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TULAMEEN DISTRICT 
BRITISH COLUMBIA 

BY 

Charles Camsell. 

CHAPTER I. 

INTRODUCTION. 

General Statement. 

Previous to the commencement of the present geological work 
m the Tulameen area, tl1e district was little known to geologists ·~r 
the mining public except in so far as its gold placer deposits were 
concerned, and from the fact that these placer deposits contained 
platinum in relatively greater quantity than those of any other part 
of North America. From preliminary examinations made in 1906 
and 1908 and from its brief literature it was ascertained that the 
field offered a number of internsting problems in purely geological 
subjects, and contained a great variety of mineral deposits which 
might prove to be of some economic importance in the future. 

Geological work in this field was, therefore, undertaken by the 
Survey, for the purpose ·of studying these geological r>roblems and 
examining the nature .and occurrence of the mineral deposits, so 
that some assistance might be rendered to prospectors and owners 
of mineral claims, who had been working in the district without 
much knowledge of the geological conditions under which these 
mineral deposits occurred. Also, the district lay in the path of a 
projected railway line which, when built, would connect the mining 
centres in the interior of British Columbia with the cities on the 
coast, and it was important on that account that the geology should 
be worked out and a report made on the variety, distribution, and 
probable importance of its mineral deposits. 
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For these reasons, a geological map of the district covering 
about 160 square miles has been completed and the present report 
prepared. 

The purely geological results that have been obtained are very 
satisfactory, but the study of the mineral deposits has not been as 
complete as it might have been if there had been more development 
work done on them. From an economic point of view the district 
is stiH in the prospect stage, and its future in this respect depends 
altogether on the fulfilment of the promise given by the outcrop of 
the mineral deposits. In . certain cases that future is assured, but 
in others it is still problematical. 

The most important geological results obtained bear on the age 
of certain rocks, and the origin and relations of other igneous rocks 
to each other. For example, proof has been obtained that a certain 
batholithic igneous body, herein called the Otter granite, is post
Oligocene in age, and, so far as known, young·er than any other 
igneous rock of like origin in British Columbia. It is true that 
batholithic igneous . rocks of Tertiary age have been described by a 
number of other geologists in British Columbia, but no proof has 
been offered that these igneous bodies are not of pre-Oligocene age. 
A batholithic body of Miocene or later age has, however, been 
described, in the adjacent State of Washington, by Smith and 
Calkins, and with that intrusion the Otter granite is correlated. 

Dr. G. M. Dawson, whose general knowledge of the geology of 
the southern interior of British Colu~bia was greater than that of 
any other geologist, states, in his report on the Kamloops district, 
that, in that district at least, the first rocks to be formed in the 
Tertiary were the coal-bearing rocks of the Coldwater series, and 
that vulcanism, in this period, did not commence until after the 
deposition of the Coldwater series. In the Tulameen district, how
ever, positive proof has been obtained that vulcanism commenced 
before the deposition of the Coldwater series, and even continued 
for a short time concurrently with it. We find, therefore, in this 
field that the coal-bearing rocks rest partly, at least, on Tertiary 
volcanic rocks and not wholly on Triassic-or older rocks as in other 
parts of British Columbia. 

Another point of geological interest upon which some light has 
been thrown by this examination, is the relation of peridotite to 
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pyroxenite, and to diorite and augite syenite. The excellent section 
of nearly 3,000 feet in vertical height, cut by the Tulameen river 
through these rocks, shows that the different varieties pass gradu
ally one into the other by a change in composition, peridotite in the 
centre of the stock to pyroxenite on the outer side, and the latter 
again in ~any cases into diorite or syenite on the extreme edge of 
the body. The transition indicates a common source for all these 
.rocks and a differentiation of the magma to form the different 
varieties. 

The results obtained along economic lines have also been of 
considerable interest and value. Prof. Kemp's work on the geology 
of the platinum of this district has been supplemented by additional 
investigation and his results confirmed. These results show that 
the original source of the platinum of the placers is to be sought 
fo r in the peridotite and perhaps, to a lesser degree, in the pyrox
enite. Some Iig·ht has also been thrown on the original source of 
the gold of the placers. 

Another result, and one which emphasizes the importance of 
detailed mineralogical examination of even common mineral occur
rences, was the discovery of diamonds in chromite segregations in 
the peridotite. This result is of far reaching scientific importance, 
proving as it does the magmatic origin of the carbon which crystal
lizes as diamond, and refuting the old idea of the organic origin 
of this mineral. It is also of considerable commercial significance 
since, though the diamonds actually found were very small, it indi
cates to the prospector the kind of rock in which diamonds occur, 
and should induce placer miners to watch ca refully the placers that 
have been derived from basic rocks of this character. 

Other results have been the delimitation of the area of coal
bearing rocks in the district, and the estimation of the probable 
quantity of coal contained in them; consideration has also been 
given to the nature and occurrence of other mineral deposits. 

Field Work and Acknowledgments. 

The present report is based on :field work carried out in the 
Tulameen district during· parts of the summers of 1909 and 1910. 
Portions of the district had been visited with J. A. Allan during 
the field seasons of 1906 and 1908, but this was merely for the 
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purpose of making special examinations and c~llecting rock ·speci
mens. 

The topographic work in this district was begun by L. Reinecke 
in August, 1908, and was carried to completion in the summer of 
1909. The methods employed were partly photographic, and partly 
plane-table and sketching from traverses run between fixed points. 

The geological work was begun by the author in July, 1909, 
and continued until the end of September of the same year,_ the 
assistants being W. J. Wright and W. G. S. Agassiz. In the follow
ing year the months of June and July were spent in this field, and 
the work was carried on with the assistance of J. D. Galloway and 
W. S. McCann. Altogether five months were required to complete 
the geological mapping and to collect the necessary information for 
the report. 

In the study and mapping of the various geological formations 
considerable ieare was exercised, and as the rocks are as a rule well 
exposed, the results obtained are believed to be as accurate as the 
conditions and the scale of the published map demand. In the case 
of the mineral deposits, however, there is in most instances much 
that can only be learned after mining developm~nt shall have been 
carried out more extensively. As far as these deposits are con
cerned the present report is merely a preliminary statement of the 
conditions, as they occur practically at the surface, and is not meant 
to be a complete study of those deposits. Greater space 'is devoted 
to those deposits that appear to be economically most important, or 
have the greatest scientific interest. 

The author d~sires to express his appreciation . of the work done 
by his field assistants. Owners of mineral properties and other 
residents in the Tulameen district were always willing to render any 
assistance in their power to further the work of the party, and for 
such courtesy the acknowledgments of the author are due. 

Location and Area. 

The Tulameen area lies in the southwestern portion of British 
Columbia, and forms a part of the Similkameen Mining Division 
()f that Provinoo. The southern border of the area is 31 miles north 
()f the International Boundary line, and its northern border is 20 
miles east of the Fraser river at the town of Yale. 
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TULA1'fEEN DISTRICT, B. C. 

Physiographically the Tulameen district is situated on the 
eastern flank of the Cascade mountains, the component of which is 
here ca1led the Hope range. To the north and east lies the Interior 
Plateau region of southern and central BTitish Columbia. The 
typical mountain featUl'es of the Hope range are not well developed' 
within the limits of the sheet, and virtually the whole of it lies. 
within the Interior Plateau Tegion. 

The sheet covers a rectangular area, each· of whose sides is. 
approximately 13 miles in length. The total area, therefore, is 
about 169 square miles. Within these limits are embraced the.
villages of Tulameen and Granite Creek, the placer mining district 
of the Tulameen river and its tributaries, the coal basin on Granite 
creek and Collins gulch, and the gold, silver, and copper localit ies. 
on Bear and Boulder creeks and at other points. 

History. 

GENERAL H IS'l'ORY. 

Little is definitely known of the history of the Tulameen before 
1883. The first explorers in the district were undoubtedly the fur 
t raders and voyageurs of the Hudson's Bay Company, who traversed 
it about the middle of last century, entering the country by the 
Okanagan and Columbia River route, which was then the main o•Jt
let for the southern interior. When, by agreement in 1846, the 49th 
parallel was fixed upon as the International Boundary, and Oregon 
became part of the United States, this route was no longer suitable 
for explorers and traders, since it lay largely beyond the border. It 
was desirable, then, to find a route through Canadian territory, and, 
the Fraser river being navigable only as far as Yale, an overland 
route was decided on. 

A. C. Anderson, an officer of the Hudson's Bay Company, who 
was probably the first white man to enter the region, spent several 
years in exploring a route of this· kind to the Pacific coast, from. 
Kamloops, which was one of the main distributing points in th ,,. 
interior. His explorations covered a large part of the region about 
the headwaters of the Sirnilkameen, Coldwater, and Coquihalla 
rivers, and in the course of them he opened several trails through 
the Hope mountains. 
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One of the main trails followed by the parties of voyageurs or 
brigades in their annual trips for furs or for trading goods, led from 
Hope on the Fraser to Nicola lake via Coquihalla and Coldwater 
rivers. This route passed a short distan,ce to the northwest of the 
Tulameen. Another trail followed by the brigades led through the 
area mapped by way of Lodestone mountain, Tulameen village, then 
called ' Campement · des femmes,' and Otter valley to Nicola lake. 
This trail, though now very little used, is still known as the Brigade 
trail. 

This period in the history of the Tulameen is obscure, and the 
only record of it known to have been published i.s contained in 
Bancroft's History of British Columbia. 

Reference to the Tulameen is made in a book called 'British 
Columbia and Vancouver Island,' written by Captain R. C. Mayne, 
and published in 1862, which contains a few brief notes on the 
geology of the region between Hope and Princeton, by Lieutenant 
Palmer, who in 1859 traversed the whole length of the Tulameen 
river from its som'Ce down to its junction with the Similkameen. 

In the years 1859-60 and 1861 the International Boundary 
Commission was occupied in defining the boundary line between 
Canada and the United States, but apparently none of the geologists 
or surveyors <Connected with this work were as far north as the 
Tulameen district. 

The discovery of placer gold in the interior of British Columbia 
is stated to have been made in 1852, and in 1858 white miners began 
to come in from the California gold fields to the south. The rush 
then instituted continued, in greater or less volume, until about 
1864. The majority of the miners went directly to the diggings on 
the Fraser river or, later, to the Cariboo district, though a few found 
their way into other portions of British Columbia. One of the 
main trails followed by these miners was up the Columbia and 
Okanagan rivers to Okanagan lake, and thenoo, overland, to thE 
upper Fraser or the Cariboo. Some of those following this route 
diverged up Similkameen river, and for many years worked bars 
on the lower part of that stream. 

In 1860 placer gold was found higher up Similkameen river, 
near the mouth of the Tulameen. The discovery of Williams and 
Lightning creeks, in the Cariboo district, in the following year, 
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however, caused the withdrawal of nearly all the miners from the 
Similkameen valley, and only a few whites and some Chinese 
remained. These continued to work the bars and benches of the 
Similkameen, and no doubt extended their operations to that portion . 
of the Tulameen river lying within the limits of the Tulameen 
map-sheet. No startling discoveries were made in the region at 
this time, and a record of the mining operations of that time is 
preserved only in some abandoned workings near the mouth of Slate 
creek, found later, during what is known as the Granite Creek rush 
of 1885 and the years following. 

To accommodate the large numbers of miners entering British 
Columbia, the British government in 1860 built a trail across the 
Hope range into the Similkameen district, following one of the 
routes originally explored by Anderson. This trail c1·osses the 
mountains through the valleys of Nicolume and Skagit rivers and 
Whipsaw creek a short distance to the south of the Tulameen area, 
and has been in constant use up to the present time. This trail is 
known as the Hope or Dewdney traiL 

There is a blank in the history of the district fro~ 1860 up to 
1872, at which time the Canadian Pacific Railway Company began 
to explore British Columbia for railway routes through its moun
tain ranges. The surveyors of this Company explored many of the 
main passes through the mountains, and one of their parties, under 
the charge of Edgar Dewdney, traversed the Coquihalla and Cold
water rivers, which ri se together near the northwest corner of the 
district. 

In 1874, J. Trutch and H. J. Cambie, surveying for the same 
Company, endeavomed to find a suitable pass through the Ho'pe 
range from the Coquihalla to the Tulameen river. In this they 
were unsuccessful and since then no other attempts were made, to 

find a feas~ble route for a railway through. these mountains. 
The Tulameen district, and more particularly the adjacent 

country to the north and east, was looked upon from the earliest 
period of its history as one of the most favoured portions of British 
'Columbia for cattle and horse ranching, and to this fact is due in 
large measme the later discovery of placer gold which attracted so 
much attention. 

In August, 1885, some cowboys, who were driving a band of 
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horses down the Tulameen valley, camped at the mouth of Granite 
;creek. One of the horses strayed from the rest, and in searching 
for it, John Chance, one of the cowboys, rode up the bed of Granite 
creek. This stream :flows on solid bed-rock, through a isteep-walled 
gorge; and in stooping down to drink, Chance saw a nugget of 
coarse gold glistening on the bed-rock. The discovery was soon 
advertised throughout the country, and the rush to Granite creek 
began; but the season was then too far advanced for many miners 
to get in or for much work to be done. In the following spring, 
however, there was a large influx of miners to the district, and the 
greater part of the productive area on the Tulameen river and its 
tributaries was staked out in mineral claims. The village of Granite 
Creek, which now has only a score of inhabitants, then boasted a 
population of several hundreds, while Tulameen, 6 miles higher 
up the river, had quite as many. The high tide of production was 
reached in the year 1886, when gold and platinum to the value of 
$193,000 were washed out of the gravels, principally ·of GTanite creek. 

Since 1888 the district has gradually been on the wane as far 
as placer mining is concerned. Some work has been done every 
year, however, up to the present time. Apart from the simpler 
methods of placer mining used by the individual miner, several 
attempts have been made at hydraulicking, but it cannot be said that 
any of these were highly successful. 

In 189'8 and 1899 prospectors began to enter and overrun the 
district in the search for the original source of the gold and plati
ni1m of ·the placers. Some high grade gold quartz veins were 
di.scovered on the Granite Creek basin, and in 1899 the gold-copper 
ores of Boulder creek were staked out: In 1900 the mineral claims 
on Bear creek, known as Laws camp, were located; and in 1901 

the copper ores of Iiidependence camp at the head of Bear creek 
were discovered. 

Since then every year has seen the location of new mineral 
claims in various parts of the district, while a few of the prospectors 
have continued to devote their energies to the search for the 
original source of the platinum in the solid rocks. 

Some time after the Granite Creek excitement of 1885 coal 
seams were discovered by placer miners, but it was not until 1905 
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that further work on this coal basin disclosed, on Granite creek, the 
seams which have since been further explored. 

The railway development which has taken place throughout 
southern British Columbia in recent years is responsible for a great 
deal of exploratory work in the Tulameen district, and especially 
in the Hope range directly west of it. After . the discouragements 
experienced by the Canadian Pacific Railway surveyors in 1874, no 
surveys were made through the Hope range until 1901. Under the 
direction of Hon. E. Dewdney, a survey was then made by H. E. 
Carry, of a line running directly through the district, along the 
valley of the Tulameen river and via Railroad and Unknown creeks, 
to Coquihalla river. 

A charter having been granted to the Victoria, Vancouver, and 
Eastern Railway Company, for the construction of a railway 
through the Tulameen district, the surveyors of that Company, 
since 1905, have been engaged in exploring the various passes 
through the Hope range. Having finally decided on a practicable 
route; construction of the road through the district is now under 
way. The route follows the Tulameen river from its mouth up to 
Tulameen village, whence it strikes northward, up the valleys of 
Otter creek and its west branch, to the summit of the divide. Thence. 
passing down into the valley of the Coldwater, it traverses that 
valley to its head and crossing the divide to Coquihalla river follows 
that stream down to the Fraser river at Hope. The route is by no 
means an easi}" one, hut the onl.y alternative appears to be through 
the Hope range by means of a tunnel over 7 miles in length, which 
would have one portal at the mouth of Eagle creek on the Tulameen 
river and the other directly west on the Coquihalla. 

PREVIOUS WORK. 

Almost all of the early geological work m southern British 
Columbia must be credited to Dr. G. M. Dawson. The report and 
map published by Dawson as a part of the Report of Progress for 
1877-78 covers all of the southern portion of British Columbia lying 
between Okanagan lake and the Fraser river and includes the area 
of th<! Tulameen sheet. In obtaining the information for this report 
and map he travelled over all of the area that was then accessible 
by trails, but does not seem to have entered the Tulameen district. 
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The information for the Tulameen portion of his map must have 
been obtained from prospectors or explorers, or possibly the geolo
gical boundaries were merely sketched in from contacts found in 
the adjacent country. 

In 1888, however, three years after the discovery of gold on 
Granite creek, Dr. Dawson made a hurried visit to the region, and, 
without making any geological map, recorded a few notes on the 
economic geology of the placer deposits.' 

The most important contribution to the geology of the Tula
meen was that by Professor J. F. Kemp in 1900. Professor Kemp 
spent three months in investigating the geology of the platinum 
found there, and published his observations, together with a small 
geological sketch map, as a bulletin of the United States Geological 
Survey. 

In 1901 the Tulameen was visited by Mr. W. F. Robertson, 
provincial mineralogist for British Columbia. Mr. Robertson's visit 
was necessarily short, and his observations were confined to the ore 
deposits and the progress of placer mining at that time. 

In 1906, and again in 1908, the district was visited by the 
author for the purpose of looking at some of the more important ore 
deposits, but no attempt was then made to begin any general geolo
gical work in the district. In 1909 the present investigation began, 
and was continued through a part of the season of 1910. 
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CHAPTER II. 

SUMMARY AND CONCLUSIONR 

General Geology. 

The Tulameen district is underlaid by a variety of rocks of 
both igneous and sedimentary origin, ranging in age from Triassic 
up to Recent. 

The oldest rocks in the district have been classified under tlrn 
name Tulameen group and are tentatively referred to Triassic age, 
being correlated with Dawson's Nicola series. The rocks are dis
tinctly bedded and are made up of volcanic :flows, interstratified 
with some argillites and limestones. The volcanic portion makes 
up perhaps 90 per cent of the whole group as exposed within the 
limits of this district, and is prevailingly andesitic in composition. 
The sedimentary portion contains a few fossil plants, but the speci
mens found are too fragmentary to be of much use in determining 
the · age of the rocks. 

The beds dip at angles varying from 25 to 90 degrees, and the 
general trend of the strike is slightly west 9f north, corresponding 
to the main orogenic axis of the region. A schistose structure is 
frequently evident, and the rocks have been greatly altered both by 
regional and contact metamorphism. They cover a larger area than 
any other single formation in the district, even though their extent 
has been greatly reduced by igneous intrusions and partly covered 
by later rocks. 

Mountain building, accompanied by batholithic intrusions, 
closed the period of deposition of the Tulameen rocks. The intru
sions a~·e all referred to the Jurassic period; and may be designated, 
enumerating them in order of time: (1) Bo1\Jlder granite ; (2) peri
dotite and pyroxenite; (3) augite syenite; ( 4) Eagle granodiorite. 

These igneous rocks are found in various parts of the district 
in large and small bodies, all having an elongation in a general 
north and south direction. The Boulder granite is an average 
granite, somewhat sheared and fractured, particularly where it has 
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been intruded by later rocks. The peridotite and pyroxenite are 
cl~sely related to each other, and, in their structural and genetic 
relations, grade into each other, the peridotite for~ing the core of 
the body while the pyroxenite is merely a shell around and over it. 
The augite syenite is related to the peridotite and pyroxenite, but 
is, as a rule, somewhat later in time of intrusion. Its composition 
varies, and the formation mapped as augite syenite ranges from· a 
true syenite to a gabbro. The Eagle granodiorite is a normal rock 
developing in places a gneissic structure. 

No rocks referable to Cretaceous or Eocene age are found with
in the limits of the <listrict mapped, and these periods appear to 
have been marked by some orogenic disturbance, followed by long 
continued erosion, during which the district was very maturely 
eroded and reduced almost to a peneplain . 

. The oldest rocks of Tertiary •age in this district are volcanic 
flows belonging to the Oligocene period, and are known as the 
~dar volcanic series. They underhe, and are conforma!ble with 
sedimentary rocks of the Coldwater series, and consequently repre
sent the earliest period of Tertiary vukanism that we know of in this 
part of British Columbia. They are prevailingly andesitic in composi
tion. The Coldwater ser ies is made up of sandstones, shales, conglomer
ates, aµd coal seams, deposited in a lake basin of very limited extent. 
The two seri~s cover the greater part of the eastern half of the district. 
They lie ' at angles that rarely exceed 45 degrees, and have not been 
very greatly disturbed since their deposition. 

Following the Oligocene sedimentation some disturbance took 
place presumably in :Miocene times in which the Cedar volcanic 
series and the Coldwater series were tilted and deformed. This was 
accompanied by batholithic intrusion of the Otter granite, a pink, 
alkaline rock, which cuts the rocks of the Cedar volcanic series. 
T1he granite is exposed over an area having a length of over 9 miles 
and a width varying from 1 to 2 miles, lying on the eastern side of 

Otter valley. 
The youngest consolidated formation in tho district is a vol 

canic flow of olivine basalt. This is a sheet-like body of circular 
outline, lying unconforma:bly on top of the Coldwater series, on the 
water and between Grnnite creek and Co1lins gulch. It still preserves 
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its horizontal attibude, and, from this fact, is considered to be of 
late Miocene or perhaps Pliocene age. 

Through the older of the aborn-mentioned rocks, dykes of 
granite porphyry, syenite porphyry, lamprophyre, and diabase have 
been intruded in a i;;equence too intricate to be clearly worked out. 

Stream and glacial deposits of unconsolidated material cover 
the floors of all the valleys and much of the higher country. 

Minei·al Deposits. 

The exploitation of the mineral deposits of the Tulameen 
district may be said to have been begun ·about the year 1860, when 
its placer deposits were first discovered by prospectors who had been 
attracted to the country by the discovery of gold in the Cariboo 
district. It was not until 1885, however, when gold was discovered 
on Granite creek, that much interest was taken in these deposits, 
and from that time to the present more or less placer mining has 
been continuously carried on. 

The number of miners working the placers has gradually 
decreased, and the. value of the production has diminished propor
tionally-to a few hundred dollars annually. In the summer of 
1910, however, renewed activity was manifested by the taking up of 
a great deal of placer ground in the valley of the Tulameen river, 
and this activity has, more recently, been increased by the discovery 
of diamonds in the district and the prospect of this mineral being 
found in the placers. 

The production from placer mining represents, to date, the 
total mineral pr~duction of the district. This production amounts 
to almost $800,000, of which 94 per cent must be credited to gold 
and the remainder to platinum. 

Lo,cle mining is still in the prospect stage, and though the 
·number of mineral claims staked out within the last twelve years 
amounts to some hundreds, no production has yet been recorded 
from them. 

The economic minerals found in the district include diamonds, 
gold, platinum, copper, magnetite, chromite, molybdenite, asbestos, 
coal, and clay. These are found in two classes of deposits, namely, 
primary and secondary. 
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The secondary deposits are the placers, which are known to 
contain gold and platinum as well as diamonds. They al'e 
found in the valleys of Tulameen riYer and many of its tributaries, 
and ham been worked to a considerable extent in all these places. 
Much placer ground yet remains, which is proba'Oly rich enoug·h to 
repay the cost of mining·. 

The primary mineral deposits contain not only the minerals 
which have been mentioned as being found in the placers, but they 
include deposits of copper, iron ore, chromite, molybdenite, asbestos, 
coal, and clay. Not all of these have an economic value at the 
present time, and some of them have little more than scientific 
interest, but they are all described at some length on account of the 
possibility that they may some time provlt to have some value. 

