects.-On Mt. Field several prospects ,have been opened. In the Black 
Prince claim a short tunnel has been driven along a vein, which cuts almost perpen-

1 C. D. Wa lcott...,--Cambrian Geology and Palreontology. Smithsonian Mise. Call. Pt. III, 
No. 1804, p. 4. 

2 Annual R eport- B. C. Bureau of Mines, 1909, p . 98. 
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dicular to thin bedded black limestone, producing conditions somewhat similar to 
those on }.{t, Stephen. The vein, 2 to 3 feet wide, is of almost pure argentiferous 
galena. Further development of this property is expected in the near future. Other 
prospects on Mts. Field, Stephen, Dennis, and Ottertail river contain chalcopyrite, 
bornite, azurite, malachite, pyrite, pyrrhotite, and arsenopyrite, with quartz and 
calcite gangues. 

BUILDING AND ORNAMENTAL STONES. 

Slate.-The grey slates in the lower part of the sedimentary series as exposed in 
Zinc valley and the slopes of Chancellor peak may prove of economic value as roofing 
material, if experiment proves them to be non-fading. 

Syenite.-The normal syenite, which is comparatively free from fractures, would 
make a good stone, either for building or ornamental work. The amount of this 
material is unlimited. 

Sodalite.-This mineral has a beautiful blue colour, it t akes an excellent polish, 
and the purer material has a handsome appearance in jewelry. This mineral, as has 
been previously stated, is found in different localities in the border of the syenitic 
mass. In every case it is apparently associated with the igneous contact. Where it 
occurs as a mineral constituent of the nephelite syenite, this rock becomes important 
as a decorative stone. The sodalite also forms veins of pure mineral, varying from a 
fraction of an inch to an inch and a half in width. In some veins of almost pure 
material an undetermined brownish mineral may be seen. A small boulder of pure 
sodalite and cancranite was found near the head of Ice River valley, an occurrence 
which suggests that the sodalite of some localities is not directly in contact with the 
igneous rock. Minute veinlets of sodalite are found in some of the sediments a 
few yards from .the contact. It appears that the mineral has been brought in by 
pneumatolytic action at the close of the intrusion of nephelite syenite. An analysi3 
was made of this mineral from Ice river by Dr. Harrirlgton. It is similar to sodalita 
found in the nephelite syenite of Mount Royal. The formula of the sodalite as 
derived from analyses is 3Na,O, Al,O., 2Si0, + NaOl. 

The following analyses of the sodalite from these two localities,1 and also that 
from Dungannon, Ontario,2 have been made by Harrington. 

Ice River. 

Si02•••••• • ..• • •.• • ••.•.•.••••• • •••••••••••••••• .••• • . • • 37· 52 
Al203 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 31 · 38 
Fe,08 ... . •• • • • • . • • .••••• . •••• • •• •• •• • •••.••••••.••.•• • •••••• • •.•. • 

FeO ............ .... ..... . . .. .... . ..... . .. ·.· ........ · ..... .. . .. .... . . . . 
CaO..... . ............ .. ..............•............. , 0·35 
MgO ....... .... ........ .. .. ...... .. .. .. ............ ...... ....... . . 
N~t20..... . . . . .... . ............................ . .. . ... . ... 19·12 
Na,03 .......... .. .... . ... . ........ . . . ... . ..... .... ...... . .......... . 

Na...... . . .. . .. .. .... . .. ..... .. ...... . . ·. .. . .. .. 4'48 
K,o........ .. . . . . . .. ........ .... . .... . .. .. .. . . .... .. .. o·78 
CL...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·91 
so, ............ .... ... ...... : ................. ......... ....... ...... .. . 
H 20.. ... .......... . . .. . .. .. ..... .. ....... .. . .. .. ..... . .... . ... . 
Insoluble ..... .. .. . ......... , ...................... . .................. . 

Montreal. 

37 •50 
31'82 
o·01 

Dungannon. 

36'58 
31'05 

0'20 

19'34 ............. '24:8i . 
~:g} j· · · · · · .. o:79 .. 
7'12 6•88 
.. ... . 0'12 

.. . . . . . .... . o·2; 
. .. . .. .. . . .. .. o·so 

---·-----------
100'54 100'67 

Specific gravity ... .. .. .. .. ... ........ . . . •.. ... . .... . ... 2'220 

1 B. J. HarringtoB, T rans. Roy. Soc. C""· Vol. 4, Sec. iii, 1886, p. 81. 
2 B. J. Harring_ton, Am. Jonr. Se. Vol. 48, 1894, p. 17. 

2'2!13 

101'50 

2'295 
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Before the material can be considered of economic importance, it will be 
necessary to find out its extent, which ran only be ascertained by development of the 
property. This occurrence is worthy of consideration, as the material can be inexpen- · 
sively worked, and the transportation problem is not a difficult one. Part of this 
sodalite property has been located by Mr. M. Dainard, of Golden. 
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LAKE MINNEW .ANK.A SEC'I'ION. 

(Hervey W. Shimer.) 

LOCATION OF AREA. 

145 

Lake Mi1mewanka, or Devils lalre, is about 9 miles northeast of Banff, in the 
Rocky mountains, western .Alberta. It lies in a long, narrow valley, which in a 
generally east and west direction forms a pass through the ranges from the foothills 
westward to the Bow River valley. The lake itself occupies the western half of the 
valley, with a length of 11 miles, and a nearly uniform width of half a mile. 
Here the valley of the eastward flowing Bow river is continued in the valley of Lake 
:i\Ennewanka, and this long southwest-northeast trough is crossed by the northwest­
southeast valley of the ascade river, and the southward bending Bow. Bankhead, 
with its coal mines, is in the valley,' 2 miles west of the western end of the lake. 
The higher mountain tops of the region vary from 8,000 to 9,000 feet in altitude, with 
Mt . .Aylmer exceeding 10,000. 

The section here studied embraced the southern termination of the Palli~er range 
where it rises from the northwestern shore of Lake Minnewanka, and the eastward 
continued valley of this lake. 

PREVIOUS WORK. 

In 1886 G. M. Dawson1 published a 'Preliminary Report on the Physical and 
Geological Features of that Portion of the Rocky mountains between latitudes 49° 
and 51° 30'.' 

In that report the general physiography of the region here under discussion was 
outlined in the chapters on the Bow valley, and on Devils lake and vicinity, and the 
g<:neral geology is indicated on the map in two stratigraphic groups: (1) the Kootanie; 
the Cretaceous coal-bearing rocks, and (2) the Limestone series, Carboniferous, and 
Devonian. · 

These larger groups were somewhat subdivided by McConnelJ2 in the diagram of 
a section measured across the mountains eastward from the C~lumbia valley to the 
gap of the Devils Lake valley. The formation hel'e given of the section along _the 
valley of Lake lfinnewanka are: (1) Cretaceous of the Cascade trough, (2) Banff 
limestone (Devono-Carboniferous), (3) Intermediate (Devonian), and (4) Castle 
Mountain group (Oambrian). · 

In the geologic map of the Cascade coal basin included in his report on this 
basin, D. B. Dowling3 gives as the geological section below the Kootanie the 
following:-

Fernie sh<1le-J urassic. 
Upper B<1nff shale-Permian? 
Rocky Mountain quartzite} 
Upper Be,nff limestone Carboniferous. 
Lower Be,nff shale 
Lower Banff limestone 
Intermediate limestone-Devonian. 
Castle Mountain group-Cambrian. 

The work of the summer of 1910 was undertaken for the purpose of determining 
with greater definiteness and detail the age of the various formations from the Upper 

1 Geol. and Nat. Hist. Surv. of Canada, Ann. Rept. for 1885, part B, 169 pp. 
' R. G. McConJ:\ell, Ibid, Ann. Rept. for 1886, part D, 41 pp. 
• 1907, Geol. Surv. of Canada, sess. paper 26b. 
26-10 
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Banff shale to the Intermediate limestone, inclusive, to distinguish the boundaries 
between them, and to correlate. their faunas with those of corresponding formations 
in other parts of America and elsewhere. To this end the .formations were measured 
and examined in detail, and a representative set of fossils was collected from eacl} 
bed in which they were found. 

GEOLOGICAL HISTORY OF THE REGION. 

The history of this region, so far as the rocks of the eastern Rockies are concerned, 
began with the submergence of the entire area beneath the sea, for the Cambrian 
dolomites of the Castle Mountain group contain marine fossils. If the upper Ordovi­
cian . and Silurian were periods of deposition for this region, all of these sediments 
must have been eroded before the area was again covered by the sea during the 
deposition of the Intermediate and Lower Banff limestones, partly at least of Devonian 
age. The region remained beneath the sea during the 111ississippian, Pennsylvanian, 
end Permian, that is, during the deposition of the Lower Banff shale to· the Upper 
Banff shale inclusive. 

The sea was apparently never very deep, since minor cross-bedding occurs at 
ir.tervals throughout every formation, mostly in the coarser grained beds, the calcar­
cnites; the presence of coral reefs furnishes a similar argument. During the time of 
th~ Lower and Upper Banff shales one or more large rivers entered this sea, carrying 
quantities of mud. The mixture of this mud and the lime from the organisms then 
living should give in some of these areas a perfect natural cement. Taken as a whole, 
this sea became gradually shallower from the time of the deposition of the Lower Banff 
limestone to that of the Upper Banff shale. The coral reefs are most conspicuous in 
the upper portion of the Upper. Banff limestone, while above this the proximity of the 
shore is indicated by the appearance of quartzite beds, showing the presence of sandy 
shores; these quartzite beds become thicker, and with progressively thinner limestone 
beds separating them the higher the Rocky Mountain quartzite formation is examined. 
About 50 feet below the top of this formation a few pebbles make their appearance · 
with the sand; these grow into almost conglomerate beds at the top. 

The succeeding condition for a part of this area at least was bog-like for a time, 
a·s about 5 feet of unevenly bedded quartzites, very full of iron nodules, separate 
the quartzites from the shales above. During the deposition of the Upper Banff shales 
the region remained more or less continuously beneath the sea, as marine fossils occur· 
through it. The presence of Lingulre apparently indicate a near shore deposit; these· 
Lingula beds are likewise usually cross-bedded and ripple marked. Mud cracks are 
rather abundant, but were never found associated with fossils; these may indicate· 
that this was a land surface for a time. 

During probably a part of the Permian, the Triassic, and lower J urassic, this 
area was land. In the upper J urassic sediment was again deposited in the sea, form­
ing the Fernie shale. During the Comanchean pel'iod the warping of the land surface· 
Ct'used the deposition of the continental formation, the Kootanie, with its coal 
m.easures indicating swamp conditions during a portion of the time, while during the 
Cretaceous (upper Cretaceous) the sea again invaded the region, leaving remains of 1 

the life then inhabiting it in the Upper Ribboned Sandstone deposited at that time. 
At the close of' this period, this region, together with the entire Rockies, was elevated,. 
folded, and faulted. The fault blocks here trend approximately north-northwest to· 
south-southeast, with the strata tilted to the west at an angle of about 45°. Since· 
this time of elevation the weathering agencies have worn away the softer rocks-the 
Fernie, Kootanie, and Cretaceous- more rapidly than the limestones, so that rem­
nants of the former are now confined largely to the valleys, while the limestones and 
quartzites occupy the tops of the mountains. · 



SUMMARY REPORT 14i 

SESSIONAL PAPER No. 26 

LOCATION OF SECTIONS. 

Since all the formations could not be studied in their entirety by making a cross 
section across any single fault block, sections were made across four blocks, with two 
minor sections for correlation. 

Section I was made along the road and Cascade ri~er from northeast of Bank­
head to the junction of the river with Devils. creek, the outlet of Lake Minnewanka. 
This gave an excellent section of the Upper Banff shale and the upper portion of the 
Rocky Mountain quartzite; the remainder of this latter formation and the upper part 
of the Upper Banff limestone were studied upon the western side of the river about 
H miles north of its junction with Devils creek. The two parts of this section 
were connected by a common datum plane so that the measurements could be made 
exactly. 

Section II began at the Cascade river just south of its junction with Stewart 
caiion, and was continued east-northeast along the north' shore of Lake Minnewanka, 
that is, along the southweStern edge of the Palliser range, including the southern 
edges of Mount .Astley/ the Castle,' and Mount Standly." This section gave excellent 
exposures of the Upper Banff limestone (except the uppermost portion), Lower Banff 
shale, Lower Banff limestone, and much of the Intermediate limestone. 

Section III was made rather hurriedly up the southern slope of Mount .Aylmer, 
at the western edge of the head of .Aylmer caiion. Its purpose was to get the contact 
between the Upper Banff shale and the Rocky Mountain quartzite, and to note if any 
variation had occurred in this distance in the thickness of the beds and in the detailed 
s11Ccession of the fauna in the Rocky Mountain quartzite and the Upper Banff lime­
stone. 

Section IV was made along the northern edge of the valley forming the eastward 
continuation of the Lake Minnewanka valley. The section extended .from the gully 
at the western end of Middle lake/ westward along the foot of the mountains. The 
purpose of thi s section was mainly to get the lower part of the Intermediate lime­
stone and its relation to the Castle Mountain group below. 

TABLE OF FORMATIONS. 

The rocks of this region are entirely of sedimentary origin; the seven formations 
studied consist almost entirely of limestones ·and calcareous shales. The following 
correlation of the formations is provisional; a thorough study of the fossils collected 
will be necessary. before the correlation can be made accurate. 

P ermian . . . . . . . . . . . . . . . . . . . . . . . . ................. Upper Banff shale. 

. c bo "f Upper Banff limestone. 
Pennsylvanian. . . . .} {Rocky Moumain quartzite. 

· · · · · · ar m erous. · · · · · Lower Banff shale. 
Mississi ppiau. . .. . . . .. {Lower Banff limestone. 
Devonian .. . . . . . . . . . . . . .. . . .. .. . . . . .. .. ... ..... Intermediate limestone. 
Cambrian ...... .... ...... . .. . ....... . . .. . . ... .. . .. Castle Mountain group. 

1 The name applied locally to the peak between Stewart caiion and the western end of' 
Lake Mmn~;wanka. It was given in honour of Mr. C. D. Astley, who lived at its southern, 
foot for twenty years. 

'Locally applied to a castle-like cliff, as seen from the lake, east of Mount Astley,. 
formed of almost horizontal strata and separated from the rocks east and west by ravines .. 

• A name applied to the prominent projection just west of Aylmer pass, between the pasS' 
and the lake. The name is given in honour of Mr. John Standly, who was the first to 
operate profitably on this lak~ a boat for the accommodation of tourists, and thus assured 
the continuation of this accommodation. 

• There are three lakes in this valley between Lake Minnewanka and the Devil's Gap. 
which are named West, Middle, and East lakes respectively. 

26-10~ 
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DISCUSSIONS OF FORMATIONS. 

Upper Banff Shale. 

An alternation of heavy bedded, -light grey, calcareous sandstones and thin ~edded, 
-dark grey, calcareous-arenaceous shales. The latter are especially conspicuous for 
their numerous black laminae. The shales often weather reddish. At frequent inter­
vals throughout the entire thickness occur many ripple marks, mud flows, minor 
~ross bedding, and mud cracks. 

The contact with the Fernie shale above is apparently very abrupt, though the 
exact contact was not seen. The topmost hundTed feet of the Upper Banff shale is a 
light grey, heavy bedded, calcareous sa:adstone, while the lower Fernie is an alter­
nation of black, very fissile shale, and almost black limestone. 

The contact with the Rocky Mountain quartzite below is plainly seen in the 
Mount Aylmer region; here the two formations are apparently conformable, but the 
change from quartzite to arenaceous shale is rather abrupt, with a very conspicuous 
development of iron concretions for 5 or 6 feet at the contact. 

Marine fossils occur throughout most of the formation, though locally restricted; 
they are often found in bed:s varying from 2 to 6 inches in thickness, while above 
.and below they are apparently entirely absent. They are very poorly preserved, and 
the species are confined to lingulae and pelocypods. The age, as indicated by a brief 
laboratory examination of the fossils, is Permian, with an apparently Pennsylvanian 
affinity. Thickness about 1,200 feet. 

Rocky Mountain Quartzite. 

An alternation of light grey quartzite and light grey limestone, the former pre­
-dominating in the upper portion, the latter in the lower, where it merges impercepti-
-bly with the Upper Banff limestone. The uppermost 50 feet contain considerable 
-conglomerate, · with rounded quartzite ·and calcareous pebbles up to 2 inches in 
-diameter. 

The formation is fossiliferous at intervals throughout its entire thickness, but 
:mostly in its upper and lower portions. All the fossils indicate marine origin. About 
1.0 feet below the top is a very light grey chert bed 2 feet thick, which is one mass 
'()f silicified fossils; about half of these are specimens of Euphem1ts carbonarius and 
-would thus ,strongly argue a Pennsylvanian age, but a further study of t he specimens 
iis necessary since some apparently Permian elements are present. Exactly the same 
association of species here noted in this chert bed is seen in the Pennsylvanian ? of 
the Toroweap valley in northwestern Arizona. Thickness about 600 feet. 

Upper Banff Limestone. 

Thin bedded, light to dark grey limestones, fine-grained beds alternating with 
~oarse-grained, and frequently respectively chert-bearing and chert-free. The forma­
tion below this becomes more and more shaly until it merges with the Lower Banff 
shale. 

The fine to medium grained limestones are usually fossiliferous, often strongly 
so. The coarse-grained beds are as a rule free from any indetifiable fossils except 
crinoid joints. Thickness about 2,200 feet. 

Lower Banff Shale. 

Predominantly a dark grey to black calcareous shale, weathering brownish. It 
is typically shale below, while above it becomes more and more calcareous, until with 
many repetitions of shale and limestone it merges with the Upper Banff limestone. 

Fossils are abundant throughout the formation, except the lower 500 feet, where 
..llone were noted. Thickness about 1,300 feet. 
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Lower Banff Limestone. 

Heavy bedded, light grey limestone. The upper 150 feet are alternately more 
thinly bedded and ·of a darker colour, being thus transitional to the Lower Banff 
shale. 

The formation is fossiliferous, though not conspicuously so, except in the upper 
portion. Fossils were found at intervals throughout the entire thickness. At about 
the middle of the formation the rock is very conspicuous for its dolomitic segrega­
tions; ·these look much like poorly preserved forms of pencil-like, branching bryozoans, 
or corals. Some such segregations occur in most of the beds, as likewise in those of the 
Intermediate limestone and the Castle Mountain group beneath. Thickness about 
1,000 feet. 

Intermediate Limestone. 

Alter:aating fine to coarse-grained limestone. The rocks when struck emit a 
strong odour of! hydrogen sulphide. 

Comparatively few fossils were noted; about 600 feet below the top they were 
rather abundant though poorly preserved. These indicate a Devonian age. Thick­
ness about 1,600 feet. 
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COAL FIELDS OF JASPER PARK, ALBERTA. 

(D. B. Dowling.) 

INTRODUCTION. 

Great activity in exploration and prospecting work on the coal areas of western 
Alberta, in the vicinity of the Grand Trunk Pacific railway, was noticeable during 
1910. Although the end of the completed portion of the railway was distant from the 
mountains about 80 miles, a force of about 20 men was employed on the construction 
of temporary mining works near Roche Miette, and a force of perhaps 30 men on 
properties between that point and the Brazeau. In the coal area on the Embarra.S river 
little was attempted, on account of litigation bet\~en rival companies; but a .branch 
line from the Grand Trunk Pacific railway has been located, and is now being built 
towards it; so that shortly, it may be expected, prospecting will be resumed. 

A great part of the time spent by the Survey party in the .field was devoted to 
inaugurating a triangulation and photographic survey of the outer ranges south of 
the railway line, hence geological details will be confined: mainly to ·the field thus 
partially mapped. 

This portion, important from an economic standpoint on account of its coal 
:areas, is also of interest to the travelling public as one of the future pleasure and 

- health resorts in Jasper park. Hot sulphur springs, situated within 10 miles of the 
nilway, will probably be utilized for medicinal baths. A suitable location for a town ig 
at the mouth of Fiddle creek; and it is probable that within a few years a resort 
t;jmilar to Banff will be established there. 

The data for the topographic mapping was obtained mostly by my assistants, 
Messrs. W. S. Barrows and L. H. Gass, who proved very energetic in the performance 

·of their duties. 

SUMMARY AND CONCLUSIONS. 

The Nikanassin basin to the southeast, described in last year's summary, doe~ 
not continue as a coal field northward past the watershed of the branches of the McLeod 
-river, though the lower beds of the Kootanie formation, occasionally having very thin 
·coal seams, apparently continue through to the next coal basin northward, which 
-crosses the Athabaska river west of Fiddle and Moose creeks. 

In the foothills, the upper part of the Kootanie formation which there forms the 
productive coal measures is brought to the surface in several places, the first of note 
Teported being on the west branch of J\IIcLeod river, where seams have been prospected 
'On several small branches. This productive area is interrupted by the anticlinal ridge 
known as Folding mountain. North of thi~, in the vicinity of Brule lake, the rocks 
in contact with the upthrusted limestones of the first range are found to be lower 
Cretaceous, and contain the coal measures which are exposed south of Folding moun­
tain. This indicates either a rapi-d dip northward of the axis of the anticlinal fold, 
or a transverse break across the direction of the outer ranges. The latter supposition 
is the more probable, since the formation of the Athabaska valley indicates a line of 
weakness, and the ledges exposed on opposite sides of the valley do not seem to be 
exactly in line. 

The coal fields in the immediate vicinity of the railway consist, therefore, of two 
iareas, the first , an eastward dipping series of rocks that are the eastern limb of an 
anticline, th~ crest pf which is almost on the line of the fault in front of the first range. 
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(The western limb is probably short, and overridden by the Devono-Oarboniferous 
beds.) These rocks slope towards the northeast, and coal exposures have been found 
north of Bruh~ lake. Should the seams be found to the stmth of the lake, their 
proximity to the railway would be of great advantage in mining. 

The second coal field is inside the first range, and, as will be seen from the series 
of sections in the stereogram (Fig. 5), is divided along its length by a broken anticline. 

long 

Fig 5.:_Stere•Jgratn of Sketch Sections in Jasper Park, Alberta. 

This leaves the eastern portion in the form of a narrow basin, in which only the lowest 
seains may be found. The western part, which is a monoclinal block, presents more 
favourable conditions for mining by tunnels along the seams from the edge of the 
valley. Three workable searris of steam coal, in beds of 5, 10, and 13 feet, respectively, 
have been prospected on the south side, at the Jasper Park collieries. 
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TOPOGRAPHY. 

The area visited this summer forms part of the outer ranges of the Rocls:y moun­
tains. The deeply eroded valley of the Athabaska river crosses the northern part, and 
into it drain e;everal streams flowing between the tilted and folded blocks of strata 
that form the ranges. The tributary from the south-Fiddle creek, which occupies 
the principal place in the small accompanying map-flows in a very crooked channel, 
which crosses a pronounced ridge of limestone three times, through narrow canons. 
One mountain range lying along the southwestern margin of the district seems t o be 
quite persistent, although its direction changes somewhat at the Athabaska. A flat­
topped, cliff-sided point on this ridge, south of the Athabaska, has long borne the name 
Roche Miette, and forms one of the most striking features in the landscape. Between 
this range and the foothills the mountains are more irregular, due largely to the 
geological structure. 'At the north end of the portion mapped, the outer ridges are 
the upturned edges of the harder beds of a wide fault block. At the Athabaska river 
this block shows signs of deformation by 1ongitudinal folds and breaks~ which farther 
south have disturbed the continuity of the ranges. One short ridge, occupying a posi­
tion in advance of the mountains, is plainly caused by a simple fold of the outer 
tcrust, and the arch · so formed-a short ridge of limestone exposed by the erosion of 
the softer rocks ·6£ 'the original surface-bears the descriptive name, F olding moun­
tain. 

The general structure of the Rocky mO-untains from the International Boundary 
north to about the . .Saskatchewan river is that of a series of fault . blocks, consisting of 
the same series -of -rocks, resting against each other. A repetition of form and colour, 
and a continuity in the ranges therefore obtains; but in going northward, more divers­
ity in the for:q; :of the blocks -is noticeable. The regularity of dip and repeti tion of 
beds, to a great extent, is replaced by folded strata and a g:~;eater variety in the outline 
of ridges. 

The foot~ills near the Athabaska valley are not prominent, and to the south are 
somewhat irregular, especially near . the mountains; to the north the ridges have steep 
faces towards the ranges and loi,J.g easy slopes northeastward. 

The drainage channels through both mountains and foothills, . in many instances 
suggest breaks in the · upthrusted blocks. Thus in . the Athabaska valley there is 
evidence that, through , the outer ranges at least, and for some distance through the 
foothills, there were cross fractures in the fault blocks, now shown principally in an 
unexact alignment of beds on opposite sides of the valley. The devious courSe followed 
b~· Fiddle creek, crossing, as it does, three times through a ridge of vertical limestoue, 
the first oc<;mrring at _a distance of_ less than 3 miles from its mouth, also suggests 
cross fractures. . · 

The present stream, occupying the Athabaska valley for som~ distance above 
Brule lake; is depositing material-along its course, and seems to have partially filled 
a former lake. Its meandering course through a swampy flat by many channels, with 
evidences. 'also of discarded ones, suggests that J asper and Brule lakes will also at no 
Yery distant date become silted up. 

Gravel -terraces similar to those on the Bow river are found at elevations up to 
300 feet ,· above the present river. These, no doubt, belong to the same period 
as the transported deposits known as the Saskatchewan ·gravels. The tributary 
streams entering on each side are moving a large amount of gravel into the Athabaska 
valley, and in almost every case show a steady growth of the fan deposit near the 
mouth. Thus, at the mouth of Fiddle creek, the steeper grade of the tributary stream 
has enabled it to move material towards the Athabaska river that could not be removed 
by the current of that !tream. Consequently the river has been forced over agaimt 
the rocky walls of the ridges on the north side. At the mouth of Moose creek, a 
illmaller collection of river-borne material forms a flat fan, which occupies a pint of 
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the river :tlat. This appears to be due to the activity of the current of Moose creek. 
The large tributaries from both north and south, which enter the Athabaska near 
Roche Miette, may have been the agents causing the formation of Jasper lake, by 
moving material into the valley and thus forming an obstruction partially damming 
back· the water. Brule lake, although it seems to be silting up, has no doubt also 
been lowered, by the erosion of the barrier at the outlet. This barrier consists of 
the tilted beds of Cretaceous sandstone, separated by shale, so that it forms a suc­
cession of hard ribs. The channel being cut through them from Brule lake to the 
mouth of Prairie creek, although having a fairly uniform, heavy gradient, is still 
in process of erosion where each of the ribs crosses it. The gradient in the channel 
which has been cut through this barrier steepens perceptibly after leaving the lake:; 
and there are several rapids, but none at the outlet, so that the erosion which is 
still going .on does not immediately threaten the existence of the lake. 

NATURAL ADVANTAGES FOR A PARK. 

The great importance of the reservation of the timber and game of the country 
on the eastern slope of the Rocky mountains is generally recognized and need not be 
enlarged upon here. The ease with which the mountains can be reached by railway 
offers grea\. inducement to those seeking change for health or recreation, and the 
adaptability of this area for health and pleasure resorts may be noticed. The scenery 
d Jasper park, although not of the bold and rugged type of the higher altitudes, is 
nevertheless pleasing; since the valley of the Athabaska, which is wide and well 
furnished with lake-like stretches of water, forms a pleasing foreground to a back­
ground of mountain peaks with ranges on either side. The approach by railway along 
i!he Athabaska river offers ever changing scenic views of river stretches, and wooded 
hills, above which can be seen. the rugged ridges of the outer range. 

Along the line of railway townsites will doubtless be selected. The gravel 
built sloping plane near the mouth of Fiddle creek seems to afford a suitable location for 
such a town, being not only well adapted for a town site, but also the nearest point to 
a series of hot sulphur springs on one of the western branches of Fiddle creek. When 
proper roads have been constructed, these springs may be reached by a drive of about 
8 miles, over a picturesque route, affording probably glimpses of the canon of Fiddle 
creek and of the wall-sided ridge through which it has been cut. Mountain climbers 
will :find no great elevations to attract them in this part of the park, though a peak 
just south of the springs has an elevation of nearly 9,000 feet, and affords from its 
summit an extensive view of the surrounding hills and valleys. Among other attrac­
tions for the general tourist the~·e is boating on the lake and river, at present some­
what impaired, however, by the shallowness of the lake, and the strength of the current 
in the river. 

FOREST. 

The largest area of. green forest , containing timber of marketable size, occupies a 
triangular stretch of country lying to the east of Brule lake. The wagon road to. 
Prairie creek runs along its southeastern margin. Along the Athabaska, burnt country 
extends from the east to a point nearly half way between the lake and Prairie creek. 
Other fairly large areas of unburnt timber are found within the mountains, on the 
flat lands through which wind the many channels of the Athabaska river. Another 
area of green forest, but consisting of patches only, extends £rem the head of Drystone 
and Prairie creeks to the western sources of McLeGd river. Although throughout the 
district there are, here and there, small patches of living tree5, the greater part of the 
original forest has been burnt. 
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TRANSPORTATION. 

By the date of the issue of this report, the rails will probably be laid! for the Grand 
Trunk Pacific railway from the east to the crossing of the Athabaska, which point 
lies west of the limits of the accompanying map. The low water during the winter 
will be taken advantage of to place the caissons for the pier excavations. During the 
construction of the piers and superstructure a temporary terminal will be made in 
the vicinity of, or near the west end of Jasper lake. The necessary construction roads 
along the line of railway are being made of a more permanent nature in the park, than 
through the foothills, and, later, they will be maintained by the park administration 
ag wagon roads. The original trails through this diistrict were merely pack trails or 
paths, along the banks of the river, crossing the streams by fords, which are passable 
only at low water. The fords were situated, one at Swifts, above the railway cr.ossing, 
another below Jasper lake, a third at the outlet of Brule lake, and a fourth at Cache 
Pecotte, east of the mouth of Prairie creek. Crossings were made, toward~ the dose of 
the past season, by cable ferry at Jasper House, and by gasoline launch on Brule lake. 
Trails follow the valleys of Snaring and Stony rivers on the north, and the Athabaska, 
Jack creek, and Rocky river on the south, and there are a few in the foothills, includ­
ing one from Prairie creek to and up J\iicLeod river. An old Indian trail, practically 
blocked by fallen timber, leads over the hills to Fiddle creek above the caiion, and 
another follows the east side of the steep, straight ridge through which ~iddle Creek 
caiion is cut. New trails have been made from the end of the wagon road constructed 
by the Jasper Park Collieries, to Sulphur creek. These trails were intended to 
replace the trail up the bed of Fiddle creek, which was very rough for horses, but 
though they avoid the rough creek bed they cross some very steep hills. A route with 
easier grades might be found along or near the bank of Fiddie creek, though some 
rock blasting would be necessary at the caiion. When this road is completed as far 
as the Hot Springs, and repairs are made to the road from Prairie creek, tourists' 
will be able to reach many of the points of interest. · 

COMMERCIAL POSSIBILITIES. 

Since the area under discussion has been reserved as part of a national park, 
it~ commercial development will be effected more directly under Government super­
vision than other areas; and the coal deposits, which are of importance, will be mined 
under lease. 

The localities of the coal outcrops are very advantageously situated both for 
mining and shipment, and the demand for coal, after the completion of the railway, 
will be sufficient to ensure the opening of collieries, so that small mining towns are 
6Ure to grow up within the park. 

GENERAL GEOLOGY. 

The rocks exposed in the eastern ranges of the Rocky mountains are very similar, 
over long distances, in general character and age, and it may be remarked that the 

~ formations there exposed have been traced almost continuously from the Bow River 
valley to the Athabaska. Slight changes in the character of the deposits are noticed, 
but the section, as a whole, is practically uniform. Of the consolidated rocks, all of 
which were deposited previous to the mountain uplift, the section here includes a 
sequenee of beds from middle Cretaceous measures to and including Devonian lime­
stones. The upper part-th!J.t including Cretaceous and Triassic rocks, being of 
eas.ily eroded strata, does not form any material part of the ridges known as the 
Rocky mountains. The crests of the ridges are generally of limestone, in thick beds, 
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belonging to deposits pro"bably of Carboniferous age. The lower limestones in the area 
shown on the sketch map are probably of Devonian age, and are exposed along the 
lower scarped eastern faces of the ranges next to the fault by which they are brought 
up into eontact with higher beds, the maximum displacement being where the Devonian 
is in contact with the upper part of the lower Cretaceous. The complete list of forma­
tions which, judging by analogy, will be found to occur in the district, but of which 
fossil evidence, establishing their age, has not yet been pbtained, includes the follow­
ing:-

IR. d · Recent ...... . . .... . . . .. .. .. . . ... . . ..... · ' 1ver epos1ts. 
Sands and silts, lake deposit ....... .. . . 

Pleistocene . . . . . . . . . . . . . . . . . . . . . . . . .. Boulder clays. . . . . . .... . . .......... .. .......... . .. . . . 
()emented gravel (similar to Saskatchewan gravels). 

Cretaceous ... . . . ..... . ... . . . .. .. ... .. In the foothills, probably the whole section of the Cretaceous 
will be found. In the mountains, beds of Kootanie or 
lower Cretaceous age are exposed. 

J urassic .. .............. . .. . ... ... . .. . .. Shales and sandstones. 

Triassic and Permian. . . . . . . . . . . . . . . . . . . Siliceous shales and dolomites. 

Carboniferous . . . . . . .. . , . . . . . . ... .. .. · I Limest.o~es:. . 

Devonian .... . .......... .. ...... . ....... 1 Dolom1t1~ hmestones. 

CRETACEOUS. 

Koo~anie Formation.-The beds of this formation contain the coal seams that are 
found in the Rocky Mountain areas. The formation as a whole is of fresh water 
origin, although salt water deposits are not entirely absent. Plant remains are to be 
found throughout nearly the whole thickness of the measures. 

A measured section of the lower patt of the formation was made on Villeneuve 
creek. 

The nearest section for comparison is one measured by Mr. Malloch on Chung6 
(Trail) creek, which occupies a gap near the north end of Bighorn range. The sect.ions 
in the northern field differ from those in the Cascade coal field to the south, mainly in 
the presence of a heavy conglomerate band in the central part of the measures, and 
an increased thickness of sandstone beds in the lower part. Although small seams 
of coal are found below the conglomerate, none appear to be workable deposits, but 
above it there are at least three seams that are thick enough to mine. 

Comparing the section on Chungo creek with that· in Jasper park, there is a 
similarity in the general nature of the deposits in those portions below the conglomerate 
band, but there is an increase in thickness in the northern section, assuming that the 
·conglomerate band occupies the same horizon in each. The conglomerate band in the 
northern field is very persistent, and forms a strong rib,. which is often detected in the 
~opographical forms, and is useful in tracing the probable position of coal sea.TI!f\. 

The upper portion on Chungo creek is complete to the overlying beds of later 
Cretaceous deposits, but in the · section under examination this season, the thrusting 
and faulting of mountain building has cut away the upper portion. A complete SP.~­
tion: may yet be found in the foothills, but the surface covering there is generally thick, 
.and rock exposures are confined to the river valleys. · 
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Section on Villeneuvc creek. 

Coal se~m ........ . .. . . ........ . .. . . . 

Sandstone .. . ......... .. ..... . ... . .. . 
Coal ......... . • • . . ......... .. .... . .. 
Sandstone .. . .... ... .... . .. ...... . . 
Coal .................. . .. .... . .. . .. 

Sandstone ... . ...... . ... . ... . ....... . 
Coal. ... . ............ . ........ . .. . 
Sandstone ... .... . ........ . . .. . . . . . 
Conglomerate ridge ...... . . . ........ . 

Sandstone and shale ... . . . .... . .. . .. . 
Streaks of coal-· .................... . 
Sandstones and'shales . . ... . . . .. . . . .. . 
Streaks of coal. ........ . ......... . .. . 
Sands tones and shales . . .. ........ . .. . 
Streaks of coal . . . . . . . . . . . . . . .•.. . . 
Sand stones. . . . . . . . . .... . .... . .. . 
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BIGHORN COAL BASIN . 

Malloch's Section on Chung.) crcek .l 

1(; feet (not Shales and sand stones, containing seven 
dug out. seams of coal. ....... . . .... ....... .. 

300 feet. 
12 " Conglomerate. . . . . . . . . . . . . . . ... . . . . 

350 " 
(?)not dug 

out. Sand stones, etc ... ... . .. . .. .. . . . . . . .. . . 
1'20 feet. 

5 11 

350 " rshales, sandstones, and streaks of coal. 
50 " Sand stones .............. .. ........ .. 

about. 
500 feet. 
(?) 

300 " 
(?) 

900 " 
(?) 

600 

3,497 feet. 

2,072 feet . 

12 " 

367 " 

328 11 

672 " 

3,451 feet . 

Jurassic.-Below the lowest, heavy sandstone bed of the section given above, black 
shales, in which sandstone beds are distributed, are found to hold marine shells-a 
passage downward from land conditions to salt and brackish water deposits. A sand­
stone rib, probably 100 feet below the sandstone of the above section, is found to con­
tain marine shells, recognized by :Nir. R.aymond as being probably A1·ctica (0yprina) 
occidentalis, and N emodon cf. Sulcatinus. · 

The first of these is recorded by Mr. Whiteaves from the lower shales of Queen 
Charlotte islands, regarded now as J urassic, and the second is probably one of the 
varieties determined by Mr. Whiteaves under the name A1·ca (N emodon) from the 
same beds. 

Separated from these sandstones by 100 feet, approximately, of dark shales, lies a 
second sandstone and shale rib. In this, specimens of Gryphma planoconvexa, O~trea: 
strigicttla, and a species of Terebratulina were found. Of these Mr. R.aymond says: 
~ The fossils and their mode of occurrence strongly suggest the Ellis formation of 
Montana and the Yellowstone National Park.' The Ellis formation has been considered 
J urassic, and -this, therefore, furnishes the first correlation between the Fernie shale 
horizon and the Jurassic of Montana, although previous to this the Jurassic age of 
the Fernie shale, and of the lower shales of Queen Charlotte islands, has been 
admitted. 

Triassic and Permian.-The sandstones and shales comprising the beds of 
J urassic age rest on a series of dolomi tic and siliceous shales. Generally reddish in 
colour, these shales are in this district often bright yellow, shading to brown in the 
lower beds, the upper light coloured part having occasional thin, bright red streaks 
0 : beds. This colouring is probably due to iron oxide, and the variations from red 
to yellow are merely local expressions of chemical changes, due to differing conditions 
iR the beds during the mountain building. No fossils were detected, and the forma­
tion seems almost barren of animal remains. 

Carooniferous.-Limestones in two heavy beds, separated by thinner bedded lime­
stones and shales, occupy positions in the section similar to the Upper and Lower Banff 
limestones. The Lower Banff shale, which in the south separates the limestones, is 
here of a somewhat less definite character, and it is a question whether it .might not 

1 Summary Report, Geol. Surv., 1908, p. 75. 
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be better, in the northern area, to recast these divisions. The general character of 
the limestones, in appearance at least, all through these ranges from the Banff locality, 
is very persistent, so that there is very little doubt about the correlation of the group 
as a whole. 

Devonian.-The beds exposed just below the grey limestone are somewhat similar, 
particularly in the occurrence o~ yellow strealm and thick bedding, to the Intermediate 
beds at Banff, which are of Devonian age; but as no fossils have been found in them 
the limits of the formation are not yet defined. 

HISTORICAL AND STRUCTURAL GEOLOGY. 

The character of the deposits found in the district suggests that in later Devonian 
and Carboniferous times there was a period of continued submergence by the sea, 
during which very little detrital matter was distributed. The bands of shale in the 
limestone formations seem to indicate that during this period there were slight dis­
turbances in the crust, causing the emerg11nce of areas of l~nd elsewhere, from which 
the waters of the sea received a burden of silt. In the upper part of the Carboni­
ferous formation shallow water deposits are found, indicating a slight rise at that 
period, concu;.rent with, probably, a greater elevation of parts of the continent both 
east and west. The narrowing of this sea, or a near approach to a shore line, is 
shown by the occurrence of more siliceous material in the beds· immediately above the 
Carboniferous limestone. During the J urassic period, which elsewhere was a time 
of great disturbance, no considerable amount of earth movement appears to have 
taken place in this area, except that the sea was probably still further narrowed, and 
the water of this narrow sea, or inlet from the northwest, was very much burdened 
by fine silt, indicating active erosion in some other, possibly the western portion of 
the continent. The deposits of the early Cretaceous, generally coarse sand and silt, 
filled this arm of the sea, and the continued continental elevation assisted the rapid 
shifting of surface material to this broad trough, which, to the south, appears to have 
been mostly above sea-level, though during early Cretaceous times the flat country 
near sea-level may, by slight oscillations, have been inundated by the sea; but generally 
the deposits appear to have been brought to it by fresh water, while its general eleva­
tion was near sea-level. A temperate climate is indicated by the abundant plant 
remains which are preserved in the coal seams. 

Elsewhere, the rocks of the Cretaceous indicate that after the period marked 
by these coal seams there was a widespread subsidence, and, in the central part of 
the continent, marine beds form a considerable portion of the Cretaceous deposits. 
A final recovery of elevation marks the close of Cretaceous times, and land condi­
tions then prevailed, and coal deposits were formed, while the surface was at a low 
elevation. Greater elevation during Tertiary times is suggested by the remains d 
plants of types resembling the present flora. The deposits in which they are buried 
are of fresh water deposition, in lake basins and from river flooding. 

The Laramide revolution. or the disturbance of the crust during which the 
Rocky mountains were forced up, succeeds the time of the deposition of the Tertiary 
rocks of Alberta. A compression of the crust, increasing in intensity, was relieved 
by folds and breaks that run northwest and southeast, with a general upthrust of 
the western side. A period of general erosion of the surface, which is still going 
on, forms the concluding chapter in the geological history of the region. 
• The outer or eastern edge of the disturbed belt in front of the mountains is 

nearer the ranges at the Athabaska than it is farther south, on the Brazeau. The 
faults between this line and the outer range of the mountains form, roughly, a 
radiating series narrowing to the north. This narrowing may have resulted from 
changes in the direction of the pressure, or from a greater lateral movement in the 
southern part. In the outer ranges many of the fault lines, which are the lateral 
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boundaries of fault blocks, show a diminishing throw northward, until they become 
folds instead of fa.ults, and :a~erely deform succeeding fault blocks. Thus, at the 
.Athabaska, the fault blocks show . on their lateral section several minor folds, the 
axes of which run parallel to the fault lines. These facts seem to indicate a diminu­
tion in the lateral movement of the crust. The appearance of the mountains, too, 
seems to point to the same conclusion, since their greater folding can thus be inter­
p7eted as resulting, not from greater pressure, but from less lateral movement, and, 
possibly, less pressure. 

EcoNOMIC GEoLoGY. 

Cement and Lime.-The wide use of cement in the building industry in .Alberta 
has led to the construction of cement works on both branches of the Canadian Pacific 
railway near the mountains, since the necessary calcareous material is fou:Q.d in very 
small amounts in the rocks of the plains. The ·market may at some future time 
warrant the construction of a similar plant near the line of the Grand Trunk Pacific, 
since both limest ones and shales suitable fo.r cen:ent making are here found, and coal 
i'l to be had in the immedi ate vicinity. 

Iron Ore.-Some of the shale bands which separate the heavy bedded limestone 
formation contain a certain amount of iron oxide. In some cases these beds have 
a distinctly brownish colour, and samples, showing enrichment of the lower beds 
by infiltration from higher levels, are found, which could be called ores. These, if 
found in sufficiently large bodies, may be mined, but exploration sufficient to estab­
lish their presence in such quantity has not been undertaken. Claims for iron have 
been staked on the face of Fiddle mountain, (between Fiddle and Drystone creeks) 
on a band of iron-bearing black shale which lies between the heavy limestone forma­
tions. The greatest impregnation of iron oxide is to be found in a series of siliceous 
shales between the limestone and the coal-bearing rocks above. As red bands, these 
rocks have been traced northward from the Kananaskis river, and their greater thick­
ness, compared with the lower shales, should increase the possibility of finding in 
them mineable portions, though, as a rule, they would be of low grade. The smelt­
ing of these ores might be made possible by the reduction of the siliceous material 
by concentration. 

COAL. 

F'oothills.-The rocks of the Kootanie, which is in general a sandstone and shale 
formation containing coal seams, are exposed in the foothills near the mountains. 
The uplift necessary to bring these beds to the present surface was accompanied 
by the formation, to the east, of a wide syncline in the rocks of the plains. This 
basin, at the latitude of Edmonton, is wide, but farther south narrows down, and 
the dip of the beds on either limb of the syncline steepens perceptibly. North of 
Brule lake the limestone formation has been pushed up on an anticline of the coal­
bearing beds, crumpling and folding the western limb. The eastern limb dips, with 
lessening slope, beneath higher beds of the Cretaceous. Several coal seams in the 
upturned edges of the measures in the hill west of Bru!e lake have been prospected 
near and in the valley of Scovil creek. The seams there found have been opened 
since our visit, with the result that, it is reported, seams having a thickness of 10, 
12, and 5 feet respectively, have been discovered. The exposure on Scovil creek was 
visited, and the seam measured and sampled; the thickneSIS is 9 feet 6 inches and the 
dip northeast 25°. 

The sample was taken by channelling across the whole seam. Some of the dirty 
layers could be mined out and the ash reduced in the commercial output. Analysic; 
by F . G. Wait, Mines Branch:-, 
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Moisture ......................... . 
Volatile hydrocarbons. . . . . . . . . . . . . . . . . . . . 
Fixed carbon . . . . . . . . . . . . . . . . . . 
Ash ..... . 

Coke, firm coherent .. 

1-09 
17·88 
56·95 
24·08 

100·00 
8J ·03 
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It is reported that, in other exposures south of Folding mountain, on one of the 
west branches of McLeod river, these beds dip towards the mountains and contain 
beds of coal, including one very thick seam !With about 30 feet of coal. The tracing 
of the measures between these two exposures has occupied the energy of prospectors·, 
and Mr. McEv.o.y reports the discovery of coal on the south side of Brule lake, near 
the railway. No detai1s of any of these seams are yet to hand, except the one seen 
on Scovil creek. 

The Mountain Coal Basins.-Within the first series of mountain ridges a depres­
sion or valley, drained by Moose creek, on the north side of the Athabaska, :md by 
branches of Fiddle creek, on the south, is found to be due to the erosion of the softer 
beds that form the upper members of a wide fault block. In the area illustrated by 
the accompanying topographic sketch (Fig. 6), the coal-bearing beds of the Kootanie 
form an upper member of this partly eroded series, and portions are found to remain 
'both in the centre of the valley and in contact with the next succeeding fault block 
to the west. The fault line, which is the western boundary of the coal area, is gener­
ally concealed by detritus from the higher slopes, but its approximate position is 
indicated by changes in the dip of the beds, and by local folding. 

Owing to a differential uplift of the western edge of the fault block containing 
the coal measures, and to a deformation of the block by an anticlinal fold, the south­
ern end of the block is raised, and the beds containing the workable seams have been 
eroded. This elevation results also in the cutting away almost entirely of the rocks 
of the lower part or non-pr·oductive portion of the Kootanie. formation, so that only a 
very narrow band, if any, remains to form a connexion with the Nikanassin basin to 
the south. The measures containing mineable coal seams can be followed near the 
fault line to a point a short distance south of the crossing of Sulphur creek . 

. As will be seen in the sketch section, the coal basin is divided by an anticlinal 
fold along its length. Faulting, with an overthrust of the western part on the east­
ern, has complicated the form in which the two parts, so divided;~ are now found. 
The eastern part is mainly in trough form, but the break along its western edge has 
probably occurred in the upturned beds of the western limb of the anticline. 

The western portion of the field remains generally in the form of a monocline, 
although remnants of the anticline along its eastern border still remain. It is a 
wedge-shaped block, narrow to the south but broadening northward, the rocks dipping 
towards the southwest at fairly constant angles varying from 50° to 70° in different 
parts of the field. This part occupies the western edge of the fault block, and is 
overridden by rocks of the· next range. 

The measures near the w.estern fault are sometimes upturned, and probably folded 
back, especially in beds exposed on the higher spurs. Those near the fault at l<>wer 
elevation are probably overridden by the limestone, and show less disturbance. The 
strong ribs of sandstone, and the rib of conglomerate near the base of the productive 
coal measures, form prominent ridges and show a continuity that argues well for the 
.condition of the coal in their proximity; the lower seams, therefore, at least for this 
block, should be mineable south from the Athabaska to Villeneuve creek. Northward · 
the block appears to widen, and should be, from that fact, of greater value as a coal 
field, since higher beds may be exposed and a greater number ·-of seams found. Up to 
the present, the greatest amount of prospecting has been done so11th of the Atha­
baska river. 
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The eastern part of the coal field is in the form of a trough, the southern end 
of which is elevated, and, south of Villeneuve creek, eroded away. On that creek 
the trough is too shallow to warrant the expectation of finding in it mineable coal 
seams, but on Morris creek it is much wider, and the beds of the eastern limb of the 
syncline are not so much disturbed as those of the western limb. The inference, from 
the exposed part of the section, is that the upturn on the west was accompanied by 
faulting, and that this fault line, which separated the two coal areas, reached nearly to 
the Athabaska valley, and probably terminated there. The section on Villeneuve 
creek shows an upturn of the beds on the western limb of the syncline, but after a 
short interval of concealed beds, lower sandstones are found dipping to the west in 
conformity with those of the block next the mountains. This indicates a displace­
ment other than by folding. 

On Morris creek there is an apparent trough, but at the point of reversal of dip, 
which should be the centre of the trough, the beds on the east belong to a place at 
least 1,200 feet higher in the section than those on the west. There is here probably 
a break in the western limb and a push up of the block on the west; the 'amount of 
displacement, though depending on the unascertained dip of the fault plane, was 
evidently greater than 1,200 feet. 

The surface drainage north of :Morris creek runs to the Athabaska, and the expo­
sures are below those of Morris creek. The .only exposure there, along the eastern edge 
of the western block,. occurs on Mountain creek, quite near the probable line of break, 
and shows sandstones, containlng a 9 foot coal seam, lying almost horizontal, and 
evidently, from the attitude of neighbouring beds, forming the centre of a syncline. 
Near the Athabaska the eastern block is traced only by the sandstone ridges of its 
nastern margin, and the structure is conceal'Cd. Gravel terraces along the sides of 
the Athahaska valley mask all the outcrops on the lower slopes, and prospecting is 
limited to points 280 feet above the river. 

North of the Athabaska the break that separates these two blocks is shifted to 
the east, and the eastern trough is very much compressed, and probably 'disappears 
as a. coal field. Mineable areas on this eastern trough are probably oonfined to the 
block between Morris creek and the Athabaska. The western block appears to present 
no serious folding or faulting in the lower part of the coal measures. As the beds in 
the two blocks are of the same series, there is a repetition in them of the same beds, 
and the location of a coal seam in one should prove a help towards the discovery of 
the corresponding seam in the other. 

COAL SEAMS FOUND IN WESTERN BLOCK. 

Villeneuve Oreek.-The lower shales and sandstones of the· Kootanie appear by 
the sections on this creek to contain very little coal, thin streaks only being observed 
from the bottom sandstone up to near the conglomerate bed. Some coal dust, occur­
ring below this conglom<Jrate, may indicate a small seam, but its thickness can not be 
very great. Above the conglomerate the beds show the . following section:-

Sandstones. 

Coal,' over ..... ... . ................... .. ..... ... ... . . . 
Sandstone•. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Coal ..................................... . .... . 
Sandstones.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . 
Streaks of coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... ... .. . 
Sandstones.. . . . . . . . . . . . . . . . . . . . ................ .. ... . . 
Coal. ................... ... .. . ..... . . ... ... .. ......... . 
Sand stones.. . . . . . . . . . . . . . . . . . . . , ................... . 
Conglomerate. . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
Coal dust .................................. . ........... . 

26-11 

Feet. 

10 
250 
12 Sample and analy&is. 

350 

lOO 
5 

250 
30 
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M01-ris Oreek.-On Morris creek, the first western branch of .Fiddle creek, the 
following section is given, but it is only approximate, the distance being estimated 
by pacing. 

Sandstones.. . . .. . . . . .. . . . . . . . .. . . . . . . . . heavy bed. 
Coal. . . .. . . . . . . . . . . . . . . . . . . . . . . 3 fpet 10 inche•.} 
Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . 6 " Coal, 10 feet 11 inches. 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . 7 ,, 1 ., 
Sandstone .. . . ..... . ... .. .. . .. .. . 150 , . 0 
Sandstone and shale .... . . .. . .. ... 100 , 0 
Coal.... . . . ..... . .. . ... . . . . . . .. .. 9 , 7 
Sanddtones. . . . . . . . . . . • . . ...... . 350 " 0 
Coal . .... .. .... . ..... . ... . . . .. .. . 5 , 6 } 
Sandstone . . ... . ... , ... c . • • • • • • • 2 , 0 Coal, 8 feet 6 inches. 
Coa.l .... .. ............ .. ....... 3 " 0 
Sandstones and shales. . . . .. . .... 300 " 0 
Conglomerate . .. ..... . ... .. .. . .. . 

NORTH OF MORRIS CREEK. 

Sample and analysis. 

Below where several streams, coming from the ea:at face of Roche Miette, unite 
to form a brook, locally called Mountain creek, an exposure of a seam in a shallow 
syncline shows 9 feet of coal. This may be in the bent-over eastern edge of the west­
ern- block, since, farther north, a seam of the same thickness outcrops along the face 
of the sandstone ridge to the west. In the gorge, west of this, in more regular beds 
dipping 42°. southwest, a 5 foot 7 inch seam has been uncovered. Neither of these 
seams has been traced by the prospectors towards the Ath!llbaska, but the sandstone 
ridge between them is prominent, and runs to the edge of the valley, where it sinks 
beneath the gravel terrace. On its eastern flank, a 9 foo.t seam was followed by trench­
ing about a mile, to a point about 1,500 feet from the edge of the terrace, and farther, 
by pits in the gravel; then by an open-cut and a covered roadway 500 feet long from 
the edge of the terrace at the level of the seam, an entry was made on the coal seam . 

. · The surface slope along the ridge is to the north, and from Mountain creek to 
near the tunnel entry it is gradual; but steepens near the Athabaska. From the point 
at which it meets the sloping surface of the terrace, the outcrop dips very gently, so 
that the tunnel will have light cover for perhaps 1,000 feet from the entry. Beyond 
that point the cover will be sufficient to ensure the coal being below the zone of sur­
face .weathering, and the coal will be high enough above the entry for economical 
mining. 

The seam dips 56° to the southwest, and is here about 500 feet, horizontally, 
west of the conglomerate outcrop. This is a distance through the' bed·s of about 414 
feet. The section of the seam at the tunnel is:-

Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 9 fPet 6 inches. 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 , 0 , 
Coal ....... . . . .... .. ... . .. . . . .. .. ...... . . . . . . ... . ... 3, 0, 

From this entry it is proposed to cross-cut the measures to the west, to reach 
another seam, whose outcrop has been located, 1,050 feet from the tunnel. The latter 
seam is a good coal, and has a thickn.ess there of 13 feet. It is an upper seam, and, 
measured by the dip of the beds, is about 870 feet above the tunnel seam. 

It is probable that other seams that are indicated in the sectiono on Morris and 
Villeneuve creeks may also occur here; if this is found to be so it will add materi­
ally to the value of the mine. 

NORTH BANK OF THE ATHABASKA. 

The exposures along the sides of the valley are largely masked by the old river 
gravels, in the same manner as to the south; although the terrace is not so well 
marked. It is partly on account of this drift cover that so few seams have been 
found near the river. 
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An opening has been made into a seam, at about the horizon of the tunnel seam, 
having a thickness of 10 feet 5 inches. The seam is on the slope of a 'Small gully, 
and the prospect trench in which it was found is high up on th.a side of the gully, 
near the surface, and not deep enough to reach the unweathered coal. A small seam 
has been found about 1,000 feet west of this, which may be near the horizon of the 
13 foot seam on the south side o·f the river, and another is reported, about 3 miles 
north, occurring below the conglomerate. Prosp.acting in this area is difficult, owing 
to the surface covering, so that the resources of the lessees have been withdrawn 
largely from prospecting, and have been directed towards installing a temporary 
mining plant on the two seams already found near the railway, on the south side. 

EASTERN TROUGH. 

The 'ilouthern limit of the eastern trough, considered from the point of view of 
its value as a coal mining area, will be found to be between Morris and Villeneuve 
creeks, since, on the latter, only the lower part of the coal bearing beds remains, the 
bottom of the trough passing probably less than 800 feet below the trench cut by the 
cr.aek. On Morris creek the trough is much deeper, ·and the measures, consequently, 
thicker, so that the coal ·aeams near the conglomerate, although probably folded at 
the bottom of the trough or near the fault line, may prove of value. On this latter 
creek in the same trough, on the eastern side, a seam was observed, standing at a 
high angle, with the following section:-

Sandstone roof-
Shale .. . ..... . ..... . ..... . . . .... . . .. ... . . . ... . . ... . . . 
Coal..... . . .. . .. .. . . . .. . . .. . . . .. . .. .. .. .. . . .. . .. .. 
Rh,le .... ... .. . . .. . . . . ... . . .. .. . .. . . . . . .. ... . . . . . . .. . 
Coal. .. . .. . .. . .. . .. . . . .. .. .. . . . . .. . . .... .. . .. .. .. 
Stone . . ... .... .. .. .. . . . . . . .. . .. . . .. ... ...... . . . 
Coal ..... . .... . . . ... .. .. . ... . ... . . . .. . . . . ... .. . . . . . . 
Y E:Jlow clay . . •.. . . . . ... . .. . ... . . . ..... . ..... . .. .. 
Coal .. ... . . . . . ... . .. . . .. . .. ...... . . . . .. . . . ....... .. . 
Yellow clay. . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . .. . . 
Coal................ . ..... . ....... . . 

1 foot 5 inches. 
1 " 2 
1 " 7 
1 " 0 
0 " 2 
3 feet 6 
1 foot 2 . 
0 " 8 
0 " 7 
1 " 7 

13 feet 6 inches. 

On the western side a small seam dipping east wa·a noted, but it did not appear 
important. Northwest to the Athabaska there are exposures of the sandstones, and 
of the conglomerate ridge of the eastern edge of this trough only, so that no eatimate 
of its depth could be formed. One coal seam has b.aen found having 5 feet 2 inches 
of coal. This is on a small eastern branch of the stream, that cuts through the ter­
race at the collieries. 

Character of the Coal.-The coals of this district show the effects of surface 
weathering probably more than in the fields to the south. Some analyses from out­
crops on hillsides, where erosion by stream -action is absent, give results that would 
indicate very soft coals, that is, with high volatile hydrocarbon percentages, and a 
potash reaction similar to that of lignites. That this is due to weathering is shown 
by the following analyses:-

The first sample is from the bottom of a shaf t 30 feet below the surface and at 
the top of the hard coal. The second is from the same seam farther up the hillside, 
where the seam is reduced to black powder and noticeably filled with surface dirt. 

2G-1H 
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Tunnell Seam, Jaspm· Pad~ Collieries.-Lump Coal from Upper Part. 

Moisture ........ . ..... .. . . . . .. . : . . . . ..... . . ... . . . 
Volatile . . ... . . . . . .. ... .... . . .... .. . ... . .. . .... .... ..... . .. . 
Fixed carbon. . . . . . .... . . . .. ... . . . . . . .... ........ .... . . . . 
Ash.. .... ..... .. ......... . ... . .. .. .. . .. . ... . . . .. . .. . . . . . . 

RECALCULATED ~'OR 

1) •99 
20'46 
74 '52 
4 ' 03 

100 ' 00 

Dry 
Clean Coal. and clean. 

1 '03 
21'32 
77 '65 

1uo·oo 

21'34 
78 ' 46 

too·oo 

Tunnel Seam at Prospect Hole nem· Surface. 

RECAJ.CULATED FOR 

Cl C I I 
Clean and -------------------------~=-~ _:y Co~ 

Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ... .... . . . 
Volatile ......... . .... . . .... . ..... . . . . . ... . . .. . .... . ...... . . 
Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. . .. . . 
Ash .. .......... . . . .... . . ... ... .. ... ....... . . .. . ..... , . . ... . .. . 

5 '83 
21 '33 
46'73 
26 ' 11 

100'00 

7'R9 
28 '87 
li3'25 

100'00 

31 '34 
68'66 

100 ' 00 

The recalculation is made to facilitate a comparison of the coals in the two exam­
ples. The weathered coal in many of these exposures, while showing very little frac­
turing due to lateral movement, is so fissured that ' it contains a large amount of 
water, and cmmbles readily in the hand. Its finely fractured appearance seems to be 
largely due to the action of frost, and this agency may have also aided in the oxida­
tion of the coaL 

The exposures in Morris and Villeneuve creeks are of somew.hat fresher coal, 
since the scouring action of the stream removes a small portion of the surface of the 
sean1 each season. 

The sample taken from a similar seam on Villeneuve creek, generally supposed 
to be the Tunnel seam, gives the following analysis, according to :l\{r. Wait:-

Sample across Seam. 

RROALCULATED FOR 

Clean. Clean 
and dry. 

Volatile . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. 
Moisture .. . . .. . . .. . . .. . . . .. .. . . .. ... . . .. ... ..... .. . .. .... .. 222 :338i 223 :5948 1 .. ... 2. , : 6·0· .. 

" Fixed carbon .. . . .. .. . .. . .. . . .. .. . . . .. . .. . . .. . . . .. .. .. .. .. .. . .. 68·58 73'48 75'40 

Ash ......... , ...................... · .. .. ....... .. ...... l~::: ~~~:~~ r .. ~~-~ .. 
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Sample from opening on 10 foot 5 inch seam, north bank of Athabaska, supposed 
to be the same as Tunnel seam. 

Analysis by Mr. Wait:-

1\ioisture. . . . . . . . . . . . .... . . .. . . .. ......... . ................. . . . 
· volatile .. .................. . .. . ..................... .- ......... . 
Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . ... . 
Ash . .. .. .. ......•........... . .... . ... . ..... .. ..... . ... .. ... .. 

RECALCULATED ~"OR 

1-------------

3•52 
21"42 
68'22 
6'84 

Clean. 

3'77 

Clean 
and dry. 

22"99 23"89 
73"23 76"10 

---------1-----
100"00 100"00 100"00 

Upper Seams·.-The correlation of the seams at the collieries with those on the 
creeks is difficult, so that the following analyses, although they appear to be very 
similar in character, may be from different seams. 

Analysis by F. G. Wait of coal from 13 foot Eieam west of Tunnel seam at colli­
eries. Sample from lump coal on dump, hole full of water:-

Moisture ............ . .............. . .................... ... ... . 
Volatile ... .. ............... . ..... ...... ... . . .............. . . . . . 
Fixed carbon . .... . ................. . ............... .. . . ....... . 
Ash ...•.. .. . . .... . . .... . ... ...... . ..... . .......... • .... . . 

RECAJ.CULATED FOR 

Clean Coal. Clean and 
dry Coal. 

-------1----
1"05 

24·6S 
i1"02 
3'25 

100"00 

1"08 
25 "51 
73'41 

100"00 

25'i9 
74'21 

100'00 

Sample across upper seam on Morris creek, coal 10 feet 11 inches, Analysis by 
F. G. Wait:-

Moi~ture . . . . . . . . . . . . . . . . . . ................. : ......... .... ... . 
Volatile ..................... . . . ........... .. ...... .. . . .. ... .. . 
Fixed carbon ..... : , .. ... . ...... . ........... ... .......... . .... . 
Ash .................... . .................................. . 

RECALCULATED ~'OR 

1'34 
22"91 
68"51 
7"24 

100"00 

Clean Coal. 

1"44 
24"70 
73"86 

100"00 

Clean and 
dry Coal. 

25'06 
74"94 

100'00 

These both appear to be coking coals. Part of the seam at the tunnel cokes in 
the laboratory. 

A sample was taken across the 5 foot 2 inch seam in the eastern basin, east of 
the collierios. It showed, on analyses, the same character as in the weathered sample 
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from near the mine, that is, high volatile hydrocarbon and high ash. The comparison 
with the hard coal in the tunnel seam shows the futility of using these analyses of 
weathered material to show the character of the coal beneath. 

Coking Qualities.-The samples which were taken from the parts of the seams 
which appear to be least affected by weathering show that all the seams are probably 
bituminous, but approaching the anthracitic, that is, comparing them with other 
known coals, they probably are somewhat harder than the Orowsnest coals and the 
coals of the Brazeau field, but softer than the Oanmore steam coals. 

It is not ce.rtain that the lower seams will prove to be coking coals. A seam 
below the conglomerate north of the Athabaska, from an analysis furnished by the 
.Collieries Company, is, probably, similar to the Canmore coal, and, therefore, pro­
bably too high in fixed carbon to coke. 

The seam in the tunnel at the collieries has possibly been mined far enough to 
give unweathered coal, but the sample taken in September, 1910, was from near the 
surface, and shows that part of the coal will coke. None of the other samples from 
natural outcrops of this seam near the surface give a hard coke. In the case of the 
upper seam, even when it ~s judged from samples, possibly weathered, there appears 
to be no doubt of its coking properties, Thus, in mining the coal from these two 
seams, there is a probability that the fine coal produced may be utilized to make ~oko 
of R high grade. 

DEVBr,OPMENT WORK. 

Before the completion of the railway much of the development work was neces­
Rarily of a temporary nature. Log houses for the men and officers, and other tem­
porary buildings, were erected; and the mining consisted principally in sinking pits 
on the outcrop of the seam, and the commencement of a tunnel. The plan tempor­
arily adopted for mining was by level entry along the strike of the coal; starting 
from the edge of the terrace an open-cut was made through gravel, followed by a 
covered way, partly in gravel and partly in rock or coal, carried to a point where the 
tunnel was altogether in coal. 

The edge of the terrace is about 270 feet above the grade of the Grand Trunk 
Pacific railway at this point, so that the mine cars will be lowered down the slope 
to a temporary tipple. 

The dip of the seam, which appears to be 56°, will be tested by slopes, and a 
permanent entry will then be constructed from the face of the gravel terrace, at an 
elevation of 30 or 40 feet above the railway. The temporary tunnel will then be 
used as a return air way. 

HOT SPRINGS. 

About 1! miles up Sulphur creek, at the centre of a broken anticline, 
in which the limestDnes are standing at a high angle, great boulders of 
travertine are seen in the bed of the creek, and ·On the hillside to the north. These 
show that the springs, which deposited the material of which they are made, issued 
from points above the present surface. On account of the denudation of the gorge 
the springs are now tapped at a lower level, and issue by several openings, apparently, 
in the case of the larger spring, tluough loose fragments. The fissuring through 
which these springs emerge is confined to a zone possibly 200 feet wide, and as many 
as six separate springs are to be found, mostly near the bed of the creek, and of 
differing temperatures from tepid to 120°. The water is charged with gases that 
give off a smell of sulphur. 

A specimen of the water, obtained by officials of the Interior Department, was 
submitted by them 'to the chemist at the Experimental Farm. His report shows 
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that sulphates of lime and magnesia form the larger part of the dissolved solid~, 
and are the materials that are being deposited by the springs. 

'Report on Watet· j?·om Hot Springs creek, Jasper park, Alberta.' 
'Clear and sparkling, distinctly alkaline reaction. No odour or marked taste. 

Parts per Gr~ins per 
Million. Gallon. 

1,825 
90 

1,735 

12; '75 
6'3 

121 ' 45 

The solids as obtained by evaporation are white, and there is no charring on 
ignition. The ignited solids effervesce with dilute acid. 

ANALYSIS OF SOLIDS. 

Silica (Si02j. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... . 
Sulphuric anhydride (SO,). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 
Carbon dioxide (C02 ) ...... . .... .. . .. . . ............ . . .. .. . . ... . .... . . . ... . . . . 

Phosphoric acid (P20 6).......... • • • • • • • • • • • . • • • • • • • • . • •••• • ••. ••• • ••• 

Chlorine (CL)... .. . . . . . ... .. .. . . ... . .............. . . ... .. . . . ... . ... .. .. . 
Oxide of iron (Fe,O,) Alumina {A120 3).. . ... • • • • • .. • • • .. • • • • • • ... . ......... . 

Lime (CaO) ..................................... . ..... .. ........ .. ...... : .. . 
Magnesia (MgO) . .......................... .... ..... . .......... . .. .. .. . .. . 
Potash (KJ.O) ....... . .. . ............ .. ... . . . . .. . . .. .. .. ..... · . . . . . . . ..... . 
Soda (Na,u) . .. .... . . . . . ... : . . . . .. . ... . . . ..... . .. .. ... .. .. . . .. . ... . 

Parts per Grains per 
Million. Ga.llon. 

45 
902 
85 

traces. 
7 

none. 
558 
108 

21 
17 

3 15 
63'1-! 
5'95 

traces. 
0'49 

none. 
39'06 
7 •fi6 
1'47 
1 '19 

1,743 122'01 

'In the following table the foregoing are presented combined, and as they prob­
ably exist in the water. 

Parts per Grains per 
Million. Gallon. 

Sodium chloride (NaCL) .. .. . ...... ..... . . .. . .. . ....... .. ........... .. .. . 
, sulphate (Na,So,) ....... .. . .. . .... . . ... ...... . .... . . . .. . .. . . . ...... . 

Potassium sulphate (K,So,) .... ... .. . . ......... . ............. . . .... .. .. . .. .. . 
Magnesium (MgSo,). . . . . . . . . . . . . .. . .. . .......... . ...... . . . . ... . ... . 
Calcium , (Ca8o4) .... .. ............................. .. .. . .. .... .. 

, carbonate (CaCo3) •••••• • ••••••.•••• • • • • •• • ••••• • ••••• •• ••••••• • • • •• • 

., phosphate {Ca1 (PO,) 2) .. . . . . . ...... . ... . . . ... . ........ .. .. . .. .. ... . 
Oxide of iron, Alumina. (Fe20 3A1 20 3). .. ..... . . ... . ....... . ...... . • .. • ••••• 

Silica (Si02).. ... . . .. • .. • . • • • .................... . .......... .. .. . . .. ..... . 

11 0'77 
27 1 '89 
39 2'73 

324 22 ' 68 
1,104 77'28 

193 13'51 
traces. traces. 

" 45 3'15 

'Owing to the small quantity of water furnished-about 750 cc.-it was not 
possible to obtain a sufficiency, in certain of the determinations, for a thoroughly 
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satisfactory conduct of the work. Among such instances, lithium might be men­
tioned; no trace of this metal could be detected, but the value of this finding is very 
considerably affected by the small volume of water available for the test. 

'Judged generally, the water appears to be moderately hard, the hardness being 
"permanent" rather than "temporary" ; the chief constituent is sulphate of lime 
and next in order is sulphate of magnesia, which latter would probably render the 
water slightly laxative in its effect on the system. Notable amounts of the sulphates 
of potash and soda are also present.' 

(Signed) FRANK T. SHUTT, 
CJhemist, Dominion Experimental Farm. 

Following the same line of f aulting southeast there are found several large 
springs, but none, so far as noted, that could be called hot springs. They are all 
depositing large quantities of lime and magnesia, and may be found to be of medi­
cinal value . 

.. 
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SASKATCHEWAN RIVER DISTRICT. 

(W. Mclnnes.) 

169 

The region explored lies just north of the Saskatchewan river, in the eastern 
part of the Province of Saskatchewan. It includes, in its southern part, a drift­
covered area which forms part of the Saskatchewan valley, and in its northern part, 
the higher land of the Pre-Cambrian plateau, while between lies a comparatively flat 
'Jr gently tilted upland unoerlain by Palreozoic sediments. 

OBJECT OF EXPLORATION. 

The exploration was undertaken for the purpose of fixing the positions of the 
northern edges of the various sedimentary systems which overlap the Pre-Cambrian; 
and to gain a better knowledge of a tract of country hitherto unexplored, and lying 
·away from regular route·s of travel. 

METHODS OF WORK. 

Travel through the country was altogether by canoes; a continuous survey was 
made, with compass and micrometer telescope, from Cumberland Rouse, on Cumber­
land lake, northward to the eastern end of W apawekka lake, connecting there with 
the surveys of 1908, and giving a tie line between Stanley, on Churchill river, and 
Cumber land, on the Saskatchewan; an offset was ·also run to Pelican narrows. Sur­
veys in detail were made of all the la.kes along the route, including· Ballantyne lake, 
an open body of water upwards of 150 square miles in area, connected by a narrows 
with Deschambault lake. Track surveys were made of Torch and Oskikibuk rivers, 
and of a part of Amiak lake. 

Mr. W. B. Wiegand acted -as assistant in the micrometer work. 

GENERAL DESCRIPTION. 

The southern portion of the area forms part of the easterly-trending, broad 
valley of the Saskatchewan . river, and is about 900 feet above sea-level. It is very 
imperfectly drained by the river, which, in periods of flood, overflows its banks and 
spread·a over nearly all of this low lying land. 

From the northern edge of the valley, the land underlain by the Palreozoic sedi­
ments gradually rises northerly, and reaches, at the northern rim of the sediments, 
a height of about 1,100 feet above the sea, while beyond, to the northwest, the Pre­
Cambrian plateau, in places, is 1,200 faet or more above the sea. 

The low, flat country forms a broad belt along this part of the Saskatchewan 
river, extending northerly from the river for 15_ milea, and southerly for 25 miles to 
the base of the Paskwia hills. Through it the river :flows easterly, with everywhere 
a strong current, and along certain stretches a very rapid one, which, in places, where 
trains of boulders from the till cross the channel, forms heavy rapids. Many island·a 
divide the current into various channels. 

About forty years ago, at a point 33 miles above Cumberland House, the river broke 
through the 2 mile wide barrier of low land separating it on the north from the chan­
nel of Torch river, a large stream draining Candle lake, and flowing, in a course 
roughly parallel with the Saskatchewan, into Cumberland lake. The break occurred 
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during the period of the ;spring flood, the water following the course of an old canoe 
portago leading from one of the sharp northerly bends of · the Saakatchewan to a 
southerly elbow of Torch river. 

At first a small stream, the overflow has yearly increased in volume by wearing 
away its banks, until now, at low water, the old Saskatchewan channel carries but 
little water, and vessels of all kinda, evon flat bottomed acows, follow the new channel. 
The great increase in the volume of water now flowing in what was Torch river has 
caused the stream to break through its banks in many places, and to carve out new 
channels through tha low land, so that now the water follows many meandering 
courses, which reach Oumberland lake through mouths situated at various points 

along 12 miles of ·its southern shore. Even after reaching the lake the water 
keeps to a river-like channel, skirting the northern shore and separated from the lake 
by long, narrow, wooded islands that form an almost continuous barrier, the gaps 
between them being few and narrow. The water rejoin·s the old channel of the Sas­
katchewan by the Bigstone and Toaring rivers, the two old outlets of Oumberland 
lake, now, however, ·augmented by the increased- volume of water into· rivers with 
broader and deeper channels than formerly. The wator of the Saskatchewan always 
carries a large amount of suspended, silty matter, and, from the greater abrasion 
along the new channels, pours into Oumberland lal'e a still more murky flood. The 
sedimentation due to this, together with the wearing down of . the outlet channels · by 
the increased :flow of water through them, has ·alroady made the lake so shallow as 
to be navigable, in low water, only through tortuous channels leading to the two out­
lets. 

The drainage of the whole of the area travelled is into the Saskatchewan river; 
the eastern an'rl western parttl directly, by streams flowing southerly and easterly to 
Cumterlanrl lake, and the northwestern section by streams that run first northeasterly 
to Deschambault lake, and then, by · a horseshoe curve at Uirond lake, southerly in tu 
Oumberland lalre. · 

All the ~·ivel's have swift currents, and their courses are broken by many rapids 
and occasional falls. 

CLIMATE. 

The climate is much like that of the cultivated portion of northern Manitoba, 
t)lough the higher latitude makes the hours of sunlight longer in summer and shorter 
in winter. • 

The winters, though long and cold, are not so severe as might be expected. It 
w~ rather surprising to :find among the Indians on Deschambault lake, young cattle 
in excellent condition, that had wintered out protected only by a string of dog . bells 
to frighten the timber wolves. The summers are warm enough to ensure the ripen­
ing, in an aiVerage season, of all common grain crops. 

No systematic farming is carried on anywhere in the district, though around the 
Hudson's Bay Company's posts at Oumberland and Pelican Narrows, the Company 
officers cultivate successfully all the common garden vegetables, including tomatoes 
and Indian corn, and the Indians grow potatoes at many places throughout the dis­
trict. 

FAUNA AND FLORA. 

111:oose are found everywhere in the area, and, if not actually increasing in num­
bers, are at least holding their own. They are particularly pl~:mtiful in the low lands 
north -of the Saskatchewan, where, in the slightly higher western region, wapiti 
and jumping deer are also found, th~ugh less plentifully. 

The ordinary fur-bearing animals of this latitude are still fairly numerous, 
except beaver and otter, both of which have been nearly trapped out. 
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There are areas still standing of good white spruce, both in the region of the Sas­
katchewan valley, and in the higher land to the north, though forest fires have 
(denuded much of the region of what valuable timber it once supported. Several 
tracts of considerable size were burnt over last summer. Could the fires be prevented 
or checked, large areas would within a measurable period become reforested, since the 
;!'ate of growth in favourable situations is fairly rapid. Two white spruces growing 
in Cumber land lake were cut into for the purpose of ascertaining their rates of annual 
growth. It was found that the added growths for the past three years, deduced from 
the rings of growth, were three-fourths of an inch and half an inch respectively, rates 
that compare favourably with those of many a much more southerly locality. 

MEANS OF ACCESS. 

Access to the country is had by the Saskatchewan river, which has been the high­
way of travel since the region was :first visited by Europeans more than a century ago. 
For years the fur trading companies carried their supplies in north canoes and York 
boats, by this route. Subseque:r;ttly river steamboats of high power and low draught 
were used on the river, but after railways gave acces1:1 to the upper reaches of the 
river, the boat service was largely discontinued, until now no general passenger or 
freight service is maintained. 

A branch of the Canadian Northern railway is open to the Pas- mission on the 
right bank of the river, and a bridg1e is now being built for its extension northward to 
Hudson bay. It is under contemplation also to improve the channel of the .river, and 
surveys were being made by the Public Works Department during the summer, with 
the object of ascertaining what could best be done in this direction and at what cost. 
With the completion of the railways now under way, the contemplated i~ij-provement 
of the channel will make all parts of this great valley easily accessible. 

The northern part of the area, beyond the Saskatchew.an valley, must still be 
reached by canoes or York boats·, owing to the small volume and steep grades of the 
streams. 

GENERAL GEOLOGY • . 

The northern part of the region explored is underlain by part of the great com­
plex of Pre-Cambrian rocks that forms the Canadian shield. These Pre-Cambrian 
rocks are overlapped by Palreozoic sediments coming in from the south, the northern 
edge of the overlap presenting a most irregular line due to unequal erosion, but 
running in a general el,I.St and west diirection. It is thought that the heruvy cover of 
drift conceals in the southwestern parts of the ·area, undenuded remnants of lower 
Cretaceous· beds, probably including sediments of both Benton and Dalwta age. 

Evidence of a general glaciation of the region is everywhere present. Erratics 
are common, and striated surfaces plentiful. The general course of the · strire is a 
little east of south, indicating that the -ir:e silieet which left. these records had its 
source in the Keewatin rather than the Labradorean centre of dispersion. · 

TABLE OF FORMATIONS. 

Quaternary ........ . .. . . . .. ...... . ... ... Recent, fluviatile, and lacustrine deposits. 
Post glaciallacustrine clays. 
Glacial boulder clays. 

Cretaceous.. . . . . .. ............. .... ... Ben ton shal€s. 
Dakota sandstones (not exposed). 

Devonian . . . . . . . . . . . . . . . . . . ........ Magnesian limestones (not exposed). 
Silurian . ... . ...... . .. . . .............. Niagara magnesian limestones. 
Ordovician ......... . ..... . ... . .. ....... Galena-Trenton sandstone and magnesian limestones. 
Pre-Cambrian . .... ... . .................. Laurentian and Keewatin biotite gneisses, hornblende gneisse 

and schists, diorites, etc. 
T gn~ous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Granites and pegmatites. 
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QUATERNARY. 

The Saskatchewan river and, to a smaller degree, its tributary streams, have, 
since the close of glacial time, deposited large amounts of transported material• 
largely taken from one part of" the area and redeposited in another, but partly brought 
from outside the area. The process is still going on actively, and the effects are 
very plainly seen in the region of Cumberland lake and its vicinity, where the river 
is now depositing material very much as over a delta plain. 

Areas of clay about the central part of the region, from their character seem 
to be the result of sedimentation in lakes bordering the retreating ice sheet of 
glacial time. 

Glacial boulder clay occurs as erosion remnants here . and there throughout the 
area; these probably represent parts of a once extensive sheet that spread widely 
over the low land now forming the Saskatchewan valley. 

Erratics, ice borne from the northwest, are scattered everywhere over the dis­
trict; many dropped by the ice in their present positions, and many waSihed by 
later erosion from the boulder clay. 

CRETACEOUS. 

No Cretaceous rocks were seen during the exploration. Mr. J. B. Tyrrell, how­
ever, informs me, in a personal letter, that at a low stage of water in the Saskatche­
wan, he found in the river bed along the &tretch between the Tobin rapids and Birch 
islands, shales that he was able to recognize as of Benton age. 

On Carrot river, to the south, and on the shores of W apawekka lake, to the 
northwest, Dakota sandstones are exposed, and it may be inferred that, in the inter­
vening area also, they form the lowest beds of the Cretaceous, underlying the drift 
cover. 

i:>EVONIAN. 

It is probable that Devonian rocks which protrude from beneath the Cretaceous 
cover, both east and west of this area, ·also occur in the same position within the area, 
though no exposures that were recognized as of that age were seen, owing probably 
to the great thickness of the drift in the part of the region where they might be 
looked for. 

SILURB.N. 

Silurian beds, consisting of \VIhite-weathering, brown-buff, magnesian limestone, 
are the highest Palreozoic rocks exposed. They overlie, conformably so far as can 
be seen, the Ordovician, and are made up of white-weathering, brown-buff, hard', 
somewhat crystalline, magnesian limestone, which forms a gently undulating sheet 
extending over the southern part of the area. Exposures were seen at a few points 
only, on Cumberland lake, near the northern edge of the Saskatchwan valley. A 
few Vf'ifY badly preserved fossils, collected from these beds, were examined by Mr. 
Percy E. Raymond, who was able to identify Isochilina grand is latimarginata, J ones, 
and Favosites, with spiriform septw. T!hese, taken in conjunction with the earlier 
collections of Tyrrell, Dowling, and others, fix the age of the beds quite satisfactorily. 

ORDOVICIAN. 

The most widely exposed sediments of the region are of Ordovician age, and of 
about the horizon of the Winnipeg limestone. They occupy a broad belt, directly 
overlying the Pre-Cambrian complex, and apparently conformably overlain to the 
south by the succeeding similar beds of the Silurian. 

At the base occurs a thickness of 10 feet or more of a very siliceous, friable, 
white sandstone, made up almost entirely of well rounded, grains of white 
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quartz, over lain by 6 inches of very soft shaly sandstone; a band a few inches thick 
of iron carbonate I'ock; 12 inches of red-purple, mottled, hard calcareous sandstone, 
and, over all, a cover of brown-buff, hard magnesian limestone, which spreads widely, 
in gentle undulations, over the central part of the area. 

Owing, as in the case of the Silurian, to the crystalline character of the lime­
.atone, the fossils collected were few; but they serve, aa in the other case, when taken 
with earlier collections, to fix the age of the containing beds. 

Mr. Raymond identified among them: from Deschambault lake, Platystroph1.a 
lynx (Eichwald), and Receptaculites Oweni, Hall; from Bigstone lake, Receptacu­
lites Oweni, and a fragment of a large coral; and from Pelican lake, Clionychia, sp. 

PRE-CAMBRIAN. 

The northern part of the area is entirely ~tnderlain by Pre-Cambriaw rocks. They 
consist mainly of biotite gneisses, hornblende gneisses, and granodorites, but 
include two belts of more basic rocks, which, from their lithological characters, may 
be referred to the Keewatin. One of these belts, where it emerges from beneath the 
Ordovician limestone at Amisk lake, has a width of about 12 miles. The other, which 
is exposed near the northwest corner of the area, emerges also from the limestone 
cover; it is narrower than the first and is lost in the gneisses within a few miles. 

INTRUSIVES. 

One large area of intrusive red granite, or, more exactly quartz-mica diorite, 
since most of the feldspars are plagioclase, was recognized as being a continuation 
of that found, in 1908, along W apawekka lake. Exposures were seen along W apa­
wekka river and its tributary lakes and streams. :Minor intrusions of granite and 
pegmatite are common. They cut everything up to the sedimentaries, which are 
quite undisturbed. 

EcoNo~nc GEOLOGY. 

Economic interest has been confined to the Keewatin belts, since these seem, 
from the experience gained in other areas, to afford a more promising field for the 
work of the prospector than any of the other areas. No part of the area can be said 
to have been pruapected yet, although a few prospectors have made hurried trips 
through parts of it. Though both the Ktlewatin belts may be described as not 
unpromrsmg, the eastern one, from its greater width and extent, is the more attrac­
tive. So far as known, no deposits of sufficient value to be worked have yet beel.l 
found. 

Limestone·s which, though magnesian, are well suited for burning commercially 
for lime are plentiful over all the area, except the extreme northern part. Many of 
the beds of limestone are also well situated for quarrying, and adapted for building 
stones. 
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CLAY AND SHALE DEPOSITS OF WESTERN CANADA. 

(Heinrich Ries.) 

During the summer of 1910 the writer was in the field for a period of somewhat 
over three months, engaged in a study of the more important clay and shale deposita 
of the western provinces. He was aided throughout in the work by Mr. J oseph Keele, 
of the Geological Survey,but previous to my taking the field, Mr. Keele spent several 
weeks alone ~in Manitoba, and the results of .his work in that Province are reported 
on separately. 

The field work was begun at Winnipeg, Man., and extended westward as far as 
Victoria, B.O., but the present summary covers the territory b~tween Regina and the 
coast. 

Samples were collected from many localities, for the purpose of testing, but as 
the laboratory investigation of these is not yet complet~, only the mode of occurrence 
of the clays and shales, and the industry ba·aed thereon, is referred to. 

With reference to the geographic distribution of the clays and shales, it may be 
pointed out that the most extensive and important deposits lie east of the Oordil­
leran area, in other words, in the region of the Great Plains; while second in extent 
are the depO"aits of the Pacific coast belt. 

Few or none are found in the region lying between the east~rn boundary of the 
Rocky mountains and the Coast ranges. 

Geologically, the clays and shales show a somewhat restricted distribution, rang­
ing from J urassic to Pleistocene. 

For convenience of description the occurrences may be divided into three areas, 
viz., the Great P ains, the Cordilleran, and the Pacific coast. 

GREAT PLAINS REGION. 

In that portion of the Great Plains area lying west of the longitude of Regina 
and Prince Albert, surface clays and silts are abundantly distributed, and often used 
locally for the manufacture of common brick. The product thus made is usually 
of red colour, and often highly porous, but since in many districts no other material 
is locally available, it has to be used. Those clays which are strongly calcareous 
yield a buff brick. 

The Pleistocene clays and silts referred to above are in most cases glacial deposits, 
some of them containing srriall pebbles, at times of calcareous character. They are 
worked around.Regina, Saskatoon, Prince Albert, Moosejaw, Medicine Hat, Red Deer, 
Oochrane, and otther places of minor importance. 

At some points, as Edmonton, flood plain deposits are extensively employed for 
inaking common and pressed brick. I.n most cases, however, the surface clays are not 
adapted to pressed brick manufacture. 

There are certain areas, some of them rather extensive, that are underlain by 
clays and shales of Tertiary or Cretaceous age, which hold out strong promis~ for the 
future, and whose prospective value has been, in part at least, realized, even at the 
present time. I refer to the areas around Dirt hills, Souris valley, Medicine Hat, 
Edmonton, and Oalgary. 

Dirt Hills Area.-This name is applied to a group of hills rising from the plains 
about 30 miles south of Moosejaw, and extending south and southeastward for some 
distance. The beds are of Laramie age; and about 23 miles south of Drinkwater, on 
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the Portal branch of the Canadiap. Pacific railway, there are exposed a series of white 
and brown clays in the outer slopes of the Dirt hills. The beds appear to dip west­
ward, and the hills in which the clays occur have a steep eastern face, and a western 
slope conformable to the dip. 

The predominant beds are white and greyish white sandy clays, .and brownish red 
siliceous clay shales, as well as some gypsiferous beds and bluish clays. The white 
sandy beds, which form the larger part of three hills, are quite prominent, and contain 
occasional lenses of a finer grained white clay. 

The succession of beds, from the bottom up, where the white clays are best 
exposed, appears to be as follows :­

Brownish clay-shales. 
Soft san·dstone. 
Grey clay. 
White sandy clay. 
Thin beds of purplish and bluish shale. 
Brownish clay-shales. 
White and grey c1ays. 

The white clays are fireclays, fusing at cones 30 to 32. 
Some of the white sandy clay has been hauled to Moosejaw and made into boiler 

setting brick, with good results. 
The practical development of these clays hinges upon a satisfactory solution of 

the transportation problem, and this may occur at no distant date, as there is said to · 
be a projected branch of the Oanadian Northern, which will pass within 3 miles 
of these clay deposits. 

Souris Valley.-The lignite seams of the Souris ' coal field have been described by 
Dowlingl, and in his paper mention is made of the sandstones and shales which are 
interbedded with the }ignites. There seems little doubt that many of these shales 
could be utilized for the manufacture of clay products, but up to the present time not 
much has been done to develop them. . 

The only locality at which they are worked, is at Estevan, S.ask., where the shales 
belonging to the upper member of the coal series in that field are mined by the 
E stevan Coal and Brick Company. 

The section shown in their workings is as follows :-

if:Ji:~~~l ~1~~." ." ." ." ." ." ." ." ." ." ." ." ." ." ." ." ." ." ." ." ." :·: ." ." ." ." ." ." ." ." ." . ." ." ." ." ." ." ." ." ." .":: ." 10 to 2~ feet 
Parting clay shale. . . .. .. . .. . . . . .. .. . .. .. . . .. . .. .. . . .. . .. . . .. . 2 to 2~ , 
Lignite . .. .. . . .. . .. . . .. . . . . .. .. . .. . . .. . . .. . . .. . .. . . .. .. . 8 in. to 2 
Blue clay shale, upper 15 feet smooth ..... .. . . ...... . _ ......... 30 to 40 

The top clay, which is highly calcareous and cream burning, is used for making 
common brick. 

The shale, which is w~n by drift mining, is used for making dry-pressed brick. 
It is red burning. 

Shales are found at a number of other points in the Souris River coal field, but 
some of them crack in air drying. One very smooth plastic deposit was found over­
lying the clay at Pinto. 

Medicine Hat.-This town lies in the Belly River shale area, the beds of this 
formation being exposed at a number of points along the Saskatchewan river, as well 
as in the slopes of some of the surrounding hills, where the shales have not been 
removed by pre-glacial erosion, or m·e not covered by glacial clays or silts. 

It may be said of the shales of this area in general, that they <;:onsist of more or 
less lenticular bodies of clay shales, and ·ahales which are sometimes separated by 
lenses of sandstone. 

1 Can. Gool. Survey, Annual Report, Vol. XV, Pt. F. 
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The lenticular character of the boos is proven by the fact thai their structural 
relations can sometimes be well seen in one excavation, and aho because sections on 
oppo<~ite sides of the river may be· totally unlike so far as regards the beds over and 
underlying the same. coal seams. 

The shales show a variety of colours, and range from highly silicious to those 
of very fine grain. Some of the beds evidently contain a large amount of colloidal 
material, and have to be dried very slowly to prevent cracking, but this cannot 
·always be avoided. Some of them may be cured of cracking by pre-heating, and· 
experiments are now under way to determine this. 

Most of the shales of the Medicine Hat region are not refractory, and only one of 
the beds thus far opened up is claimed to be a good fireclay. 

The Belly River shales are now worked near Coleridge and Red Cliff. At the 
former locality the ·ahales outcrop on the slope of a steep ridge, and are said to have 
been tested by 80 foot borings. The beds show the usual lenticular arrangement, and 
since the lenses ~ary in character, and are interbedded in places with sandstone, some 
selective mining and sorting is neces·aary. Among the types of clay thus far identified 
here by the · owners are, sewer-pipe, pressed-brick, and fireclay. 

The shales are loaded on cars, which are run down a spur to the Canadian Pacific 
railway, and thence to Medicine Hat, where they are to be used at the new and exten­
sive plant of the Alberta Clay Products Company. 

At Red Cliff, 6 miles up the Saskatchewan river from Medicine Hat, a some­
what deep section is exposed in a coulee running from the top of the cliff down to 
the river level. The shale ban};: has been opened up about half way down the coulee, 
and the section is somewhat as follows:-. 

Shales with sands tones . . . . . . . . . . . . . . . . . . . . . ......................... 50 feet 
Dark, chocolate clay, checks in drying . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Alternating dhales, silts, and some lignite seams . . . . . . . . . . . . . . . . . . . . . .. 30 
Lignite.. . . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 5 
Sandy shales. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Li101i te. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . 4-5 
Carbonaceous shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
'l'o ri,·er level (concealed) about .. ....... ... .. ...... . .. ...... ...... . . . . . 50 

The run of the bank is used for making a red, wire-cut brick, while one bed in 
the upper part of the bailk is employed for dry press. All of the oghales are red-burn­
ing, and it is not likely that any of them are refractory. 

The raw material is worked up in the recently established plant of the Red Cliff 
Brick Company. 

Directly across the river is another coulee, showing an equally deep section, 'but 
the beds are entirely different, and are mostly very sandy in character. 

Edmonton.-There are four pos·aible sources of clay or shale in this area as fol­
lows:-

(1.) Flood plain clays, of very silty or even sandy character, underlying the low 
terrace bordering the Saskatchewan river. This material is used for common and 
pressed brick. 

(2.) Glacial ( ?) clays of highly plastic character, underlying the upper level ter­
race on which Strathcona and Edmonton stand. 

· (3.) Shales underlying many of the coal seams, and usually too thin to be utilized. 
(4.) Shales higher up in the section than the coal seams at Edmonton and 

Strathcona. 
The last named appear to represent the best type of material found in the imme­

diate vicinity of Edmonton. The best observed exposures lie just northeast of Strath­
cona, in the valley of Mill creek, and along the Edmonton, Yukon, and Pacific rail­
way. They are exceedingly plastic, ·and are said to burn to a vitrified body. No 
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• claim is made for a high refractoriness, and some of them have a rather high air 
shrinkage. This horizon should be carefully prospected to determine the occurrence 
of clays at other localiti~s. 

The development of the . clays · around Edmonton is a matter of the highest com· 
mercial importance, as the demand there for all gradei! of ·atructural clay products is 
large. · 

South of Edmonton, between that point ·and Calgary, T~rtiary shales are found 
outcropping along the Red Deer river, near the town of Red Deer. Some of these 
weather to a very plastic clay, but they ar~ not utilized. 

Calgary.-The Cretaceous shales are the most important clay resources of this 
district. They evidently underlie a considerable area, but at most pointil th~ outcrops 
have been obscured by glacial drift. The shales have, however, been open~d up for 
working at two localities. One of the.se is at Sandstone, and the other about 5 
mil~s west of Calgary. At both points the bank shows mas-aive layers of grey and 
buff shale, interbedded with beds of sandstone up to 2 and 3 feet in thickness. The 
latter have to be rejected in quarrying. 

Although the shales contain sufficient lime carbonat~ to efferveace briilkly with 
acid, there is not sufficient to destroy the red burning character of the material. It 
is used at both localities for making dry pressed brick .. 

At Cochrane, west of Calgary, ther~ are somewhat extensive exposureil of -ahale, 
some of which are free from the sandstone beds, so abundant at the two localities 
mentioned above. 

Other Localities.-The Belly River shales are well exposed along the Belly river 
at Lethbridge, and also in the workings of the coal mines there. Those associated 
with the coal are often highly carbonaceous, and often gritty, but some, such as thos~ 
exposed along . the wagon road near the bridge across the river, work up to a very 
plastic mass, even though they appear rather unpromising in th~ outcrop. 

There are also abundant shale beds from 2 to 6 or 8 feet in thickne·as, inter· 
stratified with Cretaceous sandstones, in the low foothills west of Lundbreck. They 
are best seen in the railway cuts between that town and Hillcrest. Their value and 
character cannot be .definit~ly stated until the tests on them are completed. 

A somewhat important shale bed overlies the coal -along the south fork of the 
Oldman river, 6 miles northwest of Pincher creek, and other Cretaceous clays out­
crop in th~ creek bank on thA westei'll edge of the town, R8 well R8 several miles tn 
the southweBt along Mill creek. 

Cretaceous shales, of gritty character, have also been quarried at Seeb~ siding, 
east of Kananaskis. Eastward from there along the Bow river, Cr~taceous outcrops 
are frequent, and the entire section should be carefully searched. 

CORDILLERAN REGIO.X. 

The occurrence of ext~nsive clay depoaits was not expected in this region, but 
nevertheless all reasonable precautions were taken to search for them. 

In the Crowsnest Pass district, the Fernie shales have been utilized at Blairmore 
for making a red, dry-pressed brick, of good quality. Similar shales occur at Coleman. 

Shales are associated with the coal seams at Canmore and Bankhead, but are not 
-adapted to brick manufacture. 

Flood plain and glacial clay d~posits of small extent occur in many of the valleys, 
and are worked at several localities, including Nelson, Castlegar Junction, Kamloop·.,, 
and Enderby. 

A deposit of colluvial clay, derived from the phyllites on the slopes of Mount 
. Stephen, is found at Field, and a fine-grained plastic clay, suitable for earthenwarP. 

occurs in the Yoho valley. 
26-12 
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From the few preceding paragraphs it will be seen that no fireclays appear to . 
be known in the Cordilleran region. This i·a unfortunatd, since there are severn] 
smelters, and numerous coke ovens in operation, which now have to obtain their sup­
plies of firebrick from the United States and England. 

It is hoped that this demand will be supplied in the future by bricks made from 
the fireclays at Clayburn, or possibly those of the Dirt hills, or even the fireclay 
(if it proves to be such) at Medicine Hat. 

PACIFIC COAST BELT. 

The Tertiary beds of Sumas mountain, near Clayburn, contain one of the ·most 
interesting series of shales to be found in the western provinces. 

The ·aection invol+es a series of shales, s-andstones, and at least one conglomerate. 
Some quartz porphyry is present, but not in contact with the worked shale deposit>~. 

The entire series appears to dip southwest at an angle of about 15° to 20°, 
and the shales range from those of a highly refr;1ctory character to others of much 
lower refractorines·s. On this account some of the shales burn buff, and others red. 

At · the base of the section, there .appear to be at least two beds of fireclay, the 
lowest one divisible in some places into three parts. Of these; the lowest bench is 
caThed a china-clay, and is said to burn white, but our tests show that it does not. 
The middle and upper bench are separated by a seam of coal, of variable thickness, 
and containing flint clay partings. Some of the best fireclay in the mine has a 
fusing point of cone 32. 

These shales are said to be adapted to the manufacture of pressed, paving, ani! 
firebrick, and sewer-pipe. 

Pleistocene clays are found on the lower slopes of the mountain, and can be used 
for common brick. 

There is now one factory in operation at Clayburn, that of the Clayburn Brick 
Company. A narrow gauge road has been laid for a distance of 3 miles up a 
gulch in Sumas mountain, and the total rise in this distance·is 450 feet. The mines 
belonging to the Company are located along the line of this· railway. 

Other deposits, not yet developed, are found on the opposite side of the mountain, 
but these will probably be opened up before long. 

Around Vancouver, along the Fraser river, at least as far east as New West­
minster, and at Sumas mountain, as well as other points, there are deposits of a 
bluish grey stratified Pleistocene clay, which usually forms lenticular deposits sur­
rounded· by coarse sand. The clay is of value for common bricks and is worked at 
New Westminster, Clay burn, Port Haney, e~c. 

A glacial clay is employed for common and pressed brick manufacture on Anvil 
island, in Howe sound. Similar material is also worked on Sidney island, and 
~round Victoria. 

Sewer-pipe and fireproofing are ~ade at Victoria from shales obtained near 
Comox, Vancouver island, and residual fireclay from the northwest end of the same 
)sland. 

CLAY WoRKING INDUSTRY. 

The main clay working industry at the present time is the manufacture of com­
mon brick, but the product in many localities, as ·around Victoria and Vancouver, 
does not supply the entire demand, and common brick are imported in large quanti­
ties from Seattle. Washington. 

Dry-pressed brick are made in small quantities at a number of points. but the 
only plants of large capacity are those at Medicine Hat and Clayburn. 
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Most of the pressed brick now used in the western provinces are imported, and 
command a high market price. The same is true of fireproofing, terra-cotta, fire­
bricks., pottery, and sewer-pipe. 

It will be seen, therefore, that there is room for abundant development and 
expansion in the home clayworking industries. The relation of this to tariff ques­
tions, which are an influencing factor, will be discussed in more detail in the final 
'report. 

OTHER MINERAL DEVELOPMENTS. 

It may not be out of place to make brief reference to some of the other minei·al 
'developments in the region covered in this summer's work. 

In the Crowsnest Pass district, active development is going on in the coal area 
'between Frank and Hillcrest, some of the new mines having reached the shipping 
stage. The lime rock of the Frank slide is being used for the manufacture of lime. 

The Medicine Hat gas field continues to yield steadily, and wells are lo~ated as 
far from Medicine Hat as R ed Cliff in one direction, and Dunmore Junction (now 
(Joleridge) in the other, but the limits of the field are not definitely known. 

According to Mr. A. K. Grimmer, city engineer of Medicine H at, about eighteen 
wells have been drilled at this locality, of which about eight were sunk by the city. 
Of the latter group thre!'l had a depth of 1,000 feet, while the others varied from 
'300 to 650 feet. The deeper ones show a pressure of about 650 pounds per square 
inch. . . 

There are three important wells from which the city is drawing its supply, 
located as follows:- ~ 

(1.) Corner Main street and West Allowance: 1,000 feet deep, 4~ inch casing, 
550 pounds capped pressure; volume 1,000,000 cubic feet per twenty-four hours. 

(2.} Corner North River street and Third Avenue : 1,000 feet deep, 6 inch casing, 
560 pounds capped pressure; volume, 1,250,000 cubic feet per twenty-four hours. 

(3.) On Bridge street, known as Big Chief: 1,000 feet deep, 6 inch casing, 560 
pounds capped pressure; volume, 3,000,000 cubic feet per twenty-four hours. 

In addition to this the city has four wells to a depth of 700 feet, and the private 
wells in the city are as follows:-

(1.) Central Canada Packing Company: 750 feet deep, 2 inch casing. This is 
a wet well, was never in good condition, and is not in use. 

(~.) C. Colter, Second avenue: 700 feet deep, 3 inch casing, and 270 pounds 
pressure when capped. 

(3.) 0. Colter, Main street: 400 feet deep, 3 inch casing, and 100 pounds pressure 
when capped. Not in use. 

( 4.} H. Yuill, South Railway street: 850 feet deep, 4ft inch casing, and 270 
pounds pressure when capped. 

(5.) Canadian Pacific railway: 1,000 feet deep, 6 inch casing, with 2 inch tube 
and packer. This has a pressure of 560 pounds when capped, and a volume of 
1,250,000 cubic feet in twenty-four hours. 

(6.) HargraJVeS well, at end of highway bridge in city; thi s wen is 1,042 feet, 
has a pressure of 560 pounds when capped, ·and a discharge of 2,800,000 cubic feet 
in twenty-four hours. 

On May 31, 1910, the city began drilling a well at a point 2 miles east of 
Medicine Hat, in the N .E. i of N .E. i of sec. 30, tp. 13, R. 5, W. 4th. This well has 
a diameter of 10 inch casing, and a depth of 937 feet. It was completed August 30, 
after striking a good flow of gas, with a pressure of 560 pounds at the end of twenty­
four hours. A small flow of gas was struck at 550 feet, and continued down to 
660 feet. 

26-12! 
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This well has been turned over to a manufacturing industry, and the gas will be 
used for blast furnace purposes. 

During the summer of 1910 there was a reported discovery of oil at :Matsqui. 
near Vancouver. The facts are these: In digging the foundation for a power-house 
of a new electric railway, near Olayburn station, a coarse sand containing osphaltic 
material was discovered, and led to the conclusion that it must represent the hardened 
seepage from oil-bearing sands. With this idea in view a number of drill holes were 
put down, none of them to a great depth, and while no flow of oil was struck it is said 
that some indications were found. Steps have been taken to organize a company and 
raise money for deeper drilling, and subsequent development if it is warranted. 
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CLAY RESOURCES OF THE WESTE~N PROVINCES. 

(Joseph Keele). 
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The investigation of the clay resources of the Dominion, begun last year in the 
J\faritime Provinces, was continued this year in the western provinces. I was again 
associated with Professor Ries, and accompanied him throughout his stay in the field. 
Our work was chiefly prospecting for shale and clay deposits suitable for use in the 
various clay working industries, and also in visiting the localities where b.rickmaking 
is now carried on. 

Having preceded Professor Ries to the field by about two weeks, this time was 
occupied in visiting various points in the Province of Manitoba. Owing to the wide 
scope of the work planned for the summer, only a limited number of localities in each 
province could be visited. Those in · Manitoba were selected with a view to giving 
a good general idea of the material available in that region. About 20 samples of 
clays and shales were collected at various wo1:ked and unworked localities. Thr­
limitations and possibilities of these materials will be fully considered in a report 
to be issued after the series of tests that are now in progress are completed. 

The material available for structural purposes is obtained from two sources­
:suriace clays and shales. 

The surface clays, which are usua11y lake or estuarine deposits, some of which 
may be of direct glacial origin, are the most widespread, Notwithstanding the fact 
that these surface deposits are, in many places, of great depth, only ·a limited portion 
of them unfortunately can in some localities he utilize1d hy the clay worker. This is 
the case in the neighbourhood of Winnipeg, where only about 3 feet of the 
deposit can be used, and although there is often as much as 40 feet of clay of.different 
quality beneath this, it is quite unsuitable for brickmaking purposes. At Brandon 
the surface deposits consist of stratified sands, silts, and clays, with the sandy and 
silty layers so much in excess that good hard bricks cannot be produced from them. 

At Portage la Prairie, Virden, Hartney, and Gilbert Plains, there are good 
deposits of clay, which can be worked to as great a depth <as the brickyard owners 

· desire. There is only a light covering of soil to be removed, and in places the brick 
clay comes almost to the grass roots. 

The surface clays in Manitoba are nearly all calcareous, the lime content beinl! 
usually high. The underburned bricks made from them are of a light red colour, and 
soft and· JX>rous; the fully burned bricks are hard, light buff in colour and make 
a good durable building material. 

Shales of Cretaceous age form the bed-rock of most of the western portion of the 
Province, but on account of the thick mantle of surface deposits, they are not gener­
ally seen outcropping. They outcrop plentifully at some localities, however, notably 
at the Riding, and Pembina mountains, and at two points are worked for brickmak­
ing purposes. The shales, where exposed, are generally hard anJ non-plastic, so that 
when finely ground and mixed with water they cannot be moulded into shapes; but in 
some cases they are decomposed by weathering, and have become quite soft and 
plastic. The shale used for making dry press brick at Leary siding is in this con­
dition. The shales burn to a red c::Jlour, and will stand much harder firing than tl1r> 
surface clays. · 

About twenty-six brickyards are in operation in Manitoba; of these about four 
produce dry press bricks, and the rest , with the exception of one stiff mud machine 
at Alsips yard in Winnipeg, turn out soft mucl bricks. 
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The burning is mostly done in scove kilns, the fuel being generally dry poplar 
wood, but a few of the more progressive plants have down draft kilns, and burn coal. 
The season's output varies from 500,000 to 12,000,000 in the various yards, the average 
length of the season being about 150 days. 

The principal difficulties met with by brickmakers using surface clays are: the 
liability of the green brick to air check while on the drying racks, and in judging 
the proper degree of burning. Calcareous clays have their points of incipient vitri­
fication and fusion so clO<>e together that quantities of the brick near the arches 
are melted, while the upper layers, which receive the least amount of heat, are under­
burned and soft, consequently there is great waste. tt seems impossible t"o avoid 
this in scove kilns, but there is far less waste, and a greater economy of fuel in 
down draft kilns. 

If the clay is mined in the fall, and allowed to weather in a stockpile over winter, 
subsequent · air checking in the drying racks will be considerably reduced, the clay 
will be easier to work; and it will be available for use earlier in the spring; but only 
in one instance that came under my notice was this method taken advantage of. 

There was a great scarcity of brick in Manitoba during the early part of the 
building season of 1910. No brick were left over from the season of 1909, and on 
June 1 there was not a kiln of brick yet burn~d in the Province. On the night of 
June 2, about 2,000,000 bricks were frozen on the drying racks, and consequf)ntly 
destroyed. 

Common brick usually sell in Winnipeg for $11 per thousand, but this summer 
they sold as ·high as $15, and as. the local yards were unable to supply the demand 
large quantities were imported. Most of the pressed brick used for facing buildings 
_is imported. 

~ . . All the structural hollow ware, and sewer-pipe used in the Province is imported, 
but the use of paving brick is prohibited by the high freight rates on such a heavy 
commodity. 

I am now carrying on experimental work under the direction of Professor Ries, . 
with mixtures of shales and clays, to find out if it is adapted for a wider range of pro­
ducts than simply common brick. 

Special experimental work is also being carried on with ·the object of devising 
some practical method of treatment for the underclay at Winnipeg, which may render 
it available for brickmaking purposes. 

A general description of the deposits and works seen in the provinces farther 
west is given in the summary by Professor Ries, so that it will be unnecessary to 
repeat it here. 

At the close of the season two plants in the United States were visited where 
deposits are worked s imilar to certain undeveloped or partially developed deposits 
in Canada, in order to find out the range of wares that could be manufactured here. 

In the vicinity of Seattle, W ashington, the clay-working industry is in a 
flourishing condition, and facing brick, hollow ware, paving brick, sewer-pipe, and 
glazed terra-cotta are manufactured from material similar to that which occurs so 
abundantly in Sumas mountain, a short distance east of Vancouver. 

At Dickinson, North Dakota, there is a series of clays and shales that appear 
to be precisely similar to unworked deposits whioh occur about 25 miles south of 
Moosejaw, in the Province of Saskatchewan. At the former point a large business is 
done in firebrick, made by the dry press process, and also in dry press face brick for 
buildings, and mantels. 
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GUNFLINT DISTRICT, ONTARIO. 

_ (J. D. Tr?J,eman.) 

INTRODUCTION. 