The primary 'deposits which show the strongest indica tions 
of commercial importance are gold, copper, and coal. 

Gold ores occuning in quartz veins ham been worked to a 
limited extent at Granite creek, and, as it is believed that these 
veins are the principal source of the gold of the placers, they deserve 
considerably more at tention than has been directed to them in the 
past. 

The copper deposits are probably the most important metallic 
deposits of the district and certainly the most wide-spread; and on 
them most of the prospecting and development work has been done. 
The deposits are of three classes~ namely: (1) disseminated ores; 
(2) contact met~morphic deposits; and (3) veins and replacement 
deposits. Of these the veins and replacement deposits give the 
greatest promise of becoming producers of copper. In all cases the 
coppe1· occurs in the form of chalcopyrite, and is generally asso
ciated with galena, zinc .blende, magnetic, tetrahedrite, or molyib
clenite in a gangue which is either siliceous or calcareous. 

ThE:: coal seams of t.he district are of Oligocene age and occur 
m a small basin covering about 3,700 acres in the region about tlte 
head of Collins gulch. The coal field contains in the best exposed 
portions four workable seams of coal a:ggregating 20 feet in thick
ness. The grade of the coal is bituminous, and the tests to which 
it bas been subjected show that in most of the seams it is of a fair 
coking quality. 

The most interesting· scientific result that has been arrived at 
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from the study of the mineral deposits of this region is the discovery 
of diamonds in the original matrix. The diamonds were discovered 
in chromite segregations in the peridotite of Olivine mountain, and 
were extracted from the matrix by R. A. A. Johnston in the labora
tory of the Geological Survey. They have been identified also in 
thin sections cut from the chromite. The occurrence is such that 
no doubt can be entertained of the primary nature of the diamonds 
in the chromite, and of their existence in the original peridotite 
magma. 

Some further light has also been thrown on the geology of 
platinum, and the existence of this metal as a primary constituent 
of the peridotite has been definitely proved. It has not, however, 
been demonstrated that either diamond or platinum occurs in such 
form or ·in sufficient quantity in the peridotite to ·make that rock a 
commercial ore of these minerals. 

With the exception of clay, the other mineral deposits have at 
present merely an academic interest, and under the present condi
tions of treatment and market value it is not likely that any attempt 
will be made to work them. 

Although the whole of the Tulameen district is yet in the 
prospect stage, as far as its mineral resources are concerned, there 
are in it a number of deposits of different kinds that are undoubt
edly very promising, but they have been hind.ered in their develop
ment by the lack of a cheap and easy means of transportation. This 
ha:ndicap i;s at pres<ent being overcome by the · building of the 
Victoria, Vancouver, and Eastern railway through the district, and 
it is believed that, with the completion of this road th.!_ough the 
mountains to the Pacific coast, mining will be stirnulated and some 
of the prospects will develop into producing mines. The improve
ment is to be looked for first, perhaps, in the case of the coal field, 
the development of which is now being vigorously pushed. Some 
ot the gold andi copper deposits, also, are promising enough to warrant 
more extended development work, while in placer mining there is a 
field which offers fair opportunities for the investment of capital. 
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CHAPTER III. 

GENERAL CHAR.AiOTER OF THE DJSTRICT. 

Topography. 

REGIONAL. 

One of the main topographical features of central British 
Columbia is the Interior Plateau region, or as it has been called by 
Daly, 'the belt of Interior Plateaus.' 1 This region has its southern 
limit approximately at the 49th parallel of latitude, in longitude 
119° 30', from which point it extends northward, in a gradually 
widening belt, through central British Columbia, for many hundreds 
of miles. On the 50th parallel, which is the latitude of the Tula
meen area, it has a width from east to west of almost 100 miles, 
and is bordered on the south and west by different units of the 
Cascade Mountain system, and on the east by the Columbia moun
tains. 

In this latitude the highest points of the plateau maintain an 
average elevation of from 5,000 to nearly ·6,000 feet above sea-level. 
T o the north these elevations decrease somewhat, and everywhere 
the various streams, which traverse the belt, cut trough-like valleys 
into it, some of which are as much as 4,000 feet deep. 

The boundaries of the Interior Plateau region are difficult to 
define. The transition from plateau to mountain is nowhere sharp 
or well defined; on all 1sides the plateau fades gradually into the 
loft ier and more rugged mountain ranges encircling it. 

The Cascade Mountain system, which rises in northern Cali
fornia, extends northward through Oregon and Washington, and 
at the 49th parallel, where it first touches the Interior Plateau 
region, has a width of over 100 miles. Immediately north of this 
parallel the Cascade mountains divide into two branches, and the 
branches conti 1~u e northward into British Columbia, enclosing 

1 The nomencl~ture of the North American Cordillera between the 47·th 
and 53rd parallels of latitude. Geog. Journal, June, 1906. 

10015-2 
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between them a bay of the Interior Plateau region. This bay is 
the basin of that part of the Similkameen rirnr above the mouth of 
the Tulameen. 

The eastern mountain branch, which is called the Okanagan 
range, crosses the Similkameen river between the mouths of Ashnola 
river and Keremeos creek, and continuing northward with gradu
ally decreasing elevations, finally dies out in the Interior Plateau 
region, about the headwaters of Twentymile creek. 

The western branch is made up, at the Boundary line, of two 
distinct units, the Skagit and Hozameen ranges, which are separated 
by the deep valley of the Skagit river. A few miles to the north
ward of the 49th parallel this dividing line is absent and the IJoza
meen range appears to die out, like the Okanagan range, in the 
Interior Plateau region about the headwaters of Granite creek. 
The Skagit unit, however, being the stronger and more rugged 
portion of the Cascade mountains, persists, under various names, 
as far northward as the Thompson river, where like the other it 
dies out in the Interior Plateau region. Immediately west of the 
Tulameen area the mountains, which are a continuation of the 
Skagit range, are called the Hope mountains. These mountains 
may be said to begin at the Klesilkwa river and to extend north
ward on the east side of Coquihalla river as far as the headwaters 
of the Coldwater river, where their summits diminish so much in 
elevation as to merge into the Interior Plateau region. West of the 
Coqu ihalla and Coldwater ri,·ers are the Anderson River mountains, 
Stoyoma mountains, and Lytton mountains, the last named 
forming the northern extrem ity of the Cascade Mountain system. · 

Physiographically, each of these mountain groups is quite 
distinct from the other, and is separated from its neighbour by 
some well marked topographic feature; yet, genetically, they can 
be referred to the same time and mode of origin, and a1l are, there
fore, parts of the Cascade system. 

Peaks in the Cascade mountains at the -±9th parallel attain an 
elevation of 9,000 feet above sea-level. To the west of the Tula
meen area, 35 miles north of the 49th parallel, the highest points in 
the Hope mountains are not more than 7,600 feet above sea-level; 
and in the ranges to the north of this, while many peaks are about 

this leYel, few appear to exceed it. 
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From the crest of tbe Yarious ranges, wbich together make up 
the eastern branch of the Cascade mountains, north of the Interna
tional Boundary line, the drainage is either towards the east or 
towards tbe west. On the eastern side the Similkameen river, with 
its tributaries, takes virtually all the water which, after flowing 
eastward as far llS the valley of the Okanagan river, is carried 
outhward by that stream to the Columbia river and thence west

ward to the sea. On thi s side the gradient is long and easy, with
out llny abrupt change in slope at any one point. 

On the west, the ranges are drained by the Coquihalla river 
and various smaller streams, which empty, within a few miles, into 
the Fraser river. On this side the gradients are very steep, and the 
streams are 11 sually nothing more than mountain ·torrents flowing 
in rock walled cru1yons. 

The difference in slope of the two sides of this portion of the 
Cascade mountains is most marked, for while on the east the 
streams flow n; any hundreds of miles before reaching sea-level, on 
the "·est they descend almost to sea-le1•el in di stances of 10, 20, or 
::o miles. In pro£le the surface shows a long, easy slope from the 
east up to tbc crest of the mountains, followed by a sharp, steep 
drop on the wes t almost to sea-level. This feature presents an 
obstacle, which has prornd almost insuperable, to the building of 
any railway lin es through these mountains. 

LOCAL. 

\~7 hile the Tulamecn Jistri0t may properly be described as being 
a part of the g reat Interior Plateau region, it is situated so near to 
the border, where this plateau region begins to pass into the loftier 
mountain range. to the west, that the more typical plateau features 
are not every1vhere highly developed in it, and there is a tendency 
to the formati on of a more rugged type of t opography. The change 
begins to appear at the extreme western border of the area, though 
it is about 5 miles farther wes tward before the plateau features 
are entirely lost and the mountain features fully developed. 

The mountains directly west of the Tulameen district are 
locally called the Hope mountains. The crest of these mou~tains 

is about 5 miles di stant from the west ern border of the area. and 
the highest point$ in this porti on of them are about 7,600 feet above 

sea-level. 

10015- 2:} 
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In the northeast part of the di.strict the plateau features are 
·more pronounced than elsewhere, and the summit levels are not 
more than 5,000 feet above sea-level. In the southwest the highest. 
J)Oints are slightly over 6,000 feet high, so that we have a difference 
<Jf 1,000 feet in elevation betwe.en the ends of a line drawn diagon
ally from southwest to northeast through the area. This line also 
lies in the direction of greatest general slope of the summit levels. 

As elsewhere throughout British Columbia, the Interior Plateau 
-region is characterized by broadly rounded summits, with, in the 
l1igher levels, gently sloping sides. Looking over the region towards 
the east or north from one of the higher points, the summits are 
seen to be of such uniform height and appear to so run into each 
other, that the impression is conveyed of a rolling country, having 
~n almost level sky line; the valleys are almost or quite obliterated 
from view, and one would hardly suspect the presence of any of 
those deep valleys with which the country is traversed. These 
valleys, however, beeome very prominent when a nearer view is 
obtained. 

The main valleys are those of the Tulameen river and Otter 
creek. Both of tlrnse are broadly U-shaped, and show a distinct 
contrast to the shape of valleys tributary to them. The latter tri
butary valleys, in their lower parts at least, are usually strongly 
V-shaped! though in their upper parts they flare out more broadly. 

R,elieJ.-The character of the relief in the Tulameen sheet is fairly 
uniform throughout, and is that which is found as a rule through-

out the whole of the Interior Plateau region. As previously stated, 

there is a uniform slope of the upper levels of the whole area from 

southwest to northeast, and a difference between the highest points 
i n the southwest from those in the northeast of about 1,000 feet. 
The drainage, however, does not in every case necessarily follow this 
'Slope. The highest point in the district is Lodestone mountain, 
with an elevation of 6,150 feet above sea-level, while the lowest 

point is the bed of the Tulameen river where it passes out of the 
area of the map-sheet on the east. The latter point has an eleva
tion of about 2,350 feet above sea-level, giving a total vertical relief 
of about 3,800 feet. 
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If the whole area were covered with water up to about the 4,500 
contour, so that all the deep valleys were submerged, we should 
have exposed an undulating surface with rounded summits and 
dome-shaped hills rising to heights of 500 to 1,500 feet above the 
water. All the slopes from these summits would appear easy and 
gentle, and no sharp crags nor precipitous bluffs would be seen. 
The whole exposed topography would be that of mature erosion. 

Below the 4,500 foot contour the angle of slope of many of the 
hills steepens, so that cliffs flanked by talus slopes are of co=on 
occurrence. While this is not true of every hill, it is true of so 
many that it becomes a noticeable feature. 

The contrast between the two kinds of topographical forms at 
the two levels described is not so marked in the Tulameen district as 
it is in other portions of tbe Interior Plateau region, as for example 
in the Hedley district; and unless one examined the region from 
the summits as well as from the valley bottoms the impression. 
would be conveyed of the presence of only one kind of topography. 
From the summits one sees only features of topographical maturity, 
developed on the upper levels, while from the valleys these features 
are not evident, and one only sees the more youthful topography of 
the lower levels. 

The primary causes for this diversity of topographic form are 
long continued erosion and subsequent uplift. Other factors have 
entered, but they are relatively less important. These factors with 
others of less importance may be classified under the four following 
headings: (1) long continued erosion under stable conditions; 
(2) uplift and revival of drainage; (3) glaciation, both regional 
and local; ( 4) difference in hardness of the various kinds of rocks. 

Largely because no sediments of Eocene age are found in the 
Interior Plateau region, Dr. Dawson came to the conclusion that~ 
after the Laramide revolution at the close of the Cretaceous; there 
succeeded a long period of erosion, during which the region was. 
worn down almost to a peneplain. While there is no direct evidence. 
in the southern portion of the plateau region of actual peneplana
tion in the Eocene, it seems probable that this region during that 
time suffered long continued erosion, and was reduced to compara-· 
tively low relief. The relief at the close of this period could not 
have been great, and was certainly so low that lake basins of 
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approximately circular outline dotted the surface of the region 
throughout the whole of succeeding· Oligocene times. The region 
then must have exhibited over all its parts features such as exist at 
the present time only above the 4,500 foot contour line-that is to 
say, mature relief, and a well developed drainage, flowing in valleys, 
broadly flaring. 

Local bat.holithic intrusion, accompanied by more or less 
general uplift of the plateau region and its bounding mountain 
ranges, closed the Oligocene period of erosion and local sedimenta~ 
tion. Whether this uplift was continuous or whether it was inter
rnpted at intervals is immaterial in this discussion, but it appears 
to have culminated in the Pliocene when the Cascade mountains 
were uplifted with adjacent parts of the Interior Plateau region. 
A revival of drainage resulted. This i·evival deepened the existing 
valleys, and instituted the development of the topographic forms 
now found in the lower levels. The total vertical relief in the 
Tulameen district must have been increased approximately 2,000 
feet by this uplift. The resulting topography must have shown, in 
the higher levels, features of slope and summit not greatly different 
from those which now obtain at the same levels, and at the same 
~ime there would have appeared in the lower levels a new topo
graphy. The streams must have cut deeper and deeper into their 
beds, and if the gradients of these streams were not vastly different, 
the depth of the result!Jig valley would have ibeen dependent largely 
on the size of the stream. All valleys would have become sharply V
shaped, with the greatest depth in the master streams, namely, . Tula
meen river and Otter creek. 

Glaciation during Pleistocene times is responsible for a modifi
cation ·Of pre-existing topographic forms rather than for the 
development of new ones. The action of glaciation on the upper 
levels no doubt contributed something to a general reduction of 
relief by smoothing off projecting points, or by filling up some of 
the irregularities of the surface; but this action was effective for 
only a part of the gla0ial period when the whole region was covered 
by ice moving slowly southward. At the beginning and towards 
the close of the glacial period, when the ice had not yet reached, or 
had passed, its maximum development, valley glaciers alone can 
have existed, and it is to these rather than to the continental ice-
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sheet that we must attribute any increase in vertical relief that may 
have resulted. The action of regional glaciation produces results 
that are in direct contrast with those produced by local or valley 
glaciation, for while the former tends towards a reduction of relief, 
the latter increases it. 

Valley glaciers occupied both the Tulameen and Otter valleys 
for a considerable period of time. Each of these valleys must have 
had at the beginning of the glacial period a sharply V-shaped 
valley, resulting from uplift and revival of drainage in Pliocene 
times. After occupation, however, by valley glaciers, the shape of 
these valleys would become U-shaped. Some deepening probably 
also took place, but this effect may have been later counteracted in 
some parts by a :filling of the beds of the valleys with debris carried 
down by the streams. 

Glaciers are not now found anywhere within the limits covered 
by the Tulameen ~ap-sheet, but a small well formed cirque at the 
headwaters of Bear creek, in the northwest corner· of the area, indi
cates the position at which a mountain g·lacier once lay. This is 
probably the last point in the region from which the ice retreated. 

Since the modification of the Tulameen valley by a valley 
gfacier, and the development of a broadly U-shape, there has been 

' a later uplift or tilting of a part of the region, localized in the 
country west of the mouth .of Slate creek. This uplift has caused 
the stream to cut down into the bed-rock below the bottom of the 
old glacial valley, and to form there a narrow, steep sided canyon. 
This local uplift has further increased the vertical relief by about 
300 feet. 

The last factor to contribute to a diversity of relief is the rela
tive ability of the various rocks to resist erosion. The rocks within 
the Tulameen district most resistant to erosive agencies are the 
peridotite and pyroxenite formations. These stand up above all the 
others, and the hills occupied by them dominate all the rest of the 
hills in the region. At the other extreme are the soft sandstones 
and shales of the Coldwater series, the outcrop of which is fre
quently marked by depressions in the surface. Tertiary lava flows 
cover a great part of the region, and thoug·h they still occupy some 
of the higher points this is not due ta superior resisting qualities. 
On the contrary they are, as a rule, soft rocks, easily worn down, 
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and it is more likely that their presence on the higher points is due 
to 'the fact that they are the youngest rocks in the district and have 
not been subjected to erosive agencies as long as the other rocks. 
They were extruded only after the long period of Eocene erosion. 
It is quite probable that they at one time covered a much greater 
extent of country and have since been eroded away, particularly 
from the valleys where erosion has been strong. 

Dminage.~The whole area mapped lies within the drainage basin 
of Tulameen river. Thi;; stream rises on the eastern flank of the Hope 
range some 15 miles to the southwest of this district. It enters the 
area of the map-sheet near the southwest corner, and, flowing 
easterly through the middle of it, passes out at Granite creek on 
the east. After flowing in this direction for 12 miles farther it joins 
the Similkameen river at the town of Princeton. 

Tulameen river, like all mountain streams, carries a volume of 
water that varies with the seasons. In June an•d July the volume 
is so great that it is almost impossible to cross the stream where 
there are no bridges. Later in the summer, however, there is no 
difficulty in fording it on foot or horseback at almost any point at 
which the stream bed can be reached. 

The principal tributary of the Tulameen is Otter creek, which 
flows in from the north in a broad, deep valley ai1d drains a portion 
of the Interior plateau. Several lakes lie in the valley, and these 
regulate the volume of water in the creek, so that its flow is fairly 
uniform throughout the year. The principal tributary entering 
from the south is Granite creek, which is important on account of 
the gold and platinum placers found in its bed. This stream 
occupies a deep and narrow valley, and drains a portion of the 
plateau region more elevated than that to the north. Other streams 
tributary to Tulameen river are Champion, Slate, and Cedar creeks 
on the south, and: Siwash, Eagle, Bear, Cook, and China creeks on 

. the north. 

It has not been found possible to determine with any degree 
of certainty whether or not the present drainage lines coincide in 
every respect with those of more ancient time. The grade of Otter 
valley is so low that a very small degree of tilting of the region to 

the south would reverse the drainage and force the water to flow 
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northward to Nicola river. Also the general average slope of the 
v;.hole district is now towards the north, so that it is "quite possible 
that in former times Otter creek may have :flowed north, instead of 
south as it does now. Under these c1mditions it would have 
certainly taken the water of that part of Tulameen river above 
Tulameen village, and probably also of the part below the village. 

The width of Otter valley is out of all proportion to the size of 
the stream now :flowing in it, and it appears as if it might once have 
been occupied by a stream with considerably greater volume. How
ever, as Otter valley lies almost parallel with the direction of move
ment of the ·continental ice-sheet, and was itself also occupied, 
probably for a great length of time, by a valley glacier, the width 
of the valley may be partly due to glacial erosion. 

A well defined valley, which may have been a former channel 
of the Tulameen river, starts from near Siwash creek on the north 
side of Tulameen river and runs across Eagle creek to Murphy 
IJ.akes, and thence eastward ,to Bear creek and back again to Tula
'.meen river near Slate creek. This old valley passes around and to 
the north of the body of peridotite through which the river cuts. 
It is covered largely with glacial debris, and even if it did lLOt once 
carry the water of the Tulameen river it was certainly occupied 

and modified by a branch of the Tulameen Valley glacier. 
Another, and a much more clearly defined, old valley leaves 

the main Otter valley about the middle of Otter lake, and, running 
southeast from here behind Otter mountain, joins the Tulameen 
valley at the mouth of Cook creek. This valley is broad and U
shaped, and has evidently been occupied by the Otter Valley glacier 
and modified thereby. It is now filled with a thick deposit of gravel 
and debris, which has been carved into benches and terraces by 
post-glacial stream -action. 

Grades.-Of the two main valleys which traverse the district, Otter 
valley has almost a true n011th and south trend, while the Tulameen 
is approximately east and .west. Both are much alike in form 
because each has been operated on by the same causes. 

Otter valley is broadly U-shaped and trough-like, with rather 
steep sides and a broad, fl.at bottom. Its grade is exceptionally low 
for a mountain stream. For a distance of 8 miles north from it,s 
junction with the Tulameen it has an average grade of 12 feet to 
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the mile. Nearly 4 miles of this distance, however, is occupied by 
lakes. F-0r a1~-0ther 10 miles· beyond the limits of the map the grade 
is not perceptibly greater. 

The Tulameen valley from Slate creek down to the mouth of 
Granite creek is of the same character as Otter valley, though the 
bottom throug·h which the stream meanders from side. to side is 
perhaps a little wider and the sides higher. The grade of this 
portion of the valley is reckoned as 29 feet to the mile. 

Above Slate cr eek the grade and shape of the valley change 
suddenly. From this point upward, virtually to its head, the grade 
is steep!;)r-about 100 feet to the mile-and the stream is corre
spondingly mpid. The stream here occupies a narrow, steep-sided 
canyon cut down 200 to 300 feet into the bed of a broader open valley 
above. The upper valley has certainly been modified by glacial 
aiction, but the lower one has not. The upper, broad valley still 
shows benches of graviel clinging to its sides, whi1e the lower canyon 
is too steep for the formation of any terraces. 

AU the tributary streams flowing into the Tulameen and Otter 
valleys ent er through narrow V-shaped canyons in which ther e are 
often well marked falls. Falls occur on Elliot and Boulder creeks, 
which ,flow into Otter valley, and on Slate, Champion, and Siwash 
creeks, flowing into the Tulameen. Above the falls on the tributary 
streams there is generaHy a lessening of the gradient, and the 
streams occupy more broadly flaring, valleys. The ultimate effect 
is that of hanging valleys on the above-mentioned streams. On 
other streams adjacent to these valleys hanging valleys are not so 
well developed, but virtually all of them have this feature in more 
cir less obscure form. The scale on which the topographic map is 
drawn does not allow of the representation of these features very 
clearly. 

The steepening · in t he grade of TUilameen river above Slate 
creek was undoubtedly caused by a r ecent post-glacial tilting which 
increased the erosive power of the stream. T he effect of this tilting 
was ·also to produce hanging valleys in the smaller s~reams tributary 
to the Tulameen, which had not the e1'osive power to cut down their 
beds to a more uniform grade. In the case of Otter valley, how-. 
ever, the hanging Yalleys of the streams t ributary to it cannot be 
attributed to recent uplift and differential erosion following that 
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uplift; for, since the modification of Otiter vnlley by glacial action 
there has been no l1plift to cause the stream to cut down below its 
g·lacial bed; so that the hanging valleys which are tributary to it 
can only have been :formed in the usual way, namely, by a deepen
ing of the main valley by the scouring action of a valley glaciel'. 

Lakes.-Occupying the bed of Otter valley are three lakes. Two of 
these are within the limits of the area mapped and a third-Thynne 
lake-lies about a mile to the north. Otter lake is the largest of 
these, being 3:J; miles in length and about one-third of a mile wide. 
Its lower end lies almost in the valley of the Tulameen river. It 
appears to owe its formation to damming of Otter valley by debris 
brought down the Tulmneen valley. The grade of Tulameen river 
changes a short distance above the mouth of Otter valley, and, in 
this part, it is cutting down its bed. The material eroded out by 
the river in its upper part is carried down and deposited again 
where the gradient is not so steep- that is to say, about the mouth 
of Otter valley. 