A large section of country west of Lake Superior has been examined by the Geo­
logical Survey, the results appearing in a uniform seri~s of rectangular maps, on a 
scale of 4 miles to 1 inch. An area, however, southwest of Port Arthur and Fort 
William, and extending from Lake Superior west about 75 mi)-es to Gun:flint and 
Sag:inaga lal;:es, and from the International Boundary north to-about latitude- 48° 27', 
has not yet been included in that series. Intermittently since 1866 silver mining 
has been active within this district, the best known locality being that of Silver islet, 
on the shore of Lake Superior. A formation similar to that in which the iron ores 
of the Mesabi district, Minnesota, occur crosses the area diagonally. Though con­
siderable prospecting has been done in the- district, it has not been thorough, and the 
field s till has possibilities for iron and silver discoveries. - -

Within the area outlined ·a ·aketch map1 of the southeastern portion, as well as 
a detailed map2 of a small area about Silver mountain, have been issued by the Geo­
logical Survey. During the past summer N. L. Bowen has been engaged in geologi­
cal work in the eastern part of the district, for the Bureau of Mines, Ontario. 

My instructions were to commence the -aurvey of the unmapped area, working 
east from Gun:flint lake. During the summer, examination was made of the country 
about Gun:flint lake, and, to the northeast, about Northern Light, Mowee, and several 
unnamed lakes in that vicinity. The streams and lakes were surveyed by means of 
compass and micrometer where absence of local magnetic attraction permitted. 
Where magnetic attraction was encountered the plane-table and dial compass were 
usedJ. 

Efficient aid was rendered by my assistants, J. A. McKenzie Williams, and R. 
V. Saundera. 

GEKERAL CHARACTER OF THEJ DISTRICT. 

TOPOGRAPHY. 

A line joining Port Arthur with Gun:flint lake would roughly mark the boundary 
between two sections of country which are distinctly different in topographical 
character. To the north, as f-ar as examined, in the regular sky-line, and in the 
rounded hills and numerous lakes, the usual characterictics of vast areas in Canada 
underlain by Archrean rocks can be recognized. Occasion-ally glacial drift conceah 
the underlying relief, but generally the rocks are bare, or covered by a thin mantle of 
soil supporting a rather heavy forest growth. To the south, erosion of the :flat-lying 
<Jr slightly dipping sedimentary rocks, intruded by diabase sills, has giyen rise to 
:flat-topped hill·a, ·as near Port Arthur, or to sawtooth ridges as around Gun:flint lake. 
The International Boundary i:s marked by water courses, the eastern section consist­
ing of a chain of lakes flowing into Lake Superior by the Pigeon river. From North 
lake the water flows west into Gun:flint and Saganaga lakes, and then, by numerous 
streams and lakes, into Rainy lake, and finally Hud-aon bay. 

1 No. 285. Thunder Bay Mining Region. Part H, Vol. III. 
'No. 286. Silver Mountain Mining District, Part H, Vol. III. 
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TIMBER. 

Owing to its rocky character, the value of much of the country near Gunflint lake 
as a national resource must lie entirely in its mineral and forest wealth. Over con­
siderable areas valuable timber is still standing, the principal varieties of treea being 
red pine, jack-pine, spruce, balsam, and tamarack. White pine occurs, but is not 
common. Birch and poplar are quite abundant. 

Forest fires during the summer season of 1910 proved unuaually destructive over 
a large section of country west of Lake Superior. A. long period of diry weather made 
conditions very favourable for the spread of fires, so that during the latter half of 
June, and the earlier part of July, a dense cloud of smoke remained almost continu­
ally in the air. While fires were burning in very many placea, ·and immense tracts of 
forest were consumed, there can be no doubt but that over large areas, where fires 
existed, the total quantity destroyed was not large. 

ACCESS. 

The Port Arthur, Dulut.h, and ·western railway, a branch of the Canadian 
Northern, furnishes the easiest means of acces'O to the district. When lumbering 
operations were being carried on in the western part of the district by the Pigeon 
River Lumber Company, service on this line extended to the western end of Gun­
flint lake. At present trains are not taken bayond North lake, a small settlement 
maintained largely by the lumber mill of H. Bishop & Oo. West and north of North 
lake there are few inhabitants, and canoes serve as the only means of transportation. 

GENERAL GEOLOGY. 

Examination has not yet progressed sufficiently to warrant a full statement con­
cerning the geological his.tory of the region. However, the detailed work conducted 
over a large area in the adjoining Vermilion district is of much value in interpret­
ing the geological structures present in the Gunflint district, and the general rela­
tions of the rocks can be given briefly. 

All the rocks of the district are of Pre-Cambrian age. The oldest series, called 
the Keewatin, consists largely of green schists formed from basic volcanic flows. At 
some time, possibly when mountain building forces were active, these rocks· were in­
truded by 'batholithic magmas with the formation of granites and gneisses of Lauren­
tian age. Much later, when the country was worn down to a low relief and the under­
lying granites were· exposed, a sedimentary series called the middle-lower Huronian 
was laiq down. After this the country was again subjected to orogenic moVJements, 
later eroded, and again a sedimentary series was deposited. This has been called the 
Animikie, or upper Huronian. In the immediate vicinity of Gunflint lake the middle­
lower Huronian seems absent, so that there is a double unconformity between the 
Animikie and the older rocks. Since the Animikie sediments were laid down there has 
only been sufficient disturbance to raise them to their present position and give them 
the gentle inclination which they now possess. This disturbance probably took place 
towards the close of Keweenawan times. Except for a narrow band the Animikie 
sediments have been eroded off the area north of Gunflint and North lakes, and they 
now lie mostly to the south, with a slight dip away from the outcrops of the older for­
mations. 

TABLE OF FORI.JATIOXS. 

Pleistocene-
Glacia1 clay, sand, etc. 

U nconformity. 
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K eweenawan-
Diabase sills and dykes, Duluth gabbro. 

Igneous contact. 

Upper Huronian ( Animikie)­
Slate. 
Gunflint iron formation. 
Conglomerate. 

Unconformity. 

Laurentian-
Hornblende granite, hornblende syenite, and diorite. 
Biotite granite, biotite granite gneiss. 

Igneous contact. 

Keewatin-
Greenstone, green schistB. 
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Keewatin.-Though extensively developed in the Vermilion district, and on 
Hunter island, which lies to the east of the district examined, Keewatin rocks are not 
abundant in the Gunflint region. Schists of Keewatin age occur in small amount 
north of Gunflin.t lake, and greenstones and green ·schia.ts occupy a larger area north 
of Saganaga lake. The development of hornblende and chlorite sohist in the Keewatin 
is probably largely due to the presence of the Laurentian intrusives. An intensely 
folded body of banded magnetite-bearing rock was observed in the I(eewatin, north of 
the northeast arm of Saganaga lake. 

Lau1·entian.-North of the Animikie sediments the rocks are prevailingly gran­
itic or gneissic in oharacter. 

Hornblende granite is extensively developed about Saganaga lake. It occu­
pies a large area in Minnesota, and has been given the name of Saganaga 
granite by the geologists working in that region. On the east shore of Saganaga 
lake there are almost continuous exposures of this granite. There is a marked 
uniformity in the general appearance of the outcrops, and undoubtedly they 
form part of a single batholith. While the rock i.s typically a hornblende granite, 
it also contains biotite. Orthoclase and plagioclase both occur. The rock 
is especially marked by large phenocrysts · of quartz and numerous ·small grains of 
sphene. Apatite can also be seen abundantly in microscopic sections of the rock. 
Eastward, between Saganaga and Northern Light lakes, the granite passes, with 
diminution of quartz, into a hornblende syenite. In addition to the minerals occur­
ring in the granite, the hornblende syenite contains a varying "amount of pyroxene, 
and the rock, at times, approaches a diorite in composition/. Occurring as irregular 
areas in the hornblende syenite and other rocks are masses of hornblende-rich rock 
or amphibolite. This rock consists of the same minerals as the syenite, except that 
the ferro-magnesian minerals are more abundant. Part of the hornblende has formed 
secondarily from pyroxene. The amphibolite varies from a 'pepper and sa1t' schist 
to a rock of very coarse, massive charact~r. It is, in places, clearly cut by apophyses 
or dykes of feldspar-rich hornblende syenite. The amphibolite may, in large part, be 
extremely altered Keewatin, but, at any rate, the hornblende syenite seems to grade 
into a rock at least approaching the amphibolite in composition. The hornblende 
syenite is frequently cut by calcite and quartz veins. 

Around Northern Light lake are very extensive areas of biotite granite gneiss. 
The gneiss is almost invariably fine-grained, and generally white or grey in colour. 

·The banding, though sometimes obscure, is frequently very pronounoed. The gneiss 
cuts and includes masses of the amphibolite, and is clearly of igneous origin. Field 
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and microscopic observations indicate that the gneissic structure was developed prior 
to the complete solidification of the rock. In part the banding is due to movements 
during the consolidation of the rock, but in part also to drawn out inclusions of horn­
blendoe schist. This gneiss is thought to be younger than the Saganaga granite, but 
is provisionally called Laurentian. Around Mowee lake is a rather coarse biotite 
granite similar in mineralogical character to the biotite gneiss. The rock has been 
subjected to shearing, as shown clearly by the fractured and drawn out quartz grains. 

Animilcie.-The Animikie is a sedimentary series dipping gently southeast, 
away from the exposed areas of Laurentian rocks. It is intruded by sheets of dia­
base known as the Logan sills. Except for a thin layer of conglomerate, the Gun­
flint· iron formation is the lowest member of the Animikie series. The iron forma­
tion is generally siliceous, but varies greatly in character, and is made up largely 
of ferruginous chert and cherty carbonate. The formation is frequently banded, 
and shows minor folding. The slate is usually fine-grained, and its thickness is to 
be measured in thousands of feet. It forms far the greater part of the Animikie 
series. 

Keweenawan.-In addition to sills in the Animikie sediments there are a few 
dykes of probably the same age cutting the hornblende syenite. The characteristic 
rock of these bodies is a black to green, medium grained diabase. Phenocrysts of 
feldspar are frequently present, sometimes of large size. Near the contact the texture 
is very fine.. · 

Pleistocene.-Glacial drift does not occur in any quantity in the vicinity of 
North and Gunflint lakes, or northward until some distance beyond Northern Light 
lake. To the east of North lake there are considerable areas of drift, and agricul­
ture is carried on in the valleys. 

Malignite.~During the course of the summer the writer had occasion to visit 
Pooh-bah lake, the locality where malignite was found, which was originally des­
cribed by A. 0. Lawson. Although boulders of rock similar in appearance to malig­
nite were frequently noticed in the Gunflint district, no outcrops were seen. 

While in Port Arthur a block of porphyritic rock resembling malignite was 
noticed on exhibition. A thin section made from a specimen of this rock shows that 
it contains regirine-augite, and a soda-rich amphibole, poss,ibly katoforite, and so 
should probably be classed as a /Variety of m'alignite. . The rock is handsome, when 
polished, and! 'it is hoped that it can be used as an ornamental stone. The quarry, 
which is the property of the Egyp1tian Porphyry Oo., of Port Arthur, is situated 
between Beck and M:cKenzie stations on the Canadian Pacific, about 12 miles east of 
Port Arthur. 

EcoNOMIC GEOLOGY. 

Iron.-The possibility of finding iron ore in the district under examination seems 
limited to two geological horizons-the Keewatin, and Animikie. 

Exposures of iron ore formation belongillg to the Keewatin have been observed 
at many points in the Lake Superior region. Generally the rock consists of banded 
chert and magnetite, or hematite, and the formation is usually associated with 
Keewatin greens•tones or schists. At a few places, as in the Vermilion district, at 
:!liichipicoten, and elsewhere, concentration of iron oxide has taken place on a suf­
ficient scale to form an economic deposit. On Hunter island, which lies to the west 
of the Gunf!int region, there has been considerable exploration of exposures of iron 
formation, but no important bodies of ore have yet been revealed. It was hoped that 
large areas of Keewatin would be found in the district examined, with the possibility 
of the occurrence of iron ore, but so far the bands found have been of limited extent. 
North of the northeast arm of Saganaga lake an intensely folded, handed, magnetite-
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bearing rock wa-.:; observed. The deposit does not seem to be extensive, and in addi­
tion to a large percentage of quartz considerable amounts of garnet and epidote are 
associated with the magnetite. 

The .Animikie offers, perhaps, a more promising field for exploration for iron 
than the Keewatin, and is exposed over a large area. It is of much the same charac­
ter as, and is indeed a continuation of, the formation which in the Mesabi district, 
Minnesota, has yielded enormous quantities of high grade ore. In the vicinity of 
Gunflint and North lakes it consists largely of cherty iron carbonate, banded occa­
sionally with pure chert, and more massive ferruginous chert. The latter, as exposed 
on the north shore of North lake, was probably in large part originally greenalite, a 
silicate of iron commonly occurring in minute granules. It is here characterized by 
nodules of ·siderite, which weather out on the rock surfaces leaving cavities half · 
:filled with limonite. Exploration of the formation requires the use of diamond 
drills, and has so far not been carried out in a thorough manner. Perhaps the most 
extensive exploration has been made at what is called Paulson's mine, near the western 
end of Gunflint lake, on the Minnesota side. Here the iron formation has been greatly 
altered by the Duluth gabbro, with the formation of an amphibolitic magnetite rock 
This is extremely resistant to weathering, the process by which bodies of iron ore are 
commonly formed. The gabbro does not, however, reach the shore of Gunflint lake, 
so that between the iron formation on the north shore of Gunflint lake, or to the east, 
and the gabbro, there is a considerable thickness of slate. There are, however, dia­
base sills in the .Animikie, but the exact effect of these on the iron formation is not 
yet known. The iron-bearing rocks are not as metamorphosed as those to the south­
west, -and there seems a rea-sonable possibility of finding iron in economic quantities. 
East of Port Arthur, indeed, rather thin beds of ore have already been found at 
several places. 

Silver.-Veins of calcite and quartz containing silver, either in the native form 
or as argentite, and cutting the rocks of the .Animikie series, or the diabase sills, have 
attracted much attention west of Lake Superior, since 1866. The first veins dis­
covered were on the shore of the lake, Silver islet being the most famous mine. 
Discoveries were later made farther inland, at Rabbit mountain, in 1882, and still 
later at Silver mountain. Some of the veins proved extremely rich, but many were 
unproductLve. They were all associated with the Keweenawan trap, and in all pro­
bability owe their origin to heated waters liberated on the cooling of the diabase magma. 
Though considerable prospecting was done wh€m the silver camps :first opened, it 
cannot be said that the possibility of further discoveries has been exhausted. 

While prospecting for Rilver-bearing veins was being carried on, claims were 
staked on some of the calcite nins occurring in the hornblende syenite of Northern 
Light lake. It is said that silver was found in one of these veins, but this could not 
be confirmed. Traces of galena and pyrite were the only metallic minerals observed 
by the writer. These veins have never been carefully tested, and if, as it seems, they 
are confined to the syenite, there appears to be no reason why a little careful pros­
pecting in that rock would not be worth while. These veins occur most frequently 
where the syenite has been sheared, sometimes with the formation of a chlorite schist 
not unlike that in the Keewatin. Calcite is the usual gangue mineral, though quartz 
is sometimes present, especially on the sides of the veins. 
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SIMCOE DISTRICT, ONTARIO. 

(W. A. J ohnston.) 

The field work of the past season was a continuation of the topographical 11nd 
geological mapping of a portion ·of the Lake Simcoe district, Ontario. In carrying on 
the topographical work the plane-table method was used, and field maps were drawn on 
a fractional seale of 1 :48,000, which, on the published map, will be reduced to 1 :62,500, 
or nearly 1 mile to 1 inch. Topographical fea·tures are shown by contours at 
intervals of 20 feet, instead of 25 feet, which latter was the contour interval used 
previously in the field work in this district. 

Field work lasted from June 2 until November 4, in which work the following 
assisted : Geo. H. Burbridge, L. B. Adams, R. L. Junkin, James I. MacKay, W. T. 
May, and C. B. P. Fitzgerald. 

LOCATION AND AREA. 

During the past season the sketching on the Orillia sheet, with contours at inter­
vals of 20 feet, was completed. This sheet is bounded by latitudes 44° 30' and 44° 45'. 
and longitudes 79° 30' and 79° 45', and includes an area of about 140 square miles, 
exclusive of the portions occupied by Lakes Simcoe and Couchiching. The topo­
graphical work on the Balsam Lake sheet was also completed, with the exception of 
the sketching, which was only partly done. The Balsam Lake sheet is bounded by 
latitudes 44° 30' and 44° 45' and longitudes 78° 45' and 79° 00', and has an area of 
about 170 square miles exclusivei of the portions. occupied by a number of small lakes 

PREVIOUS WORK. 

As stated in last year's Summary Report, the previous work of the Geological 
Survey inthis district was done by Mr. Alexander Murray, in 1852 and 1853, the results 
o£ which are given in the Geology of Canada, 1863. 

GE:KERAL CHARACTER OF THE DISTRICT. 

The maximum relief within the limits of the Orillia sheet is about 400 feet, the 
highest portion being in the vicinity of Rugby P. 0., where morainic hills rise to 
1,050 feet above sea-level, while the lowest portion is the valley of North river, in 
.the northwest corner of the sheet. In the southern portJions of both the Orillia and 
Balsam Lake sheets the solid rocks are deeply buried beneath a heavy mantle of drift, 
but in the northern parts the flat lying Ordovician limestones are well exposed, and 
near their contact with the Pre-Cambrian rocks generally form an escarpment which 
varies from a few feet to upwards of 100 feet in height. The limestones have a gentle 
dip towards the southwest, generally not exceeding 30 feet to the mile, and are. rarely 
faulted or folded. 
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GENERAL GEOLOGY. 

TABLE OF FORMATIONS. 

Recent.. . . . • . . . . . . . . . .... . .. . ... Humus, s and dunes, ma.rls, etc. 
Pleistoc•me.... . . . . . . . . . ... ... .. ...... .. Raised beaches, fluviatile and lacustrine sands, !l'ravels and 

clays. 
Glacial clays, boulder clays and san:ls ; fluvio-glacial sands and 

gravels. . 
Sands, silts, gravels, and clay, generally stratified. 

· Till, or boulder clay. 
Ordovician-Lower Trenton ....... ... ... Kirkfield limestone (group) (new); the uppet portion only in-

. eluded in the Trenton. The lower portion includes the 
Crinoid and Dalmanella sancti-rauli beds which are below the 
base of the typical Trenton in New York state. 

Pre-Cambrian .......................... . 

Hiatus. 

Coboconk limestone, correlated with the L'lray limestone (Cherty 
Streptelasma beds) which the New York State geologists have 
included in the Lowville as the upper member. 

Lowville (Birdseye) limestone; dove-coloured limestone, with 
ba•al series of sa-ndstone, shales, etc. 

DESCRIPTION OF FORMATIONS. 

Ordovician. 
Lower Trenton to Lowville (Bi1·dseye). 

In the southern portion of the area of Balsam Lake sheet the limestones of the 
lower Trenton are well exposed, and underlie the greater portion of the area south and 
west of Balsam lake. In a cutting made on the Trent Valley canal, between Balsam 
lake and Kirkfield, a section is exposed from which great numbers of crinoids', cystids, 
and star-fishes have been collected. In this section the cherty Streptelasma bed:; 
(Leray limestone which the New York State geologists have included in the Lowville 
under the name of the Leray limestone member) ·are' followed by a few feet of thin­
bedded, shaly limestone, carrying Dalmanella sancti-pauli, O?"this tricena1-ia, and other 
fossils, indicating the upper part of the Decorah shale of Iowa and Minnesota, and 
suggesting overlap eastward from that area. A very thin corresponding bed, with 
similar fossils, has been locally found in New York just below the Trenton. 

' The Dalmanella sancti-pauli bed is succeeded by thicker bedded sub-crystalline 
limestone, with black shaly partings containing great numbers of crinoids and cystids, 
of species found elsewhere in America only in the beds regarded as older than the 
base of the typical Trenton in central New York. At Ottawa, Canada, they are found 
at the base of the Trenton; ~n Minnesota they occur in the lower part of the "Fusis­
pira bed," in or about the middle of what I propose to call the Prosser limestone; in 
central Kentucky they are found in the Curdsville limestone, which lies between the 
local equivalent of the cherty "lower Black River" (Leray limestone) and the 
Hermitage formation, which in Kentucky and Tennessee is the lowest diV'ision of the 
Trenton group. 

' The stratigraphic interval between the Lowville and the Prasopera bed of the 
Trent011, as developed in New York and Ontario, indicates a very shallow, oscillating 
sea. The unequal distribution of the beds and their structural relations suggest, 
espeeially in view of the fact that the corresponding interval is represented in north­
eastern Tennessee by as much as 500 feet of limestone, frequent and long continued 
sea-withdrawal.'2 

In view of the fact, as above stated by Mr. Ulrich, that both the erinoid and the 
Dalmnnella sancti-pauli beds of south-central Ontario are older than the base of the 
typical Trenton in New York state, and since for purposes of mapping in the Simcoe 
district the crinoid and Dalmanella sancti-pauli beds cannot be separated from the 
limestones of the lower Trenton, this series of limestones has been provisionally' 

1New York State Museum, Bulletin 138, p. 72. 
•communication from Mr. 0. E. Ulrich to the Director of this Survey. 
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named the Kirkfield limestone group, from the village of Kirkfield, in the county of 
Victoria, near which they are best exposed. Since the Black River group as now fixed 
by the New York State geologist;; does not, apparently, include limestones of equivalent 
age to the Crinoid and Dalmanella sancti-pauli beds, it would also seem that an age 
term should be given to include the limestones as developed in western sections, 
between the base of the typical Trenton and the top of the Black River. 

Underlying the Trenton limestones in New York State there is a series of lime­
stones which the New York State geologists (returning to the old New York usage of 
Vanuxem, who named the Black River limestone from the limestone cliffs along that 
stream, for the beds beneath the Trenton) refer to the Black River group. This group 
comprises the Amsterdam limestone (new), the Watertown limestone (new) (formerly 
the Black River limestone), and the Lowville limestone with Leray limestone member 
(new).l 

In New York state the limestones of the Black River group pass downward into 
the Pamelia limestone of Upper Stones Ri.ver age, which in turn is underlain by the 
Theresa formation, the . upper memb!Jr of ,. which is of early Beekmantown (Calcifer­
ous) age.2 

Regarding the extension of these formations into Ontario Mr. E. 0. ffirich 
states :-3 

_ 

'In New York north of Watertown, and in the vicinity of Kingston, Ontario, the 
Pamelia limestone, which is the northern equivalent of the Upper Stones River of the 
Appalachian valley, localLy rests directly on Pre-Oambrian crystalline rocks. In 
New York, Ozarkian sandstone, and limestone, respectively the Potsdam and the 
lower part of the Theresa formation, and early Beekmantown limestone forming the 
top member of the Theresa, commonly intervene between the Pre-Cambrian and the 
base of the Pamelia. At Kingston; and to the north and northwest of that point, the 
Pamelia usually is in contact with the Pre-Cambria:n, with only here and there small. 
intervening remnants of Potsdam sandstone in old down-warped embayments. 

' The Pamelia wedges out at some undetermined point between Kingston and 
Lake Simcoe, being absent at the latter locality, and thence northward to Michigan. 

' The supposed Chazy sandstone of south-central Ontario proves to be basal Low­
ville, the initial deposits of which consist of red and green shales and sandstones, with 
local intercalations of thin limestones containing Lowville fossils.' 

In the Simcoe district of Ontario the following generalized section, in descending 
order, of limestones, sandstone, and shales, which immediately underlie the Kirkfield 
limestones and rest unconformably upon the Pre-Cambrian crystalline rocks, occurs:-

(1.) Dark blue to grey nodular and cherty limestones generally in massive 
beds from 1 to 3 feet thick. Fossils: Girvanella sp., Ool!umnaria Halli, 
Tetradium fibratum, Streptelasrria profundum, B eatricea gracilis, Escharopera 
subrecta?, Nicholsonella Cf. laminata and cumulata, Strophomena filitexta var., 
Refinesquina minnesotensis?, Orthis tricenaria. Oamerella panderi, var. nov. 
Otenodonta cf. Logani, 0. cf. Scofieldi, Helicotoma planulata, Lophospire sp. 
undet., Hormotoma Salteri canadensis, Orthoceras-sma11, pencil size, Q. large 
species, externally resembling Ormoceras tenuifilum, Actinoceras sp. undet., 
Oycloceras, sp. undet., 0.---'1 arenoliratum. Ooboconk limestone correlated 
with the Leray limestone ·which the New York State geologists have included 
in the Lowville as the upper member . ...... . ..... ... . . :-. .. 10-20 feet . 

. (2.)' Dove-coloured, fine-grained, even bedded limestone, in beds averaging 1 
foot in thickness. In the upper portion the char acteristic vertical calcite tubes 
are abundant, and the beds have a peculiar interlocking tooth-like arrangement 
at their contact. Towards the base the beds weather 'tvhite and are separated 

1 New York State Museum, Bulletin 138, p. 72. 
2 New York State Museum, Bulletin 140, pp. 127-128. 
1 Communication cited above. 
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by thin layers of greenish sandy shale. Fossils: Tetradium cellulosum, Hall, 
?Phytopsis tubulosum, Hall, Strophomena cf. filitexta, Gyronema sp. undet., 
Leperditia fabulites, var., Isochilina armata, Walcott, Bathyurus extans, Hall, 
Bathyurus spiniger, Hall, Ctenodonta cf. gibberula, Liospira sp. undet., H ermo- . 
toma angustata, Trochonema sp. undet., OTthoceras near 0. recticameratum, 
Cycloceras sp. nov. (near 0. perroti, C[arke}, Isochilina m·mata .. .... 20 feet. 

(3.) Greenish grey impure magnesian limestone, generally in compact beds 
which weather brownish to pink, and are characterized by numbers of · drusy 
cavities. No fossils. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-8 feet. 

( 4.) Fossiliferous, blue to dove-coloured limestone containing: Rafinesquina 
minnesotensis, Cyrtodonta n. sp.? closely allied to C. J anesvillensis and C. huronen­
sis C.-Sillimanensis? Vanuxemia rotundata, Pte1·otheca attenuata, P.-sp. undet., 
Helicotoma n. sp., Liospira progne, L.--vitruvia, Eotomaria vicinus, Ckkthrospira 
subconica, Lophospira concinnula var., H olopea cf. concinnula, Subulites n. sp. 
(near S. regularis), Cameroceras sp. undet., Orthoceras cf. recticamerata, Isotelus, 
cf. obtustts, Strophomena filitexta var. (Lowville var.), Leperditia fabulites, 
Conrad, I sochilina armata, W alcott. . . . . . . . . . . . . . . . . . . . . . 6-10 feet. 

(5.) Impure magnesian limestone in compact beds, on fresh fracture greenish 
grey in colour and weathering to yellowish brown .... · .......... 8-10 feet. 

(6:) Red and green shales and sandstones with local intercalations of thin 
d6ve~coloured limestones, and at the base locally a few feet of coarse grit or 

· arkose resting unconformably upon the Pre-Cambrian crystalline rocks · .. 10-20 feet. 
The fossils mentioned as occurring in the above described section were all identi­

fied by Mr. E. 0. Ulrich, of the U. S. Geological S'urvey. Mr. Ulrich states that No. 1 
of the above section is equivalent to the cherty lower bed of Cushing and Ruede­
mann's Black River limestone in New York State, and that the fossils of the balance 
of the section are all of Lowville species. Mr. Ulrich is of the opinion ·that the cherty 
beds should be included in the Lowville, for reasons which will be given in the sequel, 
and that they . should be given a distinct name derived from some locality in the 
district. Accordingly these beds have been provisionally named the Coboconk lime­
stone, from the village of Coboconk in the county of Victoria, Ontario. In a prelim­
inary paper on the 'Lower Portion of the Palooozoic Section in Northwestern New 
York.n Mr. H. P. Cushing unites the cherty beds with the '7 foot tier' to form 
the Black River limestone, but in a later report of the New York State Survey, as 
stated above, these beds are referred to the Lowville under the name of the Leray 
limestone member with the Lowville as a subdivision of the Black River group. If the 
cherty limestones are included in the Lowville under the name of the Leray limestone · 
member, it would seem that the balance of the Lowville should· receive a name derived 
from the district in which the typical Lowville is exposed. 

The significance of the term Black River as a formational name has long been 
in question. According to the original definition of the Black River limestone, as 
given by Vanuxem in the Geology of New York, 1842, the Black River included all 
the beds between the ITrenton and the Calciferous in the Mohawk and Black River 
valleys. This definition was later modified by Hall in 1847;2 and the Black River 
was restricted to the "7 foot tier," and the underlying dove-coloured beds referred 
to the Birdseye, to which definition Olarke and Schuchert's Black River and Lowville 
appar>ently conformed. 

In the section near Montreal, described in the Geology of Canada, 1863, pp. 
13,6-137, the upper 10 feet are referred to the Black River, and the lower 28 feettothe 
Birdseye. It was recognized, however, that the line of demarcation between the' 
two appears frequently to become very indistinct in Canada, and accordingly the 
two formations were grouped together. The upper 10 feet in this section apparently 

'Bulletin of the Geological Society of America, Vol. 19, pp. _l55, 176. 
2Natural History of New York, Palreontology, Vol. I. 
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represented the '7 foot tier' of Hall, 1:847, but as a distinct formation these beds 
have not been generally recognized in Canada. 

In later writings some Canadian geologists have dropped the term Birdseye and 
made the Black River include the limestones which were supposed to belong to the 
Birdseye, but the lower limit of the formation does not appear to have been definitely 
fixed. 

In the Simcoe district of Ontario the original Black River limestone of Hall 
(7 foot tier) is presumably absent, as its typical fossils have not been found. The 

fine-grained, dove-coloured limestones are relatively much thicker than the overlying 
cherty beds, and are characterized by fossils of Lowville age. T'he cherty beds, al­
though only about 20 feet in thickill"....ss, are remarkably persistent and uniform in 
character, and constitute an easily recognizable horizon. 

The uniting of the cherty beds with the Black River is objectionable on the 
grounds that, according to the original definition of the Black River limestone, it 
meant either all the beds between the Trenton and the Calciferous in the Mohawk 
and Black River valleys, or only the ' 7 foot tier,' and the inclusion of the cherty beda 
in the Black River would put a new interpretation on the term. 

On the other hand, these beds are apparently more closely related faunally and 
lithologically to the original Black River of Hall than to the Lowville limestone, and 
on account of their persistent and uniform character it would appear t'hat they should 
be separated from the Lowville. That the cherty beds, however, should be united with 
the Lowville is considered by Mr. ffirich to be in the best interests of stratigraphical 
classifications, for the following reason.1 

' Considering the composition and mapping qualities of the lower Mohawkian 
formations in Ontario, New York, P ennsylvania, Virginia, Tennessee, and Kentucky, 
t'he only place where tha exigencies of areal mapping are as well or perhaps better 
served by associating the cherty bed with the typical (7 foot tier) Black River than 
with the Lowville, is in the vicinity of Watertown, N.Y. Elsewhere, for one reason or 
another, the separation of the cherty bed from the Black River is manifestly deairable. 
As a rule, the zone of the 7 foot tier cannot be recognized, and presumably is absent. 
In fact this zone, at least so far as its outcrop is concerned, is very limited even in 
New York. In this State it is confined to the north of the divide between the Black 
and Mohawk rivers. The cherty zone, on the contrary, is locally developed on both 
sides of this divide, and maintains its lithic and faunal characters as far from N,ew 
York as Georgian bay to the northwest, and Tennessee to the southwest. In east 
middle Tennessee, and central Kentucky, the cherty zone is rarely present, and when 
it is, the zone is naturally associated with the underlying typical Lowville. On the 
flanks of these domes of the Cincinnati uplift the bed cannot very well be separately 
mapped, being only a few feet thick at its best, and further, being· followed by 
11nother thin formation, the Hermitage, which is the first of the divisions of the 
Trenton group. 

'Although the cherty bed represents a stage of geological history that is readily 
distinguished from the typical Lowville by differences in distribution of sediments and 
by faunal peculiarities, it is nevertheless a fact that the break between the Cherty bed 
and the later typical Black River limestone (7 foot tier)' is much more important in 
every respect. That actual and widespread sea-withdrawal occurred at this time is 
un~istakably indicated by the irregularities of contact between the two beds at Water­
town, N.Y., and by the rather general absence of the upper zone. The fauna of the 
latter is decidedly different from that of the underlying cherty zone; while the time 
importance of the break is suggested by the much greater thickness of limestone 
deposits in northeastern Tennessee, regarded as representing the corresponding parts 
of the stratigraphl.c column.' 

* Communications cited above. 
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THE DEVONIAN OF SOUTHWESTERN ONTARIO. 

(0. R. Stauffe1·.) 

193 

The work of the field season (1910) just past consisted in a strat~graphical and 
palreontological ·study of the Devonian of the southwestern part of Ontario. The 
object has been to re-determine the formational units into which this important system 
may be divided, and to collect any other data regarding it that might be available; 
:the whole for use in the prospective geological mapping of the area. Only three 
months were spent in the field, and, therefore, the work must be classed as preliminary. 
However, a considerable amount of material has ·been collected and is being worked 
up for the final report, which it is planned to make as complete as possible. 

Dist1·ibution of the Devonian.-The portion of the Province covered by Devonian 
formations may be roughly described as that part lying to the south and west of a line 
drawn from Fort Erie westward through Humberstone, Dunnville, and Hagersville, 
almost to W oodstock; then northward through St. M arys, Wingham, and Formosa, 
reaching the northernmost point near Cm·gill; .then swinging around to the 'vestward, 
r eturning to the south through the eastern part of Port Albert and Goderich, striking 
the Lake Huron shore at a point somewhat south of the town last named. 

At some places the Devonian formations extend slig·htly beyond this line, while 
at others they do not quite reach it. There may also be outliers to the east and north of 
it, but in a region for the most part heavily drift covered they are difficult to locate, 
(and indefinite when found. Within the area there are also localities where the 
Devonian is entirely wanting; for instance, at Teeswater and Anderdon. But in 
general the region, as outlined above, is covered by a great and continuous mass of 
rocks belonging to the system under discussion. 

The Silurian-Devonian. Oontact.-The Devonian system rests unconformably 
on the Silurian. This contact is between beds of varying ages in both syatems. The 
top layers of the Silurian, from Fort Erie to Goderich, show marked signs of erosion, 
and often evidences of weathering to a considerable depth which they had suffered 
prior. to the deposition of the overlying strata. Arenaceous material from the sedi· 
ments which form the Oriskany sandstone sifted through Cl'acks' and joints. in 
the Silurian, and may now be found as thin vein-like seams of sand cutting through 
the limestone in all directions, in some cases to depths of 5 feet and more below 
the contact. Even where no Oriskany formation occurs this sand may be found. 

The Oorniferous (Onondaga) limestone usually overlaps the Oriskany sand­
stone, and covers a much greater area. It is, therefore, the contact between this 
formation and the Silurian which one observes in most places where the two systems 
are exposed together. When this is the case the layers of the Corniferous 
(Onondaga) limestone are sometimes found to be made up of rounded pebbles of the 
drab to buff-coloured Silurian limestones, embedded in a matrix of grey Oorniferous 
(Onondaga) limestone. An excellent place to observe this is along the Maitland 
river near Goderich, where the pebbles of Silurian limestone are mingled with 
Devonian coral-a and brachiopods. 

Formational Divisions of the Devonian.-The divisions of the Devonian, recog­
nized in former studies of this region ,I are as follows :~ 

1 See Logan, Sir William E., Geology of Canad~, 1863, p. 20; also pp. 359-389, and p. 932. 
Also Dawson, Sir J. William, Handbook of Canadian Geology, 1889, p. 175. Also Brumell, 
H.P.H., Geological Survey of Canada, Annua Report, Vol. V, pt. Q, 1891·, p. 5. 
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( {Chemung beds. 

I 
Upper..... Portage beds. 

(Genesee shale.) 
Devonian . . . . . . . . .. -{ {Hamilton beds. 

I 
Middle .... Corniferous (Onondaga) limestone. 

Oriskany sandstone. 
l Lower ...... (Wanting.) 
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These subdivisions were adopted by Logan from the New York classification, 
but in -ao doing he took over the names rather than the formational units. Logan 
considered the Esopus (Cauda-galli) grit, and the Schoharie grit of New York, as 
local phases of the Oriskany sandstone which could not be distinguished from the 
latter in Ontario. The boundaries· . of the. Corniferous ( Onondaga) limestone he 
extenaed so as to include not only the Corniferoua limestone, as then recognized in 
New York, >but the ·underlying Onondaga limestone as well. In support of this 
union he says: 'in western Canada, we find that many of the fossils of the Corni­
ferous limestone pass up from the Ori·akany sandstone; and the intermediate Onon­
daga limestone, with its encrinites, can no longer be recognized as a distinct forma­
tion. We, therefore, unite the two limestones under the name of the Corniferous 

-limestone.'1 It is worthy of note that the same union of formations was made at a 
much later date in New York state. Under the name Hamilton formation Logan 
included all of the strata found in Ontario between the Corniferous (Onondaga.) 
limestone and the black shales of the upper Devonian. The remaining Devonian 
beds were united into the Portage and Chemung group, which was treated as one 
division, and included the shales usually referred to the Genesee in the eastern 
states: 

. These subdivisions, with the modifications imposed upon them by Logan, fit the 
Dev<Jnian of Ontario very well indeed. The Oriskany sandstone, and the Corniferous 
(Onondaga) limestone, as found in Ontario, especially near the eastern end of Lake 
Erie, are almost the exad equivalents of the same formations as they are now recog­
nized in New York state. Logan, however, seems to have inclu<ied the basal layers 
of the Hamilton with the Corniferous (On<Jndaga) limestone at St. Marys and 
Goderich. IThen too, there is a thin statum of shale near Selkirk, which indicates 
conditions similar to those which produced the Marcellus, .and apparently at the same 
horizon as that formation in New York. The well records in the <Jil proqucing region 
of southwestern Ontario have made it possible to separate, with a fair degree <Jf 
accuracy, the Portage and Chemung beds, and hence they may be given separately. 

It has thus appeared expedient to continue the use of Logan's classification, with 
a few minor changes in the fmm of the names, in the present work. 

The Oriskany is a coarse massive sandstone, which at places approaches a true 
conglomerate of small quartz pebbles. It carries a pure Oriskany fauna. Only the 
uppermost beds, which are of a cherty character, contain species usually found in the 
typical Corniferous (Onondaga), and even in these none of the most characteristic 
Oriskany fossils were found. Indeed, it seems quite certain that the beds, which 
carry true Corniferous ( Onondaga) fossils, should be referred to that formation. 
The greatest thickness of the Oriskany sandstone observed was a trifle less than 
20 feet, although it is probably somewhat thicker at other places, while at still others 
scarcely a foot of it is to be found. 

The Corniferous ( Onondaga) limestone lies unconformably on the Oriskany 
sandstone, where the latter occurs, and overlaps it at other places so that it rests upon 
the Silurian limestones. Indeed, it appears that the advancing Corniferous (Onon­
daga) sea destroyed a considerable part of the Oriskany sandstone, incorporating the 
siliceous material into its basal layers. The Corniferous (Onondag.a) varies from the 
dark coloured, cherty limestone of the F<Jrt Erie region, to the light grey, pure lime­
stones of the Pelee bland and .Amherstburg regions. The former is the same type as 

2 Geology of Canada, 186~, p. 362. 
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that which occurs in New York state; the latter, as that of Michig~n and Ohio. The 
formation is abundantly fossiliferous, and this is especially true in the southwestern 
part of the Province. The. thickness varies considerably i:ri different parts of the area 
covered, but, in general, increases to the westward, while to the north its eastern 
thickness is maintained. At Goderich, where both contacts are shown, the thickness is 
about 32 feet. Since the basal portion of the Hamilton formation is a lime­

stone, and in the greater part of the region there seems to be a gradual transition from 
the Corniferous (Onondaga) to the Hamilton, it is difficult to draw a dividing line 
between the two, while in well records this is next to impossible. It thus happens that 
the gveat thicknes·ses, sometimes assigned to the Corniferous (Onondaga) limestone, 
are likely to be in error. Fossils are abundant, and of characteristic Corniferous 
(Onondaga) types. 

The Hamilton beds consist of soft blue shales and of limestones which approach 
in lithological appearance the character of the western Corniferous (Onondaga). 
There have been distinguished three of these limestones-a lower, middle, and upper­
which are separated by considerable thicknesses of soft shale. But the number of 
limestone layers and calcareous.. bands is far greater. At no place in the Province is 
there -more than a mere fraction of the formation exposed, but well records make its 
thickness approximately 350 feet, although 400 feet of strata, referred to the Hamil­
ton, have been penetrated at Sarnia. The upper limestone, and a portion of the upper 
.shales, outcrop in the region about Thedford, while the lower limestone outcrops at 
St. Marys and at Goderich; which indioo.tes that the Hamilton beds cover a much 
more extensive area than has thus far appeared on any geological map of the Pro­
vince. The fauna is abundant, indeed the Thedford region has long been the favourite 
collecting ground for Hamilton forms. 

Overlying the Hamilton beds. are the black shales of the upper Devonian. These 
are best shown at Kettle point, on Lake Huron, although they are also to be found 
outcropping along the Sydenham river and some of its branches. The outcropping 
shales are black, bituminous, and rather fissile. They contain large spherical concre­
tions similar to those found in the black shales of this age in Ohio and New York. 
A few animal fossils may be found, and the sporangia of certain plants occur in 
great abundance, while long strap-like leaves are occasionally found. At Corunna, in 
Yoore township, where more than 200 feet of these shales have been pene­
trated by the drill, they include a 20 foot bed of •arenaceous material reported to be 
a greenish sandstone. At Cleveland, Ohio, these sandy beds outcrop along the 
Cuyahoga river, also along the shore of Lake Erie, and are composed of very thiu 
layers of sandstone, alternating with soft bluish green shales (the Chagrin formation) 
which carry the Chemung fauna of New York. Probably this black shale deposit o£ 
Ontario represents the whole upper Devonian of the eastern pa.rt of the United States. 

Economic P1·oducts.-Every Devonian formation of the Province is of economic 
importance. The Oriskany sandstone has been used quite extensively as a heavy 
building stone, to which purpose some layers are admirably suited. The Corni.ferous 
(Onondaga) limestone is burned for lime, and used in the manufacture of Portland 
:cement. It also furnishes an excellent building stone; but by far its most important 
use is in supplying crushed rock for concrete and railway ballast. The greatest 
economic importance of the Corniferous (Onondaga), however, is as a reservoir for 
the crude oil of the Petrolia and Oil Springs districts. The Hamilton shales have been 
used in the manufacture of brick and tile, while some of the interbedded calcareous 
la;yers have found local use as a building stone. The black .shales of the upper De­
vonian (Portage and Chemung) have not yet been used, but there is already in existence 
a company which hopes to recover their hydrocarbons by the process of distillation; so 
it is not improbable that even the black shales may contribute to the ultimate list of 
economic products from the Devonian. 
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During the :field season of 1910 the writer completed an examination of ·the area 
in Gowganda mining division upon which he has been engaged since 1908. He aho 
began the detailed reconnaissance of a rectangle immediately _south of this, 72 miles 
iong from east to west by 48 miles from north to south. A map and report upon the 
former area, which has been explored jointly by the Geological Survey and the Ontario 
Bureau of Mines, are being prepared. When completed the work upon the latter area 
will furnish material for a regular map sheet similar to the already published Timis­
imming (No. 138) and Sudbury (No. 125) sheets that adjoin it on the east and south, 
respectively. It will include all the country between W. long. 80° 20' and W. long. 
82° from N. lat. 46° 55' to N. lat. 47° 40'. The work already done lies in the north­
eastern part of this rectangle. 

These two areas, which are contiguous, and in reality constitute but one, are 
geologically similar to the district in the neighbourhood of Lake Timiskaming. They 
also contain silver-cobalt ore deposits of the same type as those found near Cobalt, 
and in consequence, they have received much attention from prospectors 'during the 
past four years. The resultant demand for maps may be inferred from the fact that 
blue print copies from privately prepared compilations have found a ready sale. 
Geological information has been even more in demand, but could not be obtained. It 
was fortunate, therefore, that a larger field party than usual was provided for this 
year's work, as a correspondingly larger amount of much needed information was 
gained. However, even this acceleration is still insufficient to satisfy present require­
ments, much less future demands. 

Efficient and ready assistance was given throughout the season by Messrs. H. 
0. Cooke, J. R. Marshall, E. R. Lloyd, T. L. Tanton, C. P. Sills, A.D. Macdonald,, 
and E. J. Whittaker. 

GENERAL CHARACTER OF DISTRICT. 

TOPOGRAPHY. 

The explored area lies within the Pre-Oambrian pen(3plain region of northern 
Ontario. Standing at an elevation of from 1,000· to 1,400 feet above the sea it con­
stitutes part of an unevenly dissected plateau, which presents the characteristically 
gentle outlines produced by glaciation. It is essentially a hummocky rock surface, 
the inequalities of which appear as ridges and rounded hills from 50 to 600 feet high. 
A mantle of sand and gravel, deposited by glacial ice, rests upon this rock surface. 
Ordinarily the soil sheet is thin, and confined to the lower levels of the country, the 
rocky hill tops being washed bare. Its general effect, therefore, is to smooth the topo­
graphical :aspect of the old rock floor; but, in a few localities·, it is thick enough 
to bury even the hills, and there gives rise to a surface of much softer relief, more 
like the agricultural portions of Ontario. The townships of Lawson and Corkill, 
and their vicinity, are of this character. A similar area occurs in Fawcett, Ogilv"ie, 
Dufferin, and adjacent townships. 

Practically the whole country is densely forested. As in other parts of the Pre­
Cambrian region, lakes are very numerous, especially where the country is rocky. 
Heavily drift covered portions, like those above mentioned, are not so well supplied. 
None of the lakes, however, are large; few exceed 5 miles in length. They are drained 
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by a large number of creeks and brooks, which form the headwaters of Montreal, 
Sturgeon, and Wanapitei rivers. Few of these tributary streams are large enough 
to be easily navigated, and only towards the edge of the area covered by the summer's 
work do the rivers they feed attain a considerable size. Hence canoe travel, the 
ordinary means of traversing the country, is exceptionally difficult. 

FLORA AND FAUNA. 

The forests, the natural covering of the region-as regards the kinds of trees 
composing them and their rate of growth-vary with the drainage, and with the 
depth and richness of the soil that nourishes them. So definite are these relation­
ships that, with a little experience, the nature of the ground can be safely deduced 
from observation of the forest growing upon it. Practically all the low, wet lands 
support swamps of black spruce, with a few cedars and tamaracks. Dry, well drained 
soil is covered by mixed forests of white and red p.ine, and jackpine (Pinus bank­
siana), balsam, poplar, white and yellow birch, and even maple. The more arid, 
sandy tracts are o~cupied almost exclusively by spindly growths of banksian pine. 

Individual trees of nearly all these species grow rapidly where the soil is suffi­
ciently deep and well drained. At many points in the district white pine, the most 
valuable, attains a diameter of 40 inches. However, it is seldom abundant, though 
there seems to be no reason why it should not· be if it were planted and protected. 
West of Shiningtree lake it forms splendid groves, individual trees in which range 
from 15 to 40 inches in diameter. Cedar appears to be near its northern limit and 
reaches only a somewhat stunted growth. A few trees 2 feet in diameter were 
observed in Leonard township. Like the tamarack, cedar occurs only sparingly, and 
in a few localities. An immense supply of pulpwood can be furnished by the spruce 
forests which cover a greater part of the district. Banksian pines, under favourable 
conditions, grow to a size suitable for making railway sleepers. 

Of the deciduous trees, the birches and poplars attain a splendid development. 
The sugar maple (Acer saccharum) seldom grows more than 6 inches in diameter 
and 30 feet high, but numerous individuals a foot through were seen near Gowganda 
junction, the present terminus of the Canadian Northern Ontario railway. A few 
elms occur along W anapitei river, in the same part of the district. 

A few attempts to raise vegetables-potatoes, onions, and other hardy garden 
stuff-have been made at Shiningtree lake, and Smoothwater lake, with very fair 
success. Timothy, accidentally sown along the wi_nter road from Gowganda junction 
to Gowganda, was found growing well. 

TRANSPORTATION. 

The district may be entered either from the Timiskaming and Northern Ontario 
railway, or the Canadian Northern Ontario railway. The former, extending from 
North Bay northward to Cochrane, on the Grand Trunk Pacific railway, passes 30 
miles east of the district. From Latchford station, where it crosses Montreal river, 
small steamers and gasoline launches ply 56 miles upstream to Elk lake, and 
from that point a wagon road 27 miles long reaches to Gowganda. From Timagami. 
station the eastern side of the field is readily reached by way of Lake Timagami. 

The Canadian Northern railway is built 65 miles northwest of Sudbury ana 
is ibeing continued in the same direction. From Gowganada J unation, the present ter-. 
minus, a winter road 45 miles long communicates with Gowganda, and during the· 
summer good canoe routes are available. 

GENERAL GEOLOGY. 

The general structural features of the district are simple. A complex of ancient 
crystalline rocks, consisting of greenschists and granites or granite gneisses, underlies 
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-everything else. The greenschists-themselves a complex assemblage of various highly 
metamorphosed intrusives-occlir as elongated areas surrounded by the granites and 
gneisses, which are younger and intrusive. The surface of this crystalline basement 
constitutes a greatly eroded peneplain. Upon it rests a mantle of well preserved, nearly 
flat-lying sedimentary formations, composed chiefly of the fragmental materials that 
resulted from its denudation. Both basement and mantle are intruded by younger 
quartz and olivine diabases. All these are of Pre-Cambrian age. Subsequent erosion 
has developed upon them the present characteristic peneplanated surface, upon which 
lies a thin, discontinuous film of ~lacial materials. 

TABLE OF FORMATIONS. 

Pleistocene ...... .. ..... . .... . . ......... Loose glacial till. 
Unconformity. 

Dykes of olivine diaba.se . 
. Post Huronian intrusives ... . ..... ....... Sills and dykes of quartz diabase. 

:.Jluronian. ...... .. . . . . . . . . . . . . . . . . . . . . Slight unconformity. . 
{

Quartzite, quartz conglomerate, arkose and arenaceous limestone. 

Rhyolitic lava and agglomerate. 

Unconfcrmity. 
i.aurentian . . . . . . . . . . . . . . . ...... . . . 

Keewatin ....... . 

Conglomerate, greywacke, slate, arkosE.', and quartzite. 

. .Batholithic intrusions of hornblende and biotite granites, and 
granodiorite and their gneissic equivalents. 

Sheared acid and basic eruptives, 1ron formation and metamor­
phic hornblende and biotite gneisses. 

KEEWATIN. 

Most of the complex known as the Keewatin is of igneous origin; and consists of 
a great variety of extrusive and intrusive .rocks, which, through subsequent metamor­
phism, have been altered to chloritic and sericitic schists. In their present condition 
originally unlike types are so much alike that microscopic examination is often 
required to distinguish them. But ,structures that indicate repeated volcanic activity 
me, in places, still preserved. Sheared and badly decomposed diabases in Fawcett and 
1.-facMurchy townships exhibit amygdaloidal and ellipsoidal structures, while other. 
neighbouring types are probably ·· altered volcanic tuffs. Similar appearances are 
presented by a light grey, porphyritic type that covers part of Tyrrell township. Its 
agglomeratic phases are unmistakable. On the other hand, a number of small bodies 
of harzburgite are plainly intrusive in nature, and the complex is also cut by a 
variety of dyke rocks, whose age, howi€!Ver, is possibly post Keewatin. 

Small bands of iron formation exist in Leonard and Tyrrell townships. 
Near its contact with the younger Laurentian granitic rocks, the Keewatin has 

been frayed, and rendered highly crystalline. A glistening black hornblende gneiss or 
schist is the most common product of this contact metamorphism. 

LAURENTIAN. 

Little Laurentian was encountered · this season. That observed in Dufferin town­
ship and vicinity is a biotite granite gneiss, containing numerous ribbon-shaped 
inclusions of Keewatin hornb1ende gneiss. · 

HURONIAN • 

. Ml the sedimentary mantle that overlies the Keewatin-Laurentian basement is 
classified as .Huronian. It is, however, capable of subdivision into a series of prev­
alently dark-coloured rocks, comprising conglomerate, greywacke, arkose, and banded 
slate, and one of essentially quartzitic nature that includes quartzitic, quartz con­
glomerate, and arkose. In the Cobalt district W. G. Miller found the quartzitic 
series resting unconformably upon the other, f~om which it would appear that a dis-
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tinction in age as well as Ethological character exists between them. In Montreal 
River district a similar unconformity has been found near Obushkong lake, by A. G. 
Burrows. In Gamble township, also on the east boundary of Ray township, slate 
gives place to quartzite with marked abruptness, though the actual contact planes 
were not located. At other points, however, there appears to be a conformable transi­
tion from slate to quartzite, thus implying that the gap between the two series is a 
slight one and perhaps only local. 

The dark series consists bt1sally of conglomerate, but the relative positions of 
the greywacke, slate, and arkose members are inconstant. In different localities the 
conglomerate is cemented by one or other of these materials, and succeeded above by 
the same. Conglomerate beds also occur higher up in the series. 

The quartzitic series is composed essentially of impure quartzite, which graduates 
locally into a pure white quartzite, or into arkose. It also becomes conglomeratic, 
tbe pebbles being predominantly of quartz. On Smoothwater lake, and some miles 
seuth of Florence lake, there are beds rich enough in calcium carbonate to be termed 
limestone. The limestone is not crystalline, and, on Smoothwater lake, retains perfect 
ripple marks. Within a disturbed zone, extending from MacPherson lake to Smooth­
water lake, the quartzite, whose elastic texture is ordinarily quite perceptible, is asso­
ciated with a cryptocrystalline, chert-lil;:e variety, also ripple-marked. 

Although sedimentation was the predominant Huronian process in this 'district, 
there were also local volcanic outbursts. The banded slate and arkose in Leonard 
township contain interbedded deposits of a coarse rhyolitic agglomerate. A small 
lava flow of the same pale grey, fine-grained rock occurs between Black and Spider 
lakes, at the north side of this township. Amygdules filled with calcite or quartz are 
abundant near the top of the sheet. . 

Over most of the area the Huronian beds lie in gentle folds, with dips seldom 
exceeding 30°. The chief exceptions to this rule are in proximity to the rhyolitic 
extrusive area, and a1ong the disturhed zone between MacPherson and Smoothwater 
lakes. This zone varies in width from 1 to 4 miles, and curves gradually from 
northwest to nearly due west. Within it the quartzites have been faulted, folded, 
and locally rendered as schistose as typical Keewatin rocks. The beds on either side 
are only slightly disturbed. 

QUARTZ DIABASE. 

Diabase intrusions of the same nature as those at. Cobalt, Elk Lake, and Gow- . 
ganda districts occur in this area. They are either dykes, which traverSie Keewatin, 
Laurentian, and Huronian alike, or comparatively horizontal sills, wherever the 
Huronian strata have offered mechanical conditions favourable for the formation of 
such bodies. In most cases the latter have been deeply dissected by erosive forces 
and possess highly irregular outlines. 

The diabase composing the sills is usually coarse-grained, and has, in places, 
a brecciated appearance where, by partial differentiation, patches of an unusually 
coarse, fddspathic type are enclosed in the ordinary diabase. Small dykes of light 
grey or pink aplite, an acid differentiate from the original magma, traverse the sill 
diabase sparingly. 

OLIVINE DIABASE. 

All the preceding rocks are cut by occasional dykes of olivine diabase. Though 
somewhat similar to ,the quartz diabase this variety can usually be recognized by the 
presence of large, well formed phenocrysts of plagoiclase, the largest of which ar~ 
3 or 4 inches long. 
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PLEISTOCENE DEPOSITS. 

The accumulations of loose sand, loam, and gravel lying upon the Pre-Cambrian 
rocks are glacial and unstrati:fieu. In only a few localities are they deep enough to. 
effectively hide the old rock floor. Parts of the townships of Corkill, Lawson, and 
vicinity are covered with light sand to a depth of over 100 feet. A like area occupies 
portions of Ogilvie, Browning, Dufferin, and adjacent townships. 

Glacial structures are fairly common. Morainic ridges occur south of Smooth­
water lake, and in Corkill township. A symmetrical pothole 18 inches in diameter, 
and about the same depth, may be seen in the quartzite on the shore of Apex lake, 
Corley township. Boulders and glacial strioo are abundant, the latter pursuing courses 
varying from S 10° E to S 30° W magnetic. · 

EcoNOMIC GEoLOGY. 

GOLD. 

The Reewatin area near Shiningtree and Pigeon lakes contains numerous 
irregular veins and stringers of quartz sparingly mineralized with pyrite. Some of 
these yield low gold values, in consequence· of which they attract desultory attention. 
A considerable number of claims of this character have been taken up recently in 
MacMurchy township, but, so far, no promising results have been obtained. 

For years placar gold has· been known to exist in the sands along Vermilion 
river, in the district of Sudbury, though operations for its recovery have been only 
tentative. Some work is now in progres·a in Meteor lake, a few miles north of Gow­
ganda junction. However, as the locality lay bayond the area geologically examined 
and was hurriedly observed at the close of the season, little can be stated regarding 
the probable success of the venture. 

SILVER. 

Prospecting for silvar is being continued with some vigour. The quartz diaba·ae 
sills, and their immediate vicinities, are generally regarded as the most promising 
ground, and practically none of this ground remains unstaked. Several new dis­
coveries have bean made during the sea·aon. 

Lawson Township.-Silver is now obtained in Lawson township. The Calcite 
Lake Mining Co. has a shaft sunk 103 feet on a vein that cuts the diabase on Mining 
Location L. 0. 357, and ore containing ·much niccolite, small amounts of smaltite 
and chalcopyrite, and considerable leaf Bilver is being mined. The property is situ­
ated near the edge of a diabase mass underlain by Huronian greywacke. Several 
Yeins have been stripped, but presant work is con:fined to one about 4 inches wide that 
traverses the diabase in a direction slightly south of east. Another vein 200 feet to 
the north contains barite imtead of calcite ·as its gangue mineral. 

Good samples of ore were also obtained on Mining Location H. B. 42, on June 
25 of this year, by Messrs. A. Perron and Ohas. Richardson, of Raileybury. The 
property, H. B. 42 and 43, consists of a narrow ridge of diabase rising out of the deap 
sand which covers most of the township. A shattered calcite vein, ranging from 4 
to 12 inches in width, had been traced in an easterly direction for 60 feet and a test 
pit sunk 15 faet, when silver was discovered. The ore consists largely of smaltite, 
through which flakes of silver are richly distributed. 

Silver is alao reported to have been found on a neighbouring claim belonging to 
Mr. A. Peria. 

Donovan Township.-A discovery has also be~n made on T. 0 . 3·85, just east of 
Lady Dufferin lake in Donovan township. }.IIuch of the locality is swampy, but the 
small exposed areas of diabase appear to belong to a sill resting upon Huronian 
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sedimentary beds. Four calcite veins, ranging from one-half to 4 inches in width 
have been exposed. Near the surface of one of these, which extends in an eastarly 
direction, the calcite is mineralized by smaltite, niccolite, and nativa ·silver, for a 
distance of several yards. At the time of visit the title to this property was in liti-
gation. . 

Two unsurveyed claims near Steele lake, on the north side of Donovan township, 
carry an irregular series of small veins, in which a little ·silver, cobalt bloom, smal­
tite, and niccolite have been found by Mr. D. W ollings. 

Shiningtree Dist1·ict.-The Shiningtree district, in Leonard township, con­
tains two discoveries. The first of these was made in May, 1909, on a group of claims 
owned by the Saville Exploration Co. Since then a large amount of as·aesament 
work has . been performed, chiefly in surface exploration. As a result a second dis­
covery of silver has been made, and in addition, other veins have been found to carry 
native bismuth, smaltite, and cobalt bloom. · Both silver-bearing veins are narrow, 
averaging from 1 to 2 inches, and silver ha·a been found at only one point in each. 

Silver was also discovered during June, 1910, on H. S. 448, owned by Messrs. 
Sutcliffe, N eelands, and Herron. A group of seven parallel veins, striking at 20° 
magnetic, are distributed over a width of 300 feet. Three of these have been found 
to be mineralized with niccolite, smaltite, and chalcopyrite, and; in one, native silver 
has been found. Niccolite is especially abundant, this mineral occupying a width of 
2 inches in ona vein, for a distance of 20 feet. In the silver-bearing vein flakes of 
silver have been found for 15 feet along the vein, which is about 3 inches wide. 

Veins well mineralized with smaltite, but as yet showing no silver, have been 
found upon tha McLaughlin proJ.!erty west of Spider lake. 

Leckie Township.-A few small grains of native silver have been discovered in a 
calcite vein on Mining Location W. D. 1126, in the township of Leckie. The vein 
extends 30 feet down the face of a diabase ridge in the northeast corner of the claim. 
Several other veins, carrying chalcopyrite and smaltite, have been uncovered. The 
property is owned by Messrs. Eplett and Caswell. 

Rosie Oreek District.-l.Eneralized calcite veins have also been found in Rosie 
creek district, in the townships of Browning and Unwin. A large portion of the area 
is covered deeply with sand, through which rise irregular, hilly masses of diabase. 
Huronian and Laurentian rocks also outcrop. 

Silver is reported to have been found upon the Carufel claim, which lies just 
west of Saturday lake, in the northern part of Unwin. However, a visit was paid 
to this locality, and only a number of irregular quartz-calcite veins carrying smaltite, 
galena, stibnite, and chalcopyrite observed. They traverse quartz diabase of medium 
coarseness. 

IRON. 

A .small ar.ea of Keewatin iron formation is exposed near the middle of Leonard 
township, near W a pus, or Fournier lake. iTo the north it disappears beneath the 

Huronian, while to the south the country is swampy and drift-covered. Patches of 
iron formation also occur in the southwestern corner of Tyrrell township, but whether 
continuous with the larger area around Foumier lake is problematical. The small 
patches in Tyrrell consist of a brilliantly coloured rock, consisting of alternating red 
and dark grey bands. In their neighbourhood the magnetic variation rises between 
10° and 15°, but no other signs of an ore body were found. 

The Fournier Lake area is composed largely of dull coloured, chloritic schists, 
that stand almost vertically and strike north and south. It contains a narrow ore 
body from 10 to 50 feet wide, that can be traced along the strike for a distance of 
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4.,000 feet. Dip needle observations also suggest that another ore body underlies 
Fournier lake. !The ore is a highly siliceous mixture of hematite and magnetite. 
Picked samples are said by Mr. Fournier to have yielded 52 per cent of metallic iron. 

Practically the whole rang.e is owned by MacKenzie and Mann, Ltd. Under the 
management of Mr. Fournier a well equipped camp is being established on Fournier 
lake. Diamond drills will be brought in from Burwash lake during the winter and 
exploratory drilling begun, it is expected, in January, 1911. 

BARITE. 

Some of the veins which cut the quartz d1abase formation are filled with barite 
instead of calcite. Examples· of such were seen in Lawson and Leonard townships. 
Commercially, how,ever, they are too small for barite to be profitably extracted. 
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NORTHWESTERN QUEBEC ADJACENT TO THE INTERPROVINCIAL 
BOUNDARY AND THE NATIONAL TRANSCONTINENT·AL RAILWAY. 

(Morley E. Wilson.) 

During the past season field work was carried on in that part of northwestern 
Quebec immediately adjacent to the Ontario boundary and the National .Transcon­
tinental railway. An attempt was made to gain some knowledge of the geology and 
mining possibilities of this region as far eastward as Kewagama lake; but detailed 
work was confined to an area of 800 square miles, in the vicinity of Lake Abitibi, 
comprising the following townships.: La Reine, LaSarre, Roquemaure, Palmarolle, 
Hebecowt, Duparquet, Montleroy, and Duprat. 

In mapping the areal geology of the district, the lakes and navigable streams ­
were traversed in the customary manner, using the Rochon micrometer-telescope and 
surveyor's compass, while the smaller ponds were located and surveyed by means of 
ehain and compass. The surveys made in this way, in conjunction with the inter­
provincial boundary line, and the numerous base, meridian, and township lines sur­

veyed by the Crown Lands Department of OuPbec. will furniRh the necessary data for 
. the preparation of a tolerably accurate and detailed map of the district. 

I am indebted to Messrs. A. C. Simpson, N. B. Davis, J. S. Stewart, and L. E. 
Dagenais, who were attached to the party as student assistants, for the efficient man­
ner in which they performed their work. 

PREVIOUS WORK. 

The earliest geological work in this region was an examination of the rocks 
exposed on the shores of Lake Abitibi, and along the Timiskaming-Abitibi canoe 
route, by Mr. Walter McOuat in the summer of 1872. The results of this investi­
gation were published in the Report of Progress of the Geological Survey for 1872-
73. Following this no further work was done in the area until the year 1901, when 
Mr. W. J. Wilson visited Lake Abitibi and made a geological survey of some of the 
leading waterways in its vicinity, which he described in the Summary Report of the 
Survey for that year. 

In the summer of 1908 Mr. M. B. Baker, with a party of student assistants, 
made a geological examination of the Ontario portion of Lake Abitibi; his report, 
accompanied by a gelogical map of the district, being published in the report of the 
Ontario Bureau of Mines for 1909. 

GEN~RAL CHARACTER OF THE DISTRICT. 

TOPOGRAPHY. 

The country within the area mapped presents two strikingly different types of 
topography, a rocky hill country occurring in the southern townships and a flat clay­
covered area in the north. Since the clays are · of post-glacial, lacustrine deposition, 
they naturally occupy the depressions of the region, while the rocky, hill country 
forms the uplands . 

. The surface of the clay area presents a very uniform, flat, plain-like appearance, 
broken only, at wide intervals, by isolated outcrops of rock, or by hills or ridges of 
glacial drift. A few shallow, marshy ponds occur in this area, but throughout 
most of its extent lakes are entirely absent. The rivers in this district are wide, 
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and meandering where they traverse the easily transported, unconsolidated clay, but 
are interrupted by rapids and waterfalls where erosion has exposed the underlying 
rock. 

The rocky hill district, although not chara~terized by striking differences ill 
elevation, possesses a very uneven surface, hills from 300 to 400 feet above the sur­
rounding country being not uncommon. This irregularity in the rocky surfacr, 
aided in some places by scattered glacial debris, has formed numerous basins now occu­
pied by lakes. So numerous are these in the hill country, as contrasted with the 
clay flats, that the rocky district can be readily delimited on the map by the relative 
abundance of lakes·. IThe streams of the hill country, owing to the relatively high 
elevation, are usually small, and abound in rapids and waterfalls as they descend 
northward to the clay belt. 

There are two large bodies of water in the area, the eastern part of Lake Abitibi, 
'and Agotawekami or Upper lake. The portion of Lake Abitibi included in the dis­
trict under discussion occupies a very shallow depression in the clay belt. It has an 
area of about 50 square miles and a depth of less than 10 fuet throughout the greater 
part of its extent. Lake Agotawekami is a picturesque body of water, with an irre­
gular shore line and numerous rocky islands, characters common to most of the lakes 
of the hill country. It has an area of approximately 16 square miles. 

With the exception of a very small area in the eastern part of Duprat township, 
which lies to the south of the St. Lawrence-Hudson Bay divide, the drainage of the 
region is entirely into Lake Abitibi, and thence by way of the Abitibi and Moose . 
rivers to J ames bay. 

COMMERCIAL POSSIBILITIES. 

The lacustrine clays, which occur so extensively in this part of northern Quebec, 
afford a very good soil for the growth of agricultural products, yielding excellent 
crops of ·all the hardier cereals and vegetables. lA number of townships have been 
outlined and subdiiVided by the provincial government in the vicinity of the National 
Transcontinental railway and will shortly be opened for settlement. 

TRANSPORTATION AND COMMUNICATION. 

Until recent years the long canoe route from Lake Timiskaming furnished the 
only means of access to this region; but with the construction of the Timiskaming 
and Northern Ontario railway, an alternative route by way of the Abitibi and Black 
rivers from McDougalls chute or Matheson was rendered available. A number of 
steamboats and launches were maintained by the W alsh Transportation Company on 
the route by way of Matheson, during the summers of 100& and 1909, but with the 
progress of construction on the National Transcontinental railway this service became 
unnecessary, and has since been abandoned, the region being now most readily 
reached by train from Cochrane, Ont., the junction point of the Timiskaming and 
Northern Ontario an.d the National Transcontinental railways. 

GENERAL GEOLOGY. 

The rocks of this region belong almost entirely to the very oldest Pre-Cambrian, 
consisting largely of Keewatin, greenstone and green schist, but interrupted here and 
there by masses of granite diorite ·and related rocks, presumably o£ Laurentian age. 
Both the greenstone and green schist, and the granite and diorite are intruded locally 
by dikes of diabase, the latter, ·with the exception of unconsolidated Pleistocene or 
Recent materials, being the youngest rocks observed in the area. 
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The geological succes·aion can hence be outlined in descending order as follows :­

Pleistocene and Recent-
Post-Glacial: clay, sand, and gravel. 
Glacial: boulder clay, sand, -and gravel. 

U nconformity. 
Post-Huronian­

Diabase. 
Laurentian-

Granite, syenite, and diorite. 
Igneous contact. 

Keewatin-
Slate and dolomite. 
Greenstone and green schist. 

• 

KEEWATIN. 

The Keewatin rocks of the region may be subdivided into two classes, the first 
cansisting of greens tone and green schist, and the second of slate and dolomite· the 
latter, however, is of very limited extent. · ' 

G1·eenstone and Green Schist..-Keewatin greenstone and green schist are the 
prevailing rock types throughout the entire extent of the area examined. These 
consist of a number of more or less metamorphosed, basic rocks, of a green or green­
i.>h grey colour, which are largely, if not entirely, of volcanic origin. 

The greenstone consists largely of basalt and related rocks which have been 
highly chloritized and c.arbonated, but have not been dynamically metamorphosed. 
They are best developed in those portions of the district remote from · Laurentian 
intrusives, and hence occur most abundantly in the country to the south of Lake 
Abitibi. In many places they show a remarkable development of ·amygdaloidal and 
spheroidal structures·. The .amygdules which commonly . occurr on the margin of the 
spheroids, may consist of either quartz or calcite. Some pyroclastic material, chiefly 
agglomerate, was obsenved in ·association with the basaltic flows. 

The green schists of the Keewatin are rocks of similar origin to the greenstone, 
which under the action of dynamic agencies have been transformed into hornblende 
schist. They occur chiefly in the country to the north oi'Lake Abitibi, where several 
masses of Laurentian granite and diorite intrude the greenstone series. 

Slate and Dolomite.-Slate and dolomite are now extensively developed in the area. 
Outcrops of dolomite were observed at a few points on the south shore of Lake 
Abitibi, and a band of slate along the north shore of Lake Agotawekami, but all of 
tl1e.se occurrences are of limited areal extent. These strata everywhere have a verti­
cal or nearly vertical attitude, but vary in strike from nearly east and west, on Agota· 
wekami, to slightly west of north on Abitibi. 

LAURENTIAN. 

Acid intrusives belonging to the Laurentian outcrop at a number of points in 
the country to the north and east of Lake Abitibi. These embr.ace a number of rocb: 
types, ranging from biotite granite through hornblende granite and syenite to diorite, 
and hence may be described collectively as a granite-diorite series. The marked 
transformation of the Keewatin greenstone into green schist, in the vicinity cif the·se 
rocks, and the occurrence of granitic dykes within the schist, afford ample evidence 
as to the relative ages of these two divisions of the ancient complex. 
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POST-HURONIAN INTRUSIVES. 

Here and there throughout the region, more particularly in La Reine township, 
the KeeJWatin and Laurentian are intruded by dykes of post-Huronian diabase. Since 
thery is no Huronian present in this district, the correlation of these rocks with post­
Huronian intrusives in the countr;y to the south and west is based solely on their 
lithological similarity to them. 

PLEISTOCENE AND RECENT. 

The rock surface of this region, particularly in its northern part, is to a large 
extent hidden beneath a thick mantle of glacial and post-glacial materials. Boul­
ders, gravel, sand, and till occur widely scattered over the surface of the country, iu 
the various forms of glacial and glacio-fluvial deposition, but owing to the iater 
depo-sition of lacustrine clay many of these are not exposed. From sections observed 
in the cuts along the National Transcontinental railway, moraines and kames appear 
to be the most common type of glacial deposit. 

The moot comlllJ(}n: post-glacial deposit is a very. light blue clay, occurring in uni­
form beds from a half inch to three-quarters of an inch in thickness, separated by 
distinct layers .of calcium carbonate; the latter feature can be observed in all the clay 
cuts along the National Transcontinental railJWay, in La Reine and LaSarre town­
ships. Wherever the stratified clay was seen in contact with the underlying glacial 
deposits it was found to lap over them, the bedding conforming to the irregularities 
of their surfaces, so that, even when the underlying drift cannot be seen, its presence 
is indicated by the undulation in the stratification of the clay. 

EcoNOMIC GEOLOGY. 

The construction of the National Transcontinental railway, and the consequent 
easy transportation facilities which this will afford, makes more valuable any mineral 
deposit which may be found in this region. Hence a greater number of prospectors 
have in recent years directed their attention to the area, and have staked claims on 
occurrences of various minerals, chiefly of quartz and iron sulphide. 

GOLD. 

No extensive deposits of gold bearing quartz have yet been l'()cated, although 
small, irregular quartz veins, said to be aurifero;us, are developed in the Keewatin 
dolomite; but, so far as ascertained, these are too limited in extent to be of com­
mercial importance. Some of the iron sulphide deposits also probably carry small 
gold values, but, like the veinlets in the dolomite, are not of workable dimensions. 
It may be noted in this connexion, that while the rocks of this area are largely 
Keewatin, they differ from the Keewatin of Larder Lake, Porcupine, and other districts 
where gold has been found'-in the general absence of intrusive quartz porphyry, 
with which the occurrence of the gold is probably associated. · 

Country {1·om Dalce Abitibi Eastward to Kewagama Lake. 

The country to the eastward of Lake Abitibi, as far as the preliminary examin­
ation has shown, is largely occupied by rocks similar in every respect to those des­
cribed above for the area examined in detail. These are Keewatin greenstone and 
green schist intruded locally by Laurentian rocks, ranging from granite to diorite; 
but, in the vicinity of Kewagama lake, a fine-grained mica schist was observed, litho­
logically identical with the Pontiac schist, which occurs so extensively farther west, 
in the neighbourhood· of Lake Opasatika. The occurrence of this schist on Kewagama 
lake is of special interest because of its association with the molybdenite deposits of 
that locality. 
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MOLYBDENITE. 

The intrusion of the Pontiac schist by the Laurentian granite of Kewagama 
lake was accompanied by the development of molybdenite-bearing quartz veins and 
pegma.tite, within the margin of the granite mass, and in dykes which cut the schist. 
The quartz veins are most abundant in the granite that forms the large peninsula 
which projects southward into Kewagama lake, whereas the pegmatitif occurs most 
extensively in a granite dyke which parallels the west hank of Kewagama river. 

Prospecting during the past summer has shown nearly every exposure of granite 
on the Kewagama peninsula to be intersected by veins of vitreous quartz ranging 
from a few inches to 15 feet in width, all of which carry sparsely disseminated molyb- . 
denite and bismuthinite. A specimen of this quartz, containing pyrite, collected by 
Mr. Frank J ohnston, in the summer of 1901, and assayed by Dr. Hoffmann of the 
Geological Survey of Canada, yielded 117 ounces of gold per ton. This, however, was 
evidently a local occurrence, since other assays of quartz procured by those interested 
in tpe property have shown no gold to be present. Development work on these veins 
consists entirely of small open-cuts. 

A dyke of granite is exposed at a number of points on the west bank of the 
Kewagama river, about 3 miles north of the lake, which in places becomes peg­
matitic, and contains crystals of molyhdenite up to 1~ inches or more in diameter, 
along with bismuthinite, native bismuth, beryl, fluorite, garnet, and coarse muscovite. 
A .shaft has l;een sunk to a depth of 75 feet by the Height of Lan-d Development C<Jm­
rnntY, on an occurrence of this type. At another :t'lOCk exposure on the property of the 
' 'ame Company a mass consisting entirely of molybdenite and coarse muscovite has 
developed along the contact of the dyke and the Pontiac schist. This mass has an 
average IWidth of nearly a foot for a distance of about 30 feet, but whether it has any 
continuity either along the strike or in depth was not ascertained. 
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SERPENTINE BELT OF SOUTHERN QUEBEC. 

( J. A. Dresser.) 

That portion •o·f the Province of Q1uebec which lies south of the St. Lawrence 
J•iver is traversed m a northeasterly direction by a series of serpentines and related 
rocks known as the serpentine belt. This belt is important for its production o£ 
asbestos-a large part of the world's supply-and for deposits of chromite, soap­
stone, copper, and antimony, which it is known to contain. The principal quarry of 
roofing slate now in operation in Canada and some promising bodies of marble are 
also intimately associated with the igneous rocks of this belt. 

· • The general features of these rocks were first ascertained and described by Sir 
William Logan (Geolog;r of Canada, 1863), and later they were further investigated 
by Mr. R. W. Ells (Geological· Survey Reports, 1886f 1887, an'd 1894). In 1907 and 
1909, a somewhat detailed examination was made by the writer of the portion of the 
serpentine belt between . the Chaudiere and St. Francis rivers, with especial regard 
to the economic resources . 

During the past season this work has been continued over the section between the 
St. Francis river near Richmond, and the Canadian Pacific railway near Eastman. 
The aDea especially examined this season is 40 miles in length, and from 3 to 9 miles 
in breadth. The examination~ of the structure was, in places, necessarily carried over 
a considerably wider area. 

The Eastern Townships map of the Geological Survey series, enlarged to a scale 
of 1 mile to 1 inch, was used as a basis in mapping. The surveys necessary to 
delimit the geological features, and to revise the mapping of roads and streams when, 
necessary, were made by means of the 8ompa s and telemeter. 

Messrs. John J. O'Neill and J. Alphonse Belanger were assistants in the work, 
and gave very efficient services throughout the season. I mnst acknowledge our in­
debtedness to Messrs. Williamson and Crombie, of the Kingsbury Lumber Company, 
who assisted us materially at several times. 

SUMMARY AND CONCLUSIONS. 

1The serpentine belt, which last year was described from East Broughton to Rich­
mond, continues across the district this year examined. With the exception of two 
or three localities, however, it is not found very promising for the production of 
asbestos. The better localities are ment~oned in a later part of this report, !Which 
deals with the subject of asbestos. 

Copper and nickel have been mined in certain parts of the serpentine belt within· 
this district. The former has had an important production and seems .1ikely to be 
mined again. 

Chromite occurs in several places which seem to warrant further prospecting. 
Slate for roofing has been quarried for many years in the Trenton formation, 

and other deposits in the Sillery are likely to be worked at an early date. 
A marble quarry has recently been opened at South Stukely. 
The igneous rocks in this district, as elsewhere in the serpentine belt, form an 

intrusive series whose members range from diabase to peridotite and are differen­
tiation products of a single magma. The differentiation ·seems to have been pro­
duced largely by gravity, the arrangement of the rocks bein'g in order of decreasing 
density in sills from the base upwards, in batholiths from the cent1·e outward. 
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GEKERAL CHARACTER OF THE DISTRICT. 

TOPOGRAPHY. 

The district under examination lies in the hilly part of southern Quebec, gen­
~rally called the East€rn Townships, and which is a part of the Appalachian moun­
tain system of eastern North America. 1The topography is simil{lr to that of the 
Appalachian r egion in general; but being only on the border of that, the great uplift, 
the relief is less pronounced. The hills formed by the igneous intrusions of the 
H:.rpentine belt are the highest, anci have generally rugged profiles; while thos~ under­
lain by the sedimentary rocks have more subdued outlines. The altitude is generally 
between 500 feet and 1,200 feet above S€a-level, but some of the intrusive hills rise 
considerably above this height, }fount Orford, the 'highest point, having an elevation 
of about 2,800 feet. 

The most constant feature of the topography is the succession of narrow ridges 
and valleys running in a northeasterly direction. These are cut off at intervals by 
broader and m.ore mature valleys running to the northwest, such as those of the St. 
Francis river at the northeas t end and the Yamaska near the southwest limit of this 
season's work. These larger rivers carry the drainage of the entire district to the 
St. Lawrence river. 

LAKES. 

Owing to the fact that the principal ice movement in glacial times has come 
from the northwest, thus crossing the narrow valleys, and that the intrusions of more 
resistant igneous rocks have also obstructed some of them, lakes are numerous in 
the district. Lake 1-femphremagog, which is only partly within the district now being 
· examiruedl, is the largest. It is 30 miles long and generally less than 1 mile wide. 
It extends some 6 miles into the State of Vermont. 

Brompton lake, the next largest, is nearly 7 miles lorig, and less than a mile 
in breadth. Besides these, there are fifteen or more smaller lakes, most of which can 
be seen from single points on some of the higher hills. The suitability of many of 
these for summer resorts seems worthy of note, since most of them are comparatively 
easy of access and are unoccupied. 

MEANS OF ACCESS AND OTHER CONDITIONS. 

Railway communication for the district is furnished by the Grand Trunk line 
running from Montreal to Portland; the Canadian Pacific railway from Montreal to 
St. John, N.B.; and by the Oxford subdivision of the Canadian Pacific railway from 
Eastman to Windsor Mills. The last follows, or closely parallels, the serpentine belt, 
as does the Bolton subdivision farther to the southward. 

Public highways are numerous, and a few of them are moderately good. 
Much of the area actually occupied by this portion of the serpentine belt is still 

derrsely wooded, and lumbering is accordingly carried on somewhat extensively. The 
less rugged country on either side of the igneous belt is more largely cleared, and has 
been occupied for about sixty years for mixed farming and dairying. The latter 
industry, for which the district is well adapted, is very successfully carried on. 

The region is generally heavily drift-covered, and this factor along with its 
wooded character makes geological work slow and difficult 

GENERAL GEOLOGY. 

The highlands of the Eastern Townships comprise three main anticlinal ridges 
running in a northeasterly direction with two broad intervening basins, each of which 
is about 25 miles wide. The most westerly ridge forms Sutton mountain; the more 
westerly hills of Brome county, the Stukely and Melbourne ridge, the higher portion 

26-14 
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of W olfe and Arthabaska, and Harvey hill and the Handkerchief in the county of 
Megantic. The second ridge forms the Capelton and Moulton hills near Sherbrooke 
and Stoke mountain,-and the Weedon hills farther to the northeast. The third ridge 
forms the boundary line between Canada and the United States for a considerable 
distance in the vicinity of Lake :Niegantic. All three of these contain important areas 
of volcanic -rocks· of the Sutton or porphyry greenstone series, believed to be of Pre­
Cambrian age. These volcanics are flanked by very old s.ediments of Cambrian, or 
possibly Pre-Cambrian age. 

The basins which separate the ridges are underlain by sediments of upper Cam­
brian and Ordovician (lower Trenton) age, with some small areas of Silurian, and 
one or two very ·amall Devonian outliers. There are several intrusions of granite, 
believed to be of late Devonian age, in the basin between the Sherbrooke and the 
Lake J\{egantic anticlines, while west of the Sutton anticline intrusions of alkaliue 
rocks form the well known Montereg·ian hills. 

The serpentine belt extends along the east side of the Sutton J\1:ountain anticline 
uear the foot of the ridge f ormed by it. It consists of a series of igneous rocks whi ch 
are generally highly basic, peridotite, pyroxenite, gabbro, diabase, and porphyrite, 
with lesser amounts of granite and aplite. The whole series is intrusive, and a part, 
at least, has been intruded since early Devonian time. 

TABLE OF FORMATIONS. 

Quaternary .. . ... .. ..... . . .............. Stratified sands, gravels, and clays. Boulder clay. 
Devonian.. . ... . ... . . . . ....... . .. . .. .. Alkaline rocks of Monteregian type. Serpentine, peridotite, 

pyroxenite, gabbro, diabase, granite, and aplite. 
Silurian .... . . . . . . . . . . . . . . . . .. . . ....... Shales and limestones. 
Ordovician-Farnham ................ .... Graphitic argillites and limestone conglomerate. 
Cambrian....... . . . . . . . ......... ....... Greywacke, purple and green slates ; red limestone ; quartmse 

grey schists and quartzites. 
l're-Cambrian-Suttou Mountaiu series- Porphyries and greenstones. 

PRE-CAMBRIAN . 

Button Mountain Se1·ies. 

Probably the only rocks in this district that are older than Cambrian are the 
porphyry-greenstone series. These consist of granite-porphyry, quartz-porphyry, anq 
amygdaloidal greenstones. All are much sheared and folded, and in the earliest 
geological work in the .district were mistaken for sediments, from which it is often 
very difficult to distinguish them. 

The porphyries form the core of Sutton mountain and the ridge which is ita 
northward extension. On the Short Line of the Canadian Pacific railway they 
occupy the interval between Eastman vil.Jage and South Stukely station. North of 
this line they soon pass under the Cambrian sediments, or give place to greemtones. 
They form the Green Mountain gneiss of the earlier Vermont geologists. 

The amygdaloidal greenstones are so far altered that their original character 
cannot be precisely defined. It is certain that they are volcanic rocks, and occasion­
ally a thin section shows the structure of diabase. In general they consist only of 
chlorite and epidote with smaller amounts of other secondary minerals. · 

These rocks form St. Armand Pinnacle and extend continuously northward to 
and beyond the St. Francis river. They are well shown at Foster Junction on the 
Canadian Pacific railway, where numerous amygdaloidal band·a, apparently represent­
ing successive :flows, can be seen. They mak~ up the Chloritic Schist group of 
Logan, and their igneous origin was :first suggested by Selwyn in 1879. A large 
number of the occurrences of the copper ores of the Eastern Townships are found 
in them. 
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CAMBRIAN. 

The rocks of this system in the district are greywacke quartzite, grey quartzose 
schist, purple and green slate, and a few small occurrences of a red siliceous marble. 
As far as known they represent the lower portion of the upper part of the Cambrian. 

These rocks occur along the western boundary of the serpentine belt separating 
it from the Pre-Cambrian, and occasionally are found on the eastern side. Outliers 
resting on the Pre-Cambrian are frequently found. Some highly altered sediments 
of this district have been previously regarded as Pre-Cambrian, and there is not 
always conclusive proof that they are not. But as no basal conglomerate or other 
eYidences of unconformity have yet been found to mar[{ the lower limit of the Cam­
brian, these highly altered sediments are provisionally included in that system. 

ORDOVICIAN. 

Fa1·nham Series. 

The black slates of the Farnham series-a member of the lower Trenton-are 
the principal rocks· of thi s system. They are only clay slates, somewhat micaceous, 
generally carrying sufficient graphite or iron ore to give them a dark, nearly black 
colour, and are in places so calcareous as to be properly called graphitic limestones. 
At the base of this formation there is a well developed conglomerate composed of 
pebbles of the Cambrian greywacke and quartzite mentioned above in a matrix of 
Farnham slate. As the term slate indicates, the entire formation has been metamor­
phosed, and distinct cleavage at varying angles to the bedding planes has been in­
duced. 

This formation outcrops on the east, and more rarely on the west side of the 
serpentine belt. It is sometimes in contact with, and altered by, the intrusive rocks 
of that belt; but more frequently it is found resting upon the Cambrian sediments 
at a short distance from, and on the east side of the serpentine. It includes the rocks 
of the New Rockland and Melbourne slate quarries, and occurs between bodies of 
serpentine on Pratte's road in Stukely. In its conglomerate phase it is largely 
exposed about Key pond; and between J\fagog station on the Canadian Pacific rail­
way and Mount Orford it is fossiliferous at Castle brook, and passes into ·conglom, 
erate a few hundred feet to the westward. 

Some small occurrences of massive limestone found in the district, as at South 
Stukely and at St. Anne de Stukely, probably also belong to the Ordovician system. 

SILURIAN. 

The Silurian system is of small extent in the district, but its occurrence is 
important, as it gives evidence that bears directly on the age of the serpentine series. 
The Silurian measures are chiefly grey and fawn coloured shales and limestones. 
These are found bordering Lake J\femphremagog, and extend northward up the 
valley of Cherry river for a few miles. 

Near the foot of Mount Orford, 2 miles north of Cherry River post-office, 
Silurian shales are cut by the intrusive: rocks of the serpentine belt. Also at Tucks 
landing, 10 miles south of the distri ct being described, Silurian strata are intruded 
by rocks of the serpentine series on one hand, and pass up conformably into strata 
containing early Devonian fossi ls on the other. They thus form a link in the proof 
that the intrusion of this part at least of the serpentine belt took place after the 
deposition of the earliest Devonian sediment,;. 

DEVONIAN. 

The Serpentine Belt. 

The rocks of the serpentine belt are provisionally referred to the Devonian 
system. As previously stated, they are younger than the early Devonian sediments 
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in a neighbouring locality. Their highly altered character, especially their 
schistose structure in places, indicates that they were intruded before the close 
of the folding which produced the Appalachian mountain system which probably did 
not continue later than Carboniferous time. Moreover, they are cut by igneous rocks 
of the Monteregian series which are also foliated by regional compression. It is, 
therefore, believed that the serpentine series was intruded in later Devonian time, 
}Vhich is known to have been a period of great igneous activity in the region of the 
Appalachian uplift, especially north of New York. 

The rocks of the serpentine belt are, serpentine, peridotite, pyroxenite, gabbro, 
diabase, granite, and aplite. The different rock types in ·any single locality are parts 
of one homogeneous intrusion. It is believed they have been separated from one 
another principally during the process of cooling as a result of gravitational adjust­
ment modified by the order of solidifying of the different minerals. Thus, on the 
north side of the road between Racine and Brompton lake near Mud pond there ia a 
cliff about 150 feet high, facing the northwest. At the base of the cliff the rock is 
peridotite, a little higher, pyroxenite, and above these, gabbro and diabase; the latter 
at the top becoming very acid. This is a case of an intruded sheet or sill' which has 
forced its way upward obliquely from the southeast and later has been ~xpO"aed by a 
fault having a downthrow on the northwest. 

In other cases these igneous rocks are in the form of stock or boss, a dome-shaped 
body of rock formed by the cooling of a large mass of molten material after it had 
slowly worked its way upward into older solid rocks. Where there has been sufficient 
erosion to expose the. igneous rocks at some depth they are found to b~ arranged in 
the same order from the centre outwards, as is found in sheets from the base upwards. 
This is well shown on the Montreal road, in range A of the town·ahip of Orford, a 
mile east of Bonelli lake, in a nearly circular area of igneous rocks varying from a 
mile to a mile and a half in diameter. Serpentine occurs near the centre, partially 
or perhaps wholly enclosed by pyroxenite. Outside of this there is ·an area of gabbro 
wrapping around a part of the pyroxenite, and the whole is enclosed by a band of 
diabase which completes the occurrence, and extend·a to the sediments all around. 

Although the entire series is often, for convenience, called the serpentine belt, 
serpentine really makes up only a small part of it. It is not a primary rock like tl:e 
others, formed from a molten mass coming from the depths of the earth, but is merely 
an altered phase of the peridotite which ha·a been so formed. It occurs principally 
in narrow bands coating the faces of joints and cracks which have been changed by 
the action of surface or deep-seated waters to which they have been exposed. Rela­
tively to the other rocks it. occupies a very small area, but as ·asbestos occurs only in 
the serpentine it is nevertheless in point of value the most important rock of the 
series. 

The granite and aplite which are parts of the sam~originally molten mass or 
magna·-have gener·a1lly been intruded a little later than the other rocks, probably after 
they had become solid, but while they wel'le still heated. ConsequentJy, they are often, 
but not always, more sharply separated from the other rocks than those are from one 
another. 

The serpentine belt is nearly continuous throughout this district. From the St. 
Francis river it forms a ridge of hills running southwesterly to a point near the south 
end of Long lake in Stukely, a distance of about 30 miles. Throughoy.t this dis­
tance there are only three short intervals in which rocks of thia series are not found. 

The igneous rocks of this•·area are partly in the form of an intrusive sheet dip­
ping to the southeast, which has been brought into more distinct relief by a fault 
along its northern edge. This structure gives the intrusive rocks an exposure vary­
ing from 500 feet to 2,000 feet in horizontal breadth. Vertically they are usually 
arranged in the order mentioned above, the serpentine and peridotite being at the 
base passing upwards into pyroxenite and diabase when these are present. This 
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fault has now been traced from the Little Nicolet lakes north of Danville to the ·aouth 
end of Long lake in Stukely, a distance of about 45 miles. Throughout much of this 
distance the fault is well expressed in the topography by a narrow steep sided valley 
or trench from 200 feet to 400 feet deep, which forms a rather remarkable feature of 
the landscape. The Canadian Pacific railway runs in this trench from the St. 
Francis river nearly to Kingabury; fr~m thence it is occupied by the Salmon river 
to the first range of Melbourne and farther southward it contains Gulf brook, Mud 
pond, ·and Long lake. 

Besides this sheet or sill there are several larger bodies of rocks of the serpentine 
series in the form of stocka in the townships of Brompton, Orford, Stukely, and 
Bolton. The largest of these is 1Mount Orford, which covers not less than 10 square 
miles, and has a height of over 2,8{)0 feet. It is composed at the surface of gabbro 
nnd diabase, with a little peridotite ·and serpentine at the western b11se. Another 
area quite as large, but of less height, lies between Brompton lake, Little Brompton, 
and Key ponds. It contains considerable areas of peridotite. Other occurrences are 
Carbuncle, Bare, and Bald mountains, which are made up mainly of the more ·acid 
rocks of the series. 

ALKALINE ROOKS. 

Alkaline rocks are found about 2 miles east of the village of Eastman, where 
a shallow cutting of the Canadian Pacific railway has exposed them for a distance of 
200 feet. The exposure is surr·ounded by drift, but a dyke apparently from this mass, 
cuts the diabase of Mount Orford a couple of hundred yards away. The rocka con­
sist of camptonite, nordmarkite, ·and a variety of monzonite. They form a breccia 
with neighbouring sediments similar to some described by R. Harvie in a recent 
paper to the Royal Society of Canada.1 ' 

The rocks are undoubtedly connected, in origin; with the Monteregian hills"and 
are interesting as occurring 20 miles to the eastward of Sbefford mountain which 
ha·a hitherto been regarded as the eastern limit of the series. They also indicate that 
the Monteregian bills are later in age than the rocks of the serpentine belt. 

QUATERNARY. 

There is a heavy covering of surface deposits over the greater part of this dis­
trict, amounting, in places, to 100 feet in thickness. In general, it consists of 
boulder clay ·at the base, overlain by stratified sands and clays apparently derived 
from the boulder clay by the assorting action of water in early post-glacial times. 
No marine or other sbel1s were found in the stratified deposits. 

The general direction of glaciation has been S 5° E, but in the valleys the strire 
vary greatly in direction. Thus, on the summit of Mount Orford glacial strire are 
found having ·a direction of ·S 10° E; while along the Canadian Pacific railway, at 
the base 1,900 feet lower, the course of glacial strire is nearly due east and west. 
No very satisfactory evidence could be obtained from the strire and scorings them­
selves as to the direction in which the ice moved, but from the frequent occurrence 
of serpentine boulders for a distance of 2 or 4 miles west of the serpentine belt, 
it is evident that there has been movement of ice towards the wes~, probably in later 
stages of the glacial period. 

ECONOMIC GEOLOGY. 

Mining in this district has not yet become a regularly established industry. 
Copper was mined for ten years, between 1870 and 1880, or longer, with apparent suc­
cess; slate has been quarried continuously for nearly forty years, and other mineral 

1 Vol. III, Third Series. 19i9-10 'On the Origin and Relaiio:u of the Palreoz.oic Breccia 
of the vicinity of •Montreal.' 
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products. have receiv-ed more or less attention. These operations were all undertaken 
while the district was remote from railways, and access was more difficult than at 
present. The recent extension of the Orford and Bolton subdivisions of the Cana­
dian Pacific railway, the r emoval of timber, the increased settlement, and building 
of roads, have so far improved the conditions for prospecting and mining as to open 
new possibilities for the district. 

COPPER. 

Copper ore has long been known to occur at several places in this district. In 
Orford on lot 2, range XIV; lots 3 and 8 in range F; and lots 8 ·and 9, rang~e A, and 
in Brompton, lot 28, range IX, ·work was done many years ago. All of these pros­
pects have been abandoned for 30 or 40 years, and the workings so much covered that 
it is not possible to form any reliable estimate of the quantity of ore they may have 
disclosed. The fact that immediately to the south of. this district, the Huntingdon, 
Ives, and Lake J\IIemphremagog mines contain, or have contained, large bodies of 
similar ore under like geological conditions, would seem to warrant giving some 
attention to the properties under the pr~sent ·Conditions of market and trausporbation. 

The ore is principally chalcopyrite, in some cases bornite, and occurs in diabase 
or pyroxenite of the serpentine belt. At Orford, range A, lot 8 has bornite dissemin­
ated in pyroxenite. In several localities, especially at the Huntingdon and other 
mines immedi•ately south of this area, the ore is chalcopyrite and is associated with 
pyrite in pyrrhotite. The pyrrhotite bodies·, judging from their distribution and the 
character of their boundaries, are doubtless primary segregations from the country 
rock, which is more frequently diabase than pyrrhotite. The chalcopyrite often seems 
to fill small crevices, suggesting that it has been introduced later than the pyrrhotite. 
:Further investigation is needed, however, to prove whether or n ot this relation rs 
general, and also t~ ascertain the •relations of the pyrite to the other minerals . . 

NICKEL. 

Nickel has, hitherto, been found in only one locality in this district, namely, on 
lot 6, range XII, in the township of Orford, about three-fourths of a mi1e east of 
Brompton lake. ' Here min[ng operations were begun and a smelter built about 30 years 
ago, but the venture did not prove .commercially successful. 

The ore is millerite~a sulphide of nickel. The ore body occurs along the con­
tact of an intrusion of pyroxenite into limestone. The limestone closely resembles 
that quarried for marble at South Stukely. The shape and size of the ore deposit 
could not be ascertained in the present state of the working.s. Millerite, wherever 
found on the dump, is in crys·talline calcite; but the locality having long been noted 
for the excellent specimens of several rare minerals that it affords, the dump has been 
so thoroughly picked over by mineral collectors that specimens of millerite are now 
exceedingly rare. The other minerals noted are chrome garoot, pyroxene, chromite, 
and calcite. 

Mr. R. P. D. Graham, lecturer in mineralogy at McGill Univer.sity, who spent 
some time at the loca1ity during the past summer, has kindly undertaken to make a 
mineralogical study of the gToup of minerals obtained here. The results of Mr. 
Graham's investigations will appear in a later report. 

CHROMITE, 

No mining of chromite has yet been done in the district. 'The ore occurs, how· 
ever, on lot 21, range VI, Melbourne, where ·a little prospecting was done many 
years ago. It is also found near the west side of Key pond in range XII, -lots 3 to 8~ 
of Orford, in a band of rock intermediate in eharacter between peridotite and pyrox­
enite. The rock with enclosed masses of chromite can be traced northwards for at 
least lt miles. The area seems to be well worth prospecting. 
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S9me chromite has also been disclosed by Mr. John McCaw, near the Brompton 
Asbestos mine, some 10 miles northwest of this location. As in other parts of the 
serpentine belt, the chromite is found in both of the localities in the outer part of 
the serpentine or peridotite portion of the intruSiion where the rock contains a rather 
large proportion of pyroxene, and so is approaching a pyroxenite in composition. 

ASBESTOS. 

New Developments. 

Since the issue of the Annual Summary Report for 1909, there has been consider­
able new development in the asbestos producing district at the north of the area 
described in this report. New concentrating mills have been completed and put into 
operation at the Bell, the J acobs, and the Black Lake Consolidated Jl.1ines. The maxi­
mum capacity of these mills is from 800 tons to 1,000 tons of rock per day. The B. 
and A. Asbestos Company at Robertson, and the Berlin Asbestos Company near Leeds 
station, have built 4 cyclone mills which are also in operation on their respective 
properties; while the B elmina Consolidated Company, having acquired the property 
formerly owned by the Asbestos Mining and Manufacturing Company at Chrysotile, 
has re-equipped the mill and mine, and has renewed operations in both. 

The Thetford Asbestos syndicate of Montreal has recently done some substantial 
development on lot 24, range A, Coleraine. A pit 60 feet by 50 feet has been 
carried to a depth of 45 feet. As far as could be judged from the walls, the rock 
carries a workable quantity of asbestos, an appreciable portion of which is crude. 
There is a boss of granite near the pit, and exposures in the vicinity show asbestos at 
numerous points, over an area of some 10 or 12 acres. 

The present equipment consists of a cable derrick, a .hoist, one steam drill, two 
pumps, and a 65 horse-power boiler; but an adequate mi;1ing and hoisting equipment is 
expected soon to be installed, and a concentrating mill built. The· right-of-way has 
l~ een obtained for a tram-line to connect the property with the Quebec Central rail­
way, less than 2 miles distant. 

The property is situated n ear the eastern side, and in the northern part of the 
serpentine area, which contains the principal mines of Black Lake. 

Asbestos is reportf! d to have been discovered in commercial quantities on lots 
2, 3, and 4, range B, Coleraine. There was no opportunity found during the season 
to verify the report. 

One of the "most important developments, for the ·asbestos industry, however, is the 
establishment by the Asbestos Manufacturing Company of large works at Lachine, 
Quebec. This plant-tru3 only one of the kind in Canada-is designed to manufacture 
all classes of asbestos goods. When completed, the factory will have a capacity to 
consume about 1,000 tons of asbestos fibre per month. The plant was built by and 
is being operated under the management of Mr. G. R. Smith, long the manager of the 
Bell Asbestos mine. A more complete description of the plant and process will be 
given in a later report. 

In the district examined this season few occurrences of asbestos have been found. 
On lot 22, range VI, Jv[elbourne, about 10.0 feet south of the Melbourne slate quarry, 
a small pit was sunk some 35 years ago in the dump, of which there is a small amount 
of fairly good milling rock. The surrounding rock is drift covered, and the pit or 
shaft is partially filled .with debris. It is locally reported that a small shipment of 
crude asbestos was made from these workings by the operators of the Melbourne slate 
quarry about 1876, and which was probably the first asbestos shipped from Car:wda. 

Near Key pond some prospecting· and development was done by Ur. R. H. 
:Fletcher of Sherbrooke and others during the past .season, but no very definite results 
were obtained. 
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The principal development of the district has been made by Mr. John McCaw on 
lot 26, range IX, Brompton township, near Brompton lake. On this property, 
which was somewhat extensively prospected some twenty years ago, work was resumed 
in the spring of 1910. 

Asbestos is exposed in pits that have been opened in different parts of the pro­
perty, over a distance of half a mile. In general, it may be said that the contents 
of the wider veins are usually hard and brittle, but that the smaller veins contain a 
quality of fibre that may be used. More complete development of the property prob­
ably awaits better facilities for transportation. 

A little slip fibre has been obtained in the firs"t range of Stukely, south of Long 
pond. 

Except in the localities mentioned the rock of this district usually contains too 
. much pyroxene to yield an asbestos-bearing serpentine. 

MARBLE. 

The only marble quarry in operation at the present time in the district is one 
which has recently been opened by the Dominion Marble Company (R. T. Hopper, 
Montreal, President), on lot 8, range II, South Stukely. The marble is, white, 
with light shades of green and red in occasional bands. The green colour seems to 
be due to minute scales of sericite, partially chloritized; the red or pink probably to 
traces of iron oxide. There are few quartz veins or other features to injure the 
quality of the rock. 

The marble rests upon, or in close association with, greenstone schists, the con­
tact with which is drift covered. As well as could be ascertained from a few 
exposures, the bed of marble has a surface area of about 800 feet by 500 feet. Bor­
ings, made by th~ Company ,to a depth of 125 feet, are said to have yielded cores o.f 
good marble to that depth. 

The property has been developed by means of a pit about 50 feet square, and 
was 30 feet deep on the first of September. The equipment consisted at that time of 
one boom derrick, one bar drill, and three channelling machines. Power was fur­
nished by one 60 horse-power boiler. A spur line of railway .to connect the quarry with 
the Canadian Pacific railway at South Stukeley, H miles distarit, was begun later in 
the season. 

The general character of this marble, and its position relative to the greenstone 
shict, are apparently the same as that of the quarries of the Vermont Ma.rble Com­
pany at West Rutland, Vermont. The latter is stated in the report of 'the Geological 
Survey of Vermont for 1903-4, to contain fossils of Chazy age. No fossils could be 
found at South S~ukely, nor other evidences to indicate the age of the rock with any 
degree of certainty. This, and a few smaller areas in the neighbourhood, are the only 
occurrences of this rock yet known in the Eastern Townships. 

A red and white siliceous marble occurs at several places in the Cambrian forma­
tion, apparently interbedded with the purple slates. In range F of Orford, near 
Pratte's road, a body of such marble intruded by serpentine was worked for a short 
time several years ago. The quantity of marble was insufficient, the serpentine in-
trusion cutting it off at a shallow depth. . 

Similar rock without the serpentine intrusion is found in the Cambrian at the 
Kingsey slate quarry in the county of DrummonH, 6 miles north 1of Richmond. 
Another occurrence of the same character, but probably underlain by serpentine, is 
found on lots 2 and 3 of range XI of Bolton. Each of these occurrences is some 
-800 feet long and from 100 to 200 feet in horizontal breadth. They are somewhat 
.siliceous, especially around the edges, and resemble some phases of the red sand 
rock of northern Vermont. This is interpreted by Vermont geologists as a silici­
fied limestone of Cambrian age. · 
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It would seem advisable, especially in view of the present state of the Canadian 
market for marble, that these two occurrences should be further examined, since the 
mineral statistics for 1908 show that $287,587 worth of marble was imported int.o 
Canada during that year. 

SLATE. 

Slate of good quality both for roofing and other purposes occurs in several places 
in the Ordovician and Cambrian strata adjacent to the serpentine belt. In a number 
of these places quarries were opened between thirty and fifty years ago, but most of 
them have long since been closed from one cause or another, principally, it would 
appear, from an-insufficient market at the time they were operated. 

At the present time these conditions have apparently changed for the better, and 
the slate deposits might properly receive renewed attention. 

The imports 0f slate into Canada for the year 1908 are stated by Mr. J. McLeish, 
Chief of the Division of llfineral Resources and Statistics of the 11Enes Branch, 
Department of :Mines (Annual Report 1908) , to have a value of $131,069; while the 
slate produced in Canada during the same year, all of which came from this district, 
is valued at $13,496. 

01'dovician Slates.-The Ordovician slates occur in the argillaceous parts of the 
Farnham (lower Trenton) formation. They are dark, or bluish grey in colour, and 
have an excellent cleavage, nearly vertical, which may be at any angle to the bedding 
planes. 

These slates have been quarried at Danville, Corris, Br0mpton, Melbourne, and 
New Rockland. The last mentioned quarry is the only one at pre-sent in operation 
in eastern Canada. The slate produced is of excellent quality. 

The quarries at Corris, Melbourne, and New Rockland are situated so near the 
contact of the slates with an intrusive sheet of peridotite and serpentine as to be 
within the zone of alteration thus produced. The nearness to the serpentine is both 
·a favourable and unfavourable factor. · Outside of the zone of contact metamorphism 
the slate is soft, and lacks the strength that makes it especially valuable when slightly 
hardened by the intrusion; but within the contact zone, quartz veins, or flints 
become more numerous as the ·aerpentine is approached, and thus tend to lessen the 
v~lue of the slate. Very near the contact, too, the slate becomes a fine horns tone, too 
hard to be well w,o.rkedl; and it is then said to be sharp. The part of the rock of 
greatest value seems, therefore, to be near enough to the contact with the intrusive 
rock to secure strong slate, and fp.r enough from it that the spaces between the flints 
are so large as to be worked advantageously. 

The other features that injure the slate are oblique cleavages called slants, and 
ohattered bands known as posts. These depend ·On mechanical deformation, an:d 
may be connected with the intrusion of the serpentine. At the Melbourne quarry, 
dykes of pyroxenite strike off from the · intrusive rocks for 40 feet into the slate. . 

In its original composition, the rock may have been largely made up of good 
material for slate, except near the bottom of the slate beds where the basal conglomer~ 
ate is found. Slabs taken from the lowest level at the north side of the main pit at 
New Rockland show pebbles of Cambrian sandstone ·;:md quartzite, and indicate that. 
the J:,o-ttorr> of the .slnte ha s there been reached. 

The N ew Rockland quarry has been operated almoat continuously since 1868. 
During the past eight years it has boon worked by Messrs. Frazer and Davies under­
a lease from the New Rockland Slate Company. Some 35 men are employed, two. 
steam drills and three derricks are in operation, steam and water-power are used. 
Only roofing slate i2 now made. The average output probably -somewhat exceeds that 
of 1908, quoted above. 

The quarrying is done in open pits, the rocks being cut down in benches. The. 
rock is first assorted in the pit, and that suitable for splitting is hoisted and sent to. 
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the splitting ·sheds. There, it is cut, split, and trimmed to the sizes required, or to 
which it is best adapted. The usual thickness is i'o inch, and the superficial sizes 
vary from 12 inches by 24 inches to 6 inches by 12 inch~s. While working on: higher 
levels in a deep pit, the !Waste rock is allowed to accumulate to some depth in the 
bottom, in ;o.rder to lessen the loss from breakage of good slate by falling into the pit 
after blasting. During winter it is an advantage to have as little of the walls exposed 
1.(; the frost as possible, since the slate, orice frozen, becomes valueless if it is not split 
when frozen. The waste rock is, therefore, removed somewhat irregularly. 

Cambrian Slates .-The Cambrian slates are green and reddish or purple in 
colour, and whe:J;e there is a mingling of these colours a handsome mottled slate 
results. The green colour, in all cases seen, is that known as the ever or unfading 
green. The slates of this formation, as far as known, have not been in£uenceg by 
the ·action of igneous rocks. They split less ·smoothly than the dark slates· just 
described, having a coarser texture, and are frequently not as strong. 

The quarries that have been opened usually show large bodies of slate free from 
quartz veins, and sometimes having different colours in different parts of the same 
pit. A few buildings in the di strict have roofs on which these slates are said to have 
lain for 50 years without change of colour or serious breakage. 

Very similar slates are quarried at F airhaven, Vermont, and are the principal 
varietv produced in the large slate industry of that State. The manner of dressing 
the slate there is different from that at New Rockland, probably because of different 
market conditions. At New Rockland thin slates fa- inch are generally used, while 
at Fairhaven the purple, 'green, an.d mottled slates are split in thicknesses ranging 
from l inch to 1! inches. The ·price varies with the thickness, an increase of about $2 
per square being al1owed for each additional :i inch. Besides being cut to proper sizes, 
·and split to the required thickness, the slat<>.s are bored for nail or bolt holes, and the 
holes are counter sunk, for which an extra charge is· made. These heavy slates are 
said t o be used principally for r oofing on large steel buildings of the class now being 
built in the larger cit ies. 

Slate of this quality has been opened at several places in and near this district. 
Green slate occurs three-fourths of a mile south of New R ockland quarry; purpll? 
and green at the Kingeey quarry, 6 miles north of Richmond, also in Brompton 
sputheast of Mud pond, and at other places in the Eastern Townships, . 

Prices. 
Roofing slate is bought and sold by the square, that is sufficient slate to cover 

100 square feet after allowance has been made for all overlapping. A square of slate 
i inch in thi ckness weighs upwards of 1,000 pounds ; hence the thicker grades weigh 
a ton or a ton and -a half per square. The present prices in N ew Englad for slate of 
good quality range from $6 t o $12 per square, according to thi ckness. In Canada 
most of the slate is made into the lighter or thinner grades, fo.r which the prices are 
a little below those obtained in New England. 