The same process is illustrated in the case of Boulder creek, 
which flows into O'tter valley near the north end of Otter lake. At 
the mouth of this stream a fan, formed· of gravel and boulders 
carried down by the water, has pushed out into Otter lake, so that 
the lake has been narrowed by nearly three-fourths of its average 
width. The northern encl of the 1ake is now joined to the main 
body by a narrow channel, and if the Boulder O'reek fan continues 
to build up the Tesult will eventually be the formation of two lakes 
where only one now exists. 

The same kind of action has .pToducecl Frembd 'lake. This lake 
lies immediately above the mouth of Elliot creek, and the material 
brought clown by that stream has built up an alluvial fan which has 
dammed back the water of Otter creek to form the lake. 

Thynne lake also is the result of damming, by material brought 
down by Thynne creek. 

Two lakes known as Murphy lakes lie at the head of one of the 
branches of Eag-le creek and in the old valley of the Tulameen, 
which has been before described as extending to the north of the 
present valley from the mouth of Siwash creek to Slate creek. These 
lakes are held in by rnorainal material, accumulated at their outlet 
by glacial ice. 
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Lodestone lake on the summit of Lodestone mountain occupies 
a rock basin formed ~robably by the scouring action of the con
tinental ice-sheet which overrode the mountain, leaving its traces 
in numerous strire. 

Some small ponds at the head of Bear creek near Independence 
camp occupy glacial cirques and mark the position once occupied 
by small mountain glaciers. To these glaciers the ponds owe their 
origin. 

Stratified clays, which are presumably of lake origin, have been 
found in the bed of Bear creek. Their thickness is less than 20 
feet, but they show that lake cond itions existed in a part of the 
Bear Creek valley for a short time at least. The J.ake in which the 
clays have been deposited may have been formed either by land
slides from the banks of Bear creek itself, or by a damming of its 
outlet by the Tulameen Valley glacier. 

Climate and Agriculture. 

The whole of the southern portion of British Columbia, lying 
along the eastern base of. the Coast ranges of mountains, has a 
drier climate than most of the rest of the Province. Going 
westward into the Coast ranges from the Interior Plateau region 
the precipitation becomes progressively greater and greater until 
the actual coast line is reached, where the annual rainfall is as 
much as 100 inches and frequently more. In the belt immediately 
north of the International Boundary line, the region of minimum 
precipitation, where only about 10 inches of water fall annualJy, 
lie& about 20 or 30 miles east of the Tulameen district. Going 
westward into the Cascade mountains the annual precipitation 
increases until a maximum of about 70 inches is reached on the 
western slope of the range. On the eastern slope of these moun
tains and in the plateau region immediately adjoining, where the 
Tulameen district is situated, the annual precipitation varies, in 
different years, from 20 to 40 inches. Most of this falls in the 
winter -months, as snow, and in the spring months, as rain. In the 
winter months snow often accumulates in portions of the western 
half of the area to a depth of 10 or 15 feet, while in the summer 
July and August frequently pass without a single shower of rain. 
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Temperatures in the Tulameen district are, on the average, 
lower than in the Similkameen and Okanagan valleys, to the east, 
or in the Fraser River valley to the west; the summer temperatures 
do not· rise as high as they do in these valleys and the winter 
temperatures are somewhat lower. Neither summer nor winter 
temperatures, however, are extreme, and the climate is rather to be 
characterized as moderate, with an average temperature for the year 
of about 45° F. 

Agricultural land in the district is limited to the bottoms of 
the main valleys. The rest of the district is not adapted for agri
culture, since on account of its elevation frosts are liable to occur 
in it in every month in the year. The whole of Otter valley as well 
as the lower part of Tulameen valley is taken up in homesteads, on 
which vegetables and various kinds of garden produce are raised 
to a limited extent. The average elevation of these valleys above 
sea-level is about 2,500 feet, and even at this height summer frosts 
are so frequent that farming cannot be said to be a distinct success. 

The upper limit of agriculture is not constant throughout the 
whole of the Interior Plateau 1'8gion, but is dependent largely on 
local conditions. Experience has shown that in the Princeton 
district to the west and the Kamloops district to the north of the 
Tulameen area the upper limit for the cultivation of wheat lies at 
about 3,300 feet above sea-level. Both the Tulameen and Otter 
valleys, within the limits of the map-sheet, are well below this level, 
yet wheat cannot be grown successfully in them. At the same time 
the lower portions of the plateau region are often exempt from 
frosts, which kill everything in the valleys below. 

Fauna and Flora. 

The district cannot be said to contain a great variety 0:£ the 
larger game animals. The ·mule deer is fairly abundant in the 
region about the headwaters of Granite creek, and this region was 
formerly a favourite resort for Indians from the lower Similkameen 
valley and Nicola lake during the hunting season. These animals 
now appear to be decreasing somewhat in numbers. The black bear 
is not uncommon, and the grizzly is found in the mountains to the 
" ·est. Neither mountain sheep nor goat are found within the ar~a 
covered by the map-sheet, though goats have been seen in the moun-
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tains a few miles to the west and sheep in the neighbourhood of the 
International Boundary line to the southeast . Work done by 
beavers is frequently met with in Otter valley, and it is noticeable 
that these animals have been increasing in numbers throughout 
southern British Columbia ever since the killing of them was pro
hibited by law. Coyotes are quite common, and wolves are infre
quent. A few marten and lynx are caught by trappers during the 
winter. Blue grouse, ptarmigan, willow grouse, and Franklin 
grouse are common in certain localities. 

Yellow pine, Douglas fir, jackpine, and white spruce are the 
commonest trees throughout the district, while poplar, birch, and 
cedar are less abundant and are found only in the lower levels. 

Bunch grass which is so wide-spread over a great part of the 
Interior plateau is only fo und in the Tulameen district in a few 

places. Pine grass, howiever, is plentiful, and there are a few 
natural meadows where hay is annually cut and stacked for winter 
use. Horses as a rule do not winter out in the 'district, but are 
usually sent down the va ll e,y to Princeton, or nor thward to the 

N icola ranges. 

Inhabitants. 

No Indians now reside permanently within the limits of the 
area mapped, though, during the season a few hunters from the 
Okanagan tribe to the eastward and the Nicola tribe to the north 
visit in pursuit of deer. Probably not more than a dozen white 
men within the district ai'e engaged in agricultural pursuits and 
live permanently on their rnnches. The rest of the population is 
i!literested, either directly or indirectly, in the mining industry, 
and many of thern only remain in the district during the summer 
season. 

Transportation and Communication. 

Previous to t he construction of the Vancouver, Victoria, and 
Eastern railway the Tulameen district could only be reached by 
means of ·wagon, either from Nicola lake to the north or from 
Princeton to the east. A trunk wagon road was built about 10 
years ago between these two points, and a stage carrying mail and 
passengers trarnls through once a week in each direction. When 
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the railway reached Princeton a daily stage was put on from Prince
ton to Tulameen, but connexion >vith Nicola is still only made 
once a week. 

Two pack tJ·ails, that were at one t ime much used and kept in 
good repa ir, connect Tulameen with the village of Hope on the 
main line of the Canadian Pacific r ailway. One of these follows 
the Tulameen river almost to its source and then turns westward 
across the Hope range to the Coquihal1a river and continues down 
that stream to its mouth. The other strikes southward from Tula
meen village across Lodestone mountain and joins the old Dewdney 
or Hope t rail on the Skagit river. Both of these trails are now 
quite impassable for horses, and they are rarely used even by 
travellers on foot. 

The easiest way to enter the district a t the present time is by 
the Vancouver, Victoria, and Eastern railway, which fo'lows the 
Similkameen valley as far as Princeton, and which connects with 
branches of the Canad ian Pacific railway at Midway in the 
Bound ary distri c t. Thi s r ai lway when finished will run through 
Tulameen, Otter, Coldwater, and Coquihalla valleys to the Fraser 
vall ey at Hope. 

An alternate mea ns of entry to the di strict is to take a branch 
of the Canadian Pacific railway to Nicola lake, from which point 
i he Tulameen can be reached in a clri ve of one clay. 

\Vithin t he Tulameen district itself roads are not numerous. 
Besides the main wagon road which follows the Tulameen and Otter 
valleys, there are shor ter \rngon roads up Granite creek to Holmes 
ranch, and from Tulameen village to Laws camp on Bear creek. 
Other roads are merely pack trails, radiating in all directions from 
'.1.'ulameen village to the different mineral prospects, and these are 
mainta ined ge11 erally by a go1•crnrnent grant, or in some cases by 
the prospectors themselves. 
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CHAPTER IV. 

GENERAL GEOLOGY. 

General Statement. 

REGIONAL. 

The Tulameen district forms a small part of a larger geological 
province which is bounded on the east by the Okanagan valley and 
on the west by the Fraser river. These two topographical features 
correspond closely to two of the strongest geological units that are 
found in the southern and western parts of British Columbia, on 
the one hand the old Pre-Cambrian series of rocks and on the other 
the great Coast Range batholith. The other boundaries of this 
geological province are not sharply defined; they stretch far to the 
south of the International Boundary line and northward into central 
British Columbia. These limits are very wide, and in the north 
enter into little known territory, therefore the description of the 
geology of the region of which the Tulameen forms a part, will be 
restricted to the portion north of the 49th parallel of latitude and 
south of the Thompson river. 

This district thus outlined lies to the west of the British 
Columbia Pre-Cambrian axis which is represented by the old Shus
wap series found on the eastern shores of Okanagan lake and north 
and east -0f that lake. The Shuswap series consists of gneisses 
and crystalline schists, which form the basement on which all the 
sedimentary rocks of the region were laid down. 

The middle Cambrian transgression of the sea was so general 
over a great part of the North American continent, that it is quite 
possible all of this region may have been at one time covered by 
Cambrian sediments. None, however, are now found, except in the 
extreme northeast portion of the region, in the neighbourhood of 
Shuswap lake. 

Following the Cambrian sedimentation the region west of the 
Pre-Cambrian axis was elevated above the sea, and from that time 

... 
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to the close of the Devonian period the whole of the region was 
undergoing erosion. No igneous action is recorded in this length 
of time. 

During Carboniferous times the region was again depressed 
and the sea came in from the west. Sedimentation was accom
panied by vulcanism, and at least 10,000 feet of stratified rocks 
consisting of limestones, argilites, some quartzites, and much vol
canic material were laid down. These constitute the Cache Creek 
group, and tliough once of great areal extent, they have been so 
intruded and covered by later igneous and sedimentary rocks that 
they now outcrop only in small patches. 

The unconformity which exists in most parts of the continent 
between Paheozoic and Mesozoic rocks probably holds for this region 
also, though Dawson obtained ~ome evidence which led him to 
suspect a complete transition from one to the other. Whether such 
an unconformity exists or not we have no direct evidence in this 
region, and it is quite possible that sedimentation continued, with
out a break, from Carboniferous through to the end of Triassic. 

Like the Carboniferous, and for .a similar reason, the Triassic 
rocks now occur only in small patches, though they once had a wide 
distribution. Areas of these rocks, however, are found here and 
there, notably in the Tulameen district itself and in the vicinity of 
Nicola lake, the locality at which they were first described and from 
which they obtain the name Nicola series. They consist mostly of 
volcanic materials with which are interbedded some true sediments. 

The period between Triassic and Cretaceous is remarkable all 
over western British Columbia not only for great orogenic disturb
ance, but also for the number and size of the batholithic intrusions 
that are known to have taken place in it. Plutonic rocks of this 
age have a wide distribution in this region, and if the whole were 
geologically mapped their area would probably prove to be much 
greater than that now credited to them. They consist of granites, 
granodiorites., syenites, monzonites, andi even s·ome peridotites and 
pyroxenites. 

Since the Jurassic revolution, which closed the period of Tri
assic sedimentation and vulcanism, this region has never been 
completely covered by the sea, but more or less of it has been con
tinuously exposed to erosive agencies. 

10015-3 
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Cretaceous rocks of sedimentary origin, containing material 
derived by erosion from the older sediments and plutonic rocks, 
were laid down in an intra-montane geosyncline, and now form a 
band extending from the head of the Pasayton river northwestward 
to the sources of the Tulameen river. Patches of these rocks are 
a'lso found in the valley of the Fraser river, northward on the same 
strike as the first mentioned band. They consist of sandstones, 
conglomerates, and shales dipping at moderately high angles. 

Another great unconformity intervenes at the close of the 
Cretaceous-between it and the Tertiary period following. The 
revolution, however, which produced the unconformity was not as 
strong in this part of British Columbia as it was in the eastern 

· half of the Province. 
Some batholithic intrusion probably followed the disturbance 

at the close of the Cretaceous, and certain granodiorites on the 
Similkameen and Ashnola 'rivers are referred to this period. 

The sequence of events in the Tertiary history of this region 
has not yet been clearly worked out. It is known, however, that 
sedimentation during that period played a minor part, while vast 
outpourings of lava characterize nearly every portion of it. 

The Tertiary sedimentary rocks are all of Oligocene age, and 
occur in isolated basins of limited extent. Such basins are found 
a.t P ·rinceton, Granite Creek, Nicola, and ·a few other places. Thiey 
contain conglomerates, sandstones, shales, and coal seams, and are 
referred to as the Coldwater series. At Granite Creek some vol
canic rocks are interstratified with the basal members of this group. 

A minor, but quite distinct, unconformity separates the Oligo
cene rocks from those above them. The erosion period responsible 
for this unconformity was probably accompanied by the eruption 
of at least one plutonic igneous body, which has strongly marked, 
alkaline affinities. 

Volcanic rocks of a prevailingly andesitic composition were 
extruded in great quantity during early Miocene times, and they 
now cover an enormous area. In the later Miocene other volcanic 
rocks were extruded and laid down under water, and with these 
some true sediments are associated. These sediments are referred 
to as the Tranquille group, and are best developed in the northern 
part of the region. 

.. 

,, 
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Volcanic rocks of basaltic character are the youngest of the 
consolidated formations. They rest unconformably on Oligocene 
sediments and still preserve an almost horizontal position. They 
have a wide distribution in the northern parts of the region, but 
are not so wide-spread to the south. 

Dykes, ranging in character from acid granite porphyries to 
basic lamprophyres and diabases, are numerous throughout the 
whole region; andi over these and all of the above-mentioned rocks 
lies the glacial drift. 

LOCAL. 

The oldest rocks in the Tulameen district are those of the 
Tulameen group. They are tentatively correlated with Dawson's 
Nicola series which is of Triassic age. These rocks are mostly of 
volcanic origin, and because they are interstratified with some argil
lites and thin beds of limestone are thought to have been laid down 
under water. Some plant remains have been found in the argillites, 
but they are too fragmentary to be identifiedi. These rocks have 
been greatly altered both by regional and contact metamorphism, 
and now stand at fairly high angles. They cover th'l largest area 
of any rock formation in the district. 

In the period between the deposition of the rocks of the Tula
meen group and the Cretaceous, a number of igneous intrusions 
took place, which are probably contemporaneous with large batho
lithic intrusions throughout the whole western Cordillera. These 
igneous rocks are referred to the Jurassic period, and have been 
thrust through the rocks of the Tulameen group in the following 
sequence: (1) Boulder granite; (2) peridotite and pyroxenite; 
(3) augite syenite; ( 4) Eagle granodiorite. 

These igneous rocks are now found in various parts of the 
district in large and small bodies all having a general north and 
south trend. Their combined area, within the limits of the sheet, 
is somewhat less than that of the Tulameen group. 

Resting unconfonnably on top of the above-mentioned rocks 
are two groups of conformable rocks, which are referred to Oligo
cene age from the plant remains found in them. The lower of these 
two groups, consisting almost entirely of volcanic flows of a pre
t>ailingly andes·itic composition, is oalled the Cedar volcanic series; 

10015--3! 
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while the upper containing nothing but sediments and made up of 
sandstones, shales, conglomerates, and coal seams" is called the Cold
water series and is correlated with similar rocks in the Kamloops 
district. The rocks of these two groups cover the greater part of 
the east half of the area, with the volcanic portion preponderating. 
They now lie at angles which rarely exceed 45 degrees, and have, 
therefore, not been greatly disturbed since deposition. 

Intrusive into the Oligocene rocks, and presumably of Miocene 
age, is a body of pink alkaline granite, called the Otter granite, 
which is found on the eastern side of Otter valley from China creek 
to the northern limit of the sheet. It has a length of about 9 miles 
and a width varying from a mile to 2 miles. 

The youngest consolidated formation in the district is a vol
canic :flow of olivine basalt. This occurs as a circular body, in the 
region between Granite creek and Collins gulch, where it is seen to 
rest unconformably on the Oligocene sediments. It still preserves 
its horizontal position, and from this fact is considered to be late 
Miocene or perhaps Pliocene in age. 

Dykes of a composition ranging from granite porphyry to 
olivine diabase are very common in the district, and cut principally 
the pre-Oligocene rocks. 

Stream deposits cover the floor of Otter valley and the lower 
part of the Tulameen valley. Above the mouth of Slate creek, how
ever, in the Tulameen valley, and in the tributary valleys, stream 
gravels are not very abundant, and are found merely in patches here 
and there. 

Glacial material is irregularly distributed over the whole of 
the district, having been accumulated to considerable extent in 
some parts, while in others it appears only as a thin veneer. 
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Table of Formations. 

Period. 
Special Name of 

Formation of Group. Character of Rocks. 

Quaternary .......... .. ....... . .. .. .. Stream deposits 
Glacial m aterial. 

PoslrOligocene .. .. .... . . .. ... ... .. . ..... Olivine basalt . 
probably Miocene Otter formation ....... . ... Granite. 

Oligocene Coldwater series ........ .. Sandstone, shale, cong1ome-
rate. 

Cedar volcanic series .. . ... Andesites, breccias, etc .. .... I 
Eagle forma£ion . ... .. .. .. . lGranodiorite. 

Augite syenite. 
Jurassic .. ..... .... .... ... .. . ... .. Pyroxenite. 

Perodotite. 
Boulder formation . ...... . Granite. 

Triassic? Tulameen group .. ....... . . Volcanic rocks, limestones, 
and argillites. 

Tulameen Group. 
DISTRlBUTION. 

The rocks of the Tulameen .group cover a larger area in the 
Tulameen district than any other individual formation, and almost 
as large an area as that covered by all the other formations together. 
'They are the oldest rocks in the region, and at the time of deposi
tion probably covered the whole area included in the map-sheet. 
·Their volume, however, has since been decreased by the intrusion 
into them of several igneous bodies, and their outcropping area 
•diminished by having younger stratified rocks superposed on them. 
'By these means their surface distribution has been reduced, so that 
they now appear on the map in three main bodies, completely separ
'ated from each other by other formations. 

The largest of the three bodies occupies the central and northern 
part of the area, and extends from Slate Creek basin northward in 
a gradually widening band to the northern limit of the map-sheet. 
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This body fills the greater part of Bear Creek basin and has a length 
·of 10 miles and a greatest width along the northern border of the 
·area of St miles. 

A second body, about 6 miles in length, lies near the southwest 
corner of the area mapped in the basin of Champion creek, and 
appears as a narrow band lying between Eagle granodiorite on the 
west and pyroxenite on the east. 

The third body occupies the southeast corner of the area, lying 
in the valley of the Tulameen river below China creek, and on 
either slope of Granite Creek valley. 

In all three lbodies the rocks are as a rule well exposed, so that 
the limits assigned to them on the map are fairly correct . . 

LITHOLOGY. 

The name Tulameen group, which is used to describe the oldest 
stratified Docks of this district, is employed here for convenience 
in default of conclusive evidence whereby these rocks could be 
correlated with other rocks whose position has been definitely fixed 
in the time scale. They do not constitute a well individualized 
group of rocks the top and bottom of which have been clearly 
defined, but they embrace a vaTiety of Tocks all apparently con
foDmable with each other and laid down in one great period of 
geological time. They are, for the present, correlated with Dawson's 
Nicola se11ies, but they may represent only a part of that great 
series. 

'The rocks of the group are so cut up by igneous intrusions, 
and in their broader area so covered by drift, that no good sections 
of them could be obtained. They are very well exposed on Bear 
creek, but the direction of the stream coincides so closely with the 
general strike of the rocks that the section does not give much 
information. The Tulameen river, :from Hine creek down to Slate 
creek, gives the best natural section, but at the same time this is 
far from being complete. 

In general the rocks of the Tulameen group consist of an enor
mous development of volcanic rocks, with which are interbedded 
one or two thin strata of limestone and some argillite. 

The section exposed on the Tulameen river from Hine creek 
down gives the following succession of strata in descending order:-
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(1) Siliceous and argillaceous schists. 
(2) Andesites and porphyrites. 
(3) Andesitic breccias. 
(4) Ohloritic and talcose schists. 
(5) Banded argillites and limestone. 
(6) Andesites and porphyrites. 

39 

This list embraces virtually all the known species of rocks that 
were found in the Tulameen group within the limits of . the map. 

The volcanic rocks, which form the great bulk of the group, 
are prevailingly dark green in colour, and the majority of them 
have a well developed schistose structure. In composition they are 
medium basic, and include andesites, porphyrites, diabases, and 
andesitic breccias. In these a porphyritic structure is common, the 
phenocrystic minerals being hornblende or feldspar. The ground
mass is made up of feldspar, hornblende, and ·some devitrified glass 
and iron ores. Metamorphic processes have gone so far that much 
chlorite, epidote, and calcite have been developed, and the rock itself 
is often altered to a chlorite schist. 

The sedimentary rocks include limestones and argillites. The 
limestones are dark grey or white and crystalline. The latter 
variety is found in the neighbourhood of igneous intrusives, and 
has been marbleized thereby. It contains crystals of calcite, with 
a small amount of quartz, and such secondary minerals as mica and 
epidote. 

The ·argillites are dense black or greyish in colour, and when 
metamorphosed develop into mica or hornblende sillimanite schists. 
In places they contain some indeterminate fossil plants. 

Narrow bands of quartz schist are also found interbedded in 
places with the sediments. Thin sections of these show rounded 
and irregular grains of quartz, some feldspar ·and flakes of mica 
arranged in parallel alignment. They probably originally repre
sented clayey or impure sandstones that have been metamorphosed by 
dynamic action . 

On account of the lack of both a top and bottom to this group 
of rocks, no attempt has been made to determine its thickness or · 
lthe relative proportions of the different varieties found in it. 
·Dawson's estimate of the .minimum thickness of the Nicola series 1 

1 G .S.C. Annual Report, Vol. VII, page 54 B. 
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in the type locality at Nicdla lake is 7,500 feet, and on the Thomp· 
'Son river south of Ashcroft over 13,000 feet. The volume of tho 
sediments in this series is not more than two per cent of the whole, 
·and in the Tulameen group the percentage of sediments is probabl;v 
-about the same. 

STRUCTURAL RELATIONS. 

I nter~al.___;The age of the Tulameen group is believed to be 
·Triassic, or possibly even earlier, and its present structural features 
·are a record of events that took place in the geological history of 
'th'e l'egion since the deposition of its rocks. Since the close of 
Cambrian times the events which have had the greatest influence 
'on the rock structure of the western Cordille1.1an region happened 
1during the close of Triassic and succeeding times, so that at the 
present time we £nd Palreozoic rocks not much more greatly 
deformed than those of early ' Mesozoic. The rocks of the Tula
meen group show strong evidence, in their attitude and structure, 
of those disturbing influences. 