NATURAL GAS NEAR ST. HYACINTHE. 

According to instructions received from the Director, a few days at the end of 
July were spent in examining a locality in the county of St. Hyacinthe, from ~icb 
natural gas had been recently reported. The boring by which the gas was found is 
located 71 miles north of St. Hyacinthe, in the parish of St. Barnabe, 
range St. Amable north, lot 164. Here gas wa·s struck at a depth of 1,860 feet, ac· 
cording to the driller's log. 

The boring was made by Mr. W. H. Lauffer, of the firm of Ryan and Lau:ffer, 
Chatham, Ont. The equipment employed was a Standard drilling rig, a percussion 
dTill operated by steam power obtained from a 25 horse-power boiler. The boring, 
which has been carried to a depth of 1,800 feet, is encased with pipes of 10 inch, 8 inch, 
£~ inch and finally 2 inch diameter. The well was capped, and a steam gau~e applied 
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which registered somewhat above 220 pounds pressure-the limit to which the gauge 
was graduated·. The pipes were not then packed, and there was still some leakage of 
gas. The gas gave very little odour. There wene no facilities for measuring the flow 
or for burning the gas. 

Geological Oonditions.-The surface of the district is nearly level. The immediate 
location of the well is on a low swell between the Yamaska and Salvaille rivers, which 
run in parallel courses towards the north. The interval between them is 5 to 6 
miles, and the elevation varies quite regularly from 95 or 100 feet along either river 
to 115 feet in the central part near the gas well. 1The drift covering is very deep 
over the entire district, and rock exposures are r are. The records obtained f rom 
numerous shallow wells across this area gave the depth of the drift as 95 feet to 100 
feet. The differences in elevation of the land surface may, therefore, agree with the 
rork <mrface, but this is by no means certain, and they are not great enough to he 
very significant features . 

Five miles northeast of the boring, the Yamaska river takes an abrupt turn to 
the west, and thence joins the Salvaille. At this bend of the Yamaska, nearly op· 
posite the entr ance of the Chibouet river, rocks are exposed for about one-fourth 
mile. These rocks are shales of Hudson River age. They strike 7° to 10° east of 
north, magnetic, and form a very distinct anticline, having a steeper dip on the 
scutheast. The ESE dip as measured is from 15° to 23°, while that on the WNW 
is generally 4 ° or 5° . This would place the St. Barnabe boring on the west limb of 
the anticline if there are no other folds ·in the drift-covered interval. There is also 
a pronounced pitch of 10° to 15° to the northward in the direction of the strike at 
thi'a place. I could find no other exposure between the Yamaska and Salvaille rivers 

f or 12 miles to the south. There is then a suggestion of a dome in the rocks 5 
miles wide by 12 miles or more in length, but the evidence is far too slight to be 
conclusive. 

The gas was struck at a depth of 1,860 feet in n band of rock composed of dark 
shale, crystalline calcite, and quartz. The boring was extended 20 feet deeper without 
noticeably increasing the flow of gas. Consequently, it seems probable thn t the band 
of rock containing calcite and quartz carries, rather than covers, the gas, and that 
aR these are secondary minerals, it is a fracture zone in the dark grey shales which 
form compact beds above tmd below it. 

The log of the well has 'been handed to :M:r. E. D. In gall; who has charge of the 
collectjon· of "boring records throughout Canada for the Geological Survey. A dis­
cussion of the horizons passed through, and an analysis of the results obtained, will 
be given in Mr. Ingall's report in fhi s volume. 

Discove1·y and Ownership.-The discovery of gas in St. Barnabe was made under 
{;ircurnstances that· are rather unique. Mr. I-Ienri Grenon, a farmer of St. Barnabe, 
having seen natural gas used while on a visit at Tilbury, Ontario, decided to look 
for some in his own locality. H e organized L a Compagnie Gaz et P etrole, St. 
Barnabe, Comte St. Hyacinthe, under a provincial charter, with a capital of $20,000. 
The president is S. Girard, and the secretary, J os. Langevin. One hundred and nine 
shares were issued, and were subscribed for chiefly by farmers of the locality, leases 
were obtained on 7,000 acres, and contract for drillii:J.g was made with Messrs. R yan 
and Lau:ffer, Chatham, Ontario. 

The boring was located by the directors of the Company on the information that 
gas had been found (apparently in the soil) , on this f arm 70 years ago when a well 
was being dug for water. 

Since the di scovery all the leaseholds and other property of the Company have 
been sold to a Montreal syndicate at a substantial profit. 

Borings have been made in the district during the past two or three seasons by 
the Quebec Fuel Company, and the Sherbrooke Oil and Gas Company, but -the results; 
are not yet made known. 
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RAISED BEACHES OF SOUTHERN QUEBEC. 

( J. W. Goldthwait.) 

Six weeks of the summer of 1910 were spent by the writer in the lower St. 
Lawrence valley, investigating the records of the late glacial or Champlain sub· 
mergence, and of differential uplifts and subsidences since that time. Mr. William 
H. Wes-ton, Jr., and Mr. Warren P. Smith, were engaged throughout the season inl 
leveling, tc- determine the altitudes of the raised marine beaches at selected localiti es, 
and to aid in other ways in the exploration and surveying .of the ancient shoreline9 
The area covered by this field work incluaes the south shore of the St. Lawrence river 
from Matane, about 225 miles northeast of Quebec, southwestward past Quebec to 
Montreal, and thence southward to the Vermont and New York State boundaries. 
Work extended inland at each place somewhat beyond the position of the upper limit 
of marine submergence. Although the plans for this work contemplated a study of 
features south of the river only, it was found desirable and practicable to v1sit the 
north shore at Tadoussac, Murray Bay, and in the vicinity of Quebec. Work was 
begun on June 29, and ended August 6. 

PROBLEMS I NVESTIGATED. 

The mbjects t~ which attention was chiefly directed were these:-
(a) The outline of the St. Lawrence estuary during the stage of late Glacial or 

Champlain submergence, from the head of the Gaspe peninsula southwestward to the 
north end of Lake Champlain and the borders of the Adirondack highlands. · 

(b) The topographic expression of ancient beaches marking this Champlain shore, 
and .its bearing upon the question of how promptly the region emerged from the sea 
aft.er the ice-sheet bad reti.red from the valley. 

(c) The determination of altitudes of the highest marine beach, in feet above 
mean sea-level, at as many localities as practicable. This involved the correlation of 
beaches at different localities, and led to conclusions regarding the evenness of post­
Champlain uplifts in this region. 

(d) The beaches below the highest marine shoreline, formed during the post­
Champlain emergence. Special attention was given to the question whether certain 
lower beaches register pauses between repeated uplifts, or whether the uplift was 
steady and uninterrupted. · 

(e) Marine fossil shells in the Champlain sands and clays, a:ad their b~aring 
upon conditions prevalent during the Champlain submergence. 

(f) The disaovery, exploration, and measurement of a great sea-cliff and terrace 
which borders the south shore of the St. Lawrence east of Quebec. The significance 
of this prominent shoreline a-;:; a record of excessive marine encroachment led to new 
conclusions regarding the number and character of post-glaciul coastal movpment.>t 
in this region. · 

The information gathered along each of these lines of inquiry will bo presented 
in outline under the several hG~adings which follow. 

THE CHAMPLAIN ESTUARY. 

Whi1e it was impracticable to trace the shoreline of the ancient e3tuary 
continuously along the south side of the St. Lawrence for the 400 miles between · 
Matane and the New York frontier, both because of the great length of time that 
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would have been required and because of the obscurity of this beach for long dis­
tances, the shoreline was located at points sufficiently near to one another to allow 
the mapping of the approximate p_osition of the whole, as well as to indicate what 
portions of the ancient coast had simple outlines and what portions were ragged. 

From Matane southwestward nearly to Quebec the line which marks the limit 
of marine submergence runs nearly parallel to the present shore and at no great dis­
tance from it. The highest beach is nowhere more than 5 or 6 miles inland, and, on 
the other hand, there is no place southwest of Matane where the modern shore has 
been cut back beyond the position of the ancient one. Through nearly the entire 
distance the Intercolonial railway affords easy access to the highest beach, passing at 
several places within a mile of it, and crossing it at Riviere du Loup and at Ste. 
Flavie. At other places, especially southwest of Montmagny, the old shoreline lies 
3 miles or more to the south of the railway. Along the north shore of the St. 
Lawrence the highest shoreline lies on the foothills of the Laurentian mountains 
within a very short distance of the river. The contrast in character which one sees 
between the north and the south shores of the modern St. Lawrence is simply a repe­
tition of the contrast between the ancient shores; the north shore was bold and rag­
ged, with many headlands and indentations; the south shore was comparatively 
straight, though broken here and there (as between Bic and Trois Pistoles) by long 
reef-like islands. 

From Montmagny, where the modern shoreline bends westward towards Quebec, 
the ancient shoreline maintains its southwestward course, passing through St. Ger­
vais and St. Anselme (20 miles southeast of Quebec), and approaching the line of the 
Grand Trunk railway near Ste. Julie, in Somerset. The railway follows the inner 
border of the once submerged region, from Ste. J ulie southwestward past Arthabaska­
ville to Warwick, where it passes through a gap in the hills to the higher region out­
side. From here on the old shoreline is more irregular, and distinct traces of it are 
hard to £nd. It probably crosses the Central Vermont railway just east of Granby, 
and the Canadian Paci£c railway near West Shefford, continuing southwestward 
with broken outline past Frelighsburg to the Vermont line, 

On the west side of Lake Champlain the shoreline returns across the boundary 
a few miles southeast of Covey Rill village, ·and passes westward with gentle curva­
ture past Franklin Centre, entering New York again not far from Herdman. 

On the north side of the St. Lawrence, between Quebec and Montreal, the high­
e:st shoreline has not been traced. Frnm the descriptions and data of Dawson and 
Chalmers, however, it is evident that it lies rather far inland, and enters the Ottawa 
valley a considerable distance north of Montreal. 

The broad lowlands south, west,. and east of Montreal have sometimes been called 
the marine plain of the St. Lawrence valley. That this was indeed the floor of the 
sea at the dose of the ice age none will deny. The isolated mountains which rise 
conspicuously from the plain-Mounts Royal, Bruno, St. Hilaire, J ohnson, and 
Yamaska-were undoubtedly islands surrounded by deep water. Yet the flatness and 
smoothness of this plain and ita wide extent appear to be due not so much to the 
smoothing of the sea-floor by long continued sedimentation upon it as to the develop­
ment in pre-glacial times of a wide plain of denudation. The boundaries of the 
plain correspond closely with the outer limits of non-resistant Ordovician slate·a and 
shales. The shoreline topography at the borders of the plain, moreover, is so obscure 
·and expressionles·a that submergence lasting long enough to allow such complete flat- · 
tening of the valley floor by wholesale accumulation of clays seems contradictory. 
Granting that the sea-floor may constitute a more apparent record of the former sub­
mergence than the faint beaches which delimit it, one is still inclined to look upon 
the phrase marine plain as inappropriate in this ca·ae. 
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TOPOGRAPHIC CHARACTER OF THE HIGHEST MARINE SHORELINE. 

The writer entered upon the field work with some expectations as to the cbarac· 
ter of the highest marine beach. Experience with the strong wave-cut terraces and 
cliffs of the extinct Lakes Algonquin and Nipissing' had suggested that here in the 
ancient St. Lawrence estuary, with greater depth of water and equally ·aevere exposurE! 
to storm winds, the marine shorelines would be definite, pronounced features, visible 
from a distance, and at favourable places imposing in strength. This expectation 
was supported also by descriptions by earli er investigators in this field, both in 
printed form ·and in manuscript notes, in which distinct terraces were noted at niany 
places. The first view of the field from an east-bound train on the Intercolonial rail· 
way out of Quebec seemed to me3t the expectation, for distinct lines of rocky cliffs could 
be .seen running horizontally through the woods along the noi·thern slope of the lina 
of hills that looks out over the marine plain. A very few days of detailed work on 
the ground, however, served to correct what proved to be a complete misconception; 
·and as the season's work continued it became more and more evident that the highest 
beach, and indeed all the raised beaches except one within 20 feet of the present sea­
level, are usually very weak, and often entirely without topographic expmasion. 

A conspicuous shore te rrace, marking approximately the upper marine limit, was 
found at the mouth of the Saguenay river at Tadoussac. This, however, is plaii1ly a 
delta top, constructed by the accumulation in deep water of vast quantities of river­
borne sediment at the mouth of the long fiord•. No sign of wave. cutting or cliffi.ng 

near this delta could be found. Similar terrace-like tops were found at the debouch­
ure.s of other important tributaries of the St. Lawrence, e.g., at RiiViere du Loup, and 
at Matane. With the exception of delta-surfaces like- these no distinct shore terraces 
could be found at tbi upper marine limit. 

Here and there terraces of other than littoral origin were found, so near thf:l 
supposed altitude of highest submergence that close scrutiny was needed to make 
clear the fact that the bench and cliff had not been fashioned by wave action . Often 
this proved to be a bench of weak sla1;e, ou1:croppiug: along the strike and nearly 
horizontal. With few exceptions such slate benches lack even a thin covering IJf 
wave-washed material; moreover, similar benches may be foun<l at various altitudes 
well above the true marine limit. It is true, however, that waves cutting against a 
slope of crumbling slate construct a thin beach of slivers, splinters, and finer frag-. 
ments, which after long exposure to decay might appear to be too full of clay an'd too 
obscurely stratified to indicate littoral origin. Yet, granting th; t some of these 
slate benches near the accepted 1irnit of submergence are wave-cut forms, and not rcerely 
outcrop benches, the fact remains th9.t these benches are weak and obscure. They can­
not be traced more than a few hundred yards, and the .escarpments behind them are 
seldom so steep ·or continuous as to draw attention to them from a dis tance. 

Still another pseudo shore, terrace is found in border drainage channels, wher.e a 
river running ·along the edge of the ice, against an exposed: hillside, carved a portion 
of it; bed and outer bank out of the. soft drift. that underlay the slope. A striking 
example of this, to which attention has been drawn by the manuscript notes and 
measurements of the late Dr. Chalmers, was visited at St. Simon. The terraces here 
occur in a recess behind a long line of hills, which in Champlain time constituted 
an island that fringed the shore for several miles. 1Three or four very distinct ter­
races can be seen from the railway, along the south s·ide of this recess, in a situation 
where wave action must obviously have been very weak, because of tl1c almost com­
plete enclosure of the recess by the island. If waves had been able to cut distinct 
terraces on this protected shore behind the island, they would certainly have cut 
much stronger terraces and cliffs on the north or seaward side of the island; and yet, 
although tl:.e declivity of the latter, and its rock structure, are equally favourable to 

1 See Memoir No. 10 of the Canadian Geological Survey, 1910. 



SUM.UARY REPORT 223 

SESSIONAL PAPER No. 26 

clifl-developmen.t, no wave-cut benches whatever occur 'there. The upper marine 
limit is marked by a faint beach, or rather · belt of gravel, above which there 'is no 
sign of wave work. The upper marine limit thus faintly yet sat isfactorily marked 
was found by 'leveling to harmonize with expectation based upon previous measure­
ments at other localities. The terraces in the recess behind the island, whic:h Dr. 
Chalmer s measured in 1907, do not harmonize in any case with measurements else­
where on the highest beach, madle either by him or by the present writer. The topo­
graphic surroundings of these rejected terraces, while such as to preclude their 
origin by wave work, make it quite probabl:e that they are marginal drainage channels. 

Contrary to anticipation, therefore, t he highest marine ~horeline was found 
never to consist of a wave-cut terrace and sea-clifl, but generally of a. low beach. H ere 
and there, at exposed points on the ancient shore, where the original declivity was 
favourable and the local supply of shingly beach material was abundant, one can find 
beach ridges with rather distinct crests and back slopes, or topographic features still 
more peculi ar to li ttoral ageJlCies, such as hooks, overlapping spits, or pocket beaches. 
These, while di'atinct, are delicate, and when traced for short distances along the 
extinct shoreline, fade away against a slope whose declivity or structure prevented 
eflective wave work. In few places have favourable conditions at the highest level of 
submergence conspired to promote the building up of a really strong beach. At Bic 
the pn:Jsence of thin-bedded sandstone and conglomerate in place of the usual crumb­
ling red ·alate aflorded coarse gravel, out of which a fine series of beach ridges was 
constructed. At llfurray Bay, where the glacial drift which covers the hillsides wH;; 
full of hard crystalline stones, the highest beach is a well-marked ridge of gravel. 
And at Ste. Gervais, ·near Quebec, wide exposure, and a gently sloping coast oblique 
to the dominant storms, permitted the building- of a typi-cal line of overlapping spits, 
which can be followed! for 3 or 4 miles towards St. Artselme. These are the 
only localities east of Montreal where beaches were found which equal in strength 
the beaches q;£ extinct great lakes Chicago, Algonquin, and their contemporaries. 
At Covey hiil, near the New York frontier , an unusually fine series of beaches was 
built during .the eaergence of the region from the sea, because the gently sloping 
hillsides wh'ch face out over the wide, flat plain are abundantly coated with bouldery 
drift that is full of slabs and discoidal stones of Potsdam sandatone. The distinct 
imbrication of these slabs in the beaches, where the structure is exposed in cros·a­
section, and the continuity of the ridges for long· distances, f ully convince one of 
their littoral origin, in spite of the contrast between such heavily built features and 
the ob-scure beaches which mark the continuation of this same shoreline over -a dis­
tance of 400 miles northeastward to Matane. 

The consistent weakness of this highest beach, therefore, at all points except in 
the few instances mentioned, where conditions were abnormally favourable, indicates 
that the sea st ood only a short time at the higheat level. An unwarping of the coast 
seems to have set in almost immediately upon the withdrawal of the ice sheet from 
it, allowing little wave ·action to be registered. It is not likely that the newly opened 
estuary was deepened by subsidence just after the ice sheet retired, and before the 
elevation of the highest beach began. Besides objections on the ground of isostacy, 
which seems to require greatest submergence during the deepest glaciation and emer­
gence f ollowing close. behind the thinning and dis-appearance of the ice sheet , there is 
the objection that such a reversal of movement at the stage recorded by the highest 
beach would have involved so long a period of time that the sea would have left a 
stronger record of its work along the line of highe-at marine submergence than is 
actually there. This objection gains added weight also from the consideration of the 
topographic strength o£ shorelines on a slowly subsiding coast-a subject to be dis­
cussed on a later page. The de:nands of isostacy, and of shor el'ine morphology, agree 
in showing that regional uplift came as a prompt response to the withdrawal of the 
ice sheet. 
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ALTITUDES OF THE HIGHEST MARINE BEACH. 

The altitude of the highest shoreline , was obtained at over twenty localities. 
Care was taken to make these measurements accurate. A German pocket 
level of the pattern used in the topographic work of the Survey wa·a found to give 
highly satisfactory r esults. Small errors may be allowed! for bench marks at rail­
way stations, as given in White's Altitudes in Canada. An error, seldom if ever 
amounting to more than one foot, is involved in the leveling from bench mark to 
destination. Moreover, in selecting the point at the crest of the beach to be leveled, 
some allowance has to be made for the original variation in height to which the 
beach was built up. Combining these sources of error we may look for discordances 
of several feet, say 5 to 10 feet, between measurements at neighbouring localitie3. 
A compari'aon of measurements on this basis, roughly made during the prqgress of 
the work, and more carefully made since the completion of it, shows almost complete 
harmony between the measurements. In other words, the variations in altitude, with 
few exceptions, prove to be highly systematic, ·and to indicate a regional upwarping 
of great regularity, unbroken by dislocations, or excessive uplifts of a local nature. 

The method of identifying and meaauring the altitude of the highest beach was 
briefly this: let us suppo.se that we have already measured the altitude of the beach 
which appears to be the highest one, at two localities in the neighbourhood. From 
these two measurements we have already figured out · the tilt rate of the highest 

. beach, that is, the number of feet which it rises in each mile in a given direction a·a 
a consequence of the differential uplift it has suffered. Knowing the distance from 
the last locality to this one, we have also figured out the exact altitude at which we 
expect to find the highest beach. At the railway station we set the aneroid barometer 
according to the altitude given in White's Altitudes. ~ Uaing some judgment as to the 
most 'accessible slope where the highest beach may fairly be to be distin-
guishable (with due consideration for declivity, exposure, drift ·struc-
ture), we explore the ground near the predicted altitude. up and 
down the slope uaually leads to the discovery of a weak ridge of fine 
gravel, the uppermost and the weakest, it may be, of several s Above it 
there is no sign of wave-washing, either in the shape of the surface or in the char­
acter of the soil-nothing but ledges and glacial drift. Convinced that this i'a the 
highest beach, we consult the aneroid barometer, and ·find that the altitude is appar­
ently 10, 25, or even 50 feet higher or lower than we predicted it would be. Return­
ing to the station we may or -may not find that the barometer checks up. In any 
case, we run a line of levels from the bench mark up to the beach in question, and 
in most cases we find that the aneroid barometer wa·a unreliable, and that the alti­
tude of the beach is indeed within 5 or 10 feet of what we predicted. Thus by deliber­
ately choosing our highest beach at an altitude which the barometer told us was 
wrong, we have found the beach at the right altitude. When this method of fulfil­
ling prediction is· applied with success to a series of localities in turn, one feels con­
fidence in his correlation of the highest beach at the several localities, in spite of the 
topographic weakness of the shoreline. 

The altitudes of the hi'ghest beach at 17 localities east of Quebec are given 
below:-

Matane, 174 feet. 
}.facNider's, 243 feet. 
Little Metis, 248 feet. 
Ste. Flavie, 272 feet. 
Sacre Coeur, 294 feet. 
Bic, 311 feet. 
St. Simon, 337 feet. 
Cacouna, 354 feet. 

I 
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Riviere du Loup, 372 feet. 
Tadoussac (delta top), 406 feet. 
Ste. Alexandre, 396 feet. 
Murray Bay, 433 feet. 
St. Jean Port J oli, 513 feet. 
Montmagny, 543 feet. 
Chateau Richer, 591 feet. 
St. Gervais, 623 feet. 
Two miles southwest of last, 632 feet. 
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All measurements are referred to mean sea-level. Those at ~fatane, MacNider's, 
Little Metis, St. Simon, and Tadoussac were determined by leveh run up from mean 
high tide mark, and have been reduced to approximate mean tide mark by rough 
computation. For them a probable error of 3 or 4 feet should be allowed, in 
addition to ordinary errors of smaller amount. In the other cases the levels were run 
from railway stations whose altitudes are given in White's Altitudes in Canada. 

West of Quebec the identification of the highest beach was found to be difficult 
and at many places impossible. At Ste. Julie the highest distinct beach stands at 
612 feet, but there are short belts or flattish ridges of sand and gravel farther up the 
hillside here, as high as 695 feet. No positive conclusion could be drawn concerning 
the exact position of the upper marine limit. At Arthabaskaville a distinct gravel 
spit was found at 593 feet. This shoreline, however, cannot be traced far in either 
direction. Nothing higher could be found. Beyond here the country between 400 
and 700 feet is very irregular, consisting of broken lines of hills and ridges, which 
seem to have formed a very ragged shore when submergence was at its height, so1 
ragged that effective wave action and continuous beach building, during so brief an 
interval, was impossible. At Danby :flattish beach-like ridges of gravel were found 
at 548 feet, and at West Shefford, near the Canadian Pacific Railway station, at 490 
feet. The obscurity of these fragments makes their correlation unsafe. They would 
require a descent of the highest marine beach from about 630 feet near Quebec to 
about 480 feet at Montreal. This seems to be too low, both to agree with the facts at 
Montreal, and to match the very clear evidence of submergence near the New York 
boundary. 

At :Montreal the upper limit of submergence has been stated from time to time 
by different investigators to be 470, !>60, and 625 feet. The 470 foot shell deposit 
noted by Sir Charles Lyell, in 1841, seems unreliable as a record of post-glacial sub­
mergence, because the fossiliferous strata of gravel were said to be overlain by an 
unstratified formation of boulders and. earth. The writer is unacquainted with the 
facts which led Baron de Geer to set the limit of submergence here at 625 feet. Sir 
William Dawson's figure, 560 feet, seems to accord better with such facts as were 
secured during the past summer. 

A few days' search around Mt. Royal, while it revealed di'atinct beaches at several 
places, at altitudes as high as 300 feet, brought to light little satisfactory evidence 
of submergence at higher levels. The only place where there appeared to be a dis­
tinct boundary between the lowar wave-washed slopes and the upper slope of ledge 
and drift is at the golf linka at W estmount. Here an extensive plateau of gravel 
lies against the west side of the mountain. Newly dug trenches display coarsa 
stratified gravels, to a depth of 20 feet, with boulder beds, possibly iceberg till, 
beneath. At the club house on tha golf links the surface of thi-s gravel plateau rises 
gently to a short but distinct spit, which appears to mark the limit of submergence. 
The altitude of this spit, determined by leveling from Westmount station, is 492 
feet. The spit cannot ha traced westward acros·s the golf links, where it may have 

. been obliterated by grading; but there is a definite steepening of the slope above 
this altitude, and a rather abrupt change from the sandy and gravally soil to bould­
~ry drift. Although the 492 foot spit at Westmount accords fairly with the measure-

26-15 
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ments of doubtful beaches ·at Ste. Julie, Arthabaokaville, Danby, and West Shefford, 
the following reasons may be noted for refusing to accept it as the highest beach: 
(a) its weakness; (b)' the fact that it stands fully 60 feet below Dawson's highest 
shell locality; (c) the difficulty thh; involves in accounting for a high gravel plateau, 
which will presently be described as occurring on the flank of Yam ask a mountain, 
35 miles east of Montreal; and (d) its position between Quebec, where the highest 
be!lch is about 630 feet ·above sea-level, and the New York boundary, where the sea 
seems to have stood ao high as 523 feet. One would expect the highest beach at Mont­
real to stand at some altitude intermediate between 523 and 630 feet, not as low as 
492 feet. 

Search ·around two of the ancient islands southeast of Montreal, namely St. 
Hila ire and Y amaska mountains, disclosed, in the former case, di·atinct beaches as 
high as 493 feet, and in the latter case a high terrace-like plateau of gravels, whose 
top has an altitude of about 575 f.:let. Neither of these somewhat contradictory facts 
can settle the qriesti.on of the limit of submergence. The 493 foot beach at St. Rilaire 
may not mark the highe·st stand of the sea, and the steep !edgy slope behind and above 
it offers little promise of a higher record having been left. The 575 foot terrace at 
Y amaska mountain appears to r.:lcord approximately the level of standing water when 
the ice sheet which had enveloped the mountam first melted away from it. While it 
seems probable that this body o{ water was the open sea, because th.:l mountain stands 
far out towards the centre of the plain, the possibility of a local ice-rimmed lakelet 
against the mountain side cannot be d.:lnied. It seems necessary at present, there­
fore, to leave open the question of the height of marine submergence near Montreal, 
with the assurance that it was at least 493 feet, and not improbably 560 feet. Every­
thing considered, the latter view agrees best with the facts gathered from the New 
York boundary southwest of Montreal. 

The pr.:lcipitous, thinly drift covered .slopes of the isolated mountains, or ancient 
islands, southeast .of !Montreal, discourage the search for a distinct beach at those 
points, where ideal conditions of exposure to storm waves would otherwise lead us to 
look for strong beaches. The undulating topography of the r.:lgion near the Vermont 
frontier, where the old ·.shoreline must have turned down around the east side of Lake 
Cham.plain, is equally discouraging. It may not become possible to discover the faint 
winding shoreline in this region until a thorough study is made of the details of 
glaciation just previous to the Champlain submergence. 

The facts at Covey hill, near the New York line, have already been alluded to as 
pointing to a submergence of more than 500 feet at Montreal. The situation is briefly 
this: a series of exceedingly strong beach ridges, built of slabs and discoidal stones, 
is found, from an altitude of about 300 feet up to 523 feet. Above this there ill' 
nothing distinctly wave-built. In the interval of over 200 feet these beaches are 
packed rather closely, without any pronounced, persistent gaps. There is no 
especially prominent ridge among them, which might be selected as a line of division 
between marine beaches below and lake beaches above. Since the lowest of these 
beaches seem surely to be marine, because they are so far below the level of marine 
submergence at Quebec on the one hand and the supposed marine beach at the east 
end of Lake Ontario on the other hand, all must be taken as marine beaches, unless. 
some of the higher ones of the series can be found to be discontinuous around the· 
two sides of the Adirondack highlands. This point has been emphasized by Prof. 
J. B. W oodworth, in his study of the Mooers Quadrangle, for the New York State 
Geological Survey. The altitude given by him (and previously estimated by Dr. 
G. K. Gilbert) for the upper limit of marine submergence at Covey hill is 450 feet. 
Doubt as to the horizontality of some of the highest beaches, and erroneous measure­
ments with the barometer from a bench mark which was itself incorrect (the top of 
Covey hill taken as 1,050 feet) account for their error.' Bench marks left at road' 
corners in this district by topographers of the Militia Department sever~l years ago· 
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proved to be of very great value in the present work, making the task of leveling to 
the crest of the highest beach around Covey hill a rapid and easy one. It was found 
that the highest slab-stone beach is virtually. continuous from Covey Hill Methodist 
church westward at least as far as Franklin Centre, a di stance of 12 miles. Level­
ing at four places, from four differ·ent bench marks in this interval, gave these sur­
prisingly accordant results: 524-32 feet; 523-94 feet; 523-31 feet; and 524-54 feet. 
The last measurement is at Franklin Centre. There can, therefore, be no question 
about the horizontality and continuity of the 523 foot beach along the north slope of 
Covey hill. B efore it can be positively stated, however, that this is the marine beach, 
it must l:e traced around into the Champlain and the Ontario basins on either side, 
or must furnish marine shells. 

As already stated, Dawson's highest beach at Cote des Neiges was 560 feet above 
the sea. The 575 foot terrace at Yamaska mountain seems to confirm this; It is 
a curious fa ct th&t a tilt line drawn from the 560 foot locality southwestward through 
the 523 foot beach at Covey hill passes Clayton, N.Y., at an altitude of approximately 
400 feet, the altitude at which Prof. Fairchild puts the supposedly marine Oswego 
beach. 

With due regard for unsettled questions of correlation between Quebec and Covey 
hill, it seems rather clear that the uplift of the Champlain, or highest marine shore­
line, is greatest in the vicinity of Quebec. A profile of the upwarped marine water­
plane, drawn from northeast to southwest along the ax~s of the St. Lawrence valley, 
puts the top of the bulge not far west of Quebec. This may be taken somewhat as a 
confirmation of Dawson's conclusion that the ice sheet was thickest near Quebec, and 
lasted longer there than it did either to the east or to the west of that place; for the 
uplift, if it consisted in the recovery of the earth from compression beneath the ice 
sheet, would naturally be of greatest magnitude where the overlying load was of 
greatest weight. 

Regarding the evenness of this uplift, it may be remarked that not only did the 
Ieveling fail to disclose local vertical irregularities in the warped plane, but in many 
cases the successful prediction of altitude by the method described on an earlier 
page quite precluded the probability that post-glacial faulting, or local folding, is con­
centrated enough to be detected by a survey of the beaches, however accurate. In the 
,~ase of St. Gervais, a line of levels was run for 3 miles nearly on the crest of the 
beach. It showed a variation of not over 8 feet in the 3 miles, dis-regarding 
gaps in the shoreline where spits overlapped near a deflected stream. This slight 
variation, moreover, was rather systematic, consisting of an increase in the height of 
the beach towards Quebec, as if due to the gentle regional tilting. It is of significance 
also that the highest beach at Murray bay matches the data from the south side of the 
e<tuary~lthough Murray bay is in the region of contorted Pre-Cambrian crystallines, 
where local orogenic movements might be looked for, if anywhere. The post-glacial 
upwarpings here in the St. Lawrence valley seem to have been as free from local 
irregularities as they were in the Great Lake region, in spite of the more varied rock­
structure of southern Quebec. 

The relation of this new body of data to measurements of post-glacial uplift 
elsewhere in the :Maritime Provinces, along the New England coast, and in the Great 
Lakes region, is important, since it adds new light upon the extent and the shape of 
this comparatively recent deformation of the northern portion of the continent. A 
map showing isobases or lines of equal uplift over this region as a whole has been 
prepared in manuscript, to accompany a more complete report on the work here 
summarized. 

LOWER BEACHES AND UNINTERRUPTED EMERGENCE. 

Familiaritw with the distinctly spaced shorelines of the extinct Great Lakes, and 
with published descriptions of the marine terraces of the St. Lawrence, had prepared 

26-15~ 
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the writer for the discovery of several definite and fairly continuous shorelines, separ­
ated by verti<ml intervals in which good wave-built features would be absent, as if 
to indicate that post-glacial uplifts had· consisted in a number of jerks, separated by 
j:lauses of considerable duration. This conception of things, however, proved to be 
'<}uite incorrect. From the highest beach, whether at 63·2 feet or 174 feet, down nearly 
to the present shore, beaches are to be found at all altitudes, where the local conditions 
of exposure, slope, and detritus. available for beach construction were favourable. 
There are no prominent shorelines among these lower beaches which are remarkable 
for their perfection of form or for their persistency along the shore. If there is any 
systematic departure from a monotonous average of form and structure it is a general 
increase in shapeliness and sandy structure in a descending order. The coast seems 
to have emerged steadily from the very first, while the waves, building spits and 
pocket beaches at favourable places, as the configuration of the shallowing shore kept 
changing, gradually produced more and more distinct beaches with the shingle and 
sand which they drew down the slope from beach to beach. 1This opinion, though 
formed contrary to expectation, and quite independently, agrees, I have since found, 
with Prof. H. L. Fairchild's published conclusions based upon the slab-stone beaches 
at Covey hill. 

It agrees also with evidence of uniform uplift as recorded by a general discon­
tinuity of river terraces in New England valleys, and eapecially on the coast of 
Maine. 

FOSSIL SHELLS. 

A survey of the raised marine beaches, strange as it may seem, does not lead to 
the discovery of a large variety of fossil shells. Close scrutiny of shallow roadside 
trenches, and occasionttlly of deeper excavations and natural cross sections of the 
marine sands, usually proved fruitless. Near the highest beach, especially, marine 
life seems to be almost wholly unrecorded. At lower levels, where the water was 
deeper at first, and the conditions better for li:fe and for its preservation by quiet 
burial in clays, opportunities for collecting fossils are better. In view of the boreal 
character of the Ohamplain fauna, moreover, it seems not unlikely that at the very 
first, when the ice sheet had hardly retired from the estuary, the conditions for life 
were forbidding, if not prohibitive. 

At the lower levels on the beaches and the terrace near the present shore, one is 
liable to be misled at first by the abundance of shells turned up in the freshly ploughed 
fields, and in pastures which were formerly cultivated. The common use of rock weed. 
and other littoral vegetation, for manure makes the presence of shells near the surface 
of cultivated fields of no palreontological value. 

At three localities shells were found in abundance in undisturbed positions. 
Several exposures of clay beside the road that leads from the Murray Bay pier to the 
village yielded innumerable specimens of Macoma (Tellina) Groenlandica, and fewer 
Macoma calcarea. The best of these beds were near the upper surface of the dissected 
clay plateau about H miles southwest of the village, at an altitude of about 170 feet. 

Two miles north of Port N euf station, about 35 miles west of Quebec, a fresh 
nndside trench in a wooded, uncultivated district, furnished hund.reds of Saxicava 
arctica (rugosa) and a few Macoma Groenlandica: Among the Saxicava were a 
number of individuals with the valves together standing erect in the attitude of 
growth. The undisturbed bedding of the sand was quite clear. The altitude here, 
by barometric measurement from Port Neuf station, is 372 feet. 

A gravel pit about a mile south of Hemmingford, near the New York frontier, 
which Prof. J. B. Woodworth has described in his report on the Mooers Quadrangle, 
was visited, and from it an abundance of Saxicava shells were gathered. As Prof. 
W oodworth has stated, this shell-bearing deposit is remarkable, because the complete 
shells, standing erect in attitudes of growth, are packed tightly between coarse gravels, 
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where one would expect they would have been jammed and crushed by the shifting of 
heavy stones during storms, and where there has been e.very opportunity since the sea 
retired for ground water to dissolve the shells. 

THE 20 FOOT TERRACE AND SEA-CLIFF. 

It has been stated above that from the upper limit of submergence down nearly 
to the present sea shore, fragmentary beaches are found at such a variety of altitudes 
as to indicate an uninterrupted emergence of the coast. The condition is quite 
different near the present shoreline. On the second day of field work attention was 
drawn by a steep sea-cliff and terrace behind the modern bea:ch at Cacouna. The upper 
edge of the terrace at the foot of the cliff was leveled, and found to be from 15 to 20 
feet above high tide mark. Although the cliff and terrace here displayed great strength, 
in contrast to the weaker beaches which had already been seen at higher levels, the 
extent and importance of it was not suspected until the following day, when a second 
visit to the shore of the St. Lawrence, this time at Trois Pistoles, 20 miles farther 
east, disclosed a similar sea-cliff and terrace, standing behind the present beach well 
out of reach of the waves, and stretching for miles along the coast. At Bic, 28 miles 
beyond Trois Pistoles, the 20 foot terrace and its great sea-cliff was found again; and 
from there on it became .a familiar feature of the landscape. It extends, according to 
our observation, with fair continuity from Quebec eastward 200 miles to Matane. 
Beyond that point our survey did not extend. Throughout this distance the terrace 
maintains a fairly uniform altitude of approximately 15 to 20 feet above high tide. It 
rises and falls only so . much as the original variation in its surface, and subsequent 
blurring by soil creep, wind blown sand, or alluvial wash, are sufficient to explain. 
From MacNider's eastward for over 25 miles to Matane the carriage road along the 
shore of the St. Lawrence lies upon this ancient terrace. Overlooking the road on the 
one hand is the steep sea-cliff, rising from 20 to 50 feet above the terrace, and extend­
ing in a nearly straight course, with no gaps except where a tributary stream passes 
down from the uplands to the terrace level. On the other hand, one looks down the 
gently. inclined terrace surface, and out beyond high tide mark across wide tidal 
flats which form the outer continuation of the terrace. The shallow mud flats stretch 
offshore in places for 1 or 2 miles. At low tide one can look out across the bare 
mud flats to a wiae expanse of shallow water that lies beyond, where the heads of 
many boulders rise out of the shallows. The waves have done very little work along .the . 
present high tide mark. Usually a low beach ridge, or at .most a low sea-cliff not 
more than 10 feet high, separates that part of the 20 foot terrace which now lies above · 
;the sea from that . part which is now submerged. Similar views of high cliff and 
b:road half . exposed terrace can be had at Little Metis, Rimouski, Bic, Trois Pistoles, · 
Cacouna, Frasierville, Ste. Anne de la _Pocatiere, and many other places. The Inter- · 
colonial railway runs along the 20 foot terrace at. the foot of the old sea"cliff for a 
few miles, midway between Bic and Rimouski. Just west of Sacre Creur station the 
sea-cliff beside the railway, instead of being cut in glacial drift, has been cut in slate, 
and forms a precipice 100 to 125 feet high. The amount of wave-cutting along this 
ancient shoreline, judging from the great width of the terrace and the height of the 
cliff, must have been prodigious. In comparison with them the changes wrought along 
·the present water's edge are insignificant. 

At Tad'Oussac and! Murray Bay, the only points visited on the north side of the St. 
Lawrence east of the Isle of Orleans, the 20 foot terrace was. not found distinctly 
developed. Steep slopes, resistant crystailine rock, and conditions for delta-building. 
may account, however, for its absence. The terrace and cliff are strongly developed 
;from Quebec eastward for 25 miles, at least to Ste. Anne de Beaupre, and can be 
plainly seen for most of this distance from the car window of the electric railway. 
It is the only strong and persistent topographic feature of the gently .sloping coast 
~from Quebec eastward, the only shoreline that shows effecti.ve wave work. 
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Numerous hand-level measurements of the altitude of this terrace were made, 
and occasionally the more precise le~eling instrument was used. The results show-very 
dose accordance in height over the distance of 200 miles. In the following list of 
-altitrdes the measurements refer to local high tide mark, as determined by a line of 
flotsam on the beach. This introduces into the figures an additional error, which 
may amount to 3 or 4 feet. In spite of this, however, the measurements at the 
widely separated localities are fairly accordant. 

Riviere Blanche (10 miles west of Matane), 15 to 17 feet. 
Little Metis (a beach), 19 feet. 
Rimouski, 22 feet. 
Sacre Creur, 20 to 22 feet. 
Bic, 19 to 21 feet. 
St. Simon (a beach), 17 feet. 
Trois Pistoles, 14 to 19 feet. 
Cacouna, 14 to 21 feet. 
L' Ange Gardien (10 miles east of Quebec), 14 to 16 feet. 

There appear to be two ways of accounting for this strong 20 foot shoreline. It 
may record a pause in the post-glacial emergence, when the coast was stationary for 
a long time, aU:d the waves were given the opportunity to encroach upon the land, or 
it may record a temporary' reversal of crustal movement, when emergence ceased and 
subsidence set in, to be followed in due time by a re-elevation of 20 feet. In 
choosing between these explanations, the following points should be taken into account:-

(1) The evidence from higher beai:!hes indicates that up to the time when the 20 
foot terrace was cut emergence had been steady and uninterrupted, although amounting 
to 200 to 600 feet in this part of Quebec. It is not easy to see why after so great an 
uplift there should be a pause of such great duration as the sea-cliff and terrace 
demands, and why this should finally be followed by a second uplift, when isostatic 
balance appeared to have been gained. Would we not expect evidences of several 
such pauses instead of only one great pause~ 

(2) Waves, if given time enough, will develop and cut back a line of straight or 
gently curved cliffs along a stationary coast, but the length of time required for the 
perfecting of this process of cliff recession is greatly shortened if the coast in question 
is slowly subsiding. As Dr. G. K. Gi1bert and others have remarked, the deepening 
water on a slowly subsiding shore facilitates the disposal of cliff debris, and enables 
waves to cut back at an abnormally rapid rate. This principle seems to account for 
the abnormal strength of the Algonquin and Nipissing shorelines in the Great Lake 
region; for each of these cliffed shorelines records a cliniax in the rising of the lakes 
from a temporary low water stage during the slow differential uplift of the outlet of the 
lakes. Although it has almost never been emphasized by an application to actual 
cases like these, the principle of slow subsidence as a cause of rapid cliff development 
is pretty well established, both by theory and by observation. 

(3) There is independent evidence of coastal subsidence in the Maritime Pro­
vinces and New England, since the great post-glacial upwarping. While several lines 
of evidence, especially those which have been urged as indications of subsidence now 
going on, may be regarded as unconvincing if not actually unsound,1 other evidences, 
such as submerged forest beds and stumps in situ, below low tide mark at many places 
on the sea coast can only be accounted for by subsidence. The evidence in hand does 
not make it so plain whether the sinking of the coast ceased long ago or is still in 
progress. Physiographic evidence near Boston, at Nantasket beaen, was recently 
presented by Professor Johnson as an argument for the belie£ that there has been 
neither subsidence nor elevation of the coast at that latitude during the last two or 

1 See D. W. Johnson, "The Supposed Recerit Sub8iderice of the Massachusiitts · and New 
Jersey Coasts." Science, Vol. 32, Nov. 18, 1910, pp. 721-723; and " Botanical Evidence of 
Coastal Subsidence." Science, Vol. 33, 1911, pp. 300-302. 
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three thousand years. There appears then to be no valid objection to the view that 
the general coastal subsidence which followed the great emergence was itself followerl, 
at least in southern Quebec, by a slight re-elevation. The correlation of the 20 foot 
terrace and sea-cliff with the submerged forest beds and stumps S{lems to contradict 
none of the facts thus far presented and accepted. 

( 4) . If the great terrace marks a stage of coastal subsidence between two stages 
of uplift, it agrees well with the conception of isostatic recovery from the released 
load of a vanishing ice-sheet. The first prompt upwarping may have been carried 
up the more central portions of the region too high; the reversal of movement may 
i~:~t turn have carried the region down a little too low; and a final elevation of 20 
feet may have been required before equilrbrium was fully established. A rhythmical 
balancing of this sort would seem to demand (a) rapid uplift, becoming slower and 
slower as the climax was reached and subsidence began to set in; (b) coastal subsidence, 
which, occupying. the same length of time as the previous elevation, yet consisting of 
a relatively slight vertical change, would be expressed mathematically by a very much 
slower rate in feet per century; and (c) a still slower uplift, in which a period of 
time similar to the fir.st and second was used up in the rise of the coast from sea-level 
to the 20 ·foot mark. Thus we would find ample explanation of (a)'the weakness of the 
highest beach, and the increasing distinctness of the beaches in descending order; 
(b) the comparative strength and maturity of the 20 foot terrace and cliff; and! (c) 
the lack of distinct shore topography at the present sea-level. . 

(5) The investigations of Baron Gerard de Geer, Professor W. C. Broegger, and 
others, in Scandinavia and Finland, have led them to conclusions which the foregoing 
ideas simply duplicate. Since the ice age northern Europe appears to have experi­
enced two uplifts and an intermediate subsidence. At the time thE;\ ice began to 
disappear from the Baltic sea the land stood much lower than now-at Christiania 
700 feet lower, Clays accumulated in the Baltic at this time, which contain fossils 
of a boreal fauna analagous to the fossils of the Champlain clays of North America. 
Emergence of the Baltic region set in at once, and continued so far that the lani! 
stood at a level higher than it now stands. The Baltic basin was converted into a 
freshwater lake of vast extent. Records of it are found in sands ·and clays which 
co.ntain the freshwater Ancylus fauna. These clays fringe the coa.st of the Baltic 
up to altitudes above 100 feet. Following this emergence came a stage of coastal 
subsidence, during· which the lower portion of the Baltic basin was again depressed 
beneath the sea, and deposits of clays and sands were made with a marine fauna which 
is known as the liittorina group. This subsidence is Broegger's Littorina-Tapes 
Senkung. The third movement, a re-elevation, brought the Littorina-Tapes shoreline 

_ up to its present level-at Christiania about 200 feet above the sea. Professor Broegger 
has subdP.vided this elevation into three parts, on the basis of dlistinct beaches, faun·as, 
and archreological evidence, calling these divisions the Altere, Mittlere, and Jungere 
Tapeszeit. . The rate of uplift is said to have been more rapid during the Mittlere 
'l'apeszeit than in either the Atlere or J ungere Tapeszeit. This might be interpreted 
as an indication that at first the earth was only beginning to recover from the Littorina 
subsidence; in the 11fittlere Tapeszeit the upward movement had become well estab­
lished; and that towards the close of the Tapeszeit emergence a final balance was 
gradually reached. 

The evidence of these three movements citild by the Scandinavian inYestigators 
consists of clays and sands containing the marine and fresh-water faunas and floras; 
submerged stumps and peat beds; and drowned valleys. While the shorelines marking 
each of the stages are definite enough to allow precise measurements of altitude to 
be taken (in the collecting and correlating of which data the Norwegian and Swedish 
Geological Surveys have made great progress) no attention hM been called, so far as 
known to the present writer, to an abnormal strength of the Littorina-Tapes shoreline, 
or to extensive cliff recession at that level, as evidence per se of slow coa.stal subsidence. 
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The evidence upon which the corresponding stage of subsidence in southern Quebec 
now chiefly rests-the great 20 foot terrace and sea-cliff-is; therefore, entirely inde­
pendent. It is of interest to note, also, that the interpretation of this sea-cliff as an 
evidence of subsidence was settled upon by the writer, without foreseeing at that 
time that the three-fold movement thus demanded would correspond to conclusions· 
previously formed by European investigators. 

Confirmation of the date of the subsidence in Canada, and of the correlation of 
buried stumps with the great terrace and sea-cliff, must, of course, be searched for 
before positive conclusions are drawn. It is apparent, however, from the virtual 
continuity of this terrace for 200 miles along the south side of the St. Lawrence, 
and from Quebec along the north side as far as the search disclosed favourable con­
ditions for it, that this feature is not local. Its nearly uniform attitude throughout 
this distance leads to the same opinion. It seems to preclude such an idea as that the 
great cliff cutting is the result of a temporary raising of the high-water mark by the 
deflection of tidal currents consequent upon changing configuration of the coast. The 
results of such local :fluctuations would be less uniform between the Gaspe peninsula 
and the head of the estuary at Quebec. It seems reasonable to suppose that an 
exploration of the coasts, with the terrace of submergence as the central idea, wlll 
demonstrate a stage of coastal subsidence of long duration and wide extent, separating 
the earlier, greater uplift from the later, lesser one. We would then be justified in 
subdividing post-glacial time into three parts, corresponding with the Ancylus, 
Littorina, and Tapes sub-epochs of Scandinavia. 

NoTES ON GLACIATION. 

From such scattered, casual observations of strire, roches moutonn€es, and erratics 
as were possible during the progress of the work on the shorelines, where with so short n 
field season and so wide a field, concentration upon the problems of submergence 'Was 
imperative, it is not safe to draw positive conclusions. In general, observation appeared 
to confirm the statements which have been published from time to time by the late 
Dr. Chalmers-at least in these respects:-

(a) East of Riviere du Lmip, smoothed bosses of rock, usually of sandstone or 
conglomerate, protruding from the soft red slate which underlies the marine plain, 
seem to indicate a general movement of the ice sheet from south to north, as if this 
south side of the St. La'\rence, between Quebec and the Gaspe peninsula, had been 
glaciated from a centre on the Appalachian highlands. As a rule, however, the soft 
crumbling red and grey slates of this belt give 'little evidence of the direction of 
glaciation. 

(b) The relative abundance of large crystalline boulders on the surface below the 
highest beach, in this region, suggests that material from the Laurentide mountains 
c;rossed the lower St. Lawrence largely through the agency of :floating ice, during the 
later stages of the glacial period, while the coast was still submerged. The large 
n~mber of these boulders on the present shore, where the tide-covered outer portion 
of the wide 20 foot terrace in many places is literally peppered with them, S€12Ill& 

to be due largely to the same agency-floating ice, and not merely to the failure of 
the waves to remove boulders while the great sea-cliff was being eaten back. 

(c) At a number of places near the modern shoreline, ledges were observed which 
have been heavily scoured and shaped by ice moving in a direction parallel to the 
shore. In some of these places-e.g., Cacouna-the stoss and plucked sides seem to 
occur indiscriminately, at either end, and it is hardly possible to say whether the 
movement was from the northeast or from the southwest. As · a rule, however, it seems · 
to have been southwestward, up the valley. Out near Gaspe peninsula:, about a mile 
east of MacNider's, a rocky island close to the shore exhibits typical roches moutonnee 
outline; showing heavy glaciation here from about s ·'s3o E' to N 83°. W (corrected). 



SUMMARY REPORT 233 

SESSIONAL PAPER No. 26 

Scoured bosses of trap rock beside the shore road, midway between MacNider's and 
Little Metis, seem likewise to show a glaciation from east to west. 

The indications, therefore, favour the idea that the Atlantic peninsula, lying 
between the lower St. Lawrence, the Gulf of St. I.awrence, and the Gulf of Maine, 
·had its own centre of dispersal, in the glacial period, and that along the south coast 
of the lower St. Lawrence pack ice, moving from the gulf up the valley, has been a 
strong factor in determining details both of erosion and of boulder distribution in 
the area of submergence. 

On the other hand, our observations fail to confirm the view that local glaciers 
moved down the valleys of the du Loup, Trois Pi stoles, N ord Ouest, Rimouski, 
Metis, Matane, and other rivers. These valleys, where they pass through the undulating 
uplands that border the St. Lawrence, are wide open rather than bold and deep. They 
lack utterly the features peculiar to valleys which have been deepened and widened by 
glacial action; and the terraces which occupy them are clearly of flu via tile origin. 
Regardless of evidences of valley glaciers in the deep fiords along the north shore of the 
St. Lawrence, it seems plain that the south shore was glaciated rather by an ice sheet. 
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TOBIQUE DISTRICT, NEW BRUNSWICK. 

(G. A. Young.) 

The district topographically and geologically surveyed during the field season of 
1910 lies in northwestern New Brunswick and includes a tract of countr;y about the 
forks of Tobique river. The Tobique flows in a general southwesterly direction, and 
is one of the larger tributaries of the St. John river, which it joins a few miles north 
of Perth. 

Field work in connexion with the main control work was commenced in the latter 
part of :May, under the supervision of :Mr. D. A. Nichols. The main party arrived in 
the field during the second week of June, and field work continued until the end of 
September. 

In the field the writer was .assisted -by :Messrs. lVI. F. Bancroft, A. Boucher, J. L. 
Oavanagh, F. A. Huntingdon, D. A. Nichols, A. G. lVIcintyre, D. L. 1-IacLeod, H. G. 
Morison and B . Rose, all of whom performed their duties in a satisfactory manner. 

Means of Communication.-The district may be conveniently reached by means 
of the Tobique branch of the Canadian Pacific railway, which, lea"ing the main line 
at Perth, runs northeastward along the eastern side of Tobique river as far as Plaster 
Rock. From Plaster Rock a highway leads northward up the Tobique valley for 
about 26 miles in a straight line, to the forks of Tobique river. The district may also 
be entered by a canoe route favoured by tourists, sportsmen, and others, which follows 
the course of Nipisiguit river westward from Bathurst on Ohaleur bay to 
Nipisiguit lake at the head of the river, crosses a low divide to Little Tobique lake, 
and continues down the Little Tobique to the forks of Tobique river. The section, 
under construction, of the National Transcontinental railway between Grand Falls 
on the St. John, and lVIoncton, crosses the Tobique a mile or so south of Plaster Rock. 

Within the district, travel, except on foot, is practically limited to the one high­
way running northward up the Tobique valley, and to a number of rough portage 
roads running in various directions that have been cut out by lumber companies. 
The Tobique river and. its larger tributaries can be traversed in canoes, but these 
streams are swift, and, except at high water stages, the load that IWliY be carried in a 
canoe is very-limited. 

Location and Area.-The district surveyed in 1910 has an area of approximately 
400 square miles. The southern boundary crosses the Tobiq1ie south of the mouth of 
Gulquac river at a point about 5~ miles north of Plaster Rock, and the northern 
boundary lies about 3 miles north of the forks of Tobique river. The western bound­
ary, starting in the south from a point on Tobique river, in the northern part of the 
district, lies about 8 miles west of the forks of the river; the eastern boundary is so 
situated as to include, in the southeast, Long and Trousers lakes. 

Methods of Field Work.-The field work w:as carried out with the intention of 
mapping the geology and preparing a topographical map on a scale of . 2 miles to 1 
inch, with contour intervals of 100 feet. In order to establish elevations and geo­
graphical positions, a carefully run transit-stadia line was carried from Plaster Rock 
northward into the district. For the purpose of primary control it was originally 
intended to run accurate transit-stadia lines along portage roads, that would form one 
or more circuits and yield a framework of approximately the same outline as that of 
the :district. · BeC?u~e. ·Of lack · of time,-liowever, "this ···plan .. was ·in part· abandoned;- the 
portage roads being but little better than very crooked paths along which the individ-
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ual sights. did not average much above 150 feet in length, with a correspondingly low 
rate of daily progress. 

The main control, as made, consists, in part, of circuits of carefully run transit­
stadia traverses, but mainly of compass-stadia traverses run by means of .a transit, 
and with a number of observations for magnetic declination. Various secondary 
traverses run by compass-stadia-transit were also carried out, as well as plane-table­
compass-telemeter traverses of main streams and the shores of lakes. Between points 
established as above, numerous traverses run by plane-table-compass and pacing were 
made, the relief, etc., sketched in, and elevations determined by aneroid controlled by 
a series of daily aneroid readings made at central points of known elevation. 

The geological map work was carried on by the members of the party in the 
course of their topographic work. The positions of all rock exposures seen were noted, 
and their characters usually recorded by simply taking small specimens. The number 
of specimens so secured while large, is not excessive, since, except along parts of some 
of the larger streams and over several limited areas, rock exposures were rare. 

Previous Work.-The district surveyed in 1910 is part of a much larger area 
represented on a scale of 4 miles to 1 inch by map sheet No. 2 NW, which accompanies 
a report on the region by :Messrs. L. W. Bailey and W. :Mcinnes.' 

In 1905 Professor W. A. Parks examined a portion of the area mapped this past 
season and reported on it.2 An unpublished, final report, in manuscript form, by 
Professor Parks, was placed at the disposaJ of the writer. 

R. Chalmers," during several seasons, studied and reported upon the surface 
geology of the Tobique and adjacent regions. 

PHYSICAL FEATURES. 

Drainage.-The Tobique district is situated within the broken, relatively elevated 
country of northwestern New Brunswick. The district is drained by the Tobique river 
and .its tributaries. The river flows in a marked valley lying towards the western edge 
of the district, and extending in a south-southwesterly direction. Towards the north, 
the valley is comparatively narrow, varying in width from one mile to scarcely more 
;than the· breadth of the stream bed, and has, on both sides, faces rising sharply from 
200 feet to 400 feet above the river, but broken by the valleys of numerous large and 
small tributaries. Towards the south, the river channel usually lies from 100 feet to 
200 feet below the level of the broad, main valley, which extends for some miles to 
the westward beyond the limits of the sheet. 

In the north, the constricted valley of ·the Tobique is directly continued north­
ward by ·the "lfalley of Nictor or Little .Tobique ,river, and similar physical characters 
are exhibited by the· valleys of Sisson branch coming from the west, of the Mamozekel 
from the northeast, and of the Campbell river from the east, all four streams uniting 
in the neighbourhood of the forks. Some 7 miles east of the forks, the Campbell 
river also forks, one branch, the Serpentine, coming in from the east, the other, 
known as the Campbell, coming from the south, where it heads in Long and Trousers 
lakes. Trousers lake is bordered on its western side by a group of high hills whose 
w;estern flanks are drained into the Gulquac river, which, following a nearly due west 
course, traverses a marked valley, and enters the Tobique river towards the south­
western corner of the district. 

Relief.-The Tobique district lies, in part, along the eastern margin of a tract 
of elevated, rolling country, sometimes spoken of as a tableland, that extends westward 
into :Maine. East o{ this upland, the country lying towards the centre of New Bruns-

1 BailGy, . L . W., and Mclnnes, W.; G.S.C., Ann. Rept., Vol. II, 1886, 'Part N. 
2-P ii: rks; · W: A.: G.S:C., Sum!ilary·~ Report for 1905,- pp. · 115-117. 
• Chnlmers, R .. G.S.C., Summary Report for 1899, ·pp. 148-155, a!ld Summary Report for 

1900, pp. 151-161. 
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wick .is much more rugged, and the physical features of the eastern portion of the 
Tobique district larg·ely conform to this type. 

The ·vertical relief of the country is considerable in amount, the Tobique in the 
.southwestern corner of the area being only about 350 feet above the sea, while numerous 
peaks and ridges rise to elevations of from 1,200 feet to 2,500 feet. Towards the northwest 
the country is essentially a rolling upland, cut by numerous valleys and deep gullies, 
and having a general elevation of between 1,000 feet and 1,500 feet above the sea. 
Similar topographic forms are displayed in other parts of the district, but as a whole 
the region is characterized by the presence of sharp ridges running in various direc· 
tions and rising steeply 800 to 1,200 feet above the surrounding country. 
These ridges, though sometimes distinct from one another, are more often grouped, 
as in the case of the mountainous tract lying just east of Trousers lake. A chara:cter­
istic feature of the district is the presence of isolated, conical hil.ls, whose peaks are 
from 300 feet to 1,000 feet above their bases. A notable feature of the district is the 
presence of a valley, or series of valleys, of irregular widths, running northward 
through the centre of the district. Perhaps the most characteristic feature of all :s 
the gorge-like character of the various waterways, a character shared by the courses 
of even very small brooks. ' · 

GENERAL GEOLOGY. 

At the present time it is thought advisable to offer only a few generalized remarks 
bearing on the geology of the district, since a large part of the field work performed 
by assistants has not yet been compiled. 

The Tobique district includes a portion of the southeastern border of a large 
tract of westerly extending country that has been described as occupied by Silurian 
strata. This Silurian area has been mapped by various geologists as being bordered 
on the southeast by a belt of Ordovician strata separating the Silurian measures from 
Pre-Cambrian strata, · which, farther eastward, are penetrated by large bodies of · 
granite. The district also includes the northern portion of what has been called the 
Tobique outlier of lower Carboniferous strata. Silurian fossils have been found at 
several localities within the district, and others of Devonian type (Oriskany) have 
been found in narrow limestone beds interstratified with black slates occurring on 
Campbell river. The occurrence of areas of volcanic rocks has also been noted. 

At the present time, the writer is unable to offer any new facts of importance 
regarding the general geology of the district. Over a great part of the area the strata 
consist of folded and faulted measures, usually greyish in colour and varying in 
general appearance from slate-like to coarse sandstones and fine conglomerates. .At 
many points acid and basic igneous rocks, including rhyolites and rhyqlite-tuffs, 
outcrop. Some doubt is felt regarding the propriety of subdividing the strata into 
S'ilurian, Ordovician, and Pre-Cambrian, as has been done by pre:vious students of the 
geology of the region. 

EcoNoMIC GEoLOGY. 

Although it has been reported · at various times that alluvial gold · has been found 
within the area under discussion, and niore particularly in the bordering region!:l to · 
the east and north, no evidence was secured of the presence, or of the probability of 
the presence of deposits of metalliferous minerals of economic importance.· All_ the 
ro<;k .exposures seen, with only one or two exceptions, proved barren of any signs .of. 
mineralization, though, in one case, a very small amount · of disseminated pyrite was · 
seen. But the character of the .country is unfavourable to the prospector, since ex­
posures of rock in situ are, .as a general rule, limited in-number and widely,. scattered. 
It .is possible, therefore, that, · concealed . by drift, there may exist gold-bearing veins, 
or other deposits of .economic value. 
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As recorded by Chalmers' and others, colours of gold have been recovered from 
the gravels of various streams, though apparently never in any quantity. At different 
times during a long period of years, fragments of quartz, thickly impregnated with 
gold, have been reported to have been found, but in no case has precise information 
been furnished regarding the exact, or even the approximate position of the discovery, 

The general lack of mineralization within the district examined during the past 
year tends to discourage the idea that any valuable deposit of gold occurs within the 
area. The existence of colours of gold in stream gravels does not, by itself, necessarily 
indicate the presence in the district of workable deposits of that metal, for colours of 
gold may be recovered from streams in districts where there is no reason for believing 
that gold exists in paying quantities, either in gravels or otherwise. It is possible, 
too, that at least in certain cases of alleged discoveries of gold-bearing quartz, some 
other mineral has been mistaken for gold, and it is perhaps significant regarding all 
such reported discoveries, that in no case was the exact point of discovery revealed. 

'Chalmers, R.: G.S.C., Summary Report for 1899, pp_ 148-155, and Summary Report foJ' 
1900, pp. 151-161. 
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ARI,SAIG-ANTIGONISH DISTRICT, NOVA SCOTIA. 

(M. Y. Williams.) 

The :field work of the summer of 1910 was concerned with a detailed study of a 
port~on of Antigonish and Pictou counties, N.S., represented on geological sheets 
(ooale, 1 mile to 1 inch) by Hugh Fletcher, and accompanying his report of 1886. 

The object of the work <Was to determine the age and relations of the sedimentary 
rocks, the age, character, and relations of the igneous rocks, and with M<r. Fletcher's 
work as a basis, to map the area studied on the scale of i mile to 1 inch. In the 
earrying out of these .plans additions were made to the base map, a careful survP.y was 
made of the iron ore prospects, and considerable work was done in connexion with the 
gypsum deposits. 

It is a pleasure to acknowledge indebtedness to Professor Charles Schuchert, of 
Yale Univer~ity, and to Mr. W. H. Twenhofel, As-sistant Professor of Geology at ~he 
University of Kansas, for assistance and advice during the early :field work. Thanks 
are also due Mr. George E. Corbitt for assistance in the examination of the iron 
prospects which are under his management. , 

Work in the :field wa-s begun by the writer on June 22, and continued until 
September 24. Field work by Mr. M. H. McLeod covered the period between July 6 
and October 8. Mr. McLeod rendered valuable assistance in many ways, and took 
<:harge of the revision of the base map. 

LOCATION AND AREA. 

The Arisaig-Antigonish district fronts 'O;J1 Northumberland strait, about midway 
between Cape George and Merigomish harbour. The area studied extends along the 
coast 5 miles northeast and 5 miles southwest from Arisaig point, and about lli miles 
southeast to the Intercolonial railway, and includes the gypsum deposits south of the 
1 ail way. Its area is approximately 115 square miles. The Interoolonial raiLway fur­
nishes communication along the southern border of the area, while stage routes reach 
the interior and shore districts. Steamboat communication is somewhat irregularly 
maintained with Pictou and Cape Breton ports. 

PREVIOUS WORK. 

In Gesner 's report, publisherl in Halifax. in 1836, the rocks of Nova Scotia were 
classified, and those of Arisaig were included under Red Sandstone rocks. Since 
then Sir William Dawson,1 Dr. Honeyman,2 }.fr. T. C. Weston, Dr. H. M. Ami,3 and 
Mr. W. H. Twenhofel,4 have done valuable work on the area, in working out time 
relations and structure, collecting fossils, etc. In 1886 Mr. Hugh Fletcher' pub­
lished his report on the area. It and the accompanying maps give a careful treat­
ment of the formations, and the general and economic geology. 

1 Quart. Jour. Geol. Soc., London, 1845; Acadian Geol., 4th Ed., 1891, and G .S.C. reports: 
2Trans. Lit. and Sci. Soc., Halifax, 1859; Geol. Soc. Quart. Jour., vol. 20; Trans. N .S. Inst. 

Vol. IV, 1878 and 1887. 
3 Trans. N.S. Inst., Serie-s 2, Vol. I; T~ans. Roy, Soc. Can., Vol. VI, 1900; Bull. Geol. Soc. 

Am., Vol. XII, 1901; N.S. Inst. Nat. SCl., Vol. X, 190],. 
• Am. Jour. Sci., Vol. XXVIII, August, 1909. ' 
'G.S.C., Rep. 1886. 
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GENERAL CHARACTER OF DISTRICT. 

TOPOGRAPHY. 

Regional and Local.-The Arisaig-Antigonish district belongs t9 the Cobequid 
plateau region of northern Nova Scotia. The central highland of the district, under­
lain by the Browns Mountain (Cambro-Silurian of Fletcher) formation, rises in the 
north and east to an elevation of from 900 to 1,000 feet above the sea. The sky-line 
is notably even across the bevelled strata, and only in the gorges worn by the streams 
do we find any great deviation from a plain . A gentle slope to the southwest is 
perceptible. On the northwest, along a line nearly parallel with the shore, the plateau 
descends to the younger formations over the fault scarp of the Hollow. In many 
!Cases the descent is very steep and the brow of the scarp very regular· and clean-cut. 
Later erosion has given the Hollow the form of a U shaped valley, along which the 
streams, in many cases, :flow some distance before finding a gap through the lower 
hills. North of the Hollow, high, well-rounded hills drop away to the shore. The 
lower coyntry of the Silurian area presents a lmolly aspect, while old sea-beaches, u p 
to an elevation of 120 feet, occur along the shore. 

On the east and south the plateau descends rather suddenly to the rounded hills 
and flat lands of the Windsor (Carboniferous Limestone and Conglomerate of 
Fletcher) group area. Karst topography, with ponds, sink holes, and interrupted 
drainage, is characteristic of the limestone and gypsum areas on the south. West of 
James River station, the railway follows a narrow valley floored by Arisaig (Silurian 
of Fletcher) strata and walled in by the Browns }.fountain formations. The Sugar loaf 
hills near Malignant cove, and Antigonish town, are rounded knobs upheld by cores 
of intrusive rock. ' 

A very perfect drainage system has been developed in the Arisaig-Antigonish 
region, and lakes and swamps are, in general, absent. The upper portions of the 
stream channels cut into the metamo·rphic rocks, are youthful, V shaped gorges, with 
many rapids and falls. On the younger formations, drainage maturity is exhibited in 
well-graded channels, and, in some cases, meanders. However, in general, a recent 
downcutting has occurred through gravel previously deposited to a thickness of 6 feet 
or more above the present stream beds. To the northward, brooks from 3 to 4 miles 
long empty into Northumberland strait. To the south and east brooks attain the 
dimensions of rivers, and ultimately discharge into George bay. 

GENERAL GEOLOGY. 

TABLE OF FORJ\IATIONS. 

In the following table, new formational names proposed by various geologists, or 
by the writer, have been used in a number of instances, instead of the older terms of 
Hugh Fletcher. The work of the past season, as far as it concerns stratigraphy and 
the larger questions of geological structure, has served to confirm the views of Fletcher, 
but since the formational names used by Fletcher, in certain cases at least, implied 
the acceptance of views concerning correlation and general geological conditions that 
in all cases are not accepted by the writer, it seemed best to adopt a new scheme of 
nomenclature. 

In the table of formations the older usage of Mr. Fletcher is indicated. The 
names applied to the three divisions of the Carboniferous present in the district are 
new terms proposed by the writer. In the case of the Devonian families, the name 
Knoydart, proposed by H. M. Ami,l has been adopted. ·The nomenclature of the 

'Ami, H. M., Can . Rec. Soc., Vol. VIII, pp. 206-305 (1901). 
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Silurian is based on the classification put forward by Ami,l and W. H. Twenhofel.2 
The division of the upper Cambrian, and, possibly, Ordovician systems, are those 
originally proposed by Fletcher.3 · 

SEDIMENTARY. 

Oenozoic. 

Quaternary-
!. R ecent-Stream gravels and residual soils, modified glacial gravels. 
2. Pleistocene or Glacial-Unstratified clay-gravel deposits. 

Palmozoic. 

Middle Carboniferous-
I~i stmore formation (Millstone Grit of Fletcher); light grey and red-brown 

sandstones, thin argillaceous shale, thin green conglomerate, etc. 
Lower Carboniferous or Mississippian. Windsor group--

Ardness (Limestone division of Fletcher); brown and green ·sandy shale, 
flaggy sandstones, red and grey shales, (gypsum at Brierly brook), and 
compact grey limestones. 

McAras brook (Carboniferous conglomerate of Fletcher) limy grey shale, 
green shale, breccia, and basal conglomerate, cut near base by amygdal­
oidal trap sheets. 

Devonian (Lower) System-
Knoydart formation (upper Devonian of Fletcher); hard fine-grained, red, 

sa~dy shale, and hard, grey sandstone, cut by small diabase dykes. 
Silurian System-

Arisaig group (Silurian of Fletcher)-
1. Stone House formation (-more or less of Ludlow of England) red 

shale and limestones, argillaceous limestone, and shales. 
2. Moydart formation (approximates the Louisville of United States, or 

W enlock of England) ; the red stratum or red shale, argillaceous 
limestone and shale. 

3. :McAdam formation (Rochester of United States or upper Llandovery 
of England) ; black shales and argillacous limestone; obscure 
basic intrusive. 

4. R oss Brook foi·mation (=Clinton of United States, or lower Llan­
dovery of England) ; green shale with thin sandstones, dark papery 
slates, etc. 

5. Beechhill Cove formation ( lower Clinton); sandstones, limestones, 
and shales. Rhyolite and volcanic breccia at base. 

Upper Cambrian and possibly Ordovician Systems-
Browns Mountain group (Cambro-Silurian of Fletcher), including granite, 

greenstone, syenite or diorite stocks, and diabe.se and felsitic dykes-
1. Bears Brook formation; red and grey sandstone, grit and con­

glomerate. 
2. Baxters Brook formation; red and green slates. 
3. James River formati on (upper Cambrian or Ozarkic); flinty slatee 

and quartzites. 

1 Ami, H.M .. , op. cit. 
2 Twenhofel, W. H., op . cit. 
• Fletcher, Hugh, op. cit. 



SUMMARY REPORT 241 

SESSIONAL PAPER No. 26 

IGNEOUS ROCKS. 

Post-McAras brook.. . : . . .. ... . .. .. . .. Amygdaloidal trap sheets. 
Post-Knoyrlart ..... . .... . . . . . . ........ .. Diabase dykes. 
Post-McAdam ...... . . . .. . .... ... . . . .. .. . Altered, obscure basic intrusives. 
Pre-Ross brook.. . . . . . . . . . . . . . . . .... . :Dark red sheared dyke, amygdaloidal trap, rhyolit:e, and vol-

canic breccia. 
Pmt-Baxters brook, but jPre-Great fault .. Greens tone intrusives of Malignant cove, Sugar loaf area, with 

associated granite porphyry and felsite, basic dykes, etc. 
Post-James river (upper Cambrian) . . Syeniteor diorite rocks east of Malignant cove. Diabase dykes, 

but Pre-Aras brook. J ames River granite; diabase stock of Antigonish Sugar loaf. 

DESCRIPTION OF FORMATIONS. 

Browns Mountain Group1 
( Oambro-Silurian of Fletcher). 

The Browns !fountain rocks (Cambro-Silurian of Fletcher) form the heart of the 
plateau area and are the oldest rocks of the Arisaig-Antigonish district. Extending 
from Cape George as a narrow belt along the shore, at the east boundary of this 
district they widen out so as to occupy nearly all the area south of the Hollow. Their 
..:ourse after leaving the district is westward and southward. From near the south­
east corner of the area an outlier of Browns Jl,fountain rocks extends northeast to 
George bay. Residual soil covers most of the plateau, and outcrops are best studied 
in the brook valleys. 

Four igneous stocks occur in the area occupied by the Browns Mountain group­
one of granite north of J ames River station; a small one of diabase (field determina­
tion) in the Antigonish Sugar loaf; one of trap or greenstone in the Malignant Cove 
Sugar loaf; and one of syenite ( n east of Malignant cove. Diabase dykes cut the J ames 
River granite, as well as the slates and quartzites. Similar dykes are of common 
occurrence in the vicinity of the Antigonish Sugarloaf and are of frequent occurrence 
throughout the metamorphic area. Granite porphyry, felsite, and basic dykes extend 
south and · southwest from :Malignant Cove Sugar loaf area. 

The rocks of the Browns Mountain group are largely metamorphosed, and have 
been divided by Mr. Fletcher into three formations, all of which occur in the Arisaig­
Antigonish district. The lowest, or J ames River formation, underlies all the area of 
the Browns Mountain group of the district to within a radius of less than 3 miles 
south of Malignant cove. Quartzite, varying from massive to thin-bedded, alternates 
with flinty slates. In colour the quartzite is in general bottle-green; its grain is 
fair sized, including scattered pieces of red jasper. The slates are commonly finely 
banded· parallel to the stratification, in general are of an olive grey colour, and in 
many cases are harder than steel. In places the slates are crumpled, while the quart­
zites, when massive, often possess one or more sets of highly inclined joint planes. 

The Baxter Brook formation succeeds the J ames River beds to the north, extend­
ing well into the intrusive area of Malignant cove. To it belong twisted and gnarled 
soft red slates, giving place occasionally to creamy slates, the colour of which appear.> 
to be caused by leaching. 

The Bears Brook formation outcrops about Jl,falignant cove, and in the valley of 
MeN eills brook. In the latter place interbedded grey-banded slates, red slates, and 
brown grit are succeeded across a fault plane by fine-grained sandstone. Near Malig­
nant Cove pond, a conglomerate consisting of pebbles of rhyolite, quartz, etc., lies 
upon the cleavage surface of a grey slate, and includes slate fragments. Near by ·a 
coarser conglomerate, made up of rhyolite pebbles showing almost no sorting, overlies 
the finer grained conglomerate with an irregular, unconformable contact. Up 1'Ialig­
nant brook conglomerate is succeeded by silicified purple grit. 

The Browns Mountain rocks have suffered much folding, and the structure is 
further complicated as the result of disturbances due to igneous .intrusions. Owing 

1 This name is adopted because of the widespread occcurrence of these rocks over the 
plateau of which Browns mountain forms an important part. 

26--16 
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to their metamorphic condition, and the scarcity of outcrops, their geologic structure 
has not been completely worked out. However, it may be stated that in general the 
axes of folding extend northeast and southwest, parallel to the great features of the 
region. The younger formations . belonging to the Arisaig and Windsor groups lie 
either unconformably against the foot of the Browns }.fountain plateau erosion scarps, 
or else they floor the valleys that have been eroded through the Browns· Mountain 
rocks. Examples of the latter relation are seen ia connexion with the McAras Brook 
(Carboniferous conglomerate) formation northwest of the town of Antigonish, and 
also in the case of the lower formation of the Arisaig group, which occupies the valley 
followed by the railway west from James river. 

Brachiopods obtained from the iron ore of Doctor brook and from quartzos.e 
schist near the east branch of Doctor brook have been identified by Professor Charles 
&huchert as Obolus (Lingulobolus) spissa and Lingulella ( n, the former of which 
occurs at Belle isle, in Conception bay, Newfoundland. The J ames River formation, 
in whkh these fossils occur, is, therefore, regarded as belonging to upper Cambrian 
(Ozarkic) time. 

Basic dykes occur widely distributed throughout the formation, are usually vertical, 
and mainly trend with the formation axes. They are generally under 10 feet in thick­
ness, and from field determinations are regarded as diabase. The granite stock of 
James river covers an area of about 2 square miles. The rock composing it is of a 
fine pink colour, and is rather low in quartz. Where observed the contacts are nearly 
vertical. In the southern extension of this stock, diabase dykes cut · the granite along 
joint planes. Small outcrops of a syenitic character appear to the southwest, and a 
few small aplite dykes cut the country rocks. The Sugar loaf hill, north of the town of 
Antigonish, is supported by a small stock of diabase ( n. North of this point numerous 
small diabase dykes occur. 

The greenstone stock of the Sugarloaf of Malignant cove has been forced through 
the red slate, which still adheres to its highly inclined sides. N orthwestward the 
intrusives continue as much-weathered greenstone rock, seen in the many small knobs 
that have been pushed through, and broken the slate cover. To the southwest grada­
tions occur between the greenstone and a granite porphyry, the ground-mass changing 
from purplish green to grey. Phenocrysts of pink feldspar, up to three-fourths of an 
inch in length, are scattered through it, while quartz is recognized in irregular patches. 
Over an area extending about 4 miles to the south and southwest, a light creamy 
felsite is intruded indifferently along or across the bedding of the slates. Its frequent 
occurrence in connexion with the granite porphyry suggests that it may be a phase of 
the general intrusion of the Sugarloaf area. Similar felsite occurs near Browns 
Mountain settlement. The syenite ( ?) stuck, east of Malignant cove, a good section of 
which is to be seen along the seashore, consists of much weathered rock, composed of 
pink to white feldspar and hornblende. Dark irregular dykes penetrate it. 

Arisaig Group (Silurian of Fletcher ).-The Arisaig group (Silurian of Fletcher) 
1ies northwest of the fault scarp at the Hollow, and extends from Malignant cove 
southwest for about 6 miles along the shore, and is then overlain by the Knoydart 
formation, which takes on a dip, reversed in direction to that of the Arisaig, as may 
be seen near the contact in McAdam brook. A fine section of this group is exposed 
along the shore, while the brooks of the area furnish additional exposures. 

Arisaig has been chosen as the group name because of its frequent association in 
literature with Silurian section, and because in Arisaig brook a good section across 
the up:Per four formations of the group may be seen. Ross brook has been substituted 
for Arisaig as applied by Ami and Twenhofel to t:b.e second lowest formation. Ross 
brook flows over obscured strata of this formation, and empties near the. outcrops of 
. the lower horizon of the formation as exposed along the shore. Honeyman -and 
Fletcher divided this group into fi~e divisions. In -1901, Ami proposed formation 
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names for the upper four d1visions, but did not definitely fix the boundaries. These 
were fixed by Twenhofel1 in 1909, and differ somewhat from the divisions as given 
by Fletcher. The writer has introduced the name Beechhill Cove formation, applying 
it to the lowest unnamed member of the Arisaig group. 

The arenaceous character of the beds, and the cross-bedded sandstones seen in 
many places, together with ripple marks, which occur most frequently towards the top 
of the section, indicate near-shore conditions of deposition. As recognized by previous 
writers, these formations lie in a syncline, probably formed by flexure and fracture dur­
ing down-faulting. The trough pitches southwest, and the formations occur in ascend­
ing order from rim to centre. Twenhofel has fixed the age of the group as embracing 
the time from the Clinton into the Ludlow, as is indicated in the table of a previous 
page, in which the lithologic characters of the various divisions are given. 

The eruptive pink and greenish rocks at the base of this group were identified 
iby Twenhofel, by means of microscopic examination and chemical analyses, as 
rhyolite and volcanic breccia. His slides have been examined by the writer, who 
quite agrees with his conclusion. 

The contacts of these extrusives with the Beechhill Cove formation are apparently 
conformable with the bedding. In Doctor brook the strata are turned on end, the 
igneous rocks are brecci.ated, and have jointing or sheeting parallel to the contact. The 
sedimentaries are micaceous and ,;chistose for some distance, and have taken on a 
sheeting parallel to the contact. On the shore east of Arisaig point the waves have 
lately exposed a contact, in which the thin sandstone beds warp around projecting 
rhyolite, and are compressed. The disturbance dies out within a few feet. Small 
dykes cut the sedimentaries for 40 or 50 yards from the contact. These dykes are 
light-coloured, with red blotches, and are stony to glassy in texture. A fine sheeting 
is assumed by the rhyolite next the contact, while the sedimentaries share the rhyolite 
jointing for a short distance. The contact dips at a high angle. The old character 
of the rhyolite, its breccia phase, and its generally conformable contacts with the sedi­
mentaries favour the theory that the sedimentaries are the younger. However, the 
dynamic metamorphic conditions of the contacts-jointing, sheeting, dykes, etc., and 
the one instance of flexed beds-would support the theory that the rhyolite was in­
truded at the base of the formation as now known. · Along the whole length of the 
rhyolite amygdaloidal trap occurs, cutting into it from the seaward ·side. Along the 
contact or cutting of the older igneous rocks there occurs a dark red dyke. It is much 
decomposed, and has assumed a fissile, friable character. What appears to be a part 
of the dyke assumes a nodular or pseudo-conglomerate character near Frenchman 
barn. In the McAdam formation, one, much altered, basic stock of small dimensions, 
occurs. 

The Knoydart1 Formation (upper Devonian of Fletcher).-The Knoydart forma­
tion extends southwestward froin the Arisaig (Silurian of Fletcher) contact for more 
than 7 miles, measured along the fault line, and is overlain on the northwest by 
the Windsor group (Carboniferous limestone and conglomerate of Fletcher). The 
contacts with the Windsor group are frequently confused by minor faulting, but are 
unconformable, although a .close approximation to parallelism in dip and strike is 
assumed, especially with the Ardness (Carboniferous limestone of Fletcher.) .At 
the southwest the, Knoydart over lies the Beechhill Cove formation of the Arisaig 
group, thus proving the unconformable contact with that group. . 

The red sandy slates and hard grey sandstones of this formation, as mentioned 
above, are unconformably related to all the other formations. The great fault . separ­
ates them from the Browns Mountain group; unconformity, as shown by reversed 
dips across the contact in McAdam brook, separates them from the upper member of 
the Arisaig (Silurian) group, while at the southwest extremity they overlie the lower 

1 Am. Jour. Sci., Vol. XXVIII, August, 1909. 
1 Cf. Ami. op. cit. 
2~16~ -
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member of the same group. A~ seen in McAras brook the lowest member of the 
Windsor (Carboniferous) group overlies them unconformably, while the same rela­
tions exist with the second member in Mill brook and farther west. 

In the grey sandstones of the Knoydart formation AmP found Pterygotus, 
Pteraspis, and Oephalaspis. These were identified by A. Smith Woodward and Dr. 
Henry Woodward, of the British Museum, who correlated the formation with the 
Hereford beds of the lower Devonian (Old Red sandstone). Pterygotus implies 
marine conditions, while Pteraspis and Oephalaspis imply brackish to freshwater 
environment. We may conclude then that these deposits were probably estuarine. 
That the final conditions were those of sub-aerial sedimentation seems probable from 
the sandy red slates seen higher up in the formation. 

A few small diabase dykes cut this formation. The strata dip southwards at 
varying angles, but great flexures are lacking. 

WINDSOR GROUP. 

The Windsor strata extend in ascending order from 1-IcAras brook westward, 
transgressing older formations. 

Extending from the east the McAras Brook (Carboniferous conglomerate of 
Fletcher) formation laps against the foot of the erosion scarp along the eastern edge 
of the plateau of metamorphic Browns Mountain rocks. The formation then continues 
southward between this plateau and its outlier, and swings away to the southwest as a 
narrow outcrop along the foot of the plateau erosion scarp. Immediately overlying 
the McAras Brook formation the Ardness formation (Carboniferous limestone of 
Fletcher) extends southward from near the southeast edge of the sheet. A short dis­
tance above the limestone the gypsum beds occur. Outcrops are then masked by soils 
and glacial gravels. Throughout the "Windsor group outcrops are scarce, owing to the 
heavy mantle of gravels and soil. The shore and brooks alone give sections, and those 
of the latter are usually much interrupted. · 

The McAras Brook Formation (Carboniferous conglomerate of Fletcher) lies upon 
steeply eroded surfaces of the older formations. Fragments of these formations are 
common in the basal members, and in general, at the contacts, the underlying J ames 
River rocks are deeply stained with red. The red conglomerate is succeeded by soft, 
red and grey shales, with which the oil-shales occur. . ' 

The Ardness Formation (Carboniferous limestone of Fletcher) overlies the 1'Ic­
Aras Brook rocks conformably, wherever contacts have been examined~ Thick-bedded, 
compact limestone, 20 feet or more in thickness, is succeeded by red and grey sandy 
shale, flaggy cross-bedded or nodular sandstone, etc. Along the south side of the area, 
a few hundred feet above the limestone, the gypsum beds appear. Their thickness 
and extent are masked by weathering, and stream erosion. 

Br~d.iopod~ taken from the limestone west of McAras brook were identified !'Y 
Proft>:osor Schuchert as Beecheria Davidsoni, Hall and Clarke, (Terebratula saccttlus, 
Davidson), one of the characteristic and common species at Windsor. Rhynchonella, 
speries mu1ctermined, is rare, while Productus cf. fasciculatus, McChesney, is very 
common. P·roductus cora, as identified by Davidson, is also present, but it is n0t the 
true cora of upper Carboniferous time. Nearly all of these forms occur in the dolo-

. mite. at Windsor, in close association with this well known gypsum horizon of N ov:t 
Scotia. The evidence is, therefore, decidedly in favour of correlating the Ardness 
formation directly with the limestone and gypsum outcropping at Windsor. 

With the one exception of the limestone beds, the characters of the Windsor group 
sediments indicate sub-aerial or shallow water origin. The uniformly oxidized condi­
tion of the conglomerate and shales, as shown by their red colour and lack of organic 
remains, apparently indicates either exposures to the atmosphere, and a periodic lower-

1 Geol. Sec. Am. Bull. Vol. 12, pp. 301-312. 1901. 
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ing of the ground-water level during sedimentation, or such a poverty of shallow 
water marine life as to be incapable of deoxidizing the the sediment when it finally 
reached the sea. The entire absence of marine fossils in the red beds favours the 
sub-aerial interpretation. The white and grey sandstones, in places cross-bedded and 
elsewhere containing plant remains, indicate that they were deposited in shaHow water 
near the habitat of the plants. 

The limestone beds furnish evidence of marine conditions during their formation, 
while the gypsum horizons record the existence of isolated, shallow water pans. 

The Listmo1·e Formation' (Millstone Grit of Fletcher), occurring in a limited area 
along the shore, at the "\vest edge of the sheet, cbnsists of soft, friable reddish-brown 
sandstone, with thin argillaceous shale beds containing poor fossil plants. Ripple 
marks and cross-bedding are occasionally seen. Towards the top, the harder white 
sandstones are more common. In the area studied there is no apparent break in sedi­
mentation between this formation and the Windsor group, and the same evidences of 
sub-aerial origin are seen as were noted in the case of the Ardness sandstones. · 

The Windsor formations have suffered only a slight amount of flexing. Some 
minor faulting has occurred, as is best seen in the three limestone beds described by 
Fletcher west of McAras brook, which are now known to be one ' and the same bed 
successively faulted to the northeast parallel to the shore. The dragged portions, and 
fault planes, are clearly exposed. The amygdaloidal trap sheets intruded between 
the beds of the McAras Brook conglomerate have probably been duplicated by faulting. 
The Listmore formation is practically undisturbed, and dips gently to the northwest. 

Pleistocene Formations.-Overlying the younger formations are considerable 
deposits of glacial gravels. Erosion has modified these, and many isolated,. rounded 
hills have thus been formed. The commonest pebbles are from the James River slates 
and quartzites, which occasionally show glacial scratches. The matrix is often of a 
,clayey character, and a red, marly clay is frequently observed at the base of the 
deposits. The upper portions of the gravels are usually well sorted and bedded. 

Glacial strim were recorded in a number of cases. An average direction of the 
characteristic strim is .about S 10° E magnetic bearing, or S 34° E true bearing. 
The movement is assumed to have been southerly, but no critical evidence as to this 
is at hand. 

Elevated Beaches and StTeam Gmvels.-Three elevated sea beaches occur along the 
shore east of McAdam brook in connexion with the modified glacial gravels, the 
upper surface of which, at many points, is assorted and bedded, with a gentle dip to 
the southwest. The highest of the three is about 120 feet above the present sea-level. 
The angular nature of the old sea-cliffs, and the undisturbed arrangement of their sea­
washed gravels, indicate that the sea beaches are post-glacial As already mentioned, 
about 6 feet of. recent gravels occur along the graded portions of the streams, some­
times preserving on their surface one or more sets of meander cusps. Through these 
the streams are now cutting. 

HISTORICAL GEOLOGY. 

The geological history of the Arisaig district, as seen in surface exposures, begins 
in upper Cambrian time with the deposition of the Browns Mountain quartzites, slates, 
and conglomerates. These are the deposits of a shallow transgressing sea, which was 
followed by a long emergent period, with folding, intrusion, faulting, and erosion. 
Should the rhyolite pebbles of the Bear Brook conglomerate be correlated with the 
rhyolite of the Frenchman barn and Arisaig point, the extrusion of the latter 
rhyolite must have occurred before Bear Brook time. Later came the Arisaig (Silu-

1 By Ells this formation is placed in the middle Carboniferous. G.S.C. Report 1885-E 
7-33. 
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rian) formations, deposits of an invading sea, probably over the old rhyolite flows. 
It was a comparatively shallow water sea, as is shown by the arenaceous character 0f 
the sediments, cross-bedded sandstones, and the many ripple-marked zones in the shales. 
An emergent erosion interval followed. 

Upon the bev·elled formations of the Arisaig group the Knoydart (upper Devonian 
of Fletcher) formation was deposited in lower Devonian time, u.nder estuarine condi­
tions, as is shown by its mixed marine and freshwater fauna. 

That the great fault along the Hollow preceded the Listmore deposition is indi­
eated by the undisturbed condition of the Listmore formation (Millstone Grit of 
Fletcher) to the west of this district,' as shown on Fletcher's map. 

Beginning with the McAras Brook conglomerate, a shallow sea again invaded the 
area, washing the base of the emergent metamorphic rocks and transgressing the 
Knoydart formations (Devonian of Fletcher). Deeper water conditions followed, with 
a limestone making period. This is recorded in the Ardness (Carboniferous Limestone 
of Fletcher) formation with its. Windsor brachiopods. Then followed emergence, and 
in the south of the area shallow water pans were formed, in which the gypsum bed3 
were deposited duE\ to excessive evaporation. Deposits of sandstone, probably sub­
rerial, continued to the base of the Listmore (Millstone Grit of Fletcher) formation, 
and then, after an erosion interval observed outside of the area under consideration, 
~ub-rerial sedimentation again proceeded, and the Listmore sandstones were deposited. 
The wood and plant remains of this formation indicate freshwater conditions, and 
a somewhat luxuriant flora. 

With the advent of fr.eshwater sedimentation, an emergence began, which pro­
bably was a part of the closing Palreozoic uplift known as the Appalachian Revolution. 
From this time until the glacial period the records of the area are those of erosion. 

Following the Appalachian Revolution the evidence does not go back of a period 
of peneplanation, with its implication of a long preceding erosion cycle. Whatever 
fo fmations overlay the higher portions of the Browns Mountain (Cambro-Silurian of 
Flctcher) group and Knoydart (upper Devonian of Flytcher) formations were pre­
bevelled across and reduced to a plain of low relief. That the Arisaig (Silurian of 
Fletcher) group and Knoydart (Upper Devonian of Fletcher) formation were pre­
ri ously down-faulted, and suffered the general peneplanation in approximately their 
present relation to the Browns }\fountain group, is shown by the sub-equality in the 
~lEvation of their hilltops to the general peneplain level. 

The effects of subsequent erosion on the metamorphic plateau, and along the con­
tact scarps which bound it, are comparatively insignificant. Other data as to the age 
of peneplanation have not been obtained from the area. 

' After peneplanation, elevation took place, and before glacial time the younger 
formations were deeply eroded. This conclusion is based on the evidence of glacial 
strire observed on Arisaig rocks about 500 feet below the average elevation of the 
plateau nearby, and recording a degree of differential erosion which seems far too large 
to assign to glacial action alone. Subsequently the glaciers scored and gently 
modified the plateau, sweeping away a large part of its surface debris and depositing 
;.t to the thickness of tens of feet over the low lying formations . 

After the retreat of the ice, or during the retreat, elevation of the strand line of 
more than 120 feet occurred, as is shown by the sea beaches. This took place by at 
least three main stages, corresponding with the number of beaches. That water at 
least re-sorted the gravels higher than this is proved by bedded gravels at J ames river, 
more than 180 feE)t above sea-level. In recent times thin deposits of stream gravels 
have been laid down, and now another uplift is taking place, causing the streams to 
c•rt down. 

EcoNOMIC GEoLOGY. 

Oopp e1·.-Copper stains have been observed,· as recorded by Fletcher, in a num­
ber of localities. They are always connected with the Windsor (Carboniferous lime-
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stone and conglomerate of Fletcher) group, and generally are merely a green stain 
.in sandstone connect€d with plant remains. Near Brierly brook two shafts have been 
sunk and a tunnel driven in the McAras Brook conglomerate. The shafts are said to 
be about 30 feet deep and the tunnel about 60 feet long. Copper ore is said to have 
been obtained from the eastern shaft, but from the material of the dump and the 
Furrounding rock no workable deposits are to be expected. 

Iron.-The interbedded, fossiliferous earthy hematite deposits of the Moydart 
formation (Niagara of Fletcher) have been opened up on Arisaig and Ross brooks, 
nearly one-half mile apart. That two outcrops occur in the latter brook may be due 
to faulting, for a disturbance in the strata is evident. The character of the ore is 
clearly that of a sedimentary deposit. Two feet three inches is an average thickness of 
the bed. 

The J ames River formation has iron ore (hematite) deposits scattered widely 
through it. Northeast from Browns Mountain P.O. two showings of coarse grit, 
impregnated with hematite, have been prospected by Mr. Alex. _J. McDonald . . They 
are about one-half mile apart, and may or may not be related. Ore zones of from 
5 to 00 feet have been uncovered, and assays are said to run from 22 to 
30 per cent iron. Much quartz grit is seen in the ore, which grades into the 
f'0untry rock. The latter is usually of finer grain than in the ore wne. In the Iron 
Brook area isolated prospects have been opened up, but most of the ore is in the belt 
of three parallel leads, traced by Mr. George E. Corbitt for more than 2 miles, 
Older work has exposed ore, probably of the same zone, for nearly a mile farther east. 
The ore is a fine oolitic hematite, and grades rather abruptly into the quartzite of the 
J ames River formation. Passing northeastward, the leads are successively offs-et to 
the south by a series of faults of small throw, and ore of varying thickness is thus 
brought into proximity. Thicknesses of 8 feet and more have been exposed, but 
the average of the leads is much less. For assays, maps, etc., see J. E. W oodman's 
report of 1909, mentioned above. 

The hypothesis of sedimentary origin is upheld by the continuity of the ore 
along the strike of the strata; its oolitic character; the fossils obtained correlating 
these deposits with the sedimentary deposits of Great Belle isle; and their pre-intrusive 
and pre-bult origin. The variations in thi1ckness oppose the above hypothesis, 
but may find explanation in uneven shallow water deposition, and later faulting. 
From the above. considerations the writer concludes that the ores belong to the sedi­
mentary bedded deposits. 

As the faults and dykes of the ore area tend to be vertical, less disturbance is to 
l:>e expected with depth than with horizontal dimensions, but the indications are that 
the ore thickness is variable. . 

At the western end of the explored leads Mr. Corbitt had driven a tunnel more 
than 70 feet, to cross the ore zone, but had not reached ore when last informa­
tion was obtained. The general development consists of cross-trenching and stripping. 

Oil-shale.-Little information is to be had in this area as to oil-shale. Pits ex­
pose a good appearing, shiny, black shale in the neighbourhood of Maryvale, and the 
flat structure of the formation would indicate wide extent. 

Gypsum.-The thick deposits of gypsum along the south border of the district 
are visible to all who travel on the Intercolonial railway. That they are extensive, and 
of good quality, is evident, and dev-elopment only awaits a sufficient demand for the 
raw material. 

Limestone.-A good quality of limestone for burning purposes is obtainable near 
Brierly brook, near Antigonish town, and in many places along the limestone horizon. 
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GOLD BEARING SERIES OF LAHA VE BASIN, LUNENBURG COUNTY, 
NOVA SCOTIA. 

E. Rodolphe Faribault. 

INTRODUCTION. 

The :field work of the past season, 1910, was directed to a continuation of the 
geological and topographical mapping of the gold bearing series of Nova Scotia. The 
area surveyed during the year covers the upper part of the basin of Lahave river. 
It extends northward from Bridgewater up to the old Dalhousie road, and comprises 
the northwestern part of Lunenburg county and small portions of Annapolis and 
Kings counties. This completes the surveys and other :field work necessary to :finish 
the Springfield sheet, No. 86, and the eastern part of the New Germany sheet, No. 
85, of the series of the Nova Scotia map sheets. 

My assi.stants were Messrs. J. McG. Cruickshank, and W. J. Wright, for the 
whole season, and D. S. Mcintosh and M. H. McLeod for a part of the season. Field 
work was commenced on June 4 and continued up to the end of October 

Leaving my party at work in the :field in the middle of July, I was engaged for 
a little over two months in the Chibougamau mining region, Quebec, as one of the 
commissioners appointed by the Quebec Government to report on the geology and 
mineral resources of that region; my services having been loaned by the 'Survey', 
to the Quebec Government, for this purpose. I again joined my party in Nova Scotia 
at the end of September, and continued :field work until the end of the season. 

Three visits were paid, in June, October, and December, to the tungsten deposit 
at Scheelite, near Moose River Gold Mines, Halifax county, already reported on at 
some length, in the Summary Reports of the last two years. These examinations 
were made for the purpose of assisting the Scheelite Mines Company in planning 
the development work then in progress, preparatory to immediate exploitation. At 
the last visit the survey of the mine was brought up to date, in order to perfect details 
of the structure of the veins, and to locate the mine workings on the plan started 
last year. A copy of this plan was furnished the .Company for their information. The 
additional information gained this year confirms the conclusions published in last 
year's Summary Report regarding the probable structure of the veins and ore-shoots, 
the existence of an important fault, and the best method of development to follow 
for exploitation. 

CHARACTER OF THE DISTRICT. 

The district surveyed presents the appearance of an undulating plain gradually 
rising from the sea northward, until at a distance of from 30 to 40 miles it attains 
elevations of 700 to 800 feet along South momitain, which forms the height of land 
between the Atlantic and the Bay of Fundy. Everywhere, may be seen the evidence 
of the action of vigorous erosion, which has resulted in the formation of hills and 
depressions which· have a general southerly trend, bearing a little eastward towards 
the sea. The district is largely drained by the main Lahave river, which flows in a 
narrow valley on an almost straight course to the sea. The waterway is a succession 
of small lakes, stillwaters, rapids, and falls, and has a total descent of over 500 feet 
in the 27 miles between the old Dalhousie road and the head of tide at Bridgewater. 
The principal tributaries are, from the east, the North Branch and North river; and 
from the west, the West Branch, and West or Ohio river. The North Branch drains 
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SherLrooke or Ninemile lake, which is 7;t miles in length, and lies 454 feet above mean 
sea-level. These streams afford several important water-po"~>ers, a few of which are 
being partly utilized. The district is also intersected by numerous small streams, -
lakes, and stillwaters. . ' 

The intervals betweeen the hills are in many cases occupied by swamps and 
marshes, and in some instances by peat-bogs; or they form rocky barrens which 
afford good rock exposures; or are strewn with gran~te boulders and debris derived 
from the north. Many of the hills are of glacial debris, and seldom rise more than 
from 100 to 200 feet above the general level of the country. Most of these hills are 
well-defined, oblong, dome-shaped drumlins or long, lateral moraines of boulder-clay 
and till, having a general north and south trend. Terminal moraines largely made 
up of granite debris, and running east and west, are also represented, as in the case 
of the hill to the south of Menamkeak lake. 

Part of the upland affords good soil for agricultural purposes, and where it is 
not already settled is covered with hardwood forest. The greater part of the back 
country is well wooded with a fine growth of spruce, pine, and hemlock, as well as 
hardwood; and extensive lumbering operations are carried on, principally by the 
Davison Lumbering Company, to the north of the old Dalhousie road. This Company 
operates 33 miles of railway, over which the logs are hauled to their saw-mill at 
Springfield; whence the lumber is carried over the Halifax and Southwestern railway 
to Bridgewater, for shipment by sea. -A pulp-mill is also in operation at New 
Germany. 

The Middleton and the Caledonia branches of the Halifax and Southwestern 
railway run through t he district, and give daily communication with Halifax and 
Yarmouth. 

GEOLOGY. 

The greater part of the district is underlain by the quartzites and slates of the 
Goldbearing series; but towards the north and northwest these rocks are cut by 
granites of Devonian age, which extend northward across South mountain to the 
Annapolis valley, and form part of the very large granite area which constitutes the 
backbone of the western counties of the Province. A small isolated mass of greenish 
grey granite was located far away from the main area, at a place situated 2 miles 
east of Italy Cross station, and one-fourth of a mile north of the outlet of W al1ace lake. 
At this locality, a recent conglomerate has been prospected for gold. 

In the absence of fossils and other conclusive evidence, it has been customary to 
provisionally refer the Goldbearing series to the lower Cambrian, though on account 
of their similarity to the quartzites and slates of the Avalon peninsula of N ewfound­
land, which have been assigned to the Pre-Oambrian, as well as for other reasons, it 
is possible that they may be Pre-C:arnbrian. -

The series as exposed in different parts of the Province has been estimated to 
have a total thickness of over 5 miles. This gr-eat series of rocks falls naturally 
into two lithologically distinct conformable divisions: a lower one, called the Golden­
vine quartzite; and an upper one, called the Halifax slate. 

The Goldenville division is mostly made up of thick beds of grey, altered quartz­
use-sandstone or quartzite, locally called " whin"; interstrati:fied with beds of dark 
clay slates, which are quite numerous at certain horizons, but almost wanting at 
others, especially at the top of the division. At many places, and more especially near 
granite intrusions, . these rocks are much altered, and have become schistose, with a 
development of very minute scales of mica along the planes of schistosity, which gives 
them a characteristic glistening appearance when 8plit. The Goldenville division has 
a thickness of over 3 miles of strata in the eastern part of the Province. 

The Halifax division is composed entirely of argillaceous slates, in some cases 
arenaceous, and with occasional flinty layers holding iron pyrites. Dark grey layers 
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occur sparingly, and are sometimes found to be slightly calcareous, especially when 
occurring at the base of the division. The lower beds are olive green in colour, and 
are followed by others of dark grey colour which gradually give way to a great thick­
ness of glistening bluish-black, foliated, graphitic, soft clay slates, often pyritous, 
overlain by banded, black and grey arenaceous slates. The thickness of the Halifax 
division has been estimated at over 2 miles of strata. 

After their deposition the.se sedimentaries were uplifted and folded into a suc­
cession of anticlines and synclines following northeast and southwest courses. They 
were then subjected: to extensive erosion, which removed the upper part of the folds 
and gradually planed the surface down to its present attitude, exposing the edges of 
the uptilted, once deeply buried strata. The rocks, generally, dip at high angles, 
ranging from 45° to 90° from the horizontal. 

In view of the intimate relation existing between the structure of the anticlinal 
folds and the occurrence of the gold-bearing quartz veins, special attention was paid 
to the location and structure of the anticlines and synclines. A section across the 
folds along Lahave river from Bridgewater to the old Dalhousie road gave a succes­
sion of five major anticlines and sync1ines in a distance of 25 miles. Minor folds 
were also observed along the crest of some anticlines, e&pecially for the first 4 miles 
above Bridgewater, where the strata have been plicated into a succession of small 
folds or unduLations. Going up Lahave river the five anticlines are met with in the 
following order from south to north:-

(1.) L eipsigate Anticline crosses the river at Bridgewater where it is composed of 
several minor folds in slate well exposed along the west side of the river. These 
folds converge westward as they approach the Leipsigate gold district, where they 
join and form a broad dome along which the Goldenville quartzites are brought to 
the surface and extend to the west. The most southerly of the minor anticlines 
extends eastward through the Blockhouse gold mines where the Goldenville quartzites 
are again brought to the surface on a smaller elliptical dome one mile long by a 
quarter of a mile wide. From these two domes situated, respectively, west and east 
of the river, the anticline pitches towards the river, forming a cross syncline which 
is strongly marked and extends north and south along the river, affecting the other 
folds similarly but to a less degree. 

(2.) Spondo Anticline croSoBes the river 4~ miles north of the first anticline 
and half a mile south of :Mossman station. It extends eastward to the granite, 
passing the south end of Big Mushamush lake and through the Spondo gold pros­
pect, where a large saddle-shaped vein has been uncovered. Westward, it crosses 
Wile and Fire lakes south of Baker settlement. It shows nothing but slate along its 
whole course. A minor anticline between the above two anticlines was located in 
grey slate at Waterloo, where it crosses Frederick and Matt lakes, but it could not 
be traced eastward to Lahave river on account of the drift. 

(3.) N o?"thfield Anticline cros&€'8 the river at N orth:field station 3 miles north 
of the second anticline. Traced eastward it crosses the north end of Big Mushamush 
lake and continues through Caribou lake where the slates are superseded by the 
quartzites which are brought up to the surface along a broad dome extending to the 
granite. West of the river the anticline passes near C'lifford post-office where it con­
verges with the adjoining north syncline in dark grey slate. 

( 4.) Pleasant River Barrens Anticline is situated 4~ miles north of the third 
anticline, and crosses the river at an island 2-t miles north of Riversdale station, where 
the lower quartzites appear at the surface on a westerly plunge of the fold and spread 
out towards the east beyond Newburn and New Cornwall to the granite. It crosses 
the outlet of Indian lake and the north end of ChUTch lake where numerous cross veins 
and a few interbedded veins have developed. West of the river the quartzites are over­
lain by the upper grey slates on the transverse syncline which is her_e strongly marked; 
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but, a short distance farther west, the quartzites again appear at the surface on a 
broad elliptical dome, on the eastern end of which the gold mining district of Pleasant 
River Barrens has been located. · 

(5.) Cher-ryfield Arllticline occurs at a di.stance of 9! miles north of the fourth 
anticline where it begins at the granite contact on the main river, directly east of 
Cherryfield station, a;nd extending eastward, crosses the Sarty road at the school houae 
and the Sam Moore 'road half a mile south of the bridge over North river, and ends 
at the granite, 3 miles farther east. This anticline bring<; to the surface lower beds 
than any other fold in the district, exposing at the surface a thickness of 2! miles of 
the Goldenville quartzite, which extends southerly for 3! ·miles to the Halifax slate, 
and northerly beyond the next syncline to the granite along the old Dalhousie road. 
The ·strata dip at angles increasing from 25 ° to 80° . on the south side of the anticline, 
and from 25 6 to 65° on the north, and appear to form a very narrow dome near the 
Sarty school house, where quartz veins have been uncovered. 

Some interesting granite contacts are well exposed at a few points along the 
boundary line, one of which may be ob~erved at Dog falls on the west side of Lahave 
river, below the bridge, half a mile north of Cherryfield station. As a general rul& 
the quartzites •are altered quartz-mica schists, but the strata show no local disturb­
ances as a result of the granite intrusion. 

Evidence of dislocation and faulting has been observed, however, at many places, 
especially in the vicinity of large proj.ections of the granite into the sedimentaries, 
but the disturbances are apparently the result of movements that took place sub­
sequent to the irruption of the granite. At Upper New Cornwall-between Otter 
lake, the northeast end of Big Mushamush lake, and the south end of Church lake­
the strata are much disturbed, and there is probably an important fault running 
northerly in the ·direction of Union Square, Morton Corner, and Sarty, along which 
the western block has moved south with reference to the east one. Towards the 
south, this fault probably runs along the eastern shore of Big Mushamush lake and 
passes through Slaughenwhite island and Farmville towards Blockhouse. Along this 
course much brecciated country rock and quartz is shown. The cross veins operated 
at Blockhouse .are probably a zone of fractures on the southern extension of this fault. 

EcoNOMIC GEOLOGY. 

GOLD. 

Leipsigate Gold District.-Two gold mining districts, Leipsigate, and Pleasant 
River Barrens, are situated in the area surveyed. A detailed survey .of Leipsigate 
was made in 1904 and a report on that district was included in the Summary Report 
for that year, pages 321-329, together with a plan on the scale of 500 feet to 1 inch, 
published separately. After 1904, oper.ations were continued until 1908 on the Mic­
mac :fissure vein by the Mimac Gold Mining C'ompany, and a depth of 59·6 feet has 
been attained. When in operation the Micmac mine proved a good producer, and 
there is every reason to believe that under good management it should still continue 
to yield well. In 1905 and 1906 some work was also done at the Owen mine on the 
same vein. 'A little prospecting was done in the northern part of the district by 
Simeon Erust and others, but no important discovery has been made since the surve.v 
of 1904. 

Pleasant River Barrens Gold District.-The district is situated in Lunenburg 
county, on the Pleasant River road, 15 miles north of Bridgewater, between Rhyno 
and Shingle lakes, on the eastern end of a broad elliptical dome of quartzites, which 
is 4 miles long by 2 miles wide, and is surrounded and overlaid by the slates of the 
Halifax division. The auriferous quartz veins occur at the outer edge of the 
dome in slate layers interstratified between thick beds of quartzite (<which often 
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stand out prominently and form a succession of parallel ridges with intervening 
swales) curving gradually around the eastern part of the dome and dipping towards 
the southeast, east, and northeast at angles of 20° to 40°. The district has been idle 
for the last twelve years, hence only a cursory examination could be made of the old 
workings. Several veins have been uncovered, a few of which have been developed, 
but none of them have been exploited, except to a limited extent. The more important 
veins are the Dunbrack, Mill, Pine Tree, Brignell, Ernst, and Bent leads. A specially 
rich but narrow pay-streak was worked for a short time on the Dunbrack lead at the 
intersection of an angular vein dipping north 60°. One fissure or cross vein, was also 
discovered by J ames Deal, crossing the strata in a southwesterly direction. Most 
of the work was done in the eighties and nineties, .and three stamp-mills are reported 
to have been erected. 