The rocks are well bedded, and their dips vary from 2'5° up to 
90°, with a great many more instances of the latter. than of the 
former. 

The main strike of the rocks is slightly west of north, coincid
ing with the elongation of the eruptive rocks .and with the moun
tain axes of the ·adjacent region. Many discordant dips are recorded, 
including a strong one almost at 'right angles to the main one; 
indicating that compression was not always exerted from the same 
direction, but that there were two strong movements at right angles 
to each either. These two conflicting directions of compression have 
produced a complication of structure which is very difficult to work 
out, though generally the rocks are found folded into anticlines and 
synclines whose axes run normal to the two main directions of com
pression. 

Some faulting has also occurred either as a result of compres
sive forces or as an accompaniment to the intrusion of the varioul' 
batholithic bodies that have been thrust into these rocks. 

Besides folding and faulting, schistosity is a well developed 
structural feature of the rocks of the Tulameen group. This 
appears to be more a result of contact than regional metamorphism, 
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for it is clearly more pronounced in the vicinity of the large igneous 
bodies than it is outside the sphere of influence of these bodies. 
Regional metamorphism, however, must have produced some schii;;
tose structu're at the time the rocks were folded and before the 
intrusion -0f the Ea:gle granodiorite, for the large blocks of rocks of 
the Tulameen group, included in the granodiorite in the contact 
zone, show that schistosity had already been induced in them before 
the intrusion of the granodiorite. And because the Eagle grano
dioTite is p·re-Cretaceous in age, the date of the deformation of the 
Tuiameen gToup is fixed as about early Jurassic or late Triassic
coinciding in time with the great Jurassic revolution of the western 
Cordillera. Some deformation of :these rocks probably took place 
later, but it was comparatively weak in its action. 

Along its contacts with the Eagle granodiorite, Boulder granite, 
and pyroxenite, the Tulameen group has been fractured and broken 
into fragments, which have been cemented 'together again in a 
matrix composed of the materials of these various igneous rocks, to 
form a brecciai. On the contact with the Eagle granodiorite this 
brecciation is particularly well marked and covers a zone in places 
1,000 feet wide. Another effect of 'these various intrusives was to 
send off many apophyses into the rocks of the Tulameen group, 
especially along bedding .planes. 

Contact metamorphism of the Tulameen group has accompanied 
igneous intrusion to an extent which varies with the composition 
of the intruded bed. In the limestone such typical contact meta
morphic minerals as garnet, epidote, biotite, and hornblende hiwe 
been developed. In places the limestones have been silici:fi.ed and 
often mineralized with sulphides. Quartz veins in the rocks of the 
TuLameen group are common, on the borders, particularly, of the 
more acid rocks, and the majority of the ore deposits of the region 
are intimately associated with these intrusions. Virtually all the 

·veins and replacement deposits of ore in the Tulameen district lie 
in the rocks of the Tulameen group, and have been formed as a 
result of intrusion into them of the large igneous bodies of the 
region such as granodiorite, Boulder granite, and pyroxenite. 

External.-The relations existing between the rocks of the 
Tulameen group and those of the other formations are perfectly 
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clear. They are intruded by all the batholithic igneous bodies of 
the region, and well exposed contacts can be found to prove this. 

Between this group and the Cedar volcanic and Coldwater 
series there exists a strong unconformity, which is proved by a 
marked discordance of dips and strikes wherever the two come into 
contact. The Tulameen group must have been uplifted, compressed, 
and its upturned edges eroded, long before the deposition of either 
of the formations mentioned. 

MODE OF ORIGIN. 

The Tulameen group comprises two distinct classes of rocks, the 
one sedimentary and the other volcanic in origin. 

The sedimentary rocks represent a 'Very small fraction, in bulk, 
of the whole group, though the time required for their formation 
was probably greater foot for foot than that for an equal thickness 
of volcanic rock. Their origin is simply that of true sediments 
laid down in the usual way on the :floor of the sea. 

The volcanic rocks, which compose the great bulk of the grouv, 
are effusive in origin; that is to ·say, they are lavas which rose, 
presumably through fissures in the earth's crust, and :flowed over 
the surface. No tuffs or rocks of explosive volcanic origin have yet 
been identified in this group, but they are represented in the Nicola 
series, with which this group is correlated. 

The fact that these volcanic rocks are distinctly bedded and 
interstratified with true sediments, indicates that they are sub
aqueous in origin, and were extruded over the :floor of the sea in 
which the sedimentary rocks were being deposited. The texture of 
these rocks throughout is not so fine as to suggest very rapid cool
ing, such as might be developed under subaerial conditions, though 
some devitrified glass appears in many of them. Though there are 
no examples in them of that pillow structure which is considered 
to be characteristic of subaqueous volcanic :flows, this structure may 
have been vresent and afterwards obliterated in the process of 
deformation of the rocks. 

AGE AND CORRELATION. 

The actual age of the Tulameen group has not yet been 
definitely fixed, because of the absence of good palreontological 
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evidence. Its relative position, however, in the table of formations 
of this district is perfectly clear, for it is intruded by all the igneous 
rocks, and overlaid unconformably by all the stratified formations. 
It is, therefore, the oldest group of rocks within the limits of the 
map . 

.A:1though the great bulk of the rocks of the group are volcanic 
in -0rigin, there are also included with them a small pmportion of 
true sediments. These were carefully examined for fossils, but 
only in one place-namely, near the mouth of Slate creek-were 
any obtained. In the argillites of this place some long, bladed, 
plant-like remains were found, but were too incomplete to be of 
much use as evidence in the determination of the age of the rocks. 

This material was submitted to Dr. F. H. Knowlton, of the 
United States Geological Survey, for determination, who states 
that it ' is very obscure and embraces not more than two types of 
vegetation. These are: (1) a thick, structureless stem of unkn-0wn 
.character, and (2) a flat-leaved plant that has the appearance of 
being dichotomously branched and consequently to belong to the 
genus Baiera, but it is very obscure. It seems altogether probable 
that this collection should be referred to the Triassic, but the evi
dence for such reference is neither complete nor adequate. It does 
not suggest the Cretaceous, and as the choice appears to lie between 
these horizons it is most i:>robably the former-namely, Triassic.' 

Lithological characters, and the relative position of these rocks 
in the region were the main available criteria on which to base an 
estimate of age. The enormous preponderance of volcanic 
materials, together with the small proportion of interbedded sedi-· 
ments, suggested their correlation with Dawson's Nicola series. 
Again, :not more than 8 miles south of the southeast .corner of the 
area, on Whipsaw creek, Dawson,1 in 1877, found Triassic fossils 
in rocks which are lithologically similar to the Tulameen group, 
and have the same general strike and attitude. 

The only other group of rocks in the adjacent country, with 
which the Tulameen group might be correlated, is the Cache Creek 
group, but their lithological dissimilarity to this group made this 
correlation unsatisfactory. It was, therefore, concluded, though the 

lG.S.C. Report of Progress, 1877-78, page 66 B. 
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evidence at ha:nd was slight, to correlate the Tulameen group with 
the Nicola: series. 

The evidence of the age of the Nicola series is mainly palreon
tological and is fairly strong, and in summing up this evidence 
Dawson states 1

' that while the great bulk of the Nicola formation 
is undoubtedly equivalent to the Triassic, it passes up in a few 
places into_ rocks of lower Jurassic date.' 

Boulder Granite. 

DISTRIBUTION. 

While the texture of the Boulder granite formation is such as 
to suggest that it was originally a body of considerable magnitude, 
its present area is scarcely 6 square miles, and part of this is 
covered by the stream deposits of the Tulameen and Otter valleys. 
Its present form is that of a large dyke roughly 6 miles in length 
and averaging about a mile in width. It extends from the mouth 
of Elliott creek southward along the west side of Otter valley to 
the Tulameen valley, .where it is largely covered by recent stream 
deposits; but a number of outcrops appearing through these stream 
deposits, as far down the Tulameen valley as the mouth of China 
creek, suggests that it may be found to .extend continuously under 
the drift to this point. 

It is not likely that the Boulder granite formation ever 
extended much farther to the west than the limits ascribed to it on 
the geological map, and certainly not where it is in contact with 
the rocks of the Tulameen group. Aloiig the greater part of its 
eastern boundary, however, it is in contact with the Otter granite 
formation, and it is quite possible that that granite has reduced 
the area of the Boulder granite by intrusion into it. Volcanic 
flows of later age, occurring to the southwest and east of the Boulder 
granite, may also cover part of its area. 

The Boulder granite nowhere abuts against the Eagle grano
diorite, but is separated from it by a width of about 6 miles, all of 
which distance is occupied by older rocks of the Tulameen group. 

1 G.S.C. Annual Report, Vol. VII, p. 51 B. 
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LITHOLOGY. 

As seen in hand specimens the typical rock of the Boulder 
granite formation is rather coarse grained and granitic in texture. 
It shows much glassy quartz in large crystals, pink feldspar, and a 

little black hornblende. There is a strong greenish tinge to the 
rock due to the alteration of the feldspar and the development of 
epidote. Crystals of pyrite can frequently be seen in the hand 
specimen. The rock is often traversed by small quartz veinlets, and 
along fracture planes-of which the rock is full-there ·is a strong 
development of chlorit.e, epidote, and ·other secondary minerals. 
Biotite is very rarely seeen in the hand specimen, and in this respect 
the Boulder granite differs from the Eagle granodiorite in the field 
in that the latter has biotite as the principal ferro-magnesian 
mineral, while the former has hornblende or its alteration products. 

Thin sections of the Boulder granit.e show a rock of fairly 
coarse but even grain. The predominant constituents are quartz 
and orthoclase. These two minerals often show a micrographic 
intergrowth, but more commonly the feldspar is idiomorphic towards 
the quartz. The quartz is clear and · glassy, and occurs in large 
individuals or in aggregates of small grains. It is frequently frac
tured, and the fractures are filled with secondary calcite or quartz. 
The orthoclase is in large crystals, which are always cloudy and 
show decomposition to flakes of mica and grains of epidote. A little 
plagioclase is usually present in small individual crystals. The 
principal dark mineral is hornblende, which, however, is never 
fresh, but shows alteration to a green pleochroic chlorite. Epidote 
is generally present with the chlorite as an alteration product of 
the hornblende. When biotite is present, which is rare, it is gener
ally altered to chlorite and magnetit.e. 

The accessory constituents are apatite, titanite, magnetite, and 
pyrite. Calcite is a co=on secondary constituent, which with 
quartz occurs as a later infiltration of fracture planes. The altera
tion products are epidote, chlorite, and mica. 

As a rule the normal order of crystallization prevails in the 
Boulder granite rock, but in some cases the quartz and orthoclase 
have crystallized together with the development of a micrographic 

structure. 
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In the development of chlorite, epidote, and mica, the rock 
shows considerable metamorphism. Dynamic stress.is are also shown 
in the broken crystals and in the formation of uiany small frac
tures. Gneissic structure, however, is never apparent. 

A sample taken from Collins gulch and analysed in the labora
tory of the MJines Branch by M. F. Connor gives the following 
chemical composition:-

Si02 .. ....... .. . ... ... . .. . ... . ..... .. .... .. .... .. . .. . . .. . 73 ·16 
AhOa .... .. . .. .. .. .. .. . ........ . .. .. .. . ...... ........... . 12 ·78 
Fe20a . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·43 
FeO ........ . ... .. . .. .. . ..... . ... . ..... . . .. ....... . .... .. 1·20 
MgO.. .... .... . .... ... . . ... . . . . .. .. . .. ... .. .. ...... .. . .. 0 ·55 
CaO......... ... .. .... .. .............. ... .... ... . 2·00 
Na20.. ...... .. . .. . ... . . .. . ...... ... .... . ... .. . . ..... . ... 3·84 
K20........ . .. .... ....... . .... . .. .. ... . . ... ....... . ... .. 3·08 
H20+.... . . . . . . . . ... . .. .. . . . . .. . . .. . . . . . . . . . . 0·87 
H20- .... .... .. . ..... . . ...... .. . .. ... .. .............. . 0·06 
Ti02........... .... .. ... . ...... . . .... .. . . .. .. . .... . . .. .. 0·30 
P,O,... ... .... . .. ... .. .. ...... . ..... .. .. .. ..... . ... . .. 0·15 
Mn.0... . . .. ... . . .. . . . . . .. . . .. . ... . ........ . . .. trace. 

99·42 

The analysis shows the rock to be a fairly normal granite with
out any striking peculiarity. In comparison with an average 
granite its silica is a little high and its alumina and iron a little 
low, but in other respects it is quite normal. In composition it 
resembles closely many granites from various . parts of the continent, 
but perhaps its closest parallel is a rock called microgranite from 
Mariposa, California, described by H . W. Turner.1 The analysis 
also is strikingly like the rhyolites and obsidian described by 
Iddings 2 from the Yellowstone National Park. 

Aoco·rding to the Quantitative Classification of igneous rocks, 
this rock is a lassenose. 

STRUCTURAL RELATIONS. 

Internal.-For the reason that the Boulder granite is one of 
the oldest rock bodies in the district and has suffered erosion for a 
great length of time, it does not form prominent topographic 
features and, except where cut into and exposed by the streams, it 
is generally covered with drift. 

Wherever exposed, it_ shows evidence of having suffered deforma
tion and metamorphism either from dynamic forces or as a result 

1 U.S.G.S. 17th Annual Report, Part I, page 721. 
2 Bull. Phil. Soc. of Wash.: Vol. 12, page 204. 
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af intrusion by later igneous bodies. Even where it is not in direct 
contact with later igneous rocks, the granite is fractured and sheared 
and in thin section it shows strained and broken crystals. These 
fracture planes run in all directions, but mainly in a general north 
and south direction. 

Where the Boulder granite is in contact with younger igneous 
rocks, such as augite syenite at the mouth of Otter creek, it" is still 
more fractured and deformed. Slickensided faces are co=on, and 

· in these there is a strong development of epidote. Quartz veins 
and small calcite stringers are also quite common, but these are 
generally barren or are only slightly mineralized by pyrite. 

As a result of the metamorphic agencies to which the rock has 
been subjected, fresh, unaltered samples are almost impossible to 
obtain, hut in all there is a strong development of epidote, chlorite, 
and other secondary minerals. 

Except on some of its contacts; the Boulder granite is remark
ably uniform throughout, in composition and texture. On its 
contacts, however, with the rocks 

0

0f the Tulameen group, it gener
ally contains many inclusions of those rocks. 

External.-The only rock formations with which the Boulder 
granite is in contact a.re the Tulameen group, the ·augite syenite, 
and the Cedar volcanic series. Its relations to these formations, 
however, furnish sufficient evidence to fix its relative position in 
the geological column of this district. 

At Elliott creek, Smith creek, Boulder creek, the head of 
Riddell creek, and at Collins gulch the contact of Boulder granite 
with the Tulameen group is well exposed. At all of these points 
the granite is clearly shown to be intrusive into the rocks of the 
Tulameen group. All the contacts show it to contain inclusions of 
the rocks of the Tulameen group, while on Riddell creek apophyses 
of the grai;i.ite penetrate the same rocks. Quartz veins are quite 
frequently formed at these contacts in the rocks of the 'Tulameen 
group. Contact metamorphism and replacement by silica is also 
often apparent in the intruded rocks. Only occasionally are the 
quartz veins mineralized sufficiently to form ore bodies, but more 
often the phenomena of replacement have been accompanied by a 
mineralization by iron and copper sulphides, forming ore bodies 
with fairly high gold and silver contents. 
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The relation of the Boulder granite to the augite syenite is not 
so well shown. At the mouth of Otter creek the two formations 
approach very near to each other though the actual contact is no+ 
exposed. The relation can only be determined by the effect which 
the one rock has on the other. While the augite syenite is appar
ently quite unaffected, the Boulder granite is fractured, slicken
sided, and cut by a number of small qu·artz stringers. A slight 
mineralization by pyrite and chalcopyrite is also evident. This 
evidence seems to show that the augite syenite is intrusive into the 
Boulder granite. 

The only other rock formation with which the Boulder granite 
is in contact is the Cedar volcanic seried. The actual contact is 
not exposed, but outcrops of the two rocks occur within a few feet 
of each other on the benches west of Tulameen village. Here it 
appears as if the lowest bed of the Cedar volcanic series had :fl.owed 
over the eroded surface of the Boulder granite, inducing a slight 
Jontact metamorphism and giving it the oxidized and burnt appear
ance that it now has all along this contact. 

MODE OF ORIGIN. 

Although the size of the Boulder granite formation is not now 
such that it is worthy of the name of batholith, its contacts with 
the older rocks of the Tulameen group give evidence that its origin 
was not unlike that of a batholithic body. Its area may, however, 
have been considerably greater at one time than it is now. These 
contacts show angular blocks of the intruded rocks incorporated iri. 
the body of the granite, suggesting that the granite worked its way 
upwards in a molten state from the depths of the earth, stoping off 
fragments of the intruded rock and replacing it gradually and 
quietly, until it attained its present size and position, where it 
solidified. While this process was in operation apophyses were 
being sent off into the intruded rocks, which also solidified and now 
appear as granite .porphyry dykes. The intrusion was accompanied 
by highly heated siliceous emanations from the molten rock, which 
went to form the quartz veins or were instrumental in forming the 
replacement ore bodies which occasionally-as at Boulder creek
border the Boulder granite formation. 
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AGE AND CORRELATION. 

As the age of an igneous body is determined almost entirely by 
its contacts with rocks of known age, the evidence for fixing the 
age of the Boulder granite intrusion is very slight. We know it is 
intrusive into the rocks of the Tulameen group, but the age of the 
Tulameen group has only been provisionally placed in the Triassic 
from its lithological resemblance to the Nicola series of Dawson, 
which contains Triassic fossils. On this evidence and because it 
.is older than the augite syenite and the Eagle granodiorite, which 
are pre-Cretaceous, the age is determined as early Jurassic. 

The Boulder granite, then, if the age ascribed to it be the 
correct one, represents in the Tulameen district the beginnings of 
batholithic intrusion in the Jurassic period, a period that is remark
able throughout the whole of the western part of the continent for 
the magnitude of its igneous activity and the variety of the rocks 
resulting therefrom. 

Peridotite. 

DISTRIBUTION. 

Two separate bodies of peridotite have been outlined on the 
Tulameen map. Both lie in the southwestern portion of the area 
and are closely associated with pyroxenite. The smaUer one of 
these two bodies lying on the northeast slope of Lodestone moun
tain is dyke-like in form, being 'only about 500 feet in width hut 
having a length of a mile and a half within the limits of the rnap
sheet. It is quite probable that this body extends some distance 
beyond the southern border of the map-sheet, and is cut through by 
the upper branches of Newton creek. It strikes northwest and 
southeast and is bordered on both sides by pyroxenite. The north 
end of this body is well exposed, but towards the south it is covered 
by drift and thick forest, so that its outlines could not be accurately 
delimited. 

The larger body of peridotite has an area of. 2·8 square miles 
and extends from Olivine mountain northwest across Tulameen 
valley to Grasshopper mountain. The total length of this body is 
almost 2~ miles, while its width varies from half to a little more 
than a mile. The strike of the body is directly across that of Tula
meen valley, and this stream divides it into two almost equal parts. 

10015--4 

a 



50 GEOLOGICAL SURVEY, CANADA 

The rocks are well exposed and, except that the contact line with 
the pyroxenite is never sharp or clean cut, the boundary line is 
fairly closely defined. The northwest end of this body is heavily 
covered by drift, and it is only on this contact that the boundary 
line might be pushed farther out. 

LITHOLOGY. 

Throughout the main body of the · peridotite area there is 
remarkable uniformity of mineralogical characteristics, which sim
plifies the description of this formation. On the outer edges of the 
body, however, variations are noted in the mineral constituents 
which mark a transition through intermediate stages into tr~e 

pyroxenite. There is no shaTp line of demarcation between the 
peridotite and pyroxenite formations, and the transitory stage 
between the two, while generally about 100 feet in width, is often 
much more than this. The boundary line between the two forma
tions is placed on the peridotite side of this transition belt, or 
where the peridotite begins to show enough pyroxene that this 
mineral becomes more than an accessory constituent and is an 
essential. Beyond that the rock becomes an olivine bearing pyrox
enite, until, losing its olivine entirely, it passes into a true 
pyroxenite. 

Over a great part of its area the peridotite has been altered to 
serpentine, and this on a fresh fracture shows a black or dark 
greenish colour. No crystalline structure is here apparent, but t1e 
rock is massive and dense. In a few places the peridotite is quite 
unaltered, and shows a compacted mass of olivine grains and a few 
scattered crystals of qhromite. 

On the surface the peridotite exhibits a dun or a bluish-grey 
colour, but this colour only penetrates the rock for one inch or less. 
It weathers to spherical shapes and breaks down to a talus of small 
shaly fragments. 

Besides olivine the only other visible constituent is chromite, 
which occurs either in distinct individual grains or in short 
irregular veins and bunches. These veins vary from one-eighth to 
'One 'inch in widtlh 3.Illd rarely nun more than a few feet. Both 
the veins and bunches are found only in restricted areas, while the 

• 



PLATE IX. 

Microphotograph of fresh peridotite, composed en t irely of 
olivine grains; crossed nicols. 

10015- p. 50. 



TULA:M:EEN DISTRICT, B. C. 51 

individual grains are more widely disseminated through the mass 
of the rock. 

Mineralogical study of the chromite by Mr. R. A. A. Johnston 
has revealed: the fact that diamonds, platinum, and some gold are 
associated with it in the veins · and bunches. 

In its serpentinized parts the peridotite formation is frequently 
traversed by small veins of asbestos, which are, however, never more 
than one-half an inch in width. In these veins the fibre runs per
pendicularly to the walls, as is the common habit in serpentine 
bodies. They are not found everywhere throughout the formation 
or even throughout the serpentinized portions, but appear to be 
restricted to certain areas, presumably where some weakness occurs 
in the rock. These veins weather reddish-brown, doubtless from 
the decomposition of the associated chromite. Along lines of joint
ing or fracture it is often noted that a scale of .green hornblende 
forms to a depth of about one-fourth 'Of an inch. This horniblende 
is probably tremolite, and occurs in radiating bundles of thin 
fibres of a light greenish colour. 'The variety of serpentine known 
as picrolite is also frequently observed along lines of dislocation in 
the rock. This mineral is also light green in colour, has a smooth 
feel and a fibrous structure. The fibres, however, are brittle, and in 
distinction to the soft :flexible :fl!bres of asbestos, run parallel to the 
cracks in which they are found. 

In certain places-notably in ~he bed of the Tulameen river 
immediately below the mouth of Eagle creek-the peridotite appears 
to show a brecciated structure; but on closer examination this is 
merely a pseudo-brecciation, and the structure has been induced 
solely by the alteration of the rock to serpentine along irregular 
lines, which leaves blocks of unaltered peridotite, corresponding to 
the fragments in a hreccia, in the areas between the lin~s. 

The extreme stage of metamorphism of the peridotite is reached 
along certain lines of dislocation where the rocks have been altered 
to a soft friable mass of yellowish magnesite and scales of glisten
ing mica. 

In the thin section every sample taken shows some degree of 
alteration to serpentine and none show entirely fresh olivine. In 
all the sections examined only two minerals are present-olivine 
and chromite. Where the rock has not been completely serpentinized, 

10015-4! 
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the olivine appears in rounded grains, separated from each other by 
irregular lines of serpentine. Where alteration has been extreme 
nothing remains but a dense mat of serpentine :fibres. Chromite is 
an abundant accessory mineral, and occurs in large crystals 
scattered through the sections, or else in rounded grains which are 
strung out in lines following the veins of serpentine. When 
complete alteration of olivine has taken place to serpentine these 
strings of chromite grains remain to mark the original lines aiong 
which serpentinization first began. 

The above petrographic description covers the major part of the 
peridot.ite formation, and according to it, the rock is classified in 
the Rosenbusch system as a dunite. On the borders of the forma
tion, however, the peridotite passes by a gradual transition into 
pyroxenite, and the :first indication of this change is marked by the 
presence of augite. In passing towards the pyroxenite the augit" 
·gradually inoreases in proportion as olivine decreases, until the oli
vine is eliminated .altogether. This zone is characterized generally 
'by a development of abnormally 1'arge augite crystals. Crystal faces 
of amgite, which are 4 inches in length and half that width, can 
often be seen glistening in the sun. These are embedded in a ground 
of -greenish olivine in small crystals. There is also abundant iron 
·ore-either chromite or magnetite. The thin section of this phase 
of the formation also shows occasional crystals of brown biotite. 
'The large augite crystals are here very fresh and show no inclina
tion to alter to hornblende, as they so frequently do in the main 
body of the pyroxenite. These crystals contain many inclusions of 
ilmenite in long narrow blades symmetrically arranged with their 
longer axes •at .angles of 60° with each other. 

Dyke forms of the pe.ridotite formation, which appear to be 
aplitic phases of the same magma, are found in many places. They 
are generaily only a few inches wide and appear to fill cooling 
cracks in the peridotite. In hand specimens they resemble pyrox
enite more than the peridotite, but thin sections show them to 
contain much olivine, and to be similar in composition to the outer 
contact phase of the peridotite. They contain both augite and 
olivine in varying proportion, sometimes the one and sometimes the 
other being in excess. Biotite is always present, but in very limited 
amount; and the iron ores, magnetic and chromite, are either inter-



l\licrophotograph of serpenliniZ<·rl periclotite; areas of 
original olivine outlined l>y gra ins of ch romite. 
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stitial or along lines of alteration or dislocation. Serpentine and 
magnesite are the alteration products. From their constituents 
these dykes would be classed as picrites. 

Chemical analyses of two samples of rock from this formation 
are given below. No. 1 was collected by the author and analysed 
by M. F. Connor in the laboratory of the Mines Branch. No. 2 
was collected by Prof. J. F. Kemp, and the analysis is by W. F . 
Hillebrand, made in the laboratory of the United States Geological 
Survey. No. 2 is published in Bulletin 193 of the United States 
Geological Survey. 

Sample No. 1 was t.aken from a point near the summit of 
Olivine mountain, while No. 2 was taken from Eagle creek at a 
distance of about 2,500 feet vertically below No. 1. Each of these 
analyses is recalculiated water free. The third analysis is that of 
an average dunite, the :figures being taken from Daly's paper on 
'Average Chemical Composition of Igneous Rock Types.' 1 

Si02 ................. · ·· ... . 
Ai.Os .... . ..... .. .... . .... . . 
Fe20a ......... ... . . .. . .... . . 
FeO .... . . ................. . 
MgO ..... ... . . ..... ..... . . . 
Cao ......... ......... .. ... . 
MnO ...................... . 
K20 Na20 ................ . 
H20- .. .... ... . . ... . .. . ... . 
H20+ .. ............. .. .... . 
co ...... .. .... ....... ..... . 
P20i .......... . .. .... . ..... . 
8 ... .. .. . ...... . .. ..... . . . . 
NiO ....... . ............... . 
Cr20a ........ ..... . ........ . 

No.1. 

As 
Natural water 

rock. free. 

33 ·48 
1·50 
7·27 
1·36 

42 ·02 
0·02 
0·06 
0·29 
0·60 

13·26 

38·95 
1·74 
8·45 
1·58 

48·85 
0·02 
0·07 
0·34 

99 ·86 100·00 

No. 2. 

As 
Natural water 
rock. free. 

38·40 
0·29 
3·42 
6·69 

45·23 
0·35 
0·24 
0·08 
0·24 
4·11 
1·10 

39·99 
0·30 
3·56 
6·97 

47·10 
0·36 
0·25 
0·08 

·· ···· · ··· . ..... .... 
1·15 

. ......... 
} 

No.3. 

Natural. 
rock. 

40'06 
0·57 
2·29 
7·32 

46·62 
0·35 
0·24 
0·01 

2·53 

0·01 trace. 
0·06 
0·10 
0·07 

0·06 ... . .... . . 
0·10 . "."" .. 

100·38 9~:~: , .. ~~~:~~· 
According to the Quantitative Classification of igneous roc.ka, 

each of the Tulameen samples would be classed as dunose. 

i Proc. Am. Academy of~Art(and Sciences. Vol. XLV, No. 7, page 226. 
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Sample No. 2 is described by Kemp as a rock containing oli
vine, serpentine, and iron ore; the olivine having only partly gone 
to serpentine and occurring as rounded grains or kernels separated 
by narrow bands of serpentine. The thin section of No. 1, however, 
shows nothing but serpentine and iron ore, the olivine having been 
completely altered by the addition of wiater. If, however, we 
eliminate the water and recalculate both the analyses to 100 per 
cent, the resulting :figures are almost identical except for a differ
ence of about one per cent in the silica and magnesia content. 
Allowing for a probable loss of iron and loss of magnesia in the 
change from peridotite to serpentine, these :figures give an approxi
mation to the composition of the original peridotite and show it to 
have been composed of almost pure olivine, comparable to certain 
olivines from Vesuvius that have been analysed and tabulated in 
Dana's System of Mineralogy.' 

The unif01·mity of the two analyses when recalculated water 
free is very striking, even though the two samples were taken at a 
distance of over a mile apart and with a difference in elevation of 
about 2,500 feet between them. - They suggest a remarkable homo
geneity in the chemical composition of the main body of the 
peridotite formation. 

METAMORPHISM. 

There is a tendency inherent to all peridotite bodies to become 
metamorphosed to serpentine, and the Tulameen peridotite is no 
exception to this general rule. Virtually the whole formation 
shows this metamorphism to a greater or less extent. It is rare to 
find peridotite in this body, that is composed of entirely fresh oli
vine, though it does occasionally happen. In the early stages of 
the progress of metamorphism from olivine to serpentine the altera
cion begins along a number of irregular lines which traverse the 
mass of olivine in all directions. The metamorphism advances 
inward from these lines into the olivine, and in a more advanced 
stage the olivine appears as small rounded kernels separated from 
each other by bands of serpentine. The :final stage in the serpen
tinization of peridotite is the complete disappearance of the olivine, 
leaving only a drusy mat of small serpentine fibres. 

I D ana's System of Mineralogy, page 453, Nos. 6 and 12. 
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The principal result produced in serpentinization is an increase 
in the percentage of water in the rook until it reaches a maximum 
of about 15 per cent. Accompanying this is a slight decrease in 
the proportion of iron and magnesia. The volume of the rock also 
increases.. 

The cause of the metamorphism of .pe:rti.dotite by serpentin"'iza
tion is not clearly ~derljtood, and has been attributed by various 
writers elither to the contact effect of igneous intrusions or to the 
action of circulating surface· waters. Whatever the primary cause, 
serpentinization appears to be a relsult of the passage of time, for 
t.he older the peridot'ite the more likely it is to have become altered 
to serpentine. 

After serpentinization has taken place the formation of asbes
tos veins often follows in the serpentinized areBls; in fact asbestos 
is considered to be merely a crytstalline fo~m of serpentine. The 
asbestos occurs in emall narrow veins, Iess than half an inch wide, 
and has a silky, silvery lµ1?tre, The fibre in the veins is delicate 
and :flexible, and runs always at right angles to the length of the 
vein. 

Atmospheric weathering takes place on the outer edge of the 
serpentine to a depth of one inch o~ less. The colour of this outer 
shell is either dun or bluish-grey, and the thin section shows it to 
co:n,sist of serpentine, carbonat~ of magnesia, ·and; graiss of iron ore. 
In certain places along zones of shearing the alteration goes deeper 
and is more extreme, so that the result is a soft friable mass of 
magnesite and scales of mica whfoh break down readily to a fine 
duist. 

STRUCTURAL RELATIONS. 

Internal.-A glance at the geological map of the district will 
•show that the peridotite formation occupies one of the highest 
points in the whole area. This is due wholly to the resistance of 
the peridotite to atmospheric weathering, for it can be noted that 
the surrounding summits, which are all occupied by rocks of other 
formations, are considerably lower in elevation. 

In outline, however, the peridotite rarely forms cliffs of sharp, 
jutting points of rock, though its slopes are all fairly steep. Atmos
phe:ric agencies appear to attack, equally, all exposed surface~ <'f 

---------------------------
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the rock, producing rounded outlines to all outcrops. An example 
of the resultant forms is figured on Plate XI. Weathering only 
extends a limited distance into the rock, and this weathered surface 
acts as a blanket to the fresh rock underneath, protecting it from 
further erosion. The weathered surface often shells off on steep 
slopes and forms a talus of small, shaly fragmenis. Large detached . 
blocks of this formation are not comrrnon. 

The peridotite is very resistant also to dynamic forces, and 
although the formation must have passed through periods of dis
turbance, great enough to produce shearing and schistosity in rocks 
of other formations, it bears little evidence of these disturbances. 
No schistose <structure is ever upparent in it. nnd linE\s of fracture 
or shearing are not frequent. Such lines of fracture as were noted 
have a general east and west trend. Some picrolite and 

. bundles of amphibole ~re found in the fracture planes_. 
veins of small size appear to favour zones of shearing 
where there have been minor dislocations. 

radiating 
Asbestos 

or places 

In several places the peridotite has the appearance of having 
been brecciated. Closer examination shows, however, 'that this 
structure is not exactly that of breccliation, but that the effect iii 
produced by alteration of the rock to serpentine along irregular 
crack's, the al'teration having proceeded only so far as to leave 
lrernels of peridotite, like inclusions, in a· matrix of serpentine. 
•The effect on a large scale is similar to that seen in detail .in a thin 
sect.ion of partly serpentinized peridotite. 

Differentiation, as a structural element of the peridotite, is not 
a very pronounced feature of the main central portion of the forma- • 
tion. Omitting for the present the border facies, where differentia
tion is undoubtedly a strong factor in producing the change from 
peridotite to pyroxenite, and considering only the central portion 
of the formation, the only evidences of differentiation we find are 
the segregated veins and masses of chromite. These segregations 
of chromite occur in the peridotite along certain east and west zones, 
where the rock is more or less altered to serpentine: The veins are 
short and irreguhr, and vary in width from a fraction of an inch 
up to an inch, while the masses of chromite are rarely as large as 
6 inches in diameter. Chromite also appears in small disseminated 
crysials in the maissive peridotite and not connected with any 
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sys'tem of fracturing. Its origin i's doubtless similar to that of the 
magnetite in the pyroxenite, that is to say it is a differentiation 
product of the molten rock in the process of cooling. 

It appears to be generally true of chromite bearing districts, 
that in a body of peridotite the chromite segregations are larger 
and more abundant towards the outer edge of the body than they 
are in the central part. Sufficient evidence was not obtained to 
determine whether or not this is also true in the case of the Tula
meen chromite, but segregations of this mineral were found in all 
parts of the peridotite body. 

It is a statement worth making, and it is borne out by the 
e~erience of all those who have been engaged in the search for 
platinum in the solid rook of this di,strict, that vE!ins and masses 
of chromite generalJy contain a higher percentage of platinum 
,than the massive peridotite which does not show any <:hromite. 
This seems to show that, although platinum may frequently migrate 
in solution like other metals it may also be a product of magmatic 
differentiation and be flound as segregations in peridotite like the 
chromite. 

This formation is undoubtedly the original home of the plati
num which is now found in the placers of streams whlich traverse 
it. Chemical tests have proved that it exists in varying quantity 
in the peridotite, and besides being actually found in the bunches of 
chromite, it also occurs in the small picrite dykes which cut this 
formation and have probably originated from the same magma. 

On the outer border of the peridotite formation variations in 
the mineral constituents enter wh'ich are <!onsidered to be the result 
of differentiation during cooling. In passing outward from the 
typical peridotite towards the pyroxenite, which always borders the 
peridotite, the :first indication -0f the change is the presence of 

· augite in large glistening crystal~ .in a ground of ollivine. Going 
farther outward the augite increases in quantity while the olivine 
decreases, until the latter is absent altogether and the rock contaiJ'.!S 
nothing but augite and becomes the typical pyroxenite. TMs 
change .jg clearly the result of differentiation during cooling, and 
the process will be referred to again in discussion of the origin of 
the two formations involved. 
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External.-The pe1-lidotite formation is not found in contact 
.with any formation other than the pyroxenite. Its relations to the 
pyroxenite are clearly shown in a number of good exposures. On 
the 0ontaets of the main bodies of the two formations with each 
other, there is always a gradual transition from one rock to the 
other, showing that they are virtually contemporaneous in time of 
intrusion. On the slopes of Olivine mountain, dykes and small 
stringers Df olivine-bearing pyroxenite were found traversing the 
perid:otite. On the other hand, at two other points in the pyroxenite 
not far from the peridotite, dykes o.f peridotite were found cutting 
the pyroxenite, and in these dykes there were small inclusionSI of 
pyroxenite. This again indicates a contemporaneity in time of 
intrusion, so that any data bearing on the relations of the pyroxenite 
to formations other than the peridotite would apply to the perido
tite formation also. The date of the intrusion of the pyroxenite 
is placed between that of the Boulder granite and the augite syenite. 

Both on Eagle creek and on Tulameen river narrow dykes of picrite 
containilll.g both olivine and augite, were found intrusive into 
the schists o.f the Tulameen group. These dykes are presum
ably apophyses from the main body of the peridotite-,pyroxenite 
body. 

On the east ·of Eagle creek about half a mile above its mouth, 
a dyke of hornb1ende lamprophyre outs the peridotite. Near the 
same point the peridotite is cut by a narrow quartz vein which runs 
westward towards the creek and gradually changes to a granite 
porphyry showing phenocrysts of biotite in the quartz. Its further 
extension towards the border of the peridotite wa,s covered !by drift, 
at a distance of a:bout half a mile from the Eagle granodiorite con
tact. If this quartz vein and .granite porphyry are connected with the 
Eagl.e g.ranodiorite--as seems likely-it fixes the relative ages of these 
two formations •as well as that of the pyroxenite, and makes the 
Eag·le ,granodiori,te la,ter in time of intrusion. 

ORIGIN AND AGE. 

The ·origin and age of the peridotite are so closely associated 
with those of the pyroxe11ite that the discussion of these features 
is deferred to a later section of the;) report dealing with that forma
tion. 
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Pyroxenite. 

DISTRIBUTION. 

The pyroxenite occurs in one fairly large mass and in a number 
of smaller bodies. The ma'in body lies in the southwest portion of 
the area, and extends from Grasshopper mountain southeast to 
Dodestone mountain and beyond that, in the same direction, for an 
unknown distance outside the limits of the area mapped. It is ari 
irregular stock-like body h a'Ving a length of at least 7 miles and a 
very variable width. It completely encloses the two bodies of peri
dotite, and, exclusive of these, has an area within the map sheet of 
nearly 12 square miles. It forms some of the highest land in the 
whole district, an<l' its surface is consequently generally well expo&ed. 

Sma11er bodies of py;roxenite outcrop on Henning mountain at 
the head of. Bear creek, at the forks of Bear creek, and on the trail 
running from Slate creek to Ol'ivine mountain and on that running 
from Cedar creek to Lodestone. The ,two bodies· on Bear creek are 
simply large dykes, and their outline has been dosely defined. The 
two bodies on the south side of the Tulameen river are of unknown 
extent, and their boundaries on the geological map have been 
roughly 'Sketched in from the three or four outcrops that are 
exposed through the drift. 

LITHOLOGY. 

The pyroxenite formation is not always uniform in character 
throughout, but shows some variations both in composition and in 
t exture. The variations in texture are due to the varying size of 
the pyroxene constituent; while in composition the two main 
factors which enter and tend to produce variations are the magmatic 
segregations and the presence of some felds·par <0n the outer edges 
of the formation. On the peridotite contacts some orivine enters, 
but as soon as this mineral beC"omes an essential constituent the 
rock is mapped as belonging to the peridotite formation. 

In the hand specimen the normal variety of pyroxenite is a 
black or dark green rocir containing only two vis'ible constituents
augite and magnetite. The augite is generally large and often 
shows crystal faces 2 inches by 4 inches in size. The colour of 
the augite controls the colour of the rock, and i.s either a very dark 
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green or a glistening blac!ik. Magnetite is generally in small crystals 
but often occurs 'in more massive lenses or bunches. No olivine is 
visible exicept on the contact of the peridotite formation. 

Quartz was noticed in one place in the pyroxenite in the bed 
of the Tulameen .river, where it appears as large, coaree crystals 
filling or ·partly filling cavities in the rock. 

Biotite 'is occasionally present, and the aocessory ·constituents 
visible to the unaided eye are pyrite, chalcopyrite, and some pyro
lusite. The last mineral appears in shear zones and quartz veins 
in the pyroxenite, while .the copper and iron sulphides are either 
disseminated through the rock or appear 'in minute fracture planes 
and in the larger shear zones. 

The augite alters readily to hornblende, and where squeezed 
develops into a hornblende schist. A further alteration along lines 
of dislocation produces ,a coarse brittle asbestos. 

The pyroxenite is cut by coarse pegmatite dykes of hornblende, 
and by quartz and ·caloite veins. The veins are occas-ionally 
mineralized, but have not been proved to contain any of the precious 
metals in paying quantity. 

When viewed in the thin section the most abundant and often 
the only essential eonstituent of the pyroxenite is augite. Th'is 
mineral is light coloured and occurs in large crystals which gener
ally show a well developed rectangular cleavage. Its extinction 
angle is high, and it often contains many inolusiollii. There is 
always a strong tendency 'in the augite to alter to hornblende and 
later to chlorite or serpentine. In the process of alteration the 
rectangular cleavage ·becomes obscured, and there is a development 
throughout the mineral of small tablets of biotite and crystals of 
magnetite symmetrically arranged with relation to the cleavage. 

Hornblende is occasionally an original mineral, but is in the 
majority of cases secondary from augite. Some sections show 
large erystals of enstatite or hypersthene which give a parallel 
extinction between crossed nicols. Olivine as an accessory consti
tuent is .present only in those samples take11 from near the border 
of the per'idotite. Some feldspars are found in the pyroxenite near 
its outer border, :marking a transition to augite syenite, 

Besides augite, magnetite is the most persistent and prevailing 
constituent of the pyroxenite. Its typical form is as massive segre-
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gations through the pyroxen'ite. It often fills interstices between 
the augite 'Crystals. It appears also in small crystals symmetrically 
arranged throughout the augite, when that mineral is altering to 
hornblende, or again as irregular grains following definite lines of 
alteration in the rock. In its massive form it holds inclusions of 
a highly refracting greenish mineral which is probably one of the 
spinels. 

Small veinlets of calcite or of serpentine often traverse the 
sections. The accessory minerals besides those already mentioned 
are titanite and some sulphides. 

A pegmatite phase of the pyroxenite which is classed as a horn
blendite dyke, cuts the pyroxenite on the ridge south of Olivine 
mountain. The dyke is about 2 feet wide and in the hand specimen 
shows only very large hornblendes, with cleavage running across 
the strike of the dyke, and containing small inclusions of magne
tite. The thin section of this shows dark green primary hornblende, 
with an extinction angle of about 20°, calcite, magnetite, and some 
titanite and olivine. 'The calcite appears to be secondary. The 
magnetite is both interst'itial and in crystaHine individuals, and is 
usually bordered by grains of titanite. 

A sample of pyroxenite taken from the summit of the ridge 
south of Olivine mountain was analysed by M. F. Oonnor in the 
laboratory of the Mines Branch. The thin section of this shows 
much light coloured augite, a Tittle original green hornblende, and 
interstitial magnetite. The augites contain many i_nclusions of 
magnetite, and brown magnetite, symmetrically arranged, marking 
an alteration of the augite 'to secondary hornblende. 

The following is the .chemical analysis :-

Per cent . 

Si02 ...... . .. . ... . .. . . ........ . . . . . . .. . . . . . . .. . .. . . 
Ti02 . . ..... . .... .. . . . ... . ... . . .. . .. . . . . ... . . . . ... . 
AJ,Oa ... ...... . .. . .. . ........ . . . ...... . . . .. . . . . .. . . 

.. . 37 ·33 
1·66 
7·27 

Fe20a . .... .. .. . .... . .. . .... . .. . .. . . . ... . . . . ... . . . .. . . 
FeO ... . . .. .. . . . .. . . . . .. . . ... . ... . . . . .. . . .. . . ... . . . .. . . 
MnO ............ . .. . .... . .. . ....... . .... . . . ... . ... . 
MgO .... .. . ... . . .. . . . .. .. . .. .. . .... .. . . ... . . . .. . . 
Cao . ....... . .... . .. . .. . . . . . . .... . .. . . . ..... .. .. . . .. . ... . 
K20 ... ........... . . .. .. .. ... . .. . . .. .. . .. . . . .. . ..... . . 
Na20 .. .... . .. . . ....... . .. . ..... . ... . ..... ··· · · · · · · · · ···· 
H20-.... . . . ... .. . . . . . . . . . . . . . . . ...... . .. .. .. .. . . .. . 
H20+... . ... . . . .. . . .. . . 

13·41 
9·24 
0·07 

12·27 
16·50 
0·30 
0·45 
0 ·10 
1·03 

99·63 
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Calculating this analysis according to the Quantitative 
Classi£cation, the rock is fo1;nd to fall into a space in the tables 
to which no name has been assigned. According to this classifica
tion the rock belongs to the Rang texase, of the Order Scotare of 
"the Class Dofemane. It is also calcimiric and domagnesic. After 
consulting with Prof. L. V. Pirsson, one of the authors of this 
classifi0ation, the name tulamose is proposed for this rock, taking 
the root 'tulam' from the district ·in which the rock is found. 

METAMORPHISM. 

When examined broadly the pyroxenite does not exhibit any 
·strongly marked features that are attributable to metamorphosini;: 
agencies. Even on the out.m·op it gener.ally has a fresh appearance, 
·and only when examined under the microscope do we find evidences 
'Of metamorphism in the alteration of the pyroxene to hornblende. 
In advanced stages of this metamorphism the hornblende alters to 
'Chlorite and also to serpentine. The development of biotite and 
\Small grains of iron ore usually accompanies this change. Along 
-lines of dislocation a coarse, brittle variety .of asbestos also fre
•quently resu!ts. Bunches of radiating green epidote associated 
with calcite are other evidences of local metamorphism. 

Small, sheet-like apophyses, which, have en;ianated from the 
main mass of pyroxenite and been thrust into the bedding planes 
of :the rocks of the Tulameen gTOup, have been involved in the same 
disturbances which those rocks have gone through, and metamor· 
phosed to hornblende and ·chlorite scMstR. 

STRUCTURAL RELATIONS. 

lnter'IW:l.-Like the .peridotite, the pyroxenite formation gives 
little indication of having been subjected to dynamic forces, such 
as produce faulting, shearing, schistosity, or brecciation. Along 
certain north and south lines, however, where shearing has been 
somewhat effective, we frequently find a hornblende sch'ist developed 
for a few feet. Large biotites and chlorite sheets also often ooc.ur 
in these shear zones. An .analogous sti:ucture is developed in small 
apophyses from the pyroxenite, which have been thrust as sheets 
into the planes of bedding of the rocks of the Tulameen series. 