On the east side of the river, gold-bearing veins have been uncovered and pros­
pected at several places, but the results obtained appear to have been unsatisfactory. 
The most important veins developed are the following:-

On the southeast side of North river, 2 miles east of Meisner post-offioo and three­
fourths of a mile east of 0. Acker's house, a vein was discovered in 1892 by Thomas 
Acker, and worked by a Windsor company to a depth of 40 feet; a five-stamp mill was 
built . and 60 tons of ore crushed, but the prospect was finally abandoned. The vein 
is 1 to 10 inches thick, dips north 78°, and is interbedded in altered quartzite, in con­
tact with the granite. In 1909 a few other parallel veins were prospected by David 
Lawrence. 

At Upper New Cornwall, at R ocky point on the northeast shore of Big Musha­
mush lake, two veins ·~were opened in or about 1888 by Freeman Millet, in slate 
between walls of quartzite. On the north vein there is a pit 21 feet deep, and on 
the south one, two pits 24 feet deep, but the whole prospect is now flooded by the lake. 

Farther north, half a mile south of Indian lake, on the east side of the road, 
a \ein 12 inches thick cutting across the quartzite was prospected by W. H. Prest 
with two shafts 25 feet deep, and some ore was crushed ,at tl1e Blockhouse mill. 
Numerous other cross veins have been located between this prospect and the foot of 
Indian lake along the fault passing in this vicinity. Ore-shoots may possibly occur 
at the intersection of some of these cross-veins 1with the interbedded veins which are 
found along the Pleasant River Barrens anticline at the foot of Indian lake and the 
north end of Church lake. 

COPPER. 

Over twenty years ago, at Dalhousie East, Kings count:y, situ ated 10 miles north­
east of Springfield station, on the west side of Crossburn road and three-fourths of 
a mile north of Old Dalhousie road, ,a shaft was sunk to a depth of 165 feet on a 
copper-bearing vein in granite. At the surface the vein appears to strike S 25° E 
magnetic, and dip vertically. Samples picked up at the mouth of the shaft show the ore 
to be chalcopyrite and chalcocite in a gangue mostly composed of granite and qu.artz. 
An analysis of the samples made at the Mines Branch gave 1-05 per cent of metallic 
copper, but did not show the presence of gold, silver, nickel, tin, or tungsten, for 
which elements they were tested. Irving Smith, who occupied the farm on which 
the shaft was sunk, and also worked ,at the mine, furnished the following information: 
The 'ein was discovered about the year 1876 by Ainslie Wilson, and the shaft was 
started in 1890 by a Bridgewater compan;r. The shaft measures 14 by 8 feet, is 165 
feet deep, and is timbered to a depth of 100 feet. At the cropping the vein was 12 
inches wide, and proved rich to ,a depth of 20 feet, where large crystals of quartz were 
found, after which it decreased in size and value, .and at the depth of 100 feet it 
began to dip towards the east, and its ~ize became less than 2 inches. At a depth 
of about 20 feet, a drift was driven 12 feet one way and a few feet the other. The vein 
has not been traced at the surface, because its outcrop is probably of very limited 
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extent; as in the case of the King vein at Lake Ramsey, near New Ross. Drift of 
similar ore is reported, however, to have been found half a mile farther north in the 
direction of the vein, half way between Irving Smith's present house and Sixtymil~» 
lake, where also traces of copper were found on an outcrop of granite. 

IRON OCHRE. 

A deposit of yellow and red ochre was found at Auburndale, along Heckman 
brook, on the west side of Lahave river, and 4 miles north of Bridgewater. The de­
posit is said to be 1 to 2 feet thick, and 50 tons taken from J olm Penney's farm were 
shipepd to Halifax in 1908. 

WHETSTONE. 

A quarry of slaty rock suitable for the manufacture of whetstones was opened in 
1901 by George !fcFaden of Bridgewater, at Parkdale, Lunenburg county, .at the out­
let of Whetstone lake, V miles northeast of New Germany. The rock is composed 
of beds of hard, greenish, grey, <Siliceous and argillaceous slate, occurring at the base 
of the Halifax slate division; the strata dips south at an angle of 75°. After about 
two years operation, McFaden sold the quarry to a Maine company, which continued 
operation for a short time, and erected a building for machinery, which, it is said, 
never reached the quarry on account of financial difficulty. The quarry is now 3 to 
6 feet deep, 12 feet wide, and 25 feet long. 

TIN AND llfANGANESE AT NEW ROSS. 

At New Ross, Lunenburg county, some distance east of the district surveyed last 
summer, two important veins, one bearing manganese and the other tin and copper, 
were opened last summer. · 

A vein of manganese recently discovered by Ernst Tmner in granite, 2 miles 
to the north of W allaback lake, and 8 miles north of New Ross, has been opened 
by a 'Vindsor company, under Dr. H. W. Cain's management, with a shaft to a depth 
of 145 feet; and it is reported, with very satisfactory results. The vein varies in 
width from 4 to 18 inches and dips nearly vertically. The ore, which carries streak:~ 
of red bem.atite near the surface, is found to be exceptionally free from iron at a 
lower depth. An assay of some samples gave only 0·1 per cent of iron, with 5 to 6 
per cent of carbonate· of baryta. A similar vein of manganese, occurring at a dis­
tance of 1! miles to the south, was exploited a few years ago by Dr. Cain, but has not 
yet been reopened. 

A tin-bearing vein, also recently discovered by Ernst Turner, at Mill Road, 4 
miles north of New Ross, has been prospected under the management of A. L. Mc­
Callum. It has been proved to a depth of 20 feet, and for a length of 250 feet, while 
the float has been traced half a mile towards the north. The vein is 24 inches wide, 
mostly made up of quartz, merging with granite ,at the sides, and carries at the middle 
a streak of rich ore from 3 to 5 inches wide. Several assays of the ore made by 1fr. 
McCallum have given from 10 to 30 per cent tin, and 8 per cent copper, present in the 
form of cassiterite and chalcopyrite. with association of tungsten-bearing and zinc 
minerals. Several other veins occurring- in this vicinity, ,and showing copper, molyb­
.denite, etc .. have not yet been prospected. 

TUNGSTEN. 

A new discovery of tungsten ore, in the form of scheelite, has been made by W. 
H. Prest, at Middlefield, Queens county, near the Fifteenmile Brook gold mine, and 
prospecting was started last fall in order to trace the float to the parent vein. 
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During the past year the work of collecting records of deep wells was continued 
suhatantially along the lines originally adopted: by correspondence, following infor­
mation as to borings, obtained through newspaper or other channels. Whenever time 
permitted, letters were written; as personal correspondence was found_ best in the 
opening of negotiations for tho desired co-operation of those in control of operations. 

Having obtained promise·s of samples 11nd information from drill11rii and opor· 
at ors, constant watchfulness is found necessary, as well as further correspondence, 
in order to ensure, in many cases, the acquisition of complete sets of samples, and 
other data. It is important to get notification of the cessation of boring operations, 
or even of their temporary suspension; as great confusion arise·a in attempting to 
keep in touch with boring operations over the whole of Canada, unlesa the drillers 
keep the Geological Survey offica.r in charge promptly posted. Ready-addressed, 
postage free notification ca rds, fo-r redncing the work entailed upon the dTiller to 
n minimum, are alwaya sent out, and it is hoped, as the value and needs of this work 
become better known, that the methods of co-operation may continue to improve. 

Accompanying requests to drilling operators, for co-operation, as well as in 
resnon se to reqnisit ions received at the Geological Survey, bags, etc., for the return of 
drillings samples have been sent out. 

In all work which mu·st be done by correspondence, it has been invariably found, 
that but a small percentage of the circulars or letters sent out bring r eplies. 
Naturally, with people busily engaged in commercial enterprises, any effort entailed 
without prospect of immediate personal gain is apt to evoke only slight and inter­
mittent response. Then too, professional men are apt to hesitate before giving for 
public use, information upon the exclusive possession of which their success largely 
depends. It is all the more gratifying, therefore, to have met with considarablo 
re·aponse in the form of full sets of drillings and particulars, from a. number of 
operators of important deep wells in various parts of the country. 

Amongst these may be mentioned two deep wells which w-ere drilled in the east­
ern Ontario Palreozoic basin-at Plantagenet, and Carlsbad Springs. Both these 
were bored in hopes of proving workable pools of gas or oil. The first named pene­
trated to the top of the Potsdam, and the other is yet in progress. The information 
regarding these two w-ells-together with that previously obtained of wells located near 
Ottawa, and at 'chesterville, and Monklands-,s1IOuld give important results when 
the final and careful working out of the logs, lithologically and palreontologically can 
be accomplished. With this end in view, a number of short trips were made in the 
OttaJWa district-in company with Dr. P e:::-cy R ayrnond-Invertebrate Palreontologist 
t o the Survey-in order to acquire a better acquaintance with the detailed features of 
the geological column as shown at various points in the escarpments developed along 
the Ottawa River valley. A number of these sections, as measured by Dr. R ayrnond, 
l:ave been prepared by him :ior publication. 

The only other field work consisted of a trip to Farnham, Q-uebec, in comiexion 
with two :deep boring~ put down by the Militia Department, in search of water for 
the supply of their camp at that place. It was thought pos·sible that some data might 
be found in the di strict throwing light upon the structural geology, and consequently 
upon. the .chances for a water supply, and that' there• might-• be some visible· evidenc~ 
of fract ure effects in connexion with the Great Champlain fault, believed to pass a 
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few miles to the eastward. It waa found, however, that the covering of drift practi­
cally masked all such, hence the drilling had to be located without them, and, unfor· 
tunately, the experiment was without practical result. 

A like e:li.'1Jeriment to the foregoing was prosecuted by the :Militia Department, 
at Longueuil Barracks, near Montreal; but although interesting geological data were 
obtained, this well also proved unsatisfactory from an economic standpoint. 

Through the efforta of Mr. J. A. Dresser, of the Survey, a par"tial log was 
obtained from the boring at St. Barnabe, near St. Hyacinthe, in the Eastern Town­
ships of Quebec. This hole is of especial interest, having proved the existence of 
a pool of natural gas under a fair pressure. Particulars of the results of a hurried 
examinatiqn of this di'atrict will be found in Mr. Dresser's preliminary report on 
page 218. 

The technical problems which arose in connexion with the above-mentioned wells 
f·ntailed considerable research into the geological literature relating to the region, 
the structural features and varying thicknesses, and Ethological characters of tho 
formations. The need of further data, whether gained through borings or by a con­
tinuation of the field research already made, is comtautly brought to mind in this 
connexion. 

Owing to the liberality of Dr. Henderson of the M·aritime Oilfields Co., there 
has been added to our official records, a very full set of logs of the 15 wells bored by 
that Company near !<Ioncton, New Brunswick, the locations of the holes being also 
marked on a map. Sets of samples of drillings from these holes have also been 
donated. Later, when opportunity presents itself to thoroughly work out the data 
available in this group, results of importance to a further understanding of the 
intricate geology of this district should accrue. 

The pub1ic interest in borings for gas and ·oil in the northwestern provinces has 
been very prominent of late years, and sets of drillings have been acquired from n 
number of points scattered over that extended region. 

A function of the Water and Borings Division that is receiving growing recogni­
tion is that of preparing technical memoranda in ai1swer to the inquiries of operators 
regarding geological conditions and economic po-ssibilities for gas, oil, or water, in 
various parts of the country where boring work is contemplated. The needs of the 
various and quite numeroue inquirers have been met, as far as possible; the necessary 
investigation of the very extensive technical literature, on their behalf, occupying a 
very considerable portion of the time available for the routine work of the branch. 

Considering the time and funds available for the collection and interpretation of 
l>nring data, and for renderting assistance and advice in furtherance of this branch 
of the country's exploratory activities, the results attained are quite encouraging, and 
uive hope of an extension of usefulness in the future, as the operators are reached, 
t!1>d ~ widPr appreciation establ~o;hed amongst them of the need and Ynluf> of tlw wnrl: 
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The work performed in this section has been of the same general character as 
that of previous years. Nearly 600 specimens have been received, examined, and 
reported upon, and in addition, detailed examinations have been made of a number of 
interesting minerals, the results of which are given hereunder. 

HF.XAHYDRITE, A NEW MINERAL. 

The material which forms the subject of the foilowing note was forwarded to the 
Geological Survey by Mr. F. Sones, Gold Commissioner at Clinton, British Columbia, 
with the information that it had been found on the east coast of Bonaparte river, 
about half-way between Cargill and Scottie creeks, in the district of Lillooet, British 
Columbia. The sample was made up of two specimens, one of rwhich, measuring 4 
i:c.ches in length by 2 inches in thickness, consis ted of the mineral about to be 
described along with some scattered remnants of decomposed rock matter; the other 
!:>pecimen, a much larger one. consisted for the most part of decomposed rock matter 
of a character like that just mentioned. It has a schistose structure, but it has so 
far decayed that its original composition is completely obscured and little more 
tl1an a residue of silica remains. It is not at all unlikely,· however, that the original 
of this r.ock has furnished the bas ic constituent of the associated mineral. 

The mineral occurs in the form of seams P.nd scattered patches in the altered rock 
matter just described. Some of these seams attain a thickness of nearly half an· inch. 
In general they present a moderately coarse columnar structure; occasionally, however, 
the mineral is seen to assume a ctelicately :fibrous form. In the material at hand no 
!distinct crystals have been observed, and the cleavage, although clearly prismatic, is 
not very well defined. The mineral is readily fri able, and breaks with a :fine, subcon­
choidal fracture. It has a pearly lustre, and its colour is white, modified by a delicate 
green tint; it is opaque even on very thin edges, and has a bitter, saline tastP. 

Before the blowpipe, on charcoal, the mineral swells and emits bubbles of vapour, 
but does not melt, and ultimately leaves an infusible mass, which has no effect on 
moistened turmeric paper. When moistened with a solution of cobalt ·nitrate and 
reignited the mass becomes pink. In the closed tube it. yields a large amount of 
water which reacts neutral to test papers. It dissolves readily in cold water, yielding 
a clear solution; after addition of ammonium chloride this solution does not give a 
precipitate with either ammonia or ammonia carbonate, but when a solution of 
!'odium phosphate is added to the ammoniacal solution a copious white precipitate 
l•f ammonium-magnesium phosphate is thrown down. The aqueous solution when 
acidulated with hydrochloric acid gives, with barium chloride, an abundant white 
precipitate of barium sulphate. 

The specific gravity of the mineral, at 15° 5 C. was found to be 1 ·757, ancl an 
analysis of selected material, which however still contained .some included silica, gave 
the following results:-

Sulphur trioxide ......................... . 
Magnesia ....................... . 
'Vat61r ............. . 
Insoluble matter (gilica) .... .. ... .. . 

34~52 

17·15 
46·42 
1 ·7R 

99·87 
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Omitting the included silica it will be found that the composition of the mineral 
agrees very closely with that required for the hexahydrate of sulphate of magnesium, 
MgS0.6H.O, which hitherto has only been known as a product of the laboratory. 
The agreement will be made plainly evident by a reference to the following figures, 
in which column I. represents the composition of the mineral under discussion, and 
eolumn II that required by theory· for the normal hexahydrated salt:-

Sulphur trioxide ....... . 
Magnesia ... . ....... . 
w ·ater . . ... . ....... . 

I 
35 ·19 
17·48 
47·33 

100·00 

II 
35 ·09 
17·54 
47 ·37 

100·00 
As this is the first instance in which this salt has been recorded as occurring in 

a state of nature, this substance is entitled t o be regarded as a new mineral, and the 
name hexahydrite is proposed for it, in allusion to the six molecules of water which 
enter into its composition. 

AWARUITE, ALMANDITE, AND MAGNETITE. 

(1.) In the Summary Report of the Geological Survey for 1908, page 168, reference 
was made to a specimen of nickel-iron alloy found in the sluice boxes of the gold 
washings of Hoole canon, Pelly river, Yukon. At the time of writing the report 

Fig. 1. Fig. 2. 

:Fig. 3. Fig. 4. 

Photo by Miss W. K. Bentley. 

Fig. 7. Grains of Awaruite from Hoole caii.on, Pelly River, Yukon. 
Magnified 6 diameters. 

mentioned, the examination of the specimen was incomplete and the term ferro-nickel 
was applied to it provisionally. The complete examination now warrants its being 
placed definitely under the species awaraite. It was found amongst the heavier 
materials carried down in the sluice boxes of the locality mentioned, and attracted 
attention by reason of its inertness towards the amalgam plates used for the extrac­
tion of the gold. It was thought that it might possibly be platinum. 

As received by the writer from Mr. Joseph Keele, of the Geological Survey, who 
submitted it for examination, it constituted only a fraction of one per cent of the 
{!Oncentrates, which, with the exception of the mineral under consider 11tion and a few 
quartz grains, consisted of fine grains of magnetite, and a pale reddish garnet, which 
<Jn close examination has proved to be almandite. 

26-17 
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The awaruite is in the form of irregularly shaped grains, a very few of which 
simulate an octohedral form. Some of the grains are more or less flattened, and at 
times show an indistinct lamination. A few are elongated into wire or rod-like 
forms, while others are cone-shaped. Few of the individual grains exceed a milli­
metre in diameter, while the majority are much smaller. The largest grain observed 
had a diameter slightly in excess of two millimetres. Some of the rod-like forms had 
a length of three millimetres, with a thickness of much less than a millimetre. 

In order to determine the presence or absence of a definite crystalline structure 
a few of the larger grains were mounted in sealing-wax and ground with emery on a 
glass plate until they showed well polished surfaces. These were then exposed for 
intervals of fifteen minutes to the vapours of dilute nitrohydrochloric acid. By this 
means the progressive action of the acid vapours could be conveniently observed. At 
first several series of concentric rings were developed, and as the corrosive action 
progressed it could be seen that the grains were made up of a number of minute par­
ticles, each of which enclosed a nucbus of a white siliceoup material, thus indicating 
a sort of sporadic structure for the individual grain. 

The grains as they occur in the sand have a pale yellowish tarnish, which is 
easily removed by agitation and rubbing in alcohol, revealing a steel-grey colour as 
that of the mineral. They are malleable and under the ha=er readily flatten into 
thin scales, and are somewhat sectile, yielding rather readily to the impress of an 
ordinary steel knife-blade. They are also strongly magnetic, and occasionally exhibit 
marked polarity, not only clinging together, but also to the grains of magnetite with 
which they are associated, as well as to articles of steel with wh,ich they may be 
brought into contact. Hydrochloric acid acts on the mineral, but slowly even on 
warming; but with dilute nitric acid the mineral readily passes into solution, even 
in the cold. 

The specific gravity of the mineral, at 15·5° C, ~as found to be 7-746, while the 
composition was found to be as follows:-

Nickel. ...................... . 
Iron ....................... . 
Cobalt ....................... . 
Copper ............ . . . ........ . 
Phosphorus. . . . . . . . . . . . . . . . . . . . . . 
Sulphur ..... . ...... . ............ . 
Insoluble matter. . . . . . . . . . . . . . . . . . . . . . 

74·34 
21-35 
1·34 
0-48 
0-08 
0·03 
1-72 

99.34 

After dedtlCting the -i~soluble matter the centesimal composition of the alloy is 
found to be as follows:-

Nickel. ............ . ... ... . 
Iron ..................... . 
Cobalt ........ . .. . .. .. ... . 
Copper ....... . . . .............. . .... . 
Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sulphur .... .. .... . .... . ....... . ...... . 

76-16 
21-87 
1-37 
0-49 
0-08 
0-03 

100.00 

Magnetite.-In. view of the association of magnetite with the awaruite it became 
of interest to determine whether the former might or might not contain metallic con­
stituents other than iron. Accordingly-2-75 grammes were submitted to examination, 
but no unusual constituent was found to be present. The specific gravity of the 
magn.etite, at 15·5° C, was found to be 5-065. 
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.Almandite.-The almandite, with which the awaruite and magnetite just de­
scribed are associated, is in the form of minute angular grains, frequently rounded 
on the edges. They have a pale reddish colour, and vitreous lustre. They were found 
to have a specific gravity of 3-991, at 15-5° 0:, and on analysis to possess the follow- · 
ing composition:-

Silica. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · · · · .·. 
Alumina ................................. ·. 

· Ferric oxide ....................... . 
Ferrous oxide ..................... . 
Manganous oxide. . . . . . . . . . . . . . . . . . . . . . 
Magnesia ....... . 
Calcium monoxide ......... . 

A.XINITE. 

37-7 
21·1 
2·4 

31-9 
1-5 
5-1 

none 

99-7 

(2.) The material for this analysis was collected by Mr. Oharles Camsell of 
the Geological Survey, at Nickel Plate mountain/ Osoyoos mining division, Yale. 
district, British Columbia, during the season of 1908, and was referred to in the Sum­
mary Report for that year at page 168. It occurs on the western slope of the moun­
tain, in the form of dark hair-brown crystals and crystalline masses at the contact 
between monzonite and sedimentary beds. 

This material was selected with great care, and ~onsisted entirely of small frag­
ments of crystals free from any associated minerals. These fragments were sub­
translucent and possessed a highly vitreous lustre; they were found to have a specific 
gravity of :3-296, at 15 ·5° 0, and on analyais to possess the following composition:-

Silica ....... . 
Boron trioxide ..... .... . 
Alumina ............. . 
Ferric oxide. . . . . . . . . . . . 
Ferrous oxide. . . . . . . . . . . . . . . . . . . . 
Manganous oxide. . . . . . . . . . . . . . . . . . 
Zinc oxide ......... . ............. . 
Calcium monoxide .. 
Magnesia .. 
Water ......... . 

42-18 
5-22 

18-12 
0-98 
7-20 
3-89 
0-09 

19-91 
1-43 
0-35 

99-37 

Mr. R. L. Broadbent has been occupied throughout the year solely in museum 
work. Much of his time has been taken up with the listing and packing of the 
mineral collections preparatory to removal to the Victoria Memorial Museum, matters 
which have demanded the utmost care and vigilance. 

Very considerable additions have been made to the Canadian and foreign collec­
tions in the mineral section of the Mooeum, as will be seen from the accompanying 
lists. 

ALTERATION PRODUCT AFTER AMPHffiOLE. 

(3.) At various times recently there have been brought to this office for examination 
and report, from different localities in the Gatineau valley, in the Province of Que­
bec, specimens of waxy or clay-like alteration products, · all bearing, in outward 
characters at least, a very close resemblance to each other. They also appear, as far 

1 For a full description of this occurrence see Memoir No. 2, Geological Survey Branch, 
Department of Mines, Canada, page 148. 

26-171 
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as could be determined from qualitative chemical analysis, to be pf nearly identical 
chemical composition. In most cases, however, the material was either too small in · 
amount or too impure to admit of quantitative examination. 

The specimen below referred to was brought to this offiee for examination by 
Mr. W. A. ~Icl.saac, and was collected on property belonging to Mr. P. Lannagan, 
situated in the township of Egan, Ottawa county, Que., about 15 miles northwest 
of River De.rert post-office. As previously indicated, however, similar material has 
been noticed elsewhere in the district, particularly in the townships of Aylwin and 
Wright. 

The material is closely associated with and very generally mixed with more or 
less very dark green or greenish-blaek amphibole, from which it has undoubtedly been 
derived by alteration; the amphibole and its derivative occur in scattered patches in 
rocks composed of coarse masses of white quartz and feldspar. 

It ha.s a characteristic wax-like texture and slightly soapy feel, and adheres 
strongly to the tongue; the colour, which is uniform throughout, is a pale yellowish­
grey. 

Before the blow-pipe it fuses with great difficulty only on thin edges; in the 
closed tube it yields a large amount of water, and with no perceptible change in the 
colour of the material. It is decomposed with separation of gelatinous silica by 
dilute hydrochloric acid, even in the cold. · 

Its specific gravity, at 15-5° C, was found to be 2-162, and after dedueting 5 -31 
per cent of admixed unaltered aii}phibole its composition was found to be as follows:-

Silica. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42-76 
Alumina. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-32 
Ferric oxide.. . . . . 2-57 
Calcium monoxide.. . . . . . . . . . . . . . . . . . . . . . . 1-92 
Magnesia.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25-30 
Water.. . . . . . . . . . . . . . . . . . . . . . . 23-13 

100·00 

The above composition agrees closely with that of saponite, to which species the 
material is probably referable, although it displays some incon.sistencies in respect of 
its behaviour before the blowpipe, and with reagents. 

LINARITE. 

(4.) Some very fine specimens of this mineral were collected by Mr. 0. E. Leroy, 
of the Geological s :urvey, during the season of 1909, at the Beaver group, Beaver moun­
tain, Slocan, West Kootenay, British Columbia. It occurs, along with anglesite, in 

_ individual cry·stals and in crystal groups, along the walls of cavities in an ore body 
consisting of coarsely crystalline galena and chalcopyrite. Some of the crystals at­
tain a length of nearly half an inch; one very perfect one has been the subject of 
crystallographic investigation by Professor V. Goldschmidt, of Heidelberg, Germany, 
and Professor W. Nicol, of Queens University, Kingston, Ontario, the results of 
which are inserted below. The crystals have a vitreous lustre and a deep azure blue 
cblour. Some of the thin tabular forms are subtransparent. 

The specific gravity, at 15-5° C, was found to be 5·23, and the chemical composi-
tion as follows :-

Lead sulphate ........ . ..... . .... ... . .. . 
Cupric oxide. . . . .. .. . . 
Water.. . . . . . . . ... . . ....... · ·. · · 

75-17 
19·88 
4·73 

99·78 
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Fig. 5. 
Drawn by W. Nicol 

Fig-. 7.-Crystal of Lina.rite, Beaver Group, Beaver Mountain, Slocan, West Kootenay, B. C. 
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The measurement was carried out under the direction of Prof. Goldschmidt, in 
Heidelberg, and the drawings were made by Prof. Goldschmidt's assistant, Il1:r. R. 
Schroeder. 

It is probable that these linarite crystals are the first from a Oanadian locality 
to be described. They rest in a cavity surrounded by galenite, copper pyrites, and the 
decomposition products of these, viz., limonite and anglesite. Since it was not per­
missible to remove the .crystals from the mass, it was necessary to carry out the 
measuring operations in situ. This was satisfactorily accomplished on the two-circle 
goniometer. 

An almost perfect crystal of the dimensions 3 x 2 x 6 mm. was measured. The 
beautiful blue crystal which is elongated in the direction of the orthodiagonal rests 
with the end of the ortho axis protruding from the druse and presents, therefore, a 
prismatic habit. The other crystals in the druse possess the same habit. The crystal 
is a twin· according to the well known twinning law for linarite, viz., twinning-plane 
and combination face, the.front pinacoid a =eo 0 (101). Fig. 1a shows a top view of 
the crystal and fig. 1b a perspective view. The faces are drawn to correspond as 
nearly as possible with the original crystal. · 

The individual I (behind in the figure) is larger and richer in faces than the 
individual II (in front). Both m~et in a very flat reentrant angle formed by the 
faces =o (001) of individual I and &= - 10 (-101) of the individual II. The angle 
s a 6 measured, is 2° 8' (calculated 2° 34'). The plane ofjunction of the two in­
dividuals is plainly visible as a fine sharp line indicated in the figure by dotted lines. 

OBSERVED FOR~IS. 

Letter ...... . ........ . ...... . ....... . ........... . ... . a m 

Symbol. ........... ........ .. . . . ....... . ... . ...... . 0 000 00 02 

Miller .. . .. .. ... , ..... .. . ....... . .. . 001 100 110 021 

COMBINATION. 

Crystal I ..... . . . .. ... ..... .. . . .... . . ... ... . ....... . s a m 

Crystal li. . .. . . .. . . . . .. . . . . .. .. .. .. .. . . .. . ... ~ . .. . a m 

u f* c r w 

+10 -io -10 -1 -1~ 

101 l04 l(J1 ii1 -212 

c r w 

u c 

All the faces are smooth and brilliant and give good signal reflections. 
This twin crystal shows. a new form: f = ---;to (101). The facet is broad, well­

bordered, and gives an excellent signal reflection. 
Measurement and calculation correspond well. 

Measured . ... . ..... .. ... . ... . ..... . ......... . 

Calculated .. . . . . .. .' .................... .... . 

The form is, therefore, assured. 

= 90' 

= go• 
P = s• 22•. 

P = s· 23•. 

It may be here noted that linarite has been observed in a specimen brought in lately 
from Table mountain, near Atlin lake, British Columbia, by Mr. D. D. Cairnes, of 
the Geological Survey. In this instance the crystals, which are small, occupy : small 
cavity in a specimen consisting of a calcareous ganguestone more or less impregnated 
with galena and chalcopyrite. 

DIAMOND • . 

This mineral has been found as a constituent of a rock occurring on the eastern 
slope of Olivine mountain, about 2 miles to the southward of Tulameen river, Yale 
district, British Columbia. The specimen in which it has been observed was collected 
by Mr. Charles Oamsell during the season of 1910, and at his request has been under 
examination with a view to determining the mineralogic conatitution of the chromium 
ore which it -contains. · 
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The rock is essentially an altered peridotite, nearly all of the original olivine 
being now represented by a massive and somewhat easily friable serpentine, varying 
in colour through a pale yellow to a dirty yellowish white. Through this rock the 
chromium ore is distributed in the form of small v-einlets and scattered patches and 
grains. Superficially the chromium ore does not present any unusual characters, and 
responds to the ordinary tests for chromite; a preliminary examination made upon 
some of the finely pulverized material which had been separated by means of a heavy 
solution showed, however, that it was readily separable into two portions-a magnetic 
and a non-magnetic portion-by the aid of an ordinary magnet. These two portions 
were found to be approximately equal in amount. 

The non-magnetic portion was first submitted to analysis·, and in order to effect 
its decomposition it was fused with about four times its weight of carbonate of sodium, 
for several hours; after cooling, the melt was digested in water, and the sodium chro­
mate which had been formed was removed by filtration and washing; the insoluble 
portion was then digested with hydrochloric acid to remove oxides of iron, magnesium, 
etc.; there still remained a very considerable amount of a brownish residue, which was 
subjooted to a repetition of the process just described, but without any sensible dimi­
nution in its amount, which was found to equal 3·63 per cent of the sample em­
ployed. A weighed sample of the magnetic portion was ihen . subjected to similar 
treatment, .and a residue identical in character was obtained, but equalling '9·06 per 
cent of the ·sample employed. This residue was then tested with hydrofl.uoric acid, 
but this reagent had no effect upon it. Fusion with bisulphate of potassium likewise 
produced no result; fusion ·with peroxide of sodium resulted in the formation of a 
black graphitic material. Jts specific gravity could not be determined satisfactorily, 
but by means of a solution of the double nitrates of thallium and silver it was found 
to be in excess of 3·3 . . Under the microscope the residue was -seen to be made up of 
sharply angular particles, many of which exhibited a distinct octahedral form, and, 
as shown by Mr. Camsell, were perfectly isotropic; they were found to be very hard 
and when mounted on a small piece of wood scratched sapphire with facility, thus in­
dicating a hardness of 10, which is that of diamond. They have been found by Mr. 
0. Higman, chief electrician of the Department of Inland Revenue, to transmit the 
X rays without interruption, a fact which in itself alone points conclusively to the 
identity of this substance with the mineral . diamond. 

Several attempts have been made to extract the diamonds in unbroken forms by 
acting on large quantities of coarsely broken material with various solvent reagents, 
but with indifferent success. It has been found that when a very active reagent, such 
as bisulphate of potassium, is employed to remove the chromite, the individual crystals 
crumble into dust from internal strain before they can become accustomed to the 
changed conditions incident upon their release from the matrix in which they have 
been enclosed. Better results have. been obtained by the use of carbonate of sodium, 
but the action is very slow. In a number of instances while using this reagent the 
interesting phenomenon was observed of the breaking up of individual diamonds from 
internal strain upon being released from the matrix. 

The largest individuals so far extracted do not exceed in size that of a pin head; 
some of them are perfectly colourless while the others exhibit various brownish tints. 

In one large sample of the rock which was worked down for diamonds, one or two 
particles of native gold, and several particles of native platinum were found accom­
panying the diamond residuum. 

Mr. A. T. J'ricKinnon has, as in former years, rendered com;cientious service in 
assembling and despatching the educational collections which have been distributed 
by the Department. During the season just closed he has collected some fourteen 
tons of material for use in these collections. This is in addition to three tons which 
have been purchased for the same purpose. 
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The thanks of the Department are due to the following gentlemen for much ­
kindly -assistance and donations of material in connexi_on with the educational col­
lections: Mr. M. J. O'Brien, Renfrew, Ontario; Mr. Bush Winning, Ottawa, 
Ontario; Mr. Thomas "Morrison, Ban croft, Ontario; Mr. John Collins, Ban croft, 
Ontario; Mr. Charles Bulpit, Bryaon, Quebec; Mr. -J. H. Gillespie, Parrsboro, Nova 
Scotia; Mr. John Higson, SteUarton, Nova Scotia; Mr. Harry Piers, Halifax, Nova 
Scotia; Mr. George Stewart, Springhill, Nova Scotia; Mr. E. R. Reader, Bryson, 
Quebec; Mr. Wm. Parker, Buckingham, Quebec. Mr. Geo. H. Aylard, New Denver, 
British Columbia, has also, at the request of Mr. 0. E. Leroy, donated 1,000 pounds 
of pure galena from the Standard mine near Silverton. 

The following additions have been made to the Canadian division of the mineral 
section of the Museum:-

DONATIONS. 

Amalgamated A·abestos Corporation, Limited, Montreal, Quebec-
Lvrge specimen of asbestos ore from the British Canadian mines, Thetford, 

Megantic county, Quebec. 

Mr. A. C. Andresen, Ottawa, Ontario-
Specularite from Foster, Brome county, Quebec. 

111:r. D' Arcy Arden, Ottawa, Ontario-
Native copper, bornite, pyrrhotite, and chalcopyrite- from the head of White 

river, Yukon. 

Dr. A. E. B-arlow, Montreal, Quebec-
Emplectite from the Floyd mine, Buck township, Nipissing district, Ontario; 

and the following products of the ores of the Cobalt mines: porcelain plate 
coloured cobalt-blue, cobalt anode, cobalt speis·a, slag from smelting cobalt 
speiss, coarse cobalt speiss, :finished cobalt speiss, blue cobalt silicate, cobalt 
chloride, cobalt nitrate, cobalt oxide, cobalt sulphate. 

Captain Bartlett (ss. Roosevelt) per Captain J. E. Bernier­
Cherty quartzite- from Cape Columbia, EUamereland. 

Mr. W. A. Begg, Haileybury, Ontario-
Quartz with pyrite, magnetite, and native gold, from the north half of lot 6, con­

cession III of the township of Tisdale, Sudbury district, Ontario. 

Mr. George Clarke, Sandon, E.G.-
Massive stibnite, Alturas claim, 'North Fork Carpenter creek, Slocan district, 

West Kootenay, B.O. 

Mr. Fritz Cirkel, Montreal, Quebec, per Dr. Eugene Haanel-
Collection of asbestos and asbesto-a products of the Thetford mines, Megantic 

county, Quebec. 

Mr. M. T. Culbert, Cobalt, Ontario-
Claucodot and galena from the O'Brien mine, Cobalt, Gntario. 

Mr. Louis St. Cyr, Ottawa, Ontario-
Native sulphur from township 80, range 2, west of the 6th meridian, Alberta; 

agate pebbles from Peace river, Alberta; lignite from township 77, range 6 
west of the 6th meridian, Alberta. 

Mr. E. T. Ellis, Ottawa, Ontario-
Concretions of hematite from Clifton, Gloucester county, New Brunswick. 
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Mr. R. R. Hedley, Victoria, Britiah Columbia-
Native copper with associated rocks, from Battle bluff, opposita Cherry creek, 

Kamloops, British Columbia. 

}.fr. George B. Hull, Ottawa, Ontario-
Molybdenite from Turnba.ck lake, Abitibi district, Quebec. 

Mr. E. A. J a cobs, Victoria, British Columbia-
Massive pyrite from the B. C. Copper Company's property, Wellington camp, 

Grand Forks, West Kootenay, British Columbia. 

Mr. S. R. Lanigan, St. Rene de Amherst, Quabec-
Fine group of quartz cryatals from Amherst township, · Ottawa county, Quebec. 

Messrs. Lindsay Bros., London, Ontario-
Sphalerite from lot 30, concession III, Albermarle township, Bruce county, 

Ontario. 

Maritime Oilfields Company, Moncton, New Brunswick-
Petroleum from No. 3 and No. 5 weU.s on the Petitcodiac river, 10 miles south 

of Moncton, New Brunswick. 

Mr. A. J. Morrow, Eganville, Ontario-
Beryl from Lynedoch township, Renfrew county, Ontario. 

Mr. Morley Ogilvie, Ottawa, Ontario-
Auriferou·a quartz from the Dr. Reddick mine, Larder lake, Nipissing district, 

Ontario. 

l\fr. D. S. 8-awyer, Ottawa, Ontario-
Large spacimen of gold ore from the Dr.· Reddick mine, Larder lake, Nipissing 

district, Ontario. 

Mr. L. A. Smart, Winnipeg, Manitoba­
Chemawinite from Leaf lake, Saskatchewan. 

Mr. A. D. Tennimt, Stewart, British Columbia-
Pyrite and chalcopyrite from Montrose tunnel, and chalcopyrite with pyrite from 

Red Cliff tunnel, Stewart, Portland canal, British Columbia. 

}.fr. Wm. Tomlinson, .New Denver, British Columbia, per Mr. 0. E. Leroy­
Slickensided galena showing torsion cracks from t-he Standard mine, .Fourmile 

creek, West Kootenay, British Columbia. 

Mr. J. T. C. Thomp-aon, Ottawa, Ontario-
Two specimens of native silver with erythrite; one specimen of crystallized 

quartz with native silver; one specimen of aplite; all from the Lucky God­
frey mine, Willet township, Nipissing district, Ontario. 

COLLECTIONS MADE BY OFFICERS AND EMPLOYES OF THE DEPARTMENT OF MINES. 

Mr. R. W. Brock-
Specimerra of auriferous quartz from the Timmins and Cragg mines, Porcupine, 

Nipissing district, Ontario. 

J\fr. D. D. Cairnes-
Tetrahedrite from the Broth on claim, Hoboe creek; stibnite from T·aku arm; 

galena and chalcopyrite in quartz from Munroe mountain; galana, chal­
copyrite, and tetrahedrite from the White Moose claim; ore from the Laver-
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diere group; ore from Crater creek; tetrahedrite in quartz from the Alvine 
claim; ore from the Reds group; tetrahedrite and chalcopyrite from the 
Dundee claim; galena, chalcopyrite, and 11narite from Table mountain; 
gold ore from the Engineer mine; ore from the Laws an group, Bighorn 
creek; ore from the Holy Ci·oss claim, Hoboe creek; native copper from 
Copper island, Atlin lake; all of these localities are situated in the Atlin 
mining division of Britioh Columbia. 

Mr. Charles H. Clapp-
Finely vesicular rock (lava n from Village valley, Mayne island, B.C. 

Mr. W. H. Collins-
N ative iron found . in gossan at Smooth water lake, Gowganda, Nipissing district, 

Ontario; native silver from the Lucky Godfrey mine, Willet township, 
Nipissing district, Ontario. 

Mr. D. B. Dowling-
Lower Cretaceous sandstone impregnated with magnetite, from Pine creek, a 

branch of Waterton river, Alberta; series of coals from the Jasper Park colli­
eries, eight samples; coal from Keywood claim, Brule lake, Jasper park, Al­
berta; lignite from To:field, Alberta; lignitic coal, near mouth of Oldman 
river, Athabaska river, Alberta; coal from near Muskeg river, a branch of 
Smoky river, section 2, township 57, range 7, west of 6th meridian, Alberta, 
received from :Mr. J. R. Ak,in, D.L.S, 

Mr. J. A. Dresser-
Idocrase from the American 

county, Quebec. 

Mr. Joseph Keele-

) 

Chrome Company's property, Black Lake, Megantic 

Series of bricks: Red Cliff Brick Company, Red Cliff, Alberta; Alberta Portland 
Cement Company, Sandstone, Alberta; Edmonton Brick Company, Edmon­
ton, Alberta; P. Anderson and Co., Edmonton, Alberta; Eureka Coal and 
Brick Company, Estevan, Sa.skatchewan, two specimens; the S'tephens Brick 
Company, Portage la Prairie, Manitoba. two specimens. 

:Mr. 0. E. Leroy-
Sphalerite from the Lucky Jim mine, Slocan, West Kootenay, British Columbia; 

liinarite, anglesite, galena, and chalcopyrite from Beaver mountain, Slocan, 
West Kootenay, British Columbia; quartz crystals, siderite, and pyrite 
from the Ohio claim, Lyell creek, Slocan, West Kootenay. British Columbia; 
mispickel in quartz-schist from Marcus and Gilbert's claim, Poplar, Lardeau, 
West Kootenay, British Columbia; quartz replacing limestone, from the 
Mother Lode mine, Deadwood, British Columbia. 

Mr. A. T. McKinnon-
Olivine and spinel from lot 52, range V, Bigelow township, Ottawa county, 

Quebec. 

Mr. H. Ries-
Series of bricks: Minto, Queens county, New Brunswick, two specimens; Salmon 

bay, Grand lake, Queens county, New Brunswick, two specimens; Flower 
cove, Grand lake, Queens county, New Brunswick, three specimens; Albert 
mines, Albert county, New Brunswick; Murphy brook, Middle Musquodoboit, 
Halifax county, Nova Scotia, three specimens; Smalls brook, W oodbourne, 
Pictou county, Nova Scotia, two speoimens; Brook's brickyard, New Glasgow, 
Pictou county, Nova Scotia, two specimens; Bailey brook, Pictou county, 
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Nova Scotia, two specimens; J oggins, Pictou county, Nova Scotia; Ooxheath, 
Inverness county, Nova Scotia, three specimens ; Inverness, Inverness county, 
Nova Scotia, three specimens; Port H ood, Inverness county, Nova Scotia ; 
Pugwash, Oumberland county, Nova Scotia; Shubenacadie, · Oumberland 
county, Nova Scotia; Cranberry head, Cape Breton, Nova Scotia, two speci­
mens; Glace bay, Cape Breton, Nova Scotia; Toronto mine, Sydney, Eden 
Siding, Ashby, Port Morien, and McKinnon harbour, Oape Breton county, 
Nova Scotia, each one specimen. 

Mr. Morley Wilson-
Molyb'denite and beryl from Turnback lake, Abitibi district, Quebec. 

PURCHASES. 

Boulder creek, Atlin, British Columbia, three gold nuggets; series of specimens 
of allruvial gold from locations in Atlin, B.O., Yukon, and Alaska, as follows: Domin­
ion creek (4 above), Yukon; Gold hi1l, Yukon; MdCee creek, Atlin; Bear creek (8 
below), Yukon; Lower Jack Wade (Fortymile river), Alaska; Gold-run (22), Y}lkon; 
Eldorado (No. 6), Yukon; L ast Chance creek, Yukon; Dominion creek ( 4 above), 
Yukon; Bonanza creek (38 above) , Yukon; Sulphur (31 above), Yukon; Monte 
Cristo, Yukon; Lovett gulch, Bonanza creek, Yukon; Bonanza creek (26 above), 
Yukon; Bonanza bench (20 ·above), Yukon; French Hill, Yukon; Lower Dominion 
(13 above), Yukon; Hunker (17 above), Yukon; Wright creek (13 above) , Yukon: 
Pine creek, Atlin; Lower Dominion (4 above), Yukon; Poverty Bar (12 below), 
Bonanza), Yukon; Upper Dominion (4 below) , Yukon; Sulphur (17 be1ow) , Yukon; 
Victoria gulch (No. 2), Yukon; Seventymile, Yukon; Monte Oristo gulch, Bonanza 
creek (8 below), Yukon; Gold-run (39 and 40), Yukon; Bonanza bench (30 below)t 
Yukon; McQuesten, Yukon; Hunker (11 below), Yukon; Hunker (below) Yukon; 
Anvil creek, N ome; Chicken creek, Fortyninemile river, Alaska; Anrvil creek, 
Nome. 

Cobalt, Nipissing district, Ontario: Oobaltite from the Evans mine; smaltite 
and native silver from the Ooniagas mine ; native silver from the Silver I.eaf mine; 
native silver from the Nipissing mine. 

The following additions have been made to the foreign division of the mineral 
section of the Museum. 

DONATIONS. 

Mr. R. A. Daly, Boston, :Massachusetts, U.S.A.-
Specimen of Pe1e's H air coUecte'd by TYir. H. E. Wilson, Homripo, at a point 

4 miles south of Kilauea crater, Hawaii. 

Miss M. B. McLeod, Tarbustad, South Africa, per Mr. W. J. Wilson-
Quartz, pseudomorph after crocidolite, from Prieska, Transvaal; mica-schist 

from Buluwayo, Rhodesia. 

Mr. Justice Prows, St. J ohns, Newfoundland-
Ooal from a location 14 miles inland from Forteau, Straits of Belle Isle, New­

foundland-Labrador. 

Mr. Thomas Vanes, Ottawa, Ontario--
Kauri gum <and coal from Huntley mine, New Zealand; auriferous quartz from 

W aihi mine, New Zealand. 
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EXCHANGES. 

Mr. W. E. Christianssen, Keystone, South Dakota, U.S.A.-
Series of specimens from the Black hills, South Dakota, U.S.A., as follows:­

Amblygonite from the Spodumene Lode mining claim; cuprocassiterite :from 
the Etta claim; spodumene; lepidolite from the Spodumene mining claim; 
leucopyrite from the Bob Ingersoll claim; graphite from ·an abandoned tin 
deposit; wolfram ore from the Seminole claim; apatite from the Spodumene 
mining claim; cas·siterite; beryl from an old abandoned tin prospect; rose 
quartz; cassiterite and lollingite from the Etta mine; petalite from the 
Spodumene mining claim; tin ore from the Road A!!ent group; garnets in 
slate, common in district; chalcopyrite from the Christianssen Consolidated 
Copper Company's prospect; triphylite from the Nickel Plate mine; pyritic 

· ore, common in veins and ore-bodies of ·the district; columbite from the Bob 
Ingersoll mine. 

Mr. P. Walther, 44- Sanderson Road, Fesmond, Newcastle-on-Tyne, England-
Miscellaneous collection of minerals as follows: olivine bomb, Eifel, Germany; 

augite bombs, Eifel, Germany; cuprite and chrysocolla from Copiapo, Chili; 
native coke, Scotland; Atacamite from Chuquaiamata, Chili; sulphate of 
magnesia and copper from Chuquiamata, Chili; witherite from Fallowfield, 
Northumberland, England; native tantalum fro~ the Altai Mountaina, 
Siberia; copiapite with chalcanthite from Antafagasta, Chili; barytocalcite 
from Alston Moor, Cumberland, England; brochantite from Chuquiamata, 
Chili; trona (white and pink) from Mogard lake, East Africa; adamite 
from Chili; zincocalcite with olivinite from Ohili; witherite from .A1ston 
Moor, Cumber land, England; alstonite from Fallowfield, Cumber land, Eng­
land; barite from Fallowfield, Cumberland, England; delvauxite from Fol­
linggraben, Steirmark, Austria; manjak from Trinidad; malachite from 
Chili; dioptase from Copiapo, Chili; chalcanthite on brochantite from 
Chuquiamata, Ohili; chalcopissite from Chili. 

PURCHASE. 

Native gold from Idaho, U .. S. A. 



SUMMARY REPORT 269 

SESSIONAL PAPER No. 26 

P ALAWNTOLOGICAL DIVISION. 

( Law1·ence "M. Lam be:) 

During the first half of the year, while continuing to fulfil the duties of 
Palreontologist and Zoologist, much of my time was devoted to re-examining collec­
tions of invertebrate fossils, described by the late Dr. Whiteaves, and others, for the 
most part in Geological Survey publications, but which had not been exhibited through 
lack of museum space. It was found necessary to go over these collections carefully, 
labelling the specimens as determined, and_ to recognize and indicate the type and 
figured material, so as to allow of the collections being catalogued. 

Other collections which had been reported on in· a more general manner, princi­
pally by Dr. Whiteaves, and which it was not necessary to catalogue, were labelled 
and set aside, or boxed up and placed in storage. 

A considerab~e portion of my time has been given to supervising the cataloguing 
of the exhibited fossil collections, and of those collections reported on and described, 
but not aJSo yet placed on view, which wa-s begun in November, 1909, by Mr. W. J. 
Wilson, assisted by Mis.s A. E. Wilson, andi completed in October of this year. The 
fossils are catalogued as now exhibited, viz., zoologically according to formations. 
Running numbers beginning at one hundred, have been used, and each specimen has 
been numbered in oil paint; type specimens in addition bear a small red circle in 
paint; cotypes are i:ndicated by a green circle, and figured specimens by a red cross·. 
In the case of a number of specimens, on one tablet, of the same species and from the 
same locality, letters follow the number, as for example, 101 type, other specimens on 
the same tablet 101a, '101b, etc. In the card catalogue, each card, corresponding in 
number to the specimen to which it refers, gives the following information, viz., the 
genus and species, the locality, formation, name of the collector with the date of 
collection, also whether the specimen is a type, cotype, or figured specimen, etc., with 
any further information thought desirable. The Geological Sul'!Vey is now, for the 
first time, in possession of an accurate and comprehensive record of its described 
collections of fossils in the shape of a card catalogue, which later can be used in con­
nexion with the installation of these collections in the Victoria Memorial Museum, 
in whatever manner they may be arranged. 

On the completion of the above card catalogue, and with a view to the publi­
cation of a catalogue of the type ,and figured specimens of fossils now in the posses­
sion of the Geological Survey, Mr. Wilson and Miss Wilson, under the writer's and 
Dr. Raymond's supervision, began, and are now engaged in work preliminary to a 
compilation of this character. With the catalogue of the fossil types, etc., will appear 
a complete bibliography of all palreontological writings based on specimens belonging 
to the Geological Survey. 

In view of the early date at which the collections might be removed to the new 
building it was considered expedient to have the large, described, but as yet un.ex­
hibited, collection of vertebrates from the Judith River formation of Alberta (which 
includes many generic and specific types) packed· and ready for removal. It was 
necessary to spend some time in repairing many of the larger fragile specimens of 
this collection before they could be placed in boxes. The collection as a whole is now 
ready for remo-val, and can be easily handled without danger of breakage. This col­
lection of vertebrates, together with those of invertebrates already mentioned, and 
some "recent zoological material, fill seventy-five large boxes. 
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This autumn, labels for use in the Victoria Memorial Museum, have been pre­
pared for all the fossil vertebrates to be exhibited. 

A collection of thirteen .specimens of Pelecypoda (mostly casts of the interior) 
from Texada island, B.O., collected by Mr. R. G. McConnell in 1909, was received from 
him in March of this year and; reported on. Eight species of seven genera are repre­
sented in this collection, which was made from an outlier of Cretaceous rocks half a 
mile east of Cook bay. · 

The :fif~h part of Contributions to Canadian Palreontology, vol. Ill (quarto) on 
'Palreoniscid Fishes from the Albert Shales of New Brunswick,' was published in 
August of this year. 

A short paper on a recent discovery in connexion with the parietal frill of the 
Cretaceous dinosaur Oentrosaurus apertus was prepared and published in the Decem­
ber number of the Ottawa Naturalist. 

A Bibliography of Oanadian ZoOlogy for 1909 (exclusive of Entomology), was 
written during the early part of the year, and presented at the annual meeting of the 
Royal Society of Canada for publication. 

ADDITIONS TO THE PAL.IEONTOLOGICAL AND ZOOLOGICAL COLLECTIONS DURING 1910. 

Mr. Lambe reports the following accessions to the Survey collections:­

Received from members of the Geological Survey as. follows-

McConnell, R. G.-
Twelve specimens of Pelecypoda, collected in 1909, from an outlier of 

Cretaceous rocks, half a mile east of Cook bay, Texada island, B.O. 

Wilson, W. J.-
Six pieces of carbonaceou'S limestone holding remains of amphibians, from 

a sigillarian stump, from the Coal Measures near J oggins mines, N.S. 
Small collection of plants from the Coal Measures at J oggins mines, N.S. 
About 1,000 specimens of Carboniferous plants from Minto, Sunbury county, 

N.B. 

Leach, W. W.-
Thirteen specimens of Taxodium distichum miocenum, etc., from Omineca 

ming division, B.O., Driftwood river, 7 miles from its mouth. Tertiary 
(Oligocene). 

Two specimens of fossil plants from Bulkley river, B.O., about 10 miles from 
its mouth. 

Camsell, C.-
Two specimens of Tertiary plants from White lake, Okanagan valley, B.O. 

Received from other sources­
By presentation:-

Grant, Col. C. C., Hamilton, Ont.-
Twenty-one fossils from the glaciated chert beds of the Niagara formation 

at Hamilton, and one fossil from the Clinton formation at the same 
place. Four sponges in chert nodules from the Niagara formation at 
Hamilton, Ont. 

Wilmer, Lieut.-Colonel L. W orthington, Lothian Rouse, Ryde, England-
112 English Cretaceous and Tertiary fossils, mostly pelecypods and gaster­

opods. 
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F-armer, Wilfred, near Indian Head, Sask.-
Anterior caudal vertebra of a Mo-aasaurian reptile, obtained from gravel at 

a depth of 20 feet below the surface, in digging a well, about 20 miles 
south of Indian Head, and 4 miles north of Odessa, on the line of the 
Canadian Northern railway. Judging from shale adhering to the bone 
it is probable that the specimen comes from the upper shales of the 
Pierre formation. 

St. Oyr, J. B., per Dr. E. G. D. Deville, Surveyor General, Ottawa-
An imperfect specimen of Scaphites vent?-icosus? (Meek) , and a fragment 

of impure limestone showing cone-in-cone structure, collected by Mr. 
St. Oyr, in 1909, on Bru1e river, a tributary of Peace river, about 25 
milres south of Dun vegan, Alta.; of Cretaceous age and probably from 
the Benton formation. 

Altschel, J.-
Three separate fragments of Baculites oratus, Say, from Atha:baska river, 

36 miles below Athabaska Landing; upper Cretaceous ( ?Pierre-Foxill 
formation). 

Brown, R. H., 36 Kent street, Halifax, N.S.-
One photograph of fossil.fern (Neuropteris c01·data or angustifolia) from the 

roof of main seam of coal, Princess pit (Sydney No. 1) , Sydney mines, 
1903. Coal measures. 

Oonroy, H. A.-
Part of a molar tooth of Mammoth, from a clay bank on Loon river, 40 miles 

from its mouth, a tributary of Pe·ace river, Alta. 
Evans, W. B., Minto, Sunbury county, N.B.-

Small collection of Carboniferous plants from the Rothwell Coal Co.'s mine, 
Minto, N.B. 

Adami, Professor J. G., McGill University, Montreal, Que.-
One specimen of a :fish, part of the crustacean, and a fragment of a cepha­

lopod from the lithographic stone deposits of Bavaria (Jurassic). 
Morrison, John M., and Bannerman, John B., Oarcross, Yukon-

Through ·an error in last year's Summary Report a fine skull of the Pleisto­
cene horse, from No. 34, Gold-run creek, Yukon, was stated to have 
been acquired by the Geological Survey by purchase, whereas it was 
presented to the Museum by Messrs. Morrison and Bannerman. 

By purchase:-
A very large specimen of Aphrocallistes whiteavesianus, Lam.be, brought up 

on a cod hook near Nanaimo, B.O., and having the following dimensions: 
breadth 21 inches, height 15 inches, thickness from back to front 15 
inches. A small fragment of this specimen was received by the Geo­
logical Survey in March, 1908. 

A well preserved skull, without the mandible, of Arctotherium cfr. simum, 
Cope, from Pleistocene deposits on Gold-run creek, Yukon; obtained in 
frozen ground at a depth of 40 feet from the surface. 

In addition Dr. Raymond reports the following accessions to the collection of 
invertebrate fossils since July 1, 1910 :-
By presentation:-

Dr. Ray S. Bassler, U. S. National Museum, Washington, D.O.-
Three specimens Beatricea gracilis, Ulrich. From the Lowville at Bellefonte, 

Penna. Ace. No. 37. 
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Col. C. C. Grant, Hamilton, Ontario-
Three small collections (25 specimens). From the Niagara cherts at Hamil­

ton, Ontario, Ace. No. 6. 

Mr. Elfric Drew Ingall, Buena Vista road, Rockcliffe, Ont.-
Collection of fossils from the trenches on Manor road and Buena Vista 

road, Rockcliffe, Ontario. Ace. No. 3. 

Mr. W. C. King, Auditor General's Department, Ottawa, Ontario-
One specimen Isotelus a1·enicola, Raymond. From the Chazy at Britannia, 

Ont. Ace. No. 1. 

Mr. C. E. Oliver, Hedley, B.O., through 1\fr. Charles Camsell-
Four imperfect specimens of a large PTionocyclus from the Cretaceous on 

Mamloos creek, a tributary of Roche river, Similkameen district, B.O. 
Ace. N.o. 38. · 

Mr. Stewart Macroe, West S~lkirk, Manitoba-
Eight specimens Ordovician fossils from the drift at York Factory. Ace. 

No. 22. 

Mr. A. McNeill, Department Interior, Ottawa, Ontario-
Two fossiliferous nodules from Green creek, near Ottawa, Ontario. Ace. 

No. 20. 

Mr. W. J. Wilson, Ottawa, Ontario-
One specimen Isotelus gigas, pekay. From the Trenton at Hull, Quebec. 

Ace. No. 7. 

By purchase:-

Rev. J. M. Goodwillie, 1\fetcalfe, Ont.-
A collection of invertebrate f oss·h, principally Ordovician, S,ilurian, and 

Devonian, from various localities. About 4,000 specimens. Ace. No. :3. 

Mr. George Noel, 33 Ottame St., Hull, Quebec-
About 30 specimens of invertebrate fossils from the Trenton at Hull, Quebec. 

Ace. No. 11. · 

Collected by officers of the Survey:­

Oairnes, D. D.-
Five specimens from the Cretaceous at Bee mountain, Atlin district, B.O. 

Ace. No. 35. 

Oamsell, Oharles-
One fossiliferous fragment of Carboniferous rock found loose on Eagle 

cre~k, Tulameen district, B.O. Ace. No. 41. 

Dowling, D. B.-
SmaH collection of J urassic fossils from The Gate, Fiddle creek, Alberta .. 

Ace. No. 24. 

Dresser, J. A., and Raymond, P. E.-
About 25 s:Pecimens lower Oambrian fossil-s in pebbles of a conglomerate at 

St. Philippe de Neri, Kamouraska county, Quebec. Ace. No. 17. 
Fossiliferous pebble of Trenton age from gravel on shore at St. Denis, 

Kamouraska county, Quebec. Ace. No. 18. 
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Ingall, E<llfric Drew, and Raymond, P. E.-
Small collection fossils from the Beekmantown, Chazy, Lowville and Black 

River, at Rock1and, Ontario. · Ace. No. 14. 
Small collection fossils from the Lowville and Chazy at Aylmer, Quebec. 

Ace. No. 15. 
Small collection fossils from the Lorraine at Hawthorne, Ontario. Ace. 

No. 16. 

J ohnston, W. A.-
10ne specimen 01·moceras allumettense (Billings), and one of Stromata­

cerium rugosum, Hall, from the Black River in Orillia North tp., Ont. 
Ace. No. 42. 

Keele, J.-
One specimen ffc'(J;{fJhites from the Cretaceous at Seaby sidi~g, 2 ID'iles east of 

Kananaskis, Alber~a. Ace. No. 12. 

Leach, W. W.-
Seven specimens fossils supposed to be from the Cretaceous, from the 

Bulkley river, B.O. Ace. No. 34. 

Mcinnes, W.-
Seven specimens Ordovician fossils, 1 from Pelican lake, 2 from Bigstone 

lake, and 4 from Deschambault lake; 3 specimens Silurian fossils from 
Cumber land lake; all in Saskatchewan. Ace. No. 19. 

Raymond, P. E.-
Fourteen lots of fossils from the Chazy, LoWIVille, Black River, Trenton, and 

Utica, in the vicinity of Ottawa. Ace. Nos. 4, 5, 9, 10, 13, 23, 25, 31, 
32, 33, 36, 39, 40, 44. 

Three lots of fossils from the Beekmantown and Chazy at and near Gren­
ville, Quebec. Ace. Nos. 26, 27, 43. 

Two lots fossils from the Chazy at Quebec Junction, and Bordeaux, Quebec. 
Ace. Nos. ~8, 29. · • 

Six fossils from the Chazy and Lowvil'le at Point Claire, Island of Montreal, 
Quebec. Ace. No. 30. 

• 
Wilson, W. J.-

Four slabs with fossils from north of Coal Mine point, J oggins Mines, N.S. 
Ace. No. 21. 

26-18 
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Since I joined the staff on July 1 of the present year, the greater portion of my 
time has been spent in becoming familiar with the collections of invertebrate fossilsr 
and selecting a series of specimens for exhibition in the new museum. In connexion 
with this work about 1,200 new identification labels weFe prepared in order to make· 
the naming of the species conform to the modern n_omenclature. 

Early in October three days were spent with Mr. Dresser, collecting fossils from 
the conglomerates in Ka~ouraska county, Quehec, and late in the same month, and: 
early in November, several days were spent in studying the stratigraphy and collect­
ing the fossils of the Chazy formation at Aylmer, Ottawa, Grenville, Quebec Junction, 
Bordeaux, and Point Claire. These latter studies are still incomplete, but enough 
facts have been obtained to show that the lower 125 feet of the Chazy formation in 
thie Ottawa valley, as defined in the Geology of Canada, 1863, is of upper Chazy age, 
while the black and buff, limestones above belong to the Black River group. 

The following collections have been examined and reported upon:­
Mr. Charles Camsell-

A few Carboniferous fossils found in a loose fragment on Eagle creek, Tula­
meen district, B.O. 

Mr. D. B. Dowling-
A few specimens from the J urassic at The Gate, Fiddle creek, Alberta .. 

Mr. J. A. Dresser-
Low:er Cambrian fossils from the conglomerates at St. Philippe de Neri, 

Kamouraska county, Quebec. 

Mr. W. Mcinnes~ 
A small collection from the Ordovician and Silurian, at a number of locali­

ties in Saskatchewan. 

Mr. W. J. Wi1son-
A few species from the Carboniferous at the J oggins mines, N.S_ 
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In continuation of the work done in southern New Brunswick during the sum· 
mers of 1908 and 1909, a few weeks, in 1910, were spent in the Grand Lake coal basin, 
Sunbury county, collecting fossil plants at the Minto coal mines. A short time was 
occupied in examining the rocks. along the shore at Mispec and Cape Spencer, St. 
John county, where plant remains had been said to occur. Part of a week was occu­
pied examining the rocks at Tidnish head, Nova Scotia, and' a portion of Sir W. E. 
Logan's section at the J oggins shore, N.,S. From all of these places collections were 
made where fossils could be found. 

I am again indebted to Dr. G. F. Matthew for information about the. rocks at 
Mispec and Oape Spencer; to Mr. Wm. Mcintosh, curator of the Museum of the 
Natural History Society of New Brunswick, for the opportunity of examining type 
specimens of fossil plants; to Mr. W. B. Evans, manager of the Rothwell Ooal Oo., 
Limited, Minto, for some good specimens of fossil plants donated to the Museum, and 
for much valuable assistance in collecting; and to Mr. Bruce Barnes of the North­
field Ooal Oo., Limited, and the officers of the King Lumber Oo., both of Minto, for 
valuable assistance in collecting from their mines. 

'Most of the time was spent at Minto, and adjacent mines, where a collection of 
about 1,000 specimens was made. The plant remains were found in the dumps· of 
shale from the mines. The most prolific fossiliferous beds lie above the coal, and 
extend upward 10 or 15 feet, but in most cases only a foot or two of shale is removed 
with the coal, so that the best fossils rarely come to the surface. The shale is a fine­
grained, dark grey rock, which when first removed, is firm and solid, hut when exposed to 
the air and sun at once begins to crack, a"nd in a short time disintegrates and crumbles 
to a fine powder. On thiff account the shale containing fossils has to be collected and 
carefully wrapped up as soon as it is thrown out, or else it falls to pieces and the 
fossils are lost. Some specimens can only be preservnd by coating them with oil or 
shellac. M·any of the fossils obtained at Minto will make good museum specimens, 
while all will be useful for study and comparison. The following are some of the 
genera and species collected at this locality:-

N europteris scheuchzeri, Hoffman (N. hirsuta, Lesqx). 
Single leaves beautifully preserved are numerous at the King Lumber Co.'s mine. 
'A well known fern marking a definite horizon of upper Carboniferous rocks.'l 

Lepidophyllum cf. brevifolium, Lesq. 
Detached leaflets are common in all th~ mines. They are supposed to be part 

of the fruit of Lepidodendra, and are arranged around a common axis, forming a cone­
shaped body. A part of one of these cones was found showing the Sporangia and 
attached leaflets. The latter are triangular, short, pointed, and from half to three­
fourths of an inch long. They are attached to the cone by a triangular ibase much 
smaller than the leaflet. These leaflets closely resemble L. brevifolium figured by 
Lesquereux,' only they are larger, and the sides of the triangle are usually 
straight instead of concave as in the figure referred to. Zeiller, in speaking of lea:£-

'Fossil Plants, Seward. Vol. I, p. 45. 
2 The Geology of Pennsylvania by H. D. Rogers, p. 876. Plate, XVII, fig. 6. 
26-18~ 



276 GEOLOGICAL SURVEY 

1 GEORGE V., A. 1911 

lets of L. lanceolatum, says: ' They are found most often isolated, but sometimes 
attached in greater or less numbers about a common axis, although no complete cone 
has been found.' This is also an upper Carboniferous form. Several species of 
Sphenopt~ris were found, one closely resembling S. latifolia., Brongn, and 
may be S. latior of Dawson, occurs in well-preserved fronds at the seven 
different mines from which collections were made. Pecopteris is represented 
b,y several species, and is common. Sphenophyllum schlotheimii, Brongn, 
is common, ·and S. emarginatum occurs less frequently. Oordaites boras­
s?'folia, Brongn, very common but usually in fragments. It is hard to get a 
complete leaf. Alethopterils lonchiti c'{L, and probably one more species, are common 
at the Rothwell Coal Co.'s mine, and occasionally met with at the other mines. Stig­
maria, with rootlets attached, was found at the Gibbons mine. L epidodendra occur 
at some of the mines in well preserved specimens, apparently of different species. 
Specimens of Lepidophloios, Sigillaria, Oyclopteris, annularia, and equisetum were 
occasionally found. Fruits are fairly common, especially one resembling Oardiocar­
pum bisectum, Dawson. At the R othwell Coal Co.'s mine a large fruiting frond 
closely allied to Antholithes rhabdocarpi, Dawson, occurs on a slab with fronds of 
Alethopjeris. 

The above species were noted ·in the :field and are only provisionally determined, 
as there has been no opportunity to study the collection in detail. 

The shore at Cape Spencer and Mispec, in St. John county, was examined, since 
it was thought desirable to determine if there were any fossils in the rocks exposed 
there, but a somewhat careful search revealed none. It Itlay be said, however, that 
owing to the rough and precipitous character of the cliffs, considerable stretches of 
the shore were inaccessible on foot, and consequently were not examined. 

A day was spent examining the rocks along the shore at Tidnish head and vicinity, 
Nova Scotia, to see if there were any indications of plant remains in the coarse red 
sandstone. None, however, were seen in the small area traversed. 

It has been suggested to the writer that a systematic collection of fossil plants 
should be made from the J oggins section, by examining each bed and noting the 
contained fossils. Such a collection would show the characteristic forms and vertical 
range of the plants in this great section, and would furnish criteria for the palreo­
botanical classification of the Coal Measures of the Joggins and adjacent basins, and 
help in the elucidation of the collections of fossil plants made from the rocks along 
the New Brunswick shore. In order to see if such a collection could be made, if 
opportunity offered in the near future, two days were occupied at the Joggins com­
paring Sir W. E. Logan's section with the beds as now exposed on the shore. Although 
over sixty years have elapsed since the section was made, during which time con­
siderable changes have taken place through erosion, it was possible to correlate the 
beds as they now are with the printed section, and it seems quite practicable to use 
Logan's section for marki~g the specimens from each bed, thereby saving the time 
required in making new measurements . 

. While at the J oggins shore .a few specimens of Lepidodendra, Lepidophloios, 
Sigillaria, Alethopteris lonchitica, Antholithes, and Lepidostrobus were collected. A 
number of reptilian remains were secured from the stump of an erect Sigillaria, and 
are in Mr. Lambe's hands for future study. From a carbonaceous bed on the shore 
a number of invertebrates were obtained. These were submitted to Dr. Percy E. 
Raymond, who reports several specimens of each of the following species: Naiadites 
carbonarius, Dawson, N aiadites elongatus, Dawson, Spirorbis carbonarius, and a 
number of undetermined ostracods. 

1 Elements of Palooobotanique, p. 187. 
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During the pa·st office season, while special ornithological work occupied my time, 
Mr. J ames M. Macoun, my assistant, devoted his time chiefly to the ·classification and 
systematic arrangement of the various collections which had accumulated. This 
botanical work was nearly completed when he left for Hudson bay early in July. 
The material collected on Vancouver island was worked over by Mr. C. H. Young and 
myself, and with t~e assistance of American and Canadian specialists, many of the 
specimens were taxidermically prepared, identified, and arranged according to their 
respective orders, .and the new species determined. Dr. Dall, of the Smithsonian 
Institution, Washington, D.C., to whom over fifty species of shells were sent, re­
ported that seventeen of them are new to science, and many other·s new to the Van­
couver Island fauna; he also mentioned that the fauna on the outer coast of Van­
couver island indicated warmer water than that of the Gulf of Georgia. Mr. Frank 
F. Collins, of Maiden, Mass., who is writing a report on the seaweeds, makes the 
same statement. 

Our collections of the marine fauna of the Atlantic coast being inadequate, and 
there being a demand for a separate catalogue of the flora of the Maritime Provinces, 
I was instructed to make collections during the summer in Nova Scotia, and from its 
coast waters. 

On May 10, Mr. C. H. Young and I left Ottawa and proceeded to Yarmouth, N.S., 
where we commenced work on May 14. Mr. Young was instructed· to make his col­
lections chiefly from the sea, while I worked on land. Specimens were gathered 
principally along the south coast. A month was spent at Yarmouth, six weeks at 
Barrington Passage and vicinity, and the remainder of Mr. Young's time on the 
islands off the mouth of Lahave river. My collections were mostly made m the 
neighbourhood of Yarmouth, Barrington Passage, Bridgewater, Springhill, m the 
Annapolis valley, and at Digby. 

Mr. Young obtained many fine marine specimens, a very large part of the series 
of animal life being gathered in the waters of the Atlantic coast of Nova Scotia; 
while my own collections covered the whole botanical field. ~or a partial list of our 
collections see oolunm Ill, in the schedule attached. 

In the beginning of November, 1909, Mr. W. Spreadborough was re-engaged, and 
instructed to proceed to the Biological Station at Nanaimo, Vancouver island, B.O., 
and collect sea birds and marine animals generally. His collection from Departure 
bay is large and valuable. See column I of the appended lists. . 

Early in the summer of 1910, Mr. Spreadborough was further instructed to pro­
ceed to Skidegate, Queen Charlotte islands, B.O., to gather natural history speci­
mens of all kinds. He remained at work two .and a half months, and made extensive 
collections, both on land and sea. •See column II. A oollection of plants was made, 
which is of great value, for no plants have been received from Queen Charlotte islands 
since Dr. Dawson's investigations in 1878. 

Mr. Young's time since his return has been constantly occupied in packing, sort­
ing and preserving the numerous specimens collected by himself and by Mr. Spread­
borough during the past season. · 

Since my return from the field, I have been occupied writing on the flora of the 
Maritime Provinces: Dr. A. H. MacKay, Superintendent of Education, Nova Scotia; 
Dr. G. U. Hay, of St. John, New Brunswick, and Mr. Lawrence Watson, of Charlotte­
town, Prince Edward Island, are assisting me in every possible way. 
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LIST OF SPECIMENS COLLECTED. 

Mammals ..... . . . . ... 00 .. . .. 00 .. .. .. .. ...... .. .. ......... .. 

Birds .... . ... ... . ........ .. .... .. ...... .. ......... . . .. . ... . 
Birds' eggs. . . . . . . . . . . . . . . . . . . . . .. .. . ........ .. . . . . . .. . . ...... . 
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Sea turtle . ....... . ..... .. . . .. . ... . .. . . . . .. ·. . ...... .. ... . . . . .............. . ..... . . 
Shells... . . . . .... .. .. . . .. . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 340 2,000 
Insects ........... .. . oo . .. oooooo .. 00 oo. . .. . . .. .. 00 .. 00 . oo•oo .... .. ...... OOoO .. oo .. .. 
Fishes. ..... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... .. . 
Sea spiders. . . . . . ........ . . . . . ... . .... . . . . . . . ..... . . . 
Lobsters. . . .. . ... .. .. . . . . . . . . . .. ... . ........ ... . . . .. . ..... . 
Crabs and shrimps. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Hermit-crabs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. .. . . . . 
Isopods .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .... . 
Sponges.. . ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Barnacles ............ _ .. .... ..... 00 .. 00 .. 00 ........... . 00... • .... . 00 . 

Starfishes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
Sea worms . . ........ . ..... . ..... . . . ... . . .......... .. ........... . ...... . . 
Sea sings . ...... . .. ......... . . ... .. ... . . . . . . . ........... . . .... . . ..... .. . 
Hydrozoa. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. .... . . 
Jelly fi shes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
Tunicates' and ascir~ians. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . ... . 
Corals. . . . . . . . . . . . . . .. .... . . .... •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... ... . 
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Wasp's-nest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Breast-bones of seabirdsoo .. . . .. 00 . 00 ..... 00 .. 00 .. 00 . 00 .. 00. 80 .. ... .... . .. 
Snakes ...... . ... ... . ......... . . . . . . . . . . . . . . . . . . . . . .. .. . . . . ..... ..... ... .. ...... . 
Toads and lizards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .. .. . . 
Sea-urchins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
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During the winter and spring of 1909-10, Mr. J . M. Macoun worked over a very 
large series of plants, and before he left for Hudson bay in July, he had nearly all 
the old collections, together with thd herbarium, about ready for ,removal to the new 
museum. The number of sheets mounted last winter, and placed in the herbariwn 
was 2,473. None have been mounted this autumn. The number of specimens dis­
tributed to museums was 5,303. This increase in the number of specimens available 
for distribution was caused by the older collections betng worked over. Only 626 
sheets are recorded as having been received during 1909; but there are at lea·at 2,000 
specimens in bundlds which remain unopened. As usual, correspondents send speci­
mens to be named, and 814 of these were examined for various persona in all the 
provinces of the Dominion. The correspondence has increased very largely this year 
owing to the fact that the scope of our work has widened. Miss Stewart, who keeps 
the record, reports 792 letters between November 25, 1909, and the ·aame date in 1910. 

New forms were collected both on the Atlantic and Pacific coasts during the past 
season, and specialists are oow at work on some of the orders. Dr. W. H. Dall, of 
the Smithsonian Institution, Washington, D.O., U.S.A., report:; that we havd :five new 
species of shells this year. 

One feature of Mr. 0 . R . Young's work this year deserves special mention. We 
had been told that cod subsisted largely on ·amall shdll :fish, but Mr. Young has dis­
proved this notion, for he discovered that their food consists largely of hermit crabs 
and large shell-fish; while the haddock subsists almost exclmively on small shell-fish. 
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No less than 48 species of shells were obtained from haddock stomachs. Seventy 
.species, in all, were found living on the Lahave banks . 

.Additions t-o the Museum Collections, 1909. 

By purchase:-

Smith, Cecil, Quathewski cove, B.O.-
Cougar (Felis couguar, Kerr), March 15, 1909. 

Morehouse, Avery, Zealand station, N.B.-
Two deer heads (deadlock), (Odocoileus ame1·icanus, Ex.) from near Wood­

stock, N.B., 1907. 

Auston, A. R., Carcross, Yukon-
Fannin's Mountain: Sheep ( Ovis Fanninii), Dec., 1909. 

·Groh, Herbert, E:x;perimental Farm, Ottawa-
Virginia Rail (Rallus virginianus) caug·ht near Britannia, Ont., April 23., 

1910. 

Porter, H. E., Whitehorse, Yukon-
Bull, cow, and calf of Osborn's Caribou (Rangiferrosbornii) from Lake 

Arkell, Y.T . 

.Ewe and [amb of Dall's Mountain Sheep (Ovis dalli, Alien) from Arkell, Y.T. 
Columbia Mountain Goat (Oreamnos .montanus columbianus, Alien) from 

Arkell, Y.T. 

Stimpson, J., Banff, Alta.-
Big-harn Mountain Sheep (lamb) (Ovis cervina, Des.), April, 1910. 

Alien, E. C., Yarmouth, N.S.-
Skua (Megalestris skua), N. Yarmouth, N.S., March, 1910. 

Ey presentation:-

Saunders, W. E., London, Ont.-
Pilot snake (Goluber obsoletus, Say.), Point Pelee, Ont., Nov. 29, 1909. 

Bpeechly, Dr. H. M., Pilot Mound, Man.-
Nest of Ruby-throated Hummingbird (T1·ochilus colubris), Feb. 5, 1910. 

Dowling, D. B., Geological Survey, Ottawa-
Trout (Salvelinus stagnalis, Fab. = Salmo hoodii, Rich.) from north branch 

Brazeau river behind Nikanassin range, August, 1909. 

:Experimental Farm, Brandon, Man.-
Bull arid cow of Yak (B os grunniens), March 1 and 15, 1910. Both died at 

Experimental Farm. 

:Rinton, D. W., Duncan creek, Yukon-
Flying Squirrel (Scuiropterus yukonensis, Osgood) from south side of Mayo 

lake, Y.T., April, 1910. 

Criddle, Norman, Trees bank, Man.- .. 
Nest and four eggs of Orange-crowned Warbler (Helminthophila celattL), 

June 15, 1910. 
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Allen, John A., Geological Survey, Ottawa-
Beaver cutting on Aspen from Beaverfoot valley, Leanchoil, B.O., August, 

1910. 

Grant, Lady, Ottawa-
Tarantula's nest from California. 

Thorburn, Mrs. J., Ottawa-
Venus's Flower Basket (Euplectalla), from Cuba. 
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FLORA AND FAUNA OF WEST COAST OF HUDSON BAY. 

(J. lrf. Macoun.) 

281 

Pursuant to instructions I left Ottawa June 30 and joined the steamer Stanley 
at Halifax July 2, the Deputy Minister of Marine and Fisheries having kindly offered 
to convey me to ChurchiU on that boat. We reached Churchill July 25, and after 
engaging· one man, I pitched my tent near the Hudsons' Bay Oompany's post, 4 miles 
south of the Royal Northwest Mounted Police detachment. Before leaving North 
Sydney I arranged with the captain of the schooner J eanie that, with the permission 
of the officer commanding at Churchill, I should go north on that vessel from 
Churchill to Wager inlet. The J eanie was chartered to transport police supplies 
and the .portable houses which were to be erected at several points along the co!lst. 
This arrangement gave me exceptional facilities f or studying and collecting specimens 
of the :flora and fauna of the coast north of Churchill, that being the object of my 
visit to Hudson bay. · 

The J eanie reached Churchill in due course, and I went on board and was ready 
to sail August 23. During the month spent in the vicinity of Churchill my camp was 
moved from pl!lce to place for convenience of working, and a very comp1ete collection 
of plants was made. Small mammals and birds were also collected, but the latter 
were moulting at that time, and only skins for purposes of identification were secured. 
Although the Geological Survey has in its herbarium a few plants from Churchill, 
they had never been studied as a whole, and I was greatly surprised to :find no indi­
cations there of an arctic :flora. Since my return the. whole collection has been gone over. 
It does not include a single species that can be called arctic, while in the same lati­
tude, on the east side of Hudson bay, and indeed as far south flS Big river, many 
truly arctic species are found. The :flora at Churchill is made up of plants. found 
farther south, the only difference between the :flora of Churchill and of York being 
that fewer species are found at Churchill. In natural history the most interesting 
fact noted at Churchill this year was the absence of :field mice andJ lemmings, usually 
so abundant there. It is known that !ln epidemic simila1· to thflt which attacks hares 
also destroys the smaller rodents, and my notes this year will serve as a basis for 
future observations. Dr. T. N. M.arcellus, to whom I gave my traps at Ohurchil1, has 
consented to report on this subject next year. 

Houses were erected at Eskimo point, and Rankin inlet, as we went north, and I 
had two days for collecting at each place. We also touched at Daly bay. Two days 
were spent at · Fullerton as we went north, two as we came south, and nine days at 
\V flger inlet. Lflrge collections were made at each place, and very fuJJ notes taken. 
The Eskimo also furnished me with valuable information relative to the habits and 
distribution of birds and mammals. While the :flora at Churchill included no arctic 
species, that of Wager inlet was essentially arctic. The collections made at inter­
mediate points show the intermingling of the arctic with the more southern :flora, and 
we can now indicate the northern and southern limits of many species on the west 
coast of I-Iudson bay about which nothing was known previously . . This I consider the 
most import~t part of my work from a scientific point of view, and the same facts, 
in my opinion, show conclusively that there are no cold currents striking the west 
coast of Hudson bay. The :flora changes from south to north, just as we would expect 
it to change as higher latitudes are reaciled. This is not the case on 'the east side 
of the bay, where, as I have said., the :flora indicates low summer temperatures· as far 
south as J ames bay. 
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We were ready to leave Wager inlet on September 8, but a strong wind blowing 
into the harbour in which we were anchored made it impossible to get out. The wind was 
stronger the next day, and one anchor chain broke at 5 p.m., the second one giving 
way at 10.30. We were then about half a mile from the shore, but the vessel was 
safely beached, and at daylight when the tide was low we walked ashore. As we 
expected to reach Churchill at a date when bad weather might be expected, Capt. Bart­
Iett had asked me to have all my baggage placed on board, and the collections made 
at Churchill were also with me. These were landed at Wager inlet without damage, 
but as the boats were heavily laden when we started south from Wager inlet, rock 
specimens and the marine material had to be left there. The tank containing these 
specimens was the only thing on board that could be used to carry fresh water in the 
boats, and its contents would have had to be left in any case, on that account. A week 
was consumed at Wager inlet in repairing the boats, and it was not until September 16 
that we started for Fullerton, reaching there without incident on the 19th. The 
whaling schooner, A. T. Gif{o1·d, Capt. Geo. Corner, had 'gone into winter quarters the 
previous day, but Supt. C. Starnes, who had gone north to Fullerton on the J eanie, 
arranged with Capt. Corner for transport to Churchill, and we were landed there Sep­
tember 25. 

As at that late date there was no chance of getting out from the bay by wate1 
there was nothing to do but wait until winter travel was possible. Quarters were 
given me by the police detachment, and for the first month I employed myself in 
collecting such birds as could be procured. As soon as there was sufficient snow I 
left Churchill with two hunters who were going up the North river, and for two 
weeks had a permanent camp about 15 miles up North river, 35 miles from Churchill. 
From this camp I covered the whole country within walking dis·tance, and from obser­
avtions made at this place, and during shorter trips up the creeks running into 
Churchill river, I can report that there is a considerable quantity of good spruce on 
all these rivers and creeks, and also along Button bay. There will be difficulty in 
transporting this timber to Churchill, but it is there, of good size and quality, and! in 
considerable quantity. 

The caribou were very abundant this year, the food supply for men and dogs for 
the whole winter being secured before December 1. Wolves were very numerous, com­
ing into the settlement, although deer were so plent iful. Three caribou, of which I 
made specimens, were left at the camp referred to, but are to be brought out to 
Churchhill during the winter. 

No attempt to cultivate even vegetables is now made at Churchill, but formerly 
turnips, potatoes, etc., were grown successfully. A few cattle were also kept. Dried 
potat~s and canned milk and butter now supply the needs of the natives. There is 
good pasture in the summer, but hay grass is not plentiful. 

During the time I was on the schooner J eanie attempts to catch :fish were made 
nearly every day but without success. The crew was made up of Newfoundland 
fishermen, and during the passage through Hudson strait and across Hudson bay 
similar attempts had been made, but no fish were caught. There is· an abundance of 
fish at Churchill for local needs in the summer season, the first whitefish (Ooregonus 
Artedi) being taken about June 25. From that date until near the end of July they 
increase in numbers, growing scarcer after that time until the ice begins to take along 
the shore. The first salmon are taken about July 1, and! are plentiful only during 
that month, disappearing about August 15. A few capelin are caught early in the 
season, and during our passage through the bay in July many of these fish were seen 
in brackish pools on the floating ice. 

The Churchill river last su=er opened in midchannel on J una 11, and remained 
open. It closed December 5. The first boats from York Factory reached Churchill 
July 6. 

The usual time for leaving Churchill for Split lake is November 24, and at that 
time I was read'Y to start' with two men. The weather was stil'l comparatively warm, 



SUMMARY REPORT 283 

SESSIONAL PAPER No. 26 

however, and the Churchill river open. The freezing across of the river is considered 
the earliest date at which inland streams and swamps can be .crossed, and it was not 
until December 5 that a start could. be made, heavy snow storms and comparatively 
mild weather causing the delay. From Churchill to Split lake I travelled in company 
with Mr. Bachand and his party. From Split lake to Gimli I was either with him 
or the crew of the wrecked J eanie, one dog train carrying my specimens and suppl.ies. 
The specimens weighed about 200 pounds, just the amount that can be carried in 
excess of dog feed by one train. I arrived in Winnipeg January 16, and left the same 
day for Ottawa, reaching here January 18. 
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The plan of the anthropological division of the Geological Survey includes field 
work among the native tribes of Canada for the purpose of gathering extensive and 
reliable information on their ethnology and linguistics; archreological field wqrk; 
publication of results obtained in these investigations; and exhibitions in the museum 
of specimeru:; illus.trative of Indian life and thought. All of these lines o( work are 
important, but perha,ps none is so pressing as• that first mentioned. 

It is planned to make an ethnological and linguistic survey of sever.al: of 
the tribes of Canada. A beginning w3Js made in the fall of 1910, among the N ootka 
Indians of the west coast of Vancouver island. The ethnology and linguistics of the 
northwest coast are comparatively well known through the researches of Boas, Swan­
ton, and others; within this area, however, the N ootka have been but little studied. 

The time spent in actual work among these Indians was from Sept. 20, to Dec. 6, 
1910. Owing to the fact that the complexity of Nootka life and thought makes ill 
difficult to get an adequate idea of the tribe-or rather, group of tribes-by visiting 
many villages within ·a short time, it was decided to concentrate work on one point of 
the Nootka territory. For this purpose the Nootka Indians living in the. neighbour­
hood of Alberni, B.C., were selected. They embrace two tribes, the Tsishya'ath and 
the Hopach'as'ath, the former claiming the Broken Group islands of Barkley sound 
as their original home, while the latter were localized in the region of Somass river 
and Sproat and Great Central lakes. Though these two tribes have intermarried to a 
great extent, and carry on their ceremonies in common, each still keeps up its tribal 
individuality. 

A good deal of time was spent on the. N ootka language, one of considerable 
phonetic difficulty and complexity of structure. The linguistic work comprised not 
only qirect inquiries into grammatical form, but also, and indeed mainly, collection 
of mythological and . ethnological texts. These were taken down in strictly phonetic 
form and were then carefully interpreted word for word, supplementary grammatical 
material being often obtained in connexion. with text forms. It is believed that such 
texts are valuable not only from a linguistic standpoint, as they illustrate native 
speech in actual idiomatic use, but also from a strictly ethnological standpoint, 
expressing, as they do, the native point of view in matters of custom and belief. 
The most valuable of the texts are a long and rather detailed legend of the chief's 
family of the Ts'ishya'ath, beginning with the creation of man and the deluge and 
ending with the recent genealogy of the present chief, and an equally long origin 
myth of the wolf ritual or Tlokwana, the most important religious ceremonial of the 
N ootka Indians. As one of the results of the linguistic inquiry may be noted the 
amassing of new data bearing on the problem of the linguistic relationship of 
Kwakiutl and Nootka. 

The ~thnological work consisted in collecting data on various topics of impor­
tance; witnessing several ceremonies that were performed during the time spent in 
the fiel:d; ·and collecting museum specimens: in connexion with the two latter 
further ethnological data were collected. Among the topics that were investigated 
with some detail are the native geography of Barkley sound and Alberni canal, 
personal nan1es, inheritance of family privileges, ·secret rituals for the attainment 
of power in hunting and fishing, the wolf ritual, the ts'ayeq or doctoring ritual, and 
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potlatches. A set of 67 songs was taken down on the phonograph. These were sung 
by various Indians, and include different types of songs, among them songs for 
success in whaling, lullabies, _potlatch songs, announcement songs, gambling songs, 
wolf ritual songs, doctoring ritual songs, and others. The songs have been put into 
the hands of Mr. J. D. S·apir for transcription into notes. Among the ceremonies 
witnessed were four giTl's puberty rituals; all of which ceremonies offered distinct 
traits of interest; a potlatch to which the Ho'ai'ath Indians of Numukamis bay had 
been invited; and the wolf ritual, which lasted eight days. The whole of the last cere­
mony was seen and careful notes taken; during part of its performance I was the 
only white man allowed to be present. A large number of face paintings used in the 
wolf ritual was secured from one of the older Indians; they are done in crayon 
colours. 

The museum specimens obtained are not very many in number (upwards of 90) 
but illustrate many sides of the material and ceremonial life of the Nootkas. They 
embrace such objects as whaling harpoons and lanyards, whaling spear, sea-lion 
harpoons and lanyards, fish spear, native boxes, club of bone of whale, cedar-bark 
shredders, fish clubbers, bows, cedar-bark ·garments and ornaments, deerskin leggings 
and moccasins, ·snowshoes, wedges, ear and nose ornaments, :masks, ceremonial whistles, 
and others. Leggings, moccasins, and snowshoes, all of which were peculiar to the 
Hopatc'as'ath, practically an inland tribe, have not yet, so far as known, been observed 
in ethnological literature as found among any of the' N ootka tribes. 

It is believed that a satisfactory beginning was made of a scientific study of the 
Nootka Indians. So rich and complex is the field,' however, that several years of 
field work are necessary before anything like a complete account of these Indians 
can be presented. 

I I. 
WORK AMONG THE ARcnc EsKIMOS. 

Letters from V. Stefansson, who for several years has been living with the 
Eskimos of the Arctic, engaged in anthropological studies for the American Museum 
of Natural History and the Canadian Geological Survey,_ were received before the 
close of the year. The lr.st one, under date of April 26, was carried from Cape Lyon by 
an Eskimo. Jl.{r. Stef.ansson was then on his way to Coronation gulf. He reports a 
hard and unfortunate winter. On account of the failure of the hunt, he and his 
Eskimo companions were at times forced to subsist on snowshoe lashings, skins, and 
bed-skins. During one period of privation, the Eskimos consumed all of the mammal­
ian zoological specimens that had been collected. Parts of the outfit had to be aban­
doned, but all records and iootruments were preserved. Dr. An:derson and one Eskimo · 
had pneumonia, and ten of the eighteen dois died. At the time of writing, a good 
game country had\ been reached, and no further trouble with regard to food was 
anticipated. Regarding plans for the summer, he writes:-

'We expect to spend the summer with the Coronation Gulf Eskimos, if we find 
them, and may try to visit Southern Victorialand, if we learn it is inhabited. No 
systematic mapping of the coast will be tried, for we find Dr. Richardson's work 
satisfactory in general. He is not to blame for "River la Ronciere," which clearly 
is non-existent. We have spent a month hunting caribou in its supposed delta and 
have travelled by sled every mile of coast from the tip of Cape Bathurst to the tip 
of Gape Parry (as well as most of that distance by skin boats, etc., in summer), and 
can testify that no stream over 20 miles long other than HortoR river (of Franklin's 
second journey) enters the sea between the two capes. 

'The unlikeliness of the delivery of this letter to you causes me to make it brief. 
I will only add that both Dr. R. M. Anderson and: myself hope to get home in the 
autumn of 1911; we shall then have been three and a half years on the present under­
taking.' 
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MAPPING AND ENGRAVING DIVISION. 

(0.-0mer Senecal.) 

The personnel of the mapping and engraving division is at present composed of 
a chief officer, nine draughtsmen, and a clerk. Towards the close of the year 1910 
competitive examinations of draughtsmen were held by the Civil Service Commis­
sion in order to fill vacancies created by the resignation of two members of the 
staff, the writer, in company with two officers of the Department of the Interior, act­
ing as examiners. First-class draughtsmen were selected, ancJl it is expected that 
shortly the staff will be considerably reinforced. 

As in former years, the work assigned to this division consisted mainly in the 
compilation and drawing of original maps and diagrams of all kinds to illustrate 
geoilogica:l memoirs, their preparation for reproduction by various processes, their re­
vision for publications, etc., and general geographical work. 

Three hundred and eighty-five letters, memoranda, specification sheets, reports, 
etc., relating to the work of this division, were sent out; while 351 were received. 

The meeti;ngs of the Geographic Board of Canada were regularly attended by 
the writer, and place-names appearing on Geological Survey maps were as usual sub­
m~tted for approval. Lists of approved names are published in the Annual Report 
of the Board, and from tim6 to time in the Canada Gazette. The writer has been 
appointed on the-Executive O'ommittee for the year 1911. 

The following 13 maps and drawings are at present in various stages of progress 
in the hands of the King's Printer. Several editions are expected to be issued within 
a very short time:-

Victoria Topographical ·aheet, British Columbia series. 
Saanich Topographical sheet, British Columbia series. 
Lardeau, B.O., Topographical map. 
Phrenix, B.O., Topographical map. 
Phrenix, B.O., Geological map. 
Jasper Park, Alta., Relief topographical sketch. 
Jasper Park, Alta., Stereogram of sections. 
Thetford-Black Lake Mining district, Quebec. 
Lake Timiskaming mining region, Quebec. 
Millstream iron ore deposit, New Brunswick. 
Nipisiguit iron ore deposit, New Brunswick. 
Province of Nova Scotia, general geography. 
Kingsport Geological sheet, No. 84 N. S. series. 

There are also several page-size illustrations for memoirs in the prillter's hands. 
A list of the maps, diagrams, etc., published during the past year, is appended 

herewith. 
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LIBRARY. 

(J. Alexande1·, Acting Librarian.) 

'During the calendar year, 3,152 publications were received as gifts or exchanges, 
including-besides periodicals-maps, reports, and publications of foreign Geological 
Surveys, together with memoirs, transactions, and proceedinga of scientific societies. 

149 volumes were purchased, costing $534.62, with 400 Gaylord pamphlet binders 
at a cost of $26.65. 

352 volumes were bound, . and 88 periodicals were subscribed for. 
202 letters relating to the work of the library were sent out, with 696 acknow­

ledgments of publication·a received as gifts. 
In addition to the current cataloguing work, about 1,500 cards have been re­

written and brought up to date. 
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PUBLICATIONS. 

The following Reports have been Published since January 1, 1910. 

No. 
190{!. Report on ·a Traverse through the Southern part of the North Westl 

Territories, from Lac Seul to Cat lake, 1902. By A. W. G. 
Wilson. Published January 10, 1911. r Bound 

1080. Report on a Part of the North West Territories drained by the Winisk I toge~her. 
and Upper Attawapiskat rivers. By W. Mcinnes. Published I 
January 10, 1911. J. 

1059. Report on a Geological Reconnaissance of the Region traversed by the National 
· Transcontinental railway, between Lo:tke Nipigon and Clay lake, Ont. By 

W. H. Collins. Published February 18, 1910. 

1077. Memoir No. 7: On Geology of St. Bruno mountain. By J. A. Dresser. 
Publishe'd June 24, 1910. 

1082. Memoir No. 6: On the Geology of the Haliburton and Bancroft Areas, Ont. 
By F. D. Adams and A. E. Barlow. Published September 22, 1910. 

1091. Memoir No. 1: On the Geology of the Nipigon basin, Ont. By A. W. G. 
Wilson. Published December 20, 1910. 

1093. Memoir No. 2: On the Geology and Ore Deposits of Hedley Mining Camp, 
B.O. By Chas. Camsell. Published November 2, 1910. 

1097. Report on a Reconnaissance across the Mackenzie mountains on the Pelly, Ross, 
and Gravel rivers, Yukon and .North West Territories. By Joseph Keele. 
Published June 24, 1910. 

1101. Memoir No. 5 (Preliminary): On the Lewes and Nordenskiold Rivers Coal 
district, Yukon. By D. D. Cairnes. Published December 15, 1910. 

1107. Report on the Geological Position and Characteristics of the Oil-shale Deposits 
of Canada, Part II. By R. W. Ells. Published February 24, 1910. 

1109. Memoir No. 3: On Palreoniscid Fishes of Albert Shales, N.B.: being Vol. 
TII (quarto) of Contributions to Canadian Palreontology. By Lawrence 
M. Lambe. Published August 17, 1910. 

1115. Memoir No. 8: Preliminary Report on the Edmonton Coal :fields. By D. B. 
Dowling. Published February 13, 19U. 

f120. Summary Report, 1909. Published J ully 7, 1910. 

1139. Memoir No. 11: On Triangulation. of Vancouver island, B. C. By C. R. 
Chapman. Published November 25, 1910. 

1141. Memoir No. 12-P: Contributions to Canadian Palreontology, Vol. II, Part iii. 
Canadian Fossil Insects. By Anton Handlirsch. (5) Insects from the Ter­
tiary Lake deposits of the southern interior of British Columbia, collected 
by Mr. Lawrence M. Lambe, in 1966. l'ublished January 30, 1911. 

1143. Memoir No. 14: Description of Shells collected by John Macoun at Barkley 
sound, Vancouver island, B.O. By Messrs. W. H. Dall and Paul Bartsch. 
Published January 16, 1911. 

26-19 
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1144. Reprint of J. A. Dresser's Preliminary R eport on the Serpentine Belt of 
Southern Quebec: being pages 180-199 of Geological Survey Summary 
Report, 1909. Published July 27, 1910. 

1146. Notes on Canada. By R. W. Broclc Published August 4, 1910. 

SPECIAL REP!UNTS. 

(I.) Bibliography of Canadian Zoology for 1907, by Lawrence lf. Lambe. Trans­
actions of the Royal Society of Canada, Vol. II, 3rd series, 1908-9 (1909). 

(II.) The Nepheline and Associated Alkali Syenites of Eastern Ontario, by Frank D. 
Adams and Alfred E. Barlow. Transactions of the Royal Society of Canada, 
Vol. II, 3rd series, 1908-9 (1909). Published April 21, 1910. 

New Contributions to Canadian Bryology, by N. Conr. Kindberg, Ph.n., Upsala, 
Sweden. The Ottawa Naturalist, Vol. XXIII, November, 1909, ·and Janu-
ary, 1910. · · 

Descr.iption of a New Species of Ammonite, of the Genus Stepheoceras, from some 
rocks presumably Jurassic age, in the Nicola valley, B.O., by Dr. J. F. Whit­
eaves. The Ottawa Naturalist, May, 1909. 

Appendices A. and C. of Mac1Ellan's Arctic Explorations­
A.-Palreontology, by Lawrence }.{. Lambe. 

, B.-Botany, by James }.f. Macoun. 
Published February 2, 1911. 

'On Tw:o New Trilobites from the Chazy near Ottawa, by Percy E. R aymond. The 
Ottawa Naturalist, November, 1910. Published November -28, 1910. 

Note on the Parietal Crest of Centrosaurus Afertus, and on a Proposed New Generic 

I 

No. 

name for Stereocephalus Tulus, by Lawrence M. Lambe. ThB Ottawa 
Naturalist, December, 1910. Published January 10, 1911. 

FRENCH TRANSLATIONS. 

(M. Sauvalle.) 

999. Preliminary report on Gowganda Mining Division, District of Nipissing, Ont. 
By W. H. Collins. Published August 24, 1910. 

1035a. Coal Fiel'ds of Manitoba, S•askatchewan, Alberta, and Eastern British 
Columbia. By D. B. Dowling. Published March 17, 1911. 

l038. ·Report on the Transcontinental Railway location betweel! Lake Nipigon and 
Sturgeon lake. By W. H. Collins. Published January 27, 1910 .. 

1069. Report on Exploration of East Coast of Hudson bay. By A. P. Low. Pub­
lished April 20, 1910. 

1072. ·Summary Report, 1908. Published January 17, 1'911. 
1086. A Descriptive Sketch of the Geology and Economic Minerals of Canada. By 

G. A. Young: with Introductory by R. W. Brock. Published June 16, 1910. 
1114. Report on a Geological Reconnaissance of a Portion {If Algoma and' 

Thunder Bay districts. By W. J. Wilson. Published September} 
13, 1910. Bound 

1119. Report on the Region lying north of Lake Superior, between the Pie together. 
and Nipigon rivers, Ont. By W. H. Collins. Published Septem-
ber 13, 1910. 
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ACCOUNTANT'S STATEMENT. 

The staff of the Geological Survey at present employed numbers 72. During the 
calendar year the following changes have taken place .:-

Appointments-
P. E. Raymond, E. Sapir, S. G. Alexander, J. J. Oarr, C. A. MeDonald. 

Resignations-
J. F. E. Johnston, 0. O'Sullivan, F. O'Far~ell. 

The funds available for the work, and the expenditure of the Geological Survey 
for the fiscal year ending March 31, 1910, were:-

Details. Grant. 

Appropriations.. . . . . . . . . . . . . . . $349,956 50 
Oi vil list salaries. . . . . . . . . . . . 
Explorations and surveys ....... . 
Experimental borings for gas, oil, etc .... · 
Printing, engraving, and lithographing. 
Books and instruments ..... . 
Specimens for Museum. . . . . . . . . . 
Stationery, mapping materials, etc .. 
Wages of temporary employes. . . . . 
Incidental and other expenses.. . . 
Unexpended balance . .......... . 

Ex pendi tu re. 

$100,766 34 
81,413 23 
25,282 00 
31,540 43 

- 5,228 80 
5,471 54 
4,785 02 

677 ·19 
8,031 60 

86,759 75 

$349,956 50 ~349,956 50 

(Signed) JNO. MARSHALL, 
Accountant. 

All of which is respectfully submitted. 

26-191 

I have the honour to be, 
Sir, 

Your obedient servant, 

(Signed) R. W. BROOK. 
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Windy Arm Mining district, Sketch Geological Map, scale 2 m. -1 in. 
Conrad and Whitehorse Mining districts, scale 2 m .= 1 in. 
Tantalus and Five Fingers coal mines, scale 1 m. =1 in. 
Bonanza and Hunker creeks. Auriferous gravels. Scale 40 chains=1 in. 
Lower Lake Laberge and vicinity, scale 1 m. =1 in. 
Whitehorse Copper b elt, scale 1 m. = 1 in. 
1044-1049. Whitehorse Copper belt. Details. 
Pelly, Ross, and Gravel rivers, Yukon and North West Territories. 

Scale 8 m . = 1 in. 
1103. Tantalus Coal area, Yukon. Scale 2 m.= 1 in. 
1104. Braeburn-Kynocks Coal area, Yukon. Scale 2 m.= 1 in. 
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BRITISH COLUMBIA. 

278. Cariboo Mining district, scale 2 m. = 1 in. 
604. Shuswap Geolo~ical sheet, scale 4 m . =1 in. 

*771. Preliminary Edition, East Kootenay, scale 4 m. =1 in. 
767. Geological Map of Crowsnest coal-fields, scale 2 m . =1 in. 

*791. West Kootenay Minerals and Strire, scale 4 m . =1 in. 
*792. West Kootenay Geological sheet, scale 4 m . = 1 in. 

828. Boundary Creek Mining district, scale 1 m. =1 in. 
890. Nicola coal basin, scale 1 m. = 1 in. 
941. Preliminary Geological Map of Rossland and vicinity, scale 1,600 ft. -1 
987. Princeton coal basin and Copper Mountain Mining camp, scale 40 eh. =1 in. 
989, Telkwa river and vicinity, scale 2 m. =1 in. 
997. Nanaimo and New Westmin,ter Mining division, scale 4 m . =11n. 

1001. Special Map of Rossland. Topographical sheet. Scale 400ft. =1 in. 
1002. Special Map of Rossland. GeologiciU_ sheet. Scale 400 ft. = 1 in. 
1003. Rossland Mining camp. Topographical sheet. Scale 1,200 ft. =1 in. 
1004. Rossland Mining camp. Geological sheet. Scale 1,200 ft. = 1 In. 
1068, Sheep Creek Mining camp. Geological sheet . Scale 1 m. =1 in. 
1074. Sheep Creek Mining camp. Topographical sheet. Scale 1 m. =1 in. 
1095. 1A.-Hedley Mining district. Topographical sheet. Scale 1,000 ft. =1 in. 
1096. 2A.-Hedley Mining district. Geological sheet. Scale 1,000 ft. =1 in. 
1105. 4A.-Golden Zone Mining camp. Scale 600ft. = 1 in. 
1106. 3A.-Mineral Claims on Henry creek. Scale 800ft. =1 in. 
1125. Hedley Mining district: Structure Sections. Scale 1,000 ft. ~1 in. 

Deadwood Mining camp. Scale 400 ft. = 1 in. (Advance sheet.) 

ALBERTA. 

594-596. Peace and Athabaska rivers, scale 10 m . = 1 in. 
*808. Blairmore-Frank coal-fields, scale 180 eh. = 1 in. 
892. Costigan coal basin, scale 40 eh.= 1 in. 
929- 936. Cascade coal basin. Scale 1 m. =1 in. 
963-966. Moose Mountain region. Coal Areas. Scale 2 m.= 1 in. 

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m . -1 in. 
1117. 5A.-Edmonton. (Topography). Scale! m . =1 in. 
1118. 6A.-Edmonton. (Clover Bar Coal Seam) . Scale l m. =1 In. 
1132. 7 A.-Bighorn coal-field. Scale 2 m.= 1 in. 

SASKATCHEWAN. 

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m. -1 In. 

MANITOBA. 

804. Part of Turtle mountain showing coal areas. Scale 1! m. =1 in. 
1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 3fi m. -1 in. 

NORTH WEST TERRITORIES. 

1089. Explored routes on Albany, Severn, and Winisk rivers. Scale 8 m . -1 in. 
1099. P elly, Ross, and Gravel rivers, Yukon and North W est T erritories. Scale 

8m.=1in. 

ONTARIO. 

227. Lake of the Woods sheet, scale 2 m. =1 in. 
*283. Rainy Lake sheet, scale 4 m. =1 in. 
*342. Hunter Island sheet, scale 4 m. = 1 in. 

343. Sudbury sheet , scale 4 m. = 1 in. 
*373. Ra,iny River sheet, scale 2 m. = 1 in. 

560. Seine River sheet, scale 4 m. =1 in. 
570. French River sheet, scale 4 m. = 1 in. 
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*589. Lake Shebandowan sheet, scale 4 m. = 1 in. 
599. Timiskaming sheet, scale 4 m. =1 in. (New Edition 1907). 
605. Manitoulin Island sheet, scale 4 m. = 1 in. 
606. Nipissing sheet, scale 4 m. =1 in. (New lGdition 1907) . 
660. Pembroke sheet, scale 4 m. =1 in . 
663. Ignace sheet, scale 4 m. = 1 in. 
708. Haliburton sheet, scale 4 m. = 1 in. 
720. Manitou Lake sheet, scale 4 m. =1 in. 

*750. Grenville sheet, scale 4 m. = 1 in. 
770. Bancroft sheet, scale 2 m. = 1 in. 
775. Sudbury district, Victoria mines, scale 1 m.= 1 in. 

*789. Perth sheet, scale 4 m. = 1 in. 
820. Sudbury district, Sudbury, scale 1 m. = 1 in. 
824-825. Sudbury district, Copper Cliff mines, scale 400 ft. = 1 in . 
852. Northeast Arm of Vermilion Iron ran~es, Timagami, scale 40 rh. =1 in. 
864. Sudbury district, E lsie and Murray mmes, scale 400ft. = 1 in . 
903. Ottawa and Cornwall sheet, scale 4 m. = 1 in. 
944. Preliminary Map of Timagami and· Rabbit lakes, scale 1 m.= l. in . 
964. Geological Map of parts of Al~oma and Thunder bay, scale 8 m. = 1 in . 

1023. Corundum Bearing Rocks. ventral Ontario. Scale 17± m.= l in. 
1076. Gowganda Mining Division, scale 1 m . = 1 in. 
1090. Lake Nipigon, Thunder Bay district, Ont. Scale 4 m . = 1 in. 

*251. 
287. 
375. 

*571. 
*665. 
667. 

*668. 
918. 
976. 

1007. 
1029. 
1066. 

QUEBEC. 

Sherbrooke sheet, Eastern Townships Map, scale 4 m. = 1 in. 
Thetford .and Coleraine Asbestos di;;trict, scale 40 eh. =1 in. 
Quebec sheet, Eastern Townships Map, scale 4 m. = 1 in. 
Montreal sheet, Eastern Townships sheet, scale 4 m . = 1 in. 
Three Rivers sheet, Eastern Townships Map, scale 4 m. = 1 in. 
Gold Areas in southeastern part, scale 8 m. = 1 in. 
Graphite district in Labelle county, scale 40 eh.= 1 in. 
Chibougamau region, scale 4 m. =1 in. 
The Older Copper-bearing Rocks of the Eastern Townships, scaleS m.= 1 in 
Lake Timiskaming region, scale 2 m. =1 in. 
Lake Megantic and vicinity, scale 2 m. =1 in. 
Lake Timiskaming region. Scale 1 m. = 1 in. 

NEW BRUNSWICK. 

*675. Map of Principal Mineral Occurrences. Scale 10 m. -1 In. 
969. Map of Principal Mineral Localities. Scale 16 m. ~1 in. 

*812. 
833. 
897. 

NOVA SCOTIA. 

Preliminary Map of Springhill coal-field, scale 50 eh. =1 in. 
Pictou coal-field, scale 25 eh. = 1 in. 
Preliminary Geological Plan of Nictaux and Torbrook J ron d istrict, scale 

25 eh. =1 in. 
927. General Map of Province showing gold districts, scale 12 m. = 1 in. 
937. Leipsigate Gold district, scale 500 ft . = 1 in. 
945, Harrigan Gold district, scale 4QO ft . = 1 in. 
995. Malaga Gold district, scale 250ft. =1 in. 

1012. Brookfield Gold district, scale 250 ft. = 1 in. 
1019. Halifax Geological sheet. No. 68. Scale 1 m. =1 in. 
1025. ·waverley Geological sheet. No. 67. Scale 1 m.= 1 in. 
1036. St. Margaret Bay Geological sheet. No. 71. Scale 1 m.= 1 in. 
1037. Windsor Geological sheet. No. 73. Scale 1 m. =1 in. 
1043. Aspotogan Geological sheet. No. 70. Scale 1 m. =1 in, 

NoTE.-Individual Maps or Reports will be furnished free to bona fide 
Canadian applicants. 

Reports and Maps may b e ordered by the numbers prefixed to titles. 
Applications should be addressed to The Director, Geological Survey 

Department of Mines, Ottawa. 
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