• 
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Slightly mineralized ,quartz veins occupy these shear zones in 
one or two places, and these are associated with a number o.f small 
calcite stringers, forming a network of branching veins. In such 
cases the quartz veins be1ong to a lat,er period of formation than 
the calcite veins and always •cut them. 

In the streams, where the pyroxenite is water worn, 'it forms 
a smooth, slippery surface which is not favourable as a bed-rock 
for gold and platinum placers. In such .places la1'g;e, deep, water· 
.worn pot-holes are of common ocourrence. 

One of the principal features which mark a 'Change in the 
internal structure of the pyroxenite, is due to d'ifferentiation in 
the magma before complete solidification. The effect of such differ
entiation is noticeable in segregations, here and there, of magne
tite through the mass of the rock, and in the formation of an acid 
zone at many places along its outer border. 

While 'it would .be almost impossible to ootain a sample of 
pyroxenite that did not show some magnetite, it frequently happens 
that over cons'i.derable areas the magnetite is quite as abundant a 
constituent as the augite. Again, in the case of short, irregular veins 
and in bunches 6 or 8 inches in diameter the magnetite is some
times .almost pure. The occurrence in this case is analogous to 
tha't of chromite in the peridoti'te. 

In dtiscussing the internal structural relations of the peridotite 
it was stated that this formation passed by a gradual transition 
i.uto pyroxenite, and it is believed that the transition must be 
attributed solely to differentiation. In the same way it was noted 
in the field that in one or two P'laces the pyroxenite passed gradu
ally into a rock which was clrussed as augite syenite. This change 
is brought about by the introduction of feklspar into the pyroxenite 
along its outer borders, and here also differentiation in the magma 
during cooling is believed to be the ;primary cause of such a change. 

To a very limited extent brecciat,ion has taiken place in the 
pyroxenite on its .contact with the rocks of the Tulameen group. 
An ·example of this appears in 'the bed of the Tulameen river above 
Eagle creek, where angular fragments of pyroxenite are .recernented 
together by a ;rock of thie same ·composition. This result was 
brought about, .doubifiess, at the time of intrusion, when, the outer 
border of the pyroxe11ite having cooled and solidified, it was broken 
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into fragments and these fragrr:ents were recemented by liquid rock 
from the centxal portion of the pyroxenite body. 

External.-The relative position occupied by the pyroxenite 
format'ion iu the geological column of the district is very well £xed 
except in its relation to the Boulder granite form!ation. Well 
exposed contac'ts have been obtained between this formation and 
the Tulameen group, the peridotite, and the augite syenite. Suffi
cient evidence, also, of its relation to the Eagle granite has been 
obtained to £x the relative position of these two formations'. 

In Bear Creek basin two well exposed, dyke-like bodies of 
pyroxenite have been found intrusive into the rocks of the Tula
meen group. For several miles, also, on either side of its main body 
the pyroxenite is in direct contact with the same rocks. This 
contact very often shows a zone of brecciation with fragments of 
the rocks of the Tulameen group lying in a matrix of pyroxenite. 
In the outer portion of this zone a.f brecciation the fragments are 
numerous and angular, but in the main part of the zone they are less 
abundant and rounded in appearance, as if they had been partly fiusd 
by the heat of the intrusive. Some mineralization by copper and iron 
s.ulphides has taken place in this zone; and the usual contad 
phenomena are also pres'ent, garnet, epidote, hornblende, and calcite 
and some quartz being developed in the intruded rock. Apophyses 
of pyroxenite, or what was origina1ly pyroxenite, project out into 
the rocks of the Tulameen group. The conclusion, therefore, con
cerning the age of the pyroxenite is th!at it is later than the rocks 
of the Tulameen group which are believed to be Triassic. 

The pyroxenite-peridotite contact is well exposed in a number 
of places and particularly on the south side of Olivine mountain. 
As described in a previous secition, the contact is a transitional one, 
so that the date of intrusion a.f the one rock 'is virtu'ally that of the 
other. Their contemporaneous age is shown also in the fact that 
small dykes of olivine bearing pyroxenite cut the peridotite, and 
vice versa. 

The great body of the augite syenite is· intrusive into the pyro
xenite, as shown in Plate XII, and, on the contact, blocks of 
pyroxenite are set in a matrix of augite syenite. Dykes of augite 
syenite are als'O commonly found intrusive into the pyroxenite. In 
a few instances, as in the · contacts exposed on the slope 
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of Britton mountain, and on the long ridge south of Olivine moun
tain, there is no sharp lcontact of pyroxenite with the rock 
which is mapped as augite syenite, but which is in places more 
correctly oalled an augite diorite or even a g'abbro. Such a rock in 
the places mentioned is a differentiation product of the pyroxenite, 
and passes gradually into it by a loss of its feldspar constituent. 
At these points also the pyroxenite appears a,g narrow lenses or 
'l:iasic inclusions in the augite syenite, suggesting that the two 
varieties of rocks were not far apart in t.ime of solidification from 
a molten state. In such cases the augite syenite would be con
temporaneous in origin with the pyroxenite. 

No well exposed contact of pyroxenite with Eagle granodiorite 
was found. Evidence bearing on the relative position of these two 
formati-0ns in the time scale is furn'ished by the fact that on Eagle 
creek _just above the forks, an outcrop of pyroxenite in close prox
imity to the Eagle granodiorite is bleached and highly metamor-

. ph<11sed as if by contact with the Eagle granodi-0rite. Also, the 
pyroxenite in several places is found to he cut by dykes of granite 
porphyry which are thought to be genetically connected with the 

Eagl<e granodiorite. 
Upon the relation of the pyroxenite to the Eagle granodiorite 

depends the actual age of the former. In the upper part of the 
Tulameen river, Cretaceous rocks are found to rest directly on the 
8roded s·urface of the Eagle granodiorite, so that the granodiorite 
is pre-Cretaceous. The pyroxenite, therefore, is also pre-Cretaceous 
in age. 

The relation of -the pyroxenite to the Boulder granite is not 
shown by any contacts, nor is the pyroxenite in contact with any 
other formations than those described. 

MODE OF OHIG!N. 

The origin and history of the pyroxenite is so intimately bound 
up with that of the peridotite that it is impossible to dis•cuss the 
genesis of each of them separately, without a great deal of repeti
tion. For convenience, therefore, both formations are included 
under this heading. 

Some geologists at one time regarded the pyroxenites and peri
dotites as doubt.fully of igneous -0rigin, and placed them with the 

10015-5 
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metamorphic rocks. At present, however, this view has been aban· 
doned, and no one now doubts their true igne"ous nature. 

In the Tulameen district the.ir intrusive origin is clearly 
apparent, for where Tulameen river cuts through the centr'al part 
of the two formations exposing a vertical section several hundred 
feet in height, the contact with the Tulameen group shows the 
pyroxenite to cut through and across the beds of the Tulameen 
group, going upwards through them, irrespective of their dip and 
strike. 

The general relation of these two formations as now exposed 
is that of a core or central mass of peridotite s'Urrounded on all 
sides and in places capped by a shell of pyroxenite. 

The contact between the peridotite and pyroxenite, as already 
described, is transitional and shows a gradation from an almost 
pure olivine rock, or dunite, in the centre, through a zone of peri
dotite containing pyroxene, into pure pyroxenite on the outside 
which contains no olivine whatever. In this passage from the 
peridotite interior towards the pyroxe:oite border there is a gradual 
replacement of olivine by pyroxene until the olivine is eliminated 
altogether. There is no sharp contact between the two rocks to 
suggest that one of them was intruded into the other some time 
after the latter was crystallized; but all the evidence indicates that 
the two rocks originated from one common magma, and that by 
some process of differentiation, taking place presumably during 
consolidation, they separated out into two kinds, the more basic in 

the centre and ·a comparatively acid 1·im on the outside. 
Both the pyroxenite and peridotite are cut by dykes of small 

size which fill what appear to be cooling cracks in them. These 
dykes to the eye resemble the pyroxenite, hut the thin section shows 
them to contain both olivine and pyroxene, and to be similar to 
the transition phase between the two types of rocks. 

The form of the peridotite-pyroxenite body is that of an elon
gated stock, having a length of over 7 miles· and a width varying 
from one-half to 2-t miles. It is significant that the two bodies of peri
dotite occur in the broader parts of the stoek. The Tulameen river 
makes ·a vertical exposure of nearly 3,000 feet of the stock, showing 
the downward contact to be vertical or plunging outward. 

The conditions governing the intrusion of the stocl( are purely 
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matters of theory, and the history of the event as outlined below is 
merely 'as it appears to the author after a study of the effects pro
duced. 

The peridotite-pyroxenite stock is believed to have been a 
simple one, that is to say, it was composed of homogeneous material 
and intruded in one period of eruption. Differentiation later ren
dered the material heterogeneous, a;; we now :find it. 

The material of this stock is thought to have risen upward 
from the mag·ma chamber in the heated interior of the earth to its 
present position at the surface. The intrusion was not simply that 
of forcible injection into ·an open space above it, but the method 
was probably analogous to that of a batholithic intrusion, in which 
an igneous body gradually forces its way upward into overlying 
rocks by stoping off blocks of these rocks and :filling the spaces 
occupied previously by them. By this process the molten igneous 
material in its upward progress, continues to replace the solid 
rocks until the molten uiaterial loses its heat and begins to solidify. 

In the :final stages of the intrusion and probably during the 
process of cooling, the molten, igneous material of the stock 'began 
to lose its homogeneous character, and to separate out into two 
distinct fractions, a peridotite core and a pyroxenite shell. That 
the separation did take place is clear from the results now seen, but 
the ·causes or method of separation are not clearly understood. 

The process does not appear to be simply a case of fractional 
crystallization and gravitative adjustment, because the stock should 
then show a separation along horizontal lines instead of, as it 
actually does, an acid shell around a basic core; but it appears 
rather to the author as if thermal convection currents had been set 
up in the magma chamber, and that, in the migration of the 
material around the chamber, certain minerals of the magma froze 
and separated out along the cooler walls. Such a process of separa
tion 'is frequently made use of in chemistry and has been suggested 
by Becker as applicable also to igneous rocks.1 This pTOcess would 
involve fractional crystallization to some extent, but the final effect 
would be that which now obtains in this stock, namely, a core of 
peridotite S•lirrounded on the top and on all sides by a shell of 
pyroxenite. In the broader parts of the stock the top part of the 

1 American Journal of Science. Vol. IV, 1897. 
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shell has been eroded away, exposing the peridotite core, while in 
the narrow parts the pyroxenite cover still protects the peridotite 
core of the interior. To use a simple illustration the stock resembles 
a hard boiled egg, the peridotite being equivalent to the yolk, and 
the pyroxenite to the white of the egg. 

The composition of the original magma was probably inter
mediate between that of the two principal types of rocks, and the 

small dykes which cut these rocks, and have such a composition, 
may represent portions of the undifferentiated magma injected into 
the cooling cracks of these rocks. 

AGE AND CORRELATION. 

Since the pyroxenite-peridotite stock is intruded by the Eagle 
~Tanodiorite, and the latter rests unconformably below Cretaceous 
i·cicks, the pyroxenite-perid-0tite body is, therefore, earlier than 
Cretaceous. On the other hand it is intrusive into the rocks of the 
Tulameen group, which are tentatively referred to the Triassic, so 
that •it is at least post-Triassic. This places it, provisionally, in 
the Jurassic, and in the early p'art of that period, and correlates it 
with the beginning of the batholithic intrusions, which so strongly 
characterize the whole of the Jurassic period. 

Augite Syenite. 

DISTRIBUTION. 

The augite syenite is found, in this district, in the form of 
several detached areas, none of them large and some of them so 
small that they are mere dykes only a fow feet wide. The largest 
area is in the southern part of the sheet. This is an elongate body 
striking approximately northwest and southeast, and having a 
length of about 6 miles and 'an average width of slightly over a 
mile. This body extends from the head of Hine creek, on the 
eastern slope of Olivine mountain, southeasterly across the heads 
of Slate creek and the North Fork of Granite er.eek, whe1~e it passes 
outside the limits of the area mapped. Smaller bodies of augite 
syenite, having the s1ame general shape and strike, occur on the 
southern end of the main ridge separating Slate from Champion 
creeks, on the western slope of. Otter mountain, and at two points 
on the northeastern slope of Bear Cr.eek valley. A number of dykes 
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of augite syen,ite of small size are found in various parts of the 
district in which the larger bodies occur. Some of these have been 
mapped, but there are many others that are not indicated on the 

geological map. 

LITHOLOGY. 

As seen in the field there is nothing typical or characteristic 
about the habit, appearance, or composition of the rocks grouped 
under the name of augite syenite. The texture of the rock varies 
from place to place, and the colour changes with variations in the 
relative proportion of the constituent minerals. I;n composition, 
also, there is a wide range, so that under the formational name of 
augite syenite are grouped rocks which range from gabbro to 

granite. There is, however, no line of contact between the various kinds 
of rocks, which appear to have been derived from the same magma, 
and are transitional into each other. The prevailing type, how
ever, is an augite syenite. 

In hand specimens the augite syenite is a fine to medium 
grained rock of granitic texture. It is always dark in colour and 
shows two main constituents, a white or slightly yellowish feldspar, 
and a black augite or hornblende. Neither of these constituents 
has well defined, clean cut outlines, and the microscope shows that 
the feld~par contains many small inclusions of augite grains. The 
rock is, as a rule, massive in structure, but along lines of shearing 
develops a schistose structure. A similar structure has been induced 
in the rock along some of its contacts with other rocks of earlier 
age. It holds some basic segregations of fine grained, dark material 
m oval or lenticular shape. 

Thin sections show the augite syenite to be much altered and 
to have suffered much decomposition. The texture of the typical 
rock is granitic, but generally not equigranular. The dominant 
feldspar is orthoclase, which is generally turbid from alteration or 
inclusions, and has no well defined outline·. A subordinate amount 
of acid plagioclase is present, and in the twinning some strain and 
bending of the crystals is evident. The principal dark mineral is 
augite, which is often altered to hornblende. The augite appears 
either in large idiomorphic. crystals or in small grains which are 
scattered abundantly through the larger constituents. The horn-
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blende is in large bluish-green crystals, generally secondary from 
augite or less often original. The hornblende again alters to 
chlorite. A few shreds of brown biotite are also present. In some 
sections, particularly in those taken from some of the smaller bodies 
of augite syenite, some quartz appears. . This is either interstitial 
between the feldspar individuals, or else it is intergrown with the 
orthoclase in a typical micrographic structure. Generally the 
quartz is not so abi.mdant as to rise above the position of a mere 
accessory constituent, but one section contains quartz enough for 
the rock to be classed as a granite. The secondary minerals 
developed are chlorite, epidote, mica, and some calcite. The acces
sories are magnetite, titanite, and some apatite. 

The analysis given below is that of a roGk taken from the 
southern end of Olivine ridge between Slate and Champion creeks. 
Unfortunately the sample i.s not typical of the average rock of the 
whole augite syenite formation, but is undoubtedly much more 
basic in composition. The thin section of this rock shows the usual 
dark coloured constituents abundantly developed, but the feldspars 
are so cloudy and fu11 of inclusions that 'it is difficult to separate 
the orthoclase from the plagioclase. The percentage of K 20 in 
the analysis indicates that the proportion of orthoclase cannot be 
yery great, and the calculation of the norm .of the rook shows that 
it might be about 6-12 per cent. Most of the cloudy indeterminate 
feldspar, therefore, must be plagioclase. 

In the specimens collected from the main body of the augite 
syenite formation, the dominant feldspar is· oTthoclase. Often, also, 
a variable proportion of qu'artz appears, so that the average rock of 
this formation is much more acid than that represented by the 
analysis. The location from which the sample analysed was col
lected may account for its more basic composition. 

In working out the relation of the augite syenite to the 
pyroxenite it was found that while the main body of the augite 
syenite was, without dqubt, later in date of intrusion than the 
pyroxenite, there were certain small areas that appeared to show a 
transition, by decrease of feldspar, into the mass of the pyroxenite. 
In other words the pyroxenite, presumably by a process of differen
tiation in the magma during cooling, in places showed a tendency 
on 'its outer borders to grade into a i·ock which in the field was 
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classed as augite syenite. The s,ample analysed was taken from 
such a place, on the western border of the \lyroxenite, and although 
probably not typical of the whole augite syenite formation, it serves 
to show the progress of differentiation in a basic magma from peri
dotite, through pyroxenite and gabbro to augite syenite and even 
to granite--a series that becomes progressively more acid as it 
advances from the centre to the border of the mass. 

The following analysis of this rock was made in the laboratory 

of the Mines Branch by M. F .. Connor:-

Si02 . .... .... . . . ......... . . .. .. ..... . 
Ti02 . . . 
Al,Q,.. . . .. . . 
Fe20a...... .. .. .... .. . .. . ... .. . . .. . .......... .. . 
F eO ..... . ......... .. .. .. .. . . . . ... .. . ..... ... .. . ... .. . 
MnO... . . . .......... . .... . ........... . . . . . .... . 
MgO ...... . .. . ... .. ..... .. . .. : .. . . . ... . . . ........ . 
Cao..... .. . . ....... . .. . .. .. . ........... .. . 
K20 .. . .............. . .. . . · · · · ·· · · · · 
Na,o..... .. ... .. .. . 
H20- ... . . ... .......... .... . 
H20+ .......... .. .... ... ............ ........ .... . 

49·41 
0·95 

18·08 
5·93 
4 ·08 
0·09 
4·61 

10· 10 
1·01 
3·48 
0·04 
1·59 

99.37 

CalC'Ulation of the norm according to the Quantitative Classi
fication gives the following percentages of the different consti-
tuents:-

Quartz . . .................. . . . . . . .. . ... . .. . .. . . . .. .. . 
Orthoclase... . .. .... . .... . .... . . .. .. . . . .. . . ... . .... . 
Albite ................... . ... . .... . . 
Anorthite.................. . .... .. . .. . .... .. ..... . 
Diopside .. . ...... .. .. . .. .. .. .. .. ..... . .......... . . . 
Hypersthene...... . ........... . ........ . .... . 
Magnetite .............. ....... . . ...... ... . . .. ... .. .. . 
Ilmenite ......... . ....... . .......... . 

= 0·42 
= 6·12 
=29 ·34 
=30 ·58 
=15·28 
= 5.53 
= 8·58 
= 1·82 

This rock is, therefore, a hessose, and comes in the same class 
as the Hedley gabbro, of which an analysis is given in a previous 

report on that region.1 

The chemical analysis given above is almost identical with that 
of the average gabbro as calculated by R. A. Daly from twenty-four 
typical analyses.' This phase, then, of the augite syenite formation 
would be more correctly called a gabbro rather than an augite 
syenite even of the most basic kind. 

1 G.S.C. Memoir 2. " The geology and ore deposits of Hedley Min
ing District " page 83. 

'Proc. Am. Academy of Arts and Sciences. Vol. XLV, No. 7, Jan., 
1910, page 225. 
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'STRUCTURAL RELATIONS. 

Internal.-The augite syenite formation is, as a rule, not very 
well exposed except on the tops of prominent ridges or in the beds 
of creeks fl.owing through it. It appears to suffer decomposition 
very easily, so that fresh samples are difficult to obtain. Either on 
account of this lack of resistance to weathering or because it has 
already passed through long periods of erosion, it does not form 
prominent features in the landscape, but is characterized by more 
mature topographic forms. 

As stated in a previous section, both the physical and chemical 
characters of the augite syenite vary widely. In composition the 
range extends from a gabbro at one end to a granite at the other, 
though all varieties are believed to have the same magmatic source. 

On ·account of the lack of good exposures the differentiation in 
the magma, which gave rise to the varieties of rocks in tlrn augite 
syenite formation, has not been well studied. The most basic 
variety included under this heading is an ordinary gabbro. This, 
while appearing often as segregated masses in the 'augite syenite, 
is often found to be a border phase of the peridotite-pyroxenite 
series. Augite diorite is found in the main body of this formation, 
and augite syenite, of course, fo1ms the major part of it. In some 
of the smaller bodies, mapped under this colour, such as those lying 
to the northeast. of Bear creek, a small percentage of quartz comes 
into the rock, while towards the southern limit of the area the rock 
takes on the character and composition of a granite. It is not 
absolutely certain whether all these varieties can be referred to the 
same or simultaneous intrusions, but th'} genel'al habit and struc
ture of the different varieties, with the presence in all of them of 
the augite constituent, has impelled the author to correlate them 
together, and to refer them all to the same magmatic sou:vce. As 
will be discussed later, this magma is thought to have given rise to 
the pyroxenite and peridotite, but at a more remote period in its 
history. 

The augite syenite magma appears to have been a somewhat 
unst'.able one which split easily to form different kinds of rocks. 
Besides forming large areas of widely differentiated species, the 
augite syenite contains many small segregations. These are in 
every case more basic-at least in appearance-than the matrix, 
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and consist of fine grained dark material, arranged in oval or 
lenticular shapes 1 or 2 inehes in greatest length. 

As a rule all phases of this formation have well developed 
granitic structures. In parts of the contact zone, however, a 
gneissic structure is apparent. This gneissic structure is thought 
to be due to squeezing at the time of intrusion rather than to later 
dynamic movement. 

External.-A study of the relations of any igneous body to the 
rocks with which it is in eontact is the only means of arriving at 
the relative age of that body, and only when contacts with fossil
iferous roclrn are obtained can the absolute age be fixed with any 
degree of ·accuracy. In the case of the augite syenite formation, 
contacts were obtained with the Otter granite, Cedar volcanic 
formation, the pyroxenite; the peridotite, and the Tulameen group. 
These contacts were sufficient to fix the intrusion of the augite 
syenite as having taken place after that of the pyroxenite but prior 
to that of the Eagle granodiorite. 

At the southern end of Spearing mountain, and just north of 
the summit of Bear Creek wagon road, there is a well exposed 
contact of augite syenite with the Otter granite. The contact is 
not a sharp line of division, but, on the contrary, there is a wide 
confact zone of brecciation which shows fragments of augite syenite 
of angular shape, enclosed in a matrix of Otter granite. Towards 
the .augite syenite border of this contact zone the fragments of 
syenite are so large that the granite matrix becomes merely a net
wo.rk of branching apophyses, traversing the planes of fracture 
between large blocks of syenite. This contact clearly proves the 
intrusive nature of the Otter granite in the augite syenite. 

Contacts of augite syenite with the Cedar volcanic series are 

well shown on two of the branches of the North Fork of Granite 
creek, where the Cedar volcanics clearly rest on the augite syenite, 
and there is no contact metamorphism or other evidence of intru
sion of the syenite into the Cedar volcanics. 

The contacts of the augite syenite with the pyroxenite, peri
dotite, and Tulameen group leave no doubt as to the re'ative ages 
of these formations . In many instances dykes of augite syenite 
were found cutting all three formations. The contact of the main 
body of the augite syenite with the Tu1ameen group, as seen on 
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Slate creek and elsewhere, is f.airly clean cut and rarely shows any 
zone of brecciation such as appears on contacts of the latter with 
other igneous bodies. With the pyroxenite the augite syenite 
formation has not always the same kind of contact, for in some 
cases the syenite is later and in others contemporaneous in age with 
the pyroxenite. P late XII illustrates a contact of pyroxenite with 
augite syenite, as seen on the ridge about a mile south of the top 
of Olivine mountain. The pyroxenite is here a glistening, black 
rock, while the augite syenite is light coloured. At the contact the 
syenite contains angular blocks, rounded fr.agments, and elongated 
lenses of pyroxenite, showing that the syenite is intrusive into the 
pyroxenite, but suggesting that the pyr oxenite had not yet thor

oughly solidified when the intrusion took place or else that it was 

re-fused by the heat of the syenite . At another point on the same 
iidge the contact is still less sharply defined, and long streaks of 
black pyroxenite from 1 to 4 inches in · width appear in the lighter 

coloured rock, which is here a gabbro, !but passes, apparently without 
any break, into true augite syenite. At this point the change from 
pyroxenite to augite syenite is transitional rather than abruptly 
intrusive. 

No contacts of augite syenite with the main body of Eagle 
granodiorite are known, though a careful search was made for them. 
An apophysis of Eagle granodiorite, however, was found cutting 
both the pyroxenite and the peridotite, while on Eagle creek 
included blocks of pyroxenite were found in the granodiorite. The 
close magmatic relationship of the augite syenite to the pyroxenite 
and peridotite as well as the nature of its contacts would lead one 
to infer that the augite syenite followed the pyroxenite and peri
dotite very closely in time of intrusion. The Eagle granodiorite, 
however, appears to have been somewhat later, and to have been 
intruded after the pyroxenite had completely solidified. In the 
sequence of intrusion, therefore, the augite syenite is placed between 
the pyroxenite and the Eagle granodiorite. 

:MODE OF ORIGIN •. 

The form of the main body of augite syeriite is that of an 
elongated stock, intrusive on the one hand into pyroxenite and on 
the other into the rocks of the Tulameen group. Its contacts show 
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included blocks of both these formations in the augite syenite, a 
fact which indicates that its mode of origin is analogous to that of 
the other large igneous bodies of the district, that is to say, it rose 
in the form of a column .of molten rock, from the heated interior of 
the earth up to the surface, where it solidified. The method of its 
uprising is a matter of theory, but it probably rose by stoping off 
fragments of the overlying rocks, and filling the spaces formerly 
occupied by - them. Having this mode of origin the walls of the 
stock will, therefore, be either vertical or highly inclined. 

Some of the smaller bodies of this formation presumably 
reached their present position from the same source, but by being 
thrust upward into existing fis sures by pressure from below. These 
bodies would, therefore, be properly classed as dykes. 

In discussing the internal structure of this formation it was 
stated that its chemical char'acters vary greatly. In some parts of 
the mass it approaches a gabbro in composition, while in others it 
is almost acid enough to be called a granite. Between these 
different phases no well defined contact could be found. Again, 
augite syenite was occasionally found as a border phase of the 
pyroxenite formation , into which it passed by a loss of the feldspar 
constituent. These observations suggest the conclusion that the 

- augite syenite magma was an unstable one, and that, before condi
tions of equilibrium could have been set up in it, its viscosity 
increased until it finally solidified. Its position, adjacent to the 

pyro:i<enite in which it sometimes· .occurs as a horder phase, also 
suggests a genetic relationship to the magma which previously gave 
rise to the pyroxenite-peridotite group of rocks. 

AGE AND CORRELATION. 

All the evidence whereby the age of the augite syenite can be 
fixed has been already given in a previbus section. It was there 
stated that the formation is intrusive into the Tulameen group and 
the pyroxenite formation, while on the other hand it has been 
intruded by the Otter granite and very probably also by the Eagle 
granodiorite. This places the relative age of the formation between 
that of the pyroxenite and the Eagle granodiorite. As both of these 
rocks are referred to the Jurassic period, when many igneous bodies 
were irrupted in the Cordilleran belt of North America, the augite 
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syenite must also be referred to the same period of eruptive 
activity. 

Eagle Granodiorite. 

DISTRIBUTION. 

The Eagle granodiorite occupies the whole of the western 
b'order of the area mapped, and extends outside the limits of this 
area to the north, west, and south. It occurs in the form of a long 
narrow band, with its longer axis lying in a north and south direc
tion. The width of this band is from 4 to 5 miles, and the length 
is unknown, being somewhat longer than the length of the area, 
which is about 12 miles. It may be 30 miles in length, for a granite 

of somewhat similar characit.er has been described by Dr. Dawson 
as occurring on the Hope trail at the summit of Whipsaw creek, 
this locality being in the same strike as that of the Eagle grano
diorite of the Tulameen. 

To the west the Eagle granodiorite may be connected with and 
form a part of the great Ooast Range batholith, but this is not 
definitely known to be so. 

LITHOLOGY, 

The Eagle gr.anodiorite is generally coarse grained in texture, 
and, from constituents that can be identified in the field, appears to 
be of fairly uniform composition. In hand specimens it shows 
crystals of white feldspar, glassy quartz, and much biotite. The 
biotite is often, though not always, arranged in well defined lines, 
parallel to longer axis of the granodiorite body, giving a gneissic 
structure to the rock. 

Thin sections do not as a rule exhibit any gneissic structure. 
They show an even grained rock consisting of orthoclase, quartz, 
considerable plagioclase, and much biotite. The feldspars are 
generally altered; and the plagioclase, which is about oligoclase, 
shows no zonary banding. The quartz is in smaller grains of 
irregular outline, interstitial between the feldspar crystals. Brown 
biotite and a few shreds of muscovite give evidence of pressure in 
the bending of the crystals. Augite is a variable constituent, being 
lacking in most specimens, but present in considerable amount in 
samples taken from the neighbourhood of S'iwash creek. Of the 



TULAMEEN DISTRICT, B. C • 

. accessory constituents epidote is the most abundant. Magnetite in 
well crystallized individuals is fairly abundant, apatite and zoisite 
much less so. 

As a rule the rock is fresh, and, except for the epidote, shows 
little evidence of decolillposition. 

A sample taken from Siwash creek and analysed in the labora
tory of the Mines Branch by llL F. Connor, gives the following 
chemical composition:-

Si02 ...... . ... . ...... . . . . ... .. .... . .. . .. . ..... . . . . . ...... 64·44 
AJ,O, ... .... . . .. . . .. . .... ... .. . ..... .. . . .. . ...... . . . ..... 17 ·05 
Fe20a. ... . .. . . . .. ... . . . .. . . .. . . . . .. . ... . . . . .. . . ........ .. 1·53 
FeO ...... . .. .. ...... . . . . . . ....... . .. . .. . . . ...... .. ...... 2·40 
MgO.... . ........... . ............. . . . . . . .. . . . . . . . . . . . . . 1·28 
Cao.... .. .. ... . ... . . . .. . .. ... ...... . . . .... ...... . . . . .... 4·28 
Na20 ......... . .. . ............. .. .. . .. .... . .. ...... . ...... 5·16 
K20....... .. ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·48 
H 20+ ..... .. ... .. .. . . . .. .. . . ... .. . . . .. . .. ,.. . . . ... .. .. .. 0·78 
H20- ..... . ........ . ...... . . . . .. ...... . . ...... . ..... . ... 0·02 
Ti02 ........ . .. . ..... .. . ...... .... .. . . . .......... . . . .. . . 0·45 
P,o, ......... . . . ........ .. .. . .. . . . .. .. ..... .. . ... . . ... ... 0.31 
MnO .. .. .... . . .. . .... . .. . .. . .... . . . . .. ... ..... . . ...... . . 0·03 

99 ·21 

The analysis shows the rock to be a typical granodiorite, and 
running very close to the average granodiorite as given by Daly.' 

Chemically it is very close to the typical granodiorite as defined 
by Lindgren 2 in the Ophir district of California, and does not vary 
from the analyses of that rock in any marked degree. It resembles·, 
also, though not so closely, a granodiorite described by G. 0 . Smith' 
from Mount Stuart in Washington. 

The most evident characteristics of this rock ais exhibited by 
the chemical analysis are its high content of lime, and the excess of 
soda over potash. 

According to the Quantitative OJ.assification the rock is yellow 
stonose. 

STRUCTURAL RELATIONS. 

Internal.-The Eagle granodiorite is probably the best exposed 
formation in the whole sheet. It everywhere exhibits a broken, 
uneven surface, and has generally only a slight covering of soil; 

'Average Chemical Composition of I gneous Rock types: Proc. Am. Acad . of 
Art and Science, Vol. 45, No. 7. 

'U.S.G .S. 14th Annual Report, Part II, page 255. 
• U.S.G.S. Mount Stuar t Folio, No. 106, page 5. 
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consequently it does not support a luxuri'ant forest growth. Where . 

exposed it frequently weathers down to a coarse feldspathic sand. 

Decomposition as a rule does not go deeply into the rock, and 

there is no difficulty in obtaining fresh specimens. 

A well developed foliated structure is often apparent, particu

larly on its· contacts with older rocks. This structure is generally 

lacking, however, in central parts of the body, and consequently 

may be due not to later squeezing of the rock, but more probably 
to some movement along the contacts at the time of intrusion, when 
the rock was solidifying from a state of fusion. 

The granodiorite is traversed by numerous small quartz veins, 

and by a few coarse pegmatite dykes. Jointing is well developed 
in two main directions which are transverse to the plane of folia
tion. These joint planes strike N. 8° E. and S. 3° W. Inclusions 
of the intruded rocks are very common near contacts. 

External.-The only o!J.der rocks with which the Eagle grano
diorite is known to be in direct contact, are the interbedded lime
stones, argillites, and volcanic rocks of the 'Tulameen group, which 
have been provisionally correlated with the Nicola series and classi
fied as Triassic in age. These roc1;:s border the Eagle granodiorite 
on its east side from one end of the map to the other. They also 
lie on the western border in mos1t places where this border has been 
examined. 

Contacts in the bed of Tulameen river and on E'agle creek show 
a zone of brecciation several hundred feet in width, where the Eagle 
granodiorite holds angular inclusions of the Tulameen rocks. 
Apophyses of the granodiorite also traverse these rocks, lying fre
quently in the bedding planes of the stratified rocks. 

A well exposed contact of Eagle granodiorite with interbedded 
limestones and schists appears on a branch of Bear creek about a 
mile northwest of Laws camp. For about 1,000 feet along a line 
at right ·angles to the general strike of the contact there is a zone 
of mixed rock, made up of angular fragments of limestone and 
schist in a matrix of granod iorite. Going from the granodiorite 
towards the stratified rocks, inclusions become more and more 
abundant until they form the greater part of the rock, after which 
one passes into a zone where the granodiorite appears merely as 
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apophyses in the limestones and schists, and the latter are not 
broken into fragments. 

In the inner contact zone, or the zone of inclusions, the grano

diorite is of the normal kind, coarse grained and somewhat foliated. 

In the outer contact zone, or zone of apophyses, it becomes finer 
grained though containing the same constituents. It is not much 
metamorphosed by the intrusion, and from the foliation induced in 
it, appears to have been somewhat viscous at the time of intrusion. 

The contacts of the Eagle granodiorite with the rocks of the 
Tulameen group on R'agle creek and Tulameen riv-ir show the same 
re1ations. Wherever the granodiorite appears in direct contact 
with the beds of limestone, bands of dark red granite, associated 
with green epidote, are often formed in the limestone. Where the 
contact metamorphism has not been so extreme the limestone simply 
becomes crystalline. The development of crystals of biotite 
sc'attered through the crystalline limestone suggests that in this 
manner, with more intense or long continued contact action,, a true 
mica schist might be formed. 

The development of abundant sillimanite in some of the schists 
indicates tha:t these rocks were originally argillaceous, ·and have 
been metamorphosed by the beat of the granodiorite. 'The lime
stones, ·as .a rule, have been simp~y crystallized near the contact, 
though occasionally lime silicates have been developed in them . . 
They are also occasionally cut by small quartz stringers, emanating 
from the granodiorite magma. As an accompaniment of the grano
diorite intrusion, mineralization and replacement of the limestone 
by sulphides has often been important enough to form ore bodies of 
commercial value. 

Both the granodiorite and the intruded rocks are sheared and 
slickensided, and show some fau~ting along lines at ' right angles to 
the plane of the contact. 

The relation of the Eagle granodiorite to the pyroxenite and 
peridotite formations has not been definitely settled, but certain 
facts observed in the rocks near the mouth of Eagle creek seem to 
throw some light on the subject. On the east side of Eagle creek 
and about half a mile above its mouth some small veins of quartz 
were found cutting the peridotite. Followed westward towards the 
granodiorite these veins change in character, and large phenocrysts 
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of biotite and feldspar appear in the quartz. Farther on they 
change to typical granite porphyry and appear as if they might 
pass, under the drift, into the Eagle granodiorite. Although not 
continuously exposed, outcrops of these veins are so close together 
that there appears to be little doubt of their continuity and of their 
origin in the granodiorite. I£ they have this origin, they afford 
another instance of apophyses from a granite body passing, in 
distance, through g1:ianite porphyries into true quartz veins; also 
they afford proof that the Eagle granodiorite belongs to a later 
period of intrusion thtm the peridotite and pyroxenite. 

Another fact, observed at a point just above the forks of Eagle 
creek, is significant of the relative age of the Eagle granodiorite. 
A small outcrop of pyroxenite, probably an offshoot from the main 
body, appears in close proximity to an outcrop of granodiorite. The 
pyroxenite is bleached and altered to a light coloured shaly rock, as 
if by contact with the granodiorite. This also would suggest that 
the Eagle granodiorite was intrusive into the pyroxenite. 

Little evidence bearing on the relation of the Eagle grano
diorite to younger formations can be obtained inside the limits of 
the Tulameen sheet. On the western edge of the mass, at the head 
of Eagle creek, the granodiorite is overlaid by volcanic rocks, which 
from their attitude and structure appear to belong to a late Ter
tiary date. The relation of these two formations to each other 
indicates that the volcanic rocks were extruded over the surface of 
the granodiorite some time after its irruption and after it had 
suffered considerable erosion. 

On the headwaters of the Tulameen river is a series of Creta
ceous sediments consisting of shales, sandstones, and conglomerates. 
The basal bed of this series is a volcanic breccia lying beneath a 
coarse conglomerate. On the eastern edge of the Cretaceous belt 
the breccia is in direct contact with a sheared and gneissic granitic 
rolck, which, though not actually known to be connected with the 
Eagle granodiorite, is · so close to it and at the same time so like it 
in general character, that it was considered to be the same. This 
contact shows the breccia to have been laid down as a surface 
deposit on the top of the granodiorite, and there is no evidence that 
the granodiorite is intrusive into the breccia. The conglomerate, 
also, which lies .conformably above the breccia, contains pebbles of 
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a rock which appears tO' be identical with the .Eagle granodioritc. 
Altogether the evidence suggests that the Eagle granodiorite was 
intruded prior to the deposition of the Cretaceous sediments, and 
niay be, therefore, of late Jurassic age. 

MODE OF ORIGIN. 

The nature of the origin of the Eagle granodiorite is deter
mined from a study of its contacts with rocks through which it has 
been thrust. Its size is batholithic, and its mode of origin is iden
tical with that of other batholithic rocks of this or any other region. 
Its contact zone with the rocks of the Tulameen group, as already 
described, covers a belt sometimes 1,000 feet in width. This belt 
dan be divided into two zones: namely, a zone of included frag
ments nearest the granodiorite itself, and a zone of .apophyses 
farther away from the granodiorite. As described by Daly, Barrell, 

and others in the case of similar intrusions, the granodiorite batho
lith is believed to have slowly worked its way upward from the 
heated interior of the earth through the overlying rooks of the solid 
crust, by stoping off fragments of them and by :filling the space 
formerly Q\CCupied by them. These fragments settled downward in 
the molten mass of the granodiori.te magma and were absorbed and 
perhaps assimilated by it. As it ascended higher and higher into 
the cooler rocks of the outer crust the granodiorite magma slowly 
lost its heat until it cooled sufficiently to solidify. The cooling 
would commence on the outer edge of the uprising mass while the 
central portions yet remained :fluid. Probab!y by some movement 
in the central :fluid parts of the mass a schistose structure waR 
induced in the outer viscous shell, giving the effect we now see 
in the outer zone of the granodiorite formntion. 

While the granodiorite magma was slowly rising in the 
chamber, offshoots would presumably be sent from it into the ·adja
cent rocks to form the granite por.phyries· that we now :find. Off
shoots of thi.s kind are usually more acid in composition than the 
main body, the greater acidity being accounted for by the rise of 
the acid lighter parts of the magma towards the upper parts of the 
chamber, while the heavier n:ore basic portions remained below it. 

10015- f\ 
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AGE AND CORRELATION. 

All the available evidence that has been obtained on which to 
fix the age of the Eagle granodiorite intrusion has been given in 
preceding sections of this report. The evidence may be enumerated 
thus : on the headwaters of the Tulameen river fossiliferous lower 
Cretaceous rocks rest unconformably on the Eagle granodiorite; 
the Eagle granodiorite is intrusive into the stratified rocks of the 
Tulameen group which, though they have yielded no fossils up to 
date, are lithologically similar to Triassic rocks. This places the 
Eagle granodiorite in the Jurassic period, and it is placed in the 
upper part of that period, because the Boulder granite, peridotite, 
pyroxenite, and augite syenite, all referred to the same period, are 
older than it. 

Placing the Eagle granodiorite in the Jurassic period is equi
valent to /Correlating it with the Coast Range batholith and the 
numerous other batholithic bodies that are referred to this period of 
igneous activity. 

Cedar Volcanic Series. 

DISTRIBUTION. 

The rocks of the Cedar volcanic series cover a great part of 
the eastern half of the Tulameen district. Being one of the 
youngest formations they partly cover some of the older 
rocks and are themselves covered, in the southern part of the 
district, by the rocks of the Coldwater series, while on the north 
they are intruded by the Otter granite and have probably been 
reduced in areal extent by it. 

Four separate areas of this series have been. outlined on the 
geological map. All of these areas, however, were probably at one 
time_ connected with each other and formed one large sheet, which 
stretches far to the north of the present map. 

The largest of the four areas lies to the east of Otter valley, on 
the headwaters ·of Manning ~nd Cook creeks. This area covers a 
length of about 10 miles and a greatest width of 4 miles inside the 
limits of the sheet. A small area caps the summit of Otter moun
tain. A third lies to the west of Otter lake, covering the top of 
Riddell mountain, and a fourth lies to the south of the Tulamee:v 
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valley in the basins of Cedar creek and the North Fork of Granite 
creek. The last mentioned area extends southward beyond the 
limits of the map, and its original out.cropping extent has been 
somewhat reduced by being covered by later sedimentary rooks. The 
total area of this series as mapped is about 30 square miles. 

LITHOLOGY. 

The Cedar volcanic series is made up essentially of volcanic 
materials that have been extruded, in a number of consecutive flows, 
over the surface. The effusion of these lavas, however, was accom
panied by a local downwarping of the surface in the district now 
covered by the sedimentary rocks of the Coldwater series. Some of 
the lavas of the Cedar volcanic series flowed out into this down
.warped area after sedimentation had begun in it, so that a few feet 
of the lower part of the Coldwater sediments are now found inter
bedded with the Cedar volcanics. These few feet of the Coldwater 
rocks are not of great enough thickness that they could be shown 
on the geological map, but they have been found in half a dozen 
places to the west, northwest, and southwest of the area mapped as 
Coldwater, and have there been included in the Cedar volcanic 
series and mapped as such. With that exception the Cedar· volcanic 
series is wholly volcanic in origin. 

In general the rocks of the Cedar volcanic series are dark in 
colour and of basic or medium basic composition. They range from 
dacites to basalts with a strong preponderance of andesitic beds. 

The series, being made up of successive flows of volcanic 
material, emanating perhaps from a number of sources, naturally 
does not show the same sequence of beds throughout the whole 
series. This generalization, however, holds, that the more basic 
material emanated first, and lies in the bottom beds, while towards 
the top the beds become slightly more acid. 

On the north and west slopes of Jackson mountain, where this 
series was best studied, the lowest beds were found to be basalts 
and some breccia. 

A good! exposure of breccia is seen on the Bear Creek wagon 
road, in the angle between the Tulameen and Otter valleys. This 
bea is distinctly stratified and weathers to a dull red colour. It is 
soft and friable, and is made up of angular fragments of volcanic 

10015-6i 
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rocks of red', green, and black colours. in a matrix of andesitic 

material. A breccia of somewhat similar character and in the same 
stratigraphic pos·ition outcrops in the North Fork of Granite creek. 

This is traversed by many small veins of calcite, which cement the 

fragments together. 

The basalts of the lower part of the series are dark, fine grained 

rocks which show a vesicular texture, especially cm wea.thered 

surfaces, and are often traversed by small veins of chalcedonic 

quartz. In structure they are massive, and frequently show a well 
developed columnar jointing. They are soft and weather down very 

easily. The th.in section shows small acicula.r needlesi of pla;gio

clase, small rhombs of pyroxene and an occasional large feldspar. 
It is full of amygdules, and shows much magnetite and some glassy 
base. 

Rocks on Otter mountain and in. the basins of Cook and Mann
ing creeks, belonging stratigraphically to the same horizon as the 
basalts, that is near the bottom of the series, are as dark in colour 
but more acid in •Composition. They have a well developed porphy
ritic structure with phenocrysts of plagioclase, a little orthoclase 
and occasional quartz, in a dark coloured groundmass composed 
largely of small feldspar laths and glass. ·A little augite enters into 
the groundmass of some of the specimens. 

The upper part of the Cedar volcanic series is prevailingly 
andesitic in character. They are lighter in colour and often have 
an ashy look and a harsh feel. They . have a shaly structure on the 
out·crop and break easily into small fragments, so that a fresh frac
ture is hard to obtain. In the thin section the rock exhibits a 
tendency to porphyritic ~·tructure, with a few phenocrysts of horn
blende, generally much altered, embedded in a holocrysta]ine 
groundma.gs of small plagioclase laths. The shape of the hornblende 
suggests that it is an alteration from augite. Flow structure is 
generally well developed in the groundmass. 

The topmost bed of the Cedar volcanic series, as seen in the 
section exposed in Collins gulch, is a breccia. This breccia is very 
much decomposed and weathers to a reddish colour. The fragments 
consist entirely of volcanic materials through which run small 
seams of chalcedonic quartz. 
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STRUCTURAL RELATIONS. · 

Internal.- The Cedar volcanic series consists essentially of 
bedded volcanic rocks which have been extruded over the surface 
in a succession of :flows emanating for one or several foci. The 
bedded character of the rocks is not always apparent on a small, 
isolated ou1lcrop, but is very evident when the series is viewed on a 
large scale from a distance. The northern face of Jackson moun
tain exhibits this feature very well, and when looking at the face 
of the mountain from Tulameen village several massive beds can 
be identified outcropping in an almost horizontal line from east to 

west. Where the dip is obtainaible the beds are found t-o lie at angles 

which rarely exceed 40 degrees.. As this succession of :flows appears 
to have been extruded into a downwarped basin, the strike is not 
constant but forms a curve whi.ch conforms to a certain extent to 
the strike of the Coldwater sediments· on- the western and southern 
sides of those rocks. 

The majority of the beds which make up this series are massive 
in structure, but some of the uppermost ones have a laminated 
structure, and break down to a talus of small :flat plates. 

Brecciation is present in beds which form the base and the top 
of the series. This structure is not the result of subsequent frac
turing, but was probably induced in the rock at the time of extru
sion. A brecciated structure which has a different origin is noticed 
on the contact of the Otter granite at the headwaters of the western 
branch of Cook creek. The brecciation in this case is due to the 
intrusion of the Otter granite into the volcanic rock, for the matrix 
is of Otter granite material, while the fragments belong to the 
Cedar volcanic series. 

Over much of its area the Cedar volcanic series forms a bold, 
irre,,OL1lar topography, with many outcropping ledges. The rocks do 
not break down very easily and are very often covered onl;r with a 

very thin mantle of soil. 

External.-The various rock formations with which the Cedar 

volcanic series comes iin contact are the Tulameen group, Boulder 

granite, augite syenite, Otter granite, and the Coldwater series. 
The unconformity which exists between the formation under 

discussion and the Tulameen gToup is shown on the North FoTk of 
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Granite creek about a mile above its mouth, and also on the west 
slope of Cedar creek. At each of these places the dip of the rocks 
of the Tulameen group is high and ·often vertical, while the beds of 
the Cedar volcanic series dip at very low angles. These contacts 
show that the rocks of the Tulameen group were folded and eroded 
before the Cedar volcanic series was laid down on top of them. 

Contacts with Boulder granite are exposed on the west side of 
Riddell creek, and with augite syenite on the main braniches of the 
North Fork of Granite creek. In each of these cases the rocks of 
the Cedar volcanic group show no such indication of contact meta
morphism as might be expected if the Boulder granite and thfl 
augite syenite were intrusive into them. On the other hand the 
Boulder granite which outcrops directly west of Tulameen village 
has been slightly altered by the heat of the breccia bed which forms 
.the base of the Cedar volcanic series. This breccia was apparently 
a volcanic :fl.ow which was ·extruded over the surface of the Boulder 
granite, and it contained sufficient heat to slightly metamorphose 
the surface of the Boulder granite, so that its appearance is now 
~omewhat abnormal. 

Contacts with Otter granite are seen at several points on the 
east side of Otter valley, and the intrusive nature of the Otter 
granite into the Cedar volcanic series is clearly apparent. At the 
headwaters of the westernmost branches ·of Cook creek, a breccia 
has been formed on the contact which shvws fragments of the vol
canic rocks in a matrix of Otter granite. Again on the ridge which 
separa.tes China creek from Cook creek the contact is well exposed, 
nnd apophyses of Otter granite cut into the rocks of the Cedal' 
volcanic series. 

The relation of the Cedar volcanic series to the Coldwater series 
has been carefully studied on account of the bearing it has on the 
occurrence of coal. The contact between these two formations is 
well exposed in the bed of Collins gulch. The succession of strata 
up to the sandstone which here forms the base of the Coldwater 
series is as follows: volcanic agglomerate and bed<> of andesite 
overlaid by a stratum of conglomerate which grades into sandstone. 
Above this are mor\:) andesites and breccia, in which ~s intercalated 
a thiin bed of sandstone and another of red clay. Conformably 
above the breccia is the arkose sandstone of the Coldwater series. 

. ' 
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The conglomerate and sandstone which are intercalated with the 
andesites of the Cedar volcanic series outcrop on Blair creek on 
the north side of the Tulameen river, on Cedar creek, and in severai 
places in the basin of the North Fork of Granite creek. Some uJ·al 
markings appear in the sandstone of Blair creek, and a narrow 
seam of coal is visible at the same place and on Cedar icreek; but 
it is hardly probable, on account of the limited thickness of these 
true se,]iments, that a workable seam of coal will be found in them. 

From the fact that some true sediments are intercalated with 
the volcanics of this series the inference is drawn that the volcanics 
were extruded into a basin in which-when vulcanism had ceased 
temporarily-thin sedimentary beds were deposited, and when vul
canism had finally terminated the sediments of the Coldwater serie~ 
were lnid down. 

MOD.E OF ORIGIN. 

Both the structural features and the lithological characters Qf 
the Cedar volcanic series indicate that its various members, exclu
siive of the small thiclmess of true sediments mentioned above, were 
1extrus.ive in origin and poured out over the surface in the form of 
lava flow~. The details given in foregoing parts of this section 
give us a fairly clear conception of its origin. 

Over the g·ro11t part of the urea covered by the Cedar volcanic 
1series the basal bed of the ser:iies is a volcanic breccia, containing 
fragments of various kinds of rocks embedded in an ain<les~tic matrix. 
This bed is presumably a lava flow which has caught up and incor
porated in its own mass fragments of the rocks with which it came 
in contact, as well as those fragments of its own material which con
solidated on its surface and were broken ·up by the movement of 
the flow. Other lava flows succeeded this, pouring over the surface 
of the breccia. Probably as an effect of the extrusion of the lavas 
a downwarp of the surface took place to form a basin, and during 
a eessation of vulcanism some true sediments represented by sand
stones and conglomerates were laid down in the downwarped 
surface. After a short period of rest volcanic activity was resumed, 
and a great thickness of volcanic rocks wa.s extruded, some of them 
perhaps being laid down under the water of the basin, as we :find 
them near the top interbedded with thin beds of clay and sand-
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stone. When vulcanism finally ceased altogether the sedimentary 
beds of the Coldwater series were deposited conformably above thesA 
ro:cks. 

No tuffs or rocks of explosive origin are found i:n the whole 
series, so that it is not likely that these rocks originated from open 
volcanic craters. It is far more probable that they emanated from 
fi!Ssures which tapped magma 'chambers in the interior of the earth. 
It is inferred also· from their wide d·istribution and from the great 
thickness of these rocks in certain places and their thinness or total 
absence in others, that they arose not from one fissure alone, but 
from several, which may not have had any connexion with each 
other. 

AGE AND CORRELATION. 

The age of the Cednr volcanic series has been definitely settled 
from the relation which this series bem·s to the Col'dwater ·series. The 
great mass of the Coldwater series lies conformably above it, but 

some of the lower members are interbedded with the beds of the 

Cedar volcanic series. These intercalated members of the Colrl
water series contain many plant remains, which have been identified 
as Oligocono in age. The Cedar volcanic series, therefore, is also 
of that a.ge. 

No volrcanic rocks, with which the Cedar volcanic group can be 
correlated, have been previously described in Bri'tish Columbia. 
The Tertiary volcanic rocks described by Dawson in the Kamloop~ 
district are all said to lie unconformably above the Coldwater serieR. 

Certain rocks described by G. 0. Smith' in · the Columbia lava 
field of Washington may be contemporaneous with this formation. 
The Teenaway basalt is referred by Smith to the top of the Eocene, 
and from its stratigraphical position with relation to certain coal 
bearing formation in that region, might be correlated with the 
Cedar volcanic series. 

With our present knowleclgCJ of the geology of southern British 
Columbia, we may say that the Cedar volcanic ser~es represents the 
beginning of volcanic activi t.y in the Tertiary in that region. 

1 U.S.G.S. Prof. Paper, No. 19. 
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Coldwater Series. 

DISTRIBUTION. 

The name 'Coldwater series' is applied to a series of rocks of 
Oligocene age lying in the drainage basin of Collins gulch and 
extending' over the divide to the Granite Creek slope. Rocks of 
similar age have been referred to by Dawson ' as the 'Coldwater 
group ' ; but since the term group was given to it, this series of 
rocks has been studied palmontologically by Lambe and Penhallow,' 
with the result that it was found to be confined to a definite 
period of time in the Tertiary. This conclusion has convinced the 
writer that the more limiting term series is better than group, and 

will be used throughout th,is report, with the understanding, how

ever, that it replaces Dawson's term group only when applied to 
this series of rocks. 

On account of the economic importance of these rocks, their 
distribution has been very carefully outlined on the geological map. 
The area covered by them is slightly oval-shaped, with its longer axis 

nmnicrig northwest and southeast. In this direction it has a length ·of 

almost 3,1 mi~es, while the greatest width is 2~ miles. The total area as 
meaS'Ured on the geological map is 5.7s square miles, or 3,700 acres. 
Of this amount 1,070 acres are cove red by a :flow of olivine basalt, so 
that only •2,630 acres of the Coldwater series ai1e mapped. as being 
oxpo>:Ad. 

LITHOLOGY. 

The rocks which make up the Coldwater oories are all soft, and 
weather down so easily that good exposures of them are not 
numerous. The best natural section of them is exposed in Collins 
gulch, a ravine which cuts directly across the strike of the beds. 
This section was carefully measured with compass and chain, and 
a thickness of 2,270 feet of strata was obtained from the top of the 
Cedar volcanic seri es up to a point where the rocks arn entirely 
covered by drift. This point was probably within 100 or 200 feet 
of the top of the series, so that the total thickness of these rocks 

wou11l be less than 2,500 feet along this line. 

1 Tertiary Plants of British Columbia, GeoL Surv., Can., 1908. 
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The basal bed of the series is a conglomerate, which on the 
western haH of the basiin is separated from the main body of the 
series by a considerable thickness of Cedar volcanic rocks, but in 
the eastern half is probably united with the rest of the series'. This 
conglomerate is exposed on the north face of Jackson mountain, on 
Blair creek, and! at points on Cedar creek and the North Fork of 
Gra?ite creek. A thickness of about 25 feet of this .conglomerate 
is exposed on B1ai~r creek below some sandstone, and is seen to 
consist of some waterworn pebbles of siliceous and argillaceous 
rocks cemented together with a matrix of sand grains which 
contain some plant remains. Some sandstone carrying fossil plants 
and associated with very thin seams of coal rests directly on top of 
the conglomerate. 

A columnar section of the rocks exposed on Collins gulch is 
shown in Fig. 2. This section may be divided! roughly into three 
groups of rocks. The lowest group measuring 600 feet in thicknessi 
and resting <eonformably on the Cedar volcanic rocks is composed 
of sandstones with which are interbedded a few thin seams of shale. 
Above this is 460 feet of very :fissile shale containing at least two 
coal horizons. The upper part of the section has a great prepon
derance of sandstone, but contains also some thin shale bands and 
br>ds of conglomerate. 

The sandstone at the base of the Collins Gu'.ch section rests 
directly and conformably on a flow of andesite, and is a soft, fri
able arkose, reddish.-brown in icolour, massive in structure, and 
containitng many plant remains. From the lack of a continuous 
exposure it is not possibie to state the relative proportion of shale 
to sandstone in this division of the series, but the figure shows 
four bands of shale each one of which is 10 feet or more in thick-
nesB. 

The sandstones of the lower divisilon of the series pass gradu
ally into the shales of the middle division by becoming more thin 
bedded in structure and argillaceous in composition. The middle 
clivision contains at least twi~ coal hori'.zons, but is otherwise made 
up entirely of shales to a thickness of 460 feet. ·The shales are 
very fissile and split easily into thin plates. They are dark coloured 
but often weather whitish on the outcrop. . On most of their 
exposures no fossils could be found in them, but at certain locali-
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/:H::,{~'. sandsfone 
'!'0:00 0 ~oao t:; con&Jomera/'e 

:J'(;·::::::::: sandstone 

~:-:~=-:.~· shal_y sandstone 
~:;·;·;·~~~:::: sands!Dne 

;'\~:~~~\~ sandstone with coal markints 

·_:_:_::::.-::: sandsfone 

f~:%:~ ~!!!:;:;: 
~~-:-:-~::~-;.7 conglomerafe 

>·;-~~~~~- sandsfone: 

b'.f:'f:'.£ shale 

flert1ca/ Scale, 500 Teel" fo I inch. 

Fig. 2. Columnar section of Coldwater 
series on Collins gulch. 
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ties such as at the northwest edge of the basiJn and on the little 

North F'ork ·of Granite creek they contain many plant remains. 

These plant remains have served to identify their age and to cor
relate the whole series with other series of rocks in the adjacent 
oountry. These fossils are referred to under a subsequent heading. 

The uppe1· division of the series, like the lower, consilsts mainly 
of sands•tones, but holds also thin beds of shales and some con

glomerate. The sandstones are generally rather coarse in texture 

and massive in structure. They are light coloured and are cQJ:n
posed of quartz grains embedded in a white, fine grained, sandy 
matrix. The shale and conglomerate bands intercalated with the 
sandstones are comparatively thin and few in number. The shales 
are more or less sandy and often contain coal markings. There is 
a probability that a coal seam may be found in this division of the 
series, for on the southern side of the basin a small seam outcrops, 
which belongs apparently to this horizon. 

METAMORPHISM . 

.111 the sandstones anrl shafo~ of the Coldwater series no meta
morphii3m is apparent either of regional or contact origin. There 
is, however, siome evidence of metamorphism in the coal seams 
which are found associated with the shales. This metamorphism 
is not apparent on a cm,sory examination of the coals, but is 
revealed in the chemical analysis of coal samples taken from 
different parts of the basin. For example, samples taken from the 
workings on the Granite Creek slope a short distance from the oli
vine basalt give a firmer and higher percentage of coke than those 
taken from Collins gulch .at a greater distance from the basalt. 
The fuel ratio of the former is also higher. This difference can 
only be accounted for by metamorphic action due to the heat of the 
basalt, and it is reasonable to expcet that when the coals come into 
close contact with the basalt a stronger metamorphosing action will 
have produced a still higher grade of coa1. This, however, can only 
be proved by further examination. 

STRUCTURAL RELATIONS. 

Internal.-The Coldwater series is essentially sedimentary in 
origin, and consists of a succession ·of strata deposited in a hori
zontal, or approximately horizontal attitude. Subsequent events, 



94 GEOLOGICA~ SURVEY, CANADA 

however, have so affected the whole series that at the present time 
it does not preserve- the original posi'.tion in which its members 
were laid down. Its structure is now that of a synclinal basin 
having its longer axis running approximately northwest and south
east. On the southwest side of this basin the dips of the beds are 
in general- towards the northeast.; and in the northeast side of the 
basin they are towards the southwest. These ·dips vary-where 
they have been measured-from 20 degrees up to 70, and are greatest 
ou the outer borders of the syncline. The average dip along the 
outer edges of the basin is about 40 degrees, .and this decreases 
gradually towards the centre, where the strata presumably become 
horizontal before rising in the opposite direction. 

Although it can be accepted as a general rule that the dips of 
tJiis series are regular on both sides of the basin, it iS sometimes 
apparent, where sections have been exposed either by natural 
agencies or in the course of mining development, that there are 
other dips which do not conform to the general direction obtaining 
throughout the basin. In these cases pressure has been exerted in 
a different direction to the main one, which resulted in the forma
tion of the syncline, arid minor folds have been produced. Examples 
of such folds are seen on Collins gulch at the old mine workings, 
and again at the main workings on the Granite reek slope. Iu the 
latter case at No. 1 and 2 tunnels the dip of the strata is towards 
the east, but it is impossible that it can continue far in that direc
tion before the strata rise and the dip changes to the opposite 
direction. 

Although there are these small folds, no instance has yet been 

observed where the folding has gone so far as to produce faulting 
except to a very minor degree. It is not to be expected, however, 
that faults will not be encountered in the whole basin. It is certain 
from the age of these rocks and their present attitude that they 
have passed through periods of orogenic disturbance which in them
selves might have resulted in faulting; and it is the experience 
obtained in mining the coal in most of the basins of th!s age in 
this part of British Columbia and the adjacent regions of Wash
ington, that faults have been encountered. It is probable, there
fore, that· faults do occur. 

For another reason faulting might be expected to have taken 
place. In the structure sections which are drawn through the coal 
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basin, olivi.'ne basalt is shown as a s.heet covering part of the basin. 
It is probable that, because dykes of olivine basalt are found in the 
immediate vicinity of the coal basin, the :fissure or :fissures through 
which the olivine basalt reached the surface traverse the rocks of 
the coal basin, and that, therefore, the source of the olivine basalt 
was directly beneath the coal basin itself. The withdrawal of the 
olivine basalt magma from the region beneath, and its deposition 
on top of the coal basin would cause a readjustment by sinking of 
the strata between, and in this r"eadjustment faulting might have 
occurred. 

The Coldwater series of the Tulameen district is made up of 
rocks that are so easily weathered down that natUTal exposures of 
them are comparatively rare. To this fact it is due that, although 
coal was long known to outcrop in Collins gulch, it was Y.ears before 
it was disco'vered anywhere else. The shale beds of the series are 
the softest, and can often be identified and followed by a depression 
on the surface of the ground. The sandstones are the most resis
tant members, and where they are interbedded with shales they form 
bard outstanding ribs with depressions between them. 

The whole formation is characteri'zed in the topography by 
rounded outlines and gentle slopes. 

External.-The oldest formation with which the Coldwater 
series is in contact is the Tulameen group, and the nature of this 
•contact leaves no doubt of the relation existing between these two 
groups of rocks. On Fraser gulch the lower sandstones of the Cold
water series outcrop within a few feet of the black and bluish slates 
of the ,Tulameen group. The sandstones dip towards the southwest, 
and strike about S. 60° E., while the slates strike about N. 65° E. 
and dip 65 degrees to the north. A discordance of dips with a much 
higher angle in the Tulameen rocks than in the Coldwater can also 
be noted on the trail to the Granite Creek mines where that trail 
crosses the contact between these two groups of rocks. These faoets, 
coupled with the strong difference in structural and physical 
features between the two groups of rocks, proves that a long period 
of time must have elapsed between the deposition of each group. 
The evidence suggests that the rocks of the Tulameen group were 
upturned and compressed, and their edges truncated before the 
deposition of the Coldwater series. ·In other words there is a strong 
unt'onformity between the two groups of rocks. 
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Around two-thirds of its outer border the Coldwater series is 
in direct contact with the Cedar volcanic series. This contact is 
described in d€tail on a. preceding page. The two series are there stated 

to be conformable with each other, because the lower strata of the 

Coldwater series are interbedded with the upper members of the 
Cedar volcanic series. The iower beds of the Coldwater series, 
consisting of conglomerate passing upward into sandstone, become 
~eparated from the main body of the series by a wedge of the Cedar 
volcanic series at Fraser gulch. Passing around the western side 
of the basin from north to south, the conglomerate and sandstone 
do not again unite with the main body of the Coldwater series until 

the wedge of Cedar volcanic rocks pinches out on the North Fork of 

Granite creek at the southern end of the basin. In this distance 
the sandstone and conglomerate can be found outcropping in a 

number of places, and in others their position can he identified by the 

topographic expression. The evidence shows that deposition of the 
lower beds of the Coldwater series began in this region before the 
extrusi'on and deposition of the uppermost beds of the Cedar vol
canic series, and hence the two periods overlap to a certain extent 
and there is no time break between them. The clips of the two 
series also coincide in degree and direction, and their strata are, 
therefore, conformable. 

The only younger formation with which the Coldwater series 
is in contact is the olivine basalt. This lies as an almost horizontal 
sheet over the top of the Coldwater series covering about one-third 
of its total area. The actual contact between the two was nowhere 
found exposed. The relation between the two formations is best 
seen near the head of Fraser gulch. At this point the sandstones 
and interbedded shales of the Coldwater series dip at an angle of 
25 degrees towards the south and strike directly underneath the 
covering of £at-lying olivine basalt. That the strike and dip of the 
sandstones persist underneath the basalt is indicat.ed by the topo
graphy of the surface, which shows parallel ridges, presumably of 
sandstone, separated by hollows, probably marking shale beds, con
tinuing up to the contact of the basalt. These features indicate 
that there is an unconformity between the two formations, for the 
Coldwater series must have first of all been tilted and then the up
turned edges truncated by erosion before the olivine basalt flowed 
over its surface. 
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!IIODE OF ORIGIN. 

The structure of these rocks and their association with beds of 
-<;oal indicate that they were laid down in a horizontal or nearly 
"horizontal attitude by the action of water. They have been cor
.related by their fossils with Dawson's Coldwater group describe~ 

.in his report on the Kamloops Map-sheet.1 In the course of the 
present examination of them no further information was obtained 
.of their mode of origin than that outlined in the report above cited. 
Dawson states that 'these beds were laid down in lakes or river 
estuaries, in hollows then existing in the old denuded surface of the 
Palreozoic and Triassic rocks,' and that 'they may well represent 
the work of some river systems of the early Tertiary time of denu
dation.' It might be argued from the present shape of · the Cold
water series of this district, a shape which is now oval but before 
compression might very well have been almost circular, that the 
evidence in favour of it having been a lake basin is stronger than 
-that for an estuary. Indeed, Penhallow,' in speaking 'of rocks of 
similar age -outcropping on the Tulameen river near its junction 
·with the Similkameen, distinctly . states that 'the beds were evi
dently laid down in the bottom of a lake.' 

AGE AND CORRELATION. 

The determinati'on of the age of the Coldwater series of the 
Tulameen district depends entirely on its fossil plants. Plant 
remains were collected from three different localities within the 
area covered by this series. The most productive locality was one 

-near the head of the little North Fork about the middle of lot 295. 
Another was at the head of a small creek flowing into Collins gulch 
and directly south of Jaakson m-0untain. The third was in Collins 
gulch immediately below the point at which coal mining was 
formerly done. The two first mentioned localities were in the shales 
which form the middle of the three groups into which the whole 
series was lithologically divided. The last was in the sandstones 
which form the lowest of the three groups. Besides these three 

1ocalities a few plants of the same varieties were observed in sand
stones near the head of Collins gufoh and in the . sandstones inter-

G.S.C. Annual Report. Vol. VII, Part B. 
2 Tertiary Plants of British Columbia, G.S.C. 1908, page 20. 

10015--7 
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calated with beds of the Cedar volcani'c series which form the base 
of this series and which outcrop in Blair creek on the north side of 
~he Tulameen river. 

A collection was made of over forty specimens, many of which 
were well preserved. These were studied by Dr. F. H . Knowlton, of 
the United States Geological Survey, who has been able to identify 
two different species of plants. These plants are:-

Comptonia cuspidata Lesquereux. 
Sequoia langsdorfii (Brongniart), Heer. 

Dr. Knowlton says that 'this material- thirty-nine specimens 
of the conifer and a single dicotyledonous leaf- is not sufficient to 
definitely fix the age, though it is presumably Oligocene or lower 
.Miocene.' 

Accepting Dr. Knowlton's· determination of the age of these 
'rocks, they can, therefore, be correlated with certain coal bearing 
rocks called by Dawson the Coldwater group, which are found at 
the following places in the adjacent region of British Columbia: 
Hat creek, Copper creek, Nicola valley at the junction with the 
Coldwater, and the Similkameen valley at Princeton. These various 
localities had already been correlated with each other by Penhallow 
in the report cited above and their age determined from plant 
remains as Oligocene. The same conclusion is arrived at by Hand
lirsch from a study of the insects found in the beds.1 

In the adjacent region south of the International Boundary 
line, coal-bearing beds having a strong lithological resemblance to 
those of the Tulameen have been described under the name of the 
Roslyn formation.2 This formation is classified by the United 
States Geological Survey as upper Eocene, but it may probably be 
of similar age to the Tulameen beds. 

The occurrence of Amyzon in the beds of the Similkameen 
area at Princeton led Cope and Lambe to correlate that area with 
the Amyzon bedis of Oregon, Nevada, and Colorad·o. The corre'.a
tion of the beds in the Tulameen district with those at Princeton 
would, therefore, include correlation with the areas in the United 
States mentioned above. 

1 G.S.C. Memoir No. 12- P. Contr. to Can. Palreontology. 
2 U.S.G .S. Folio No. 139. 1906. 
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Otter Granite. 

DISTRIBUTION. 

The Otter granite formation is limited m distribution to the 
north side of the valley of the Tulameen river, and the main part 
of it lies on the eastern side of Otter valley. This body is elongated 
in a north and south direction and has a length within the limits 
of the map of 9~ miles. Its width varies from one-half mile up to 
2~ miles. From China creek on the south it extends northward, 
following the eastern slope of Otter valley and passing out beyond 
the limit.'! of the map at Manning creek as a dyke-like body a little 
more than half a mile wide. To the north of the map it crosses to 
the west side of Otter valley and continues on in that direction for 
an unknown distance. 

A smaller boss-like body outcrops on the ridge between Boulder 
· and Bear creeks S'Outh of Spearing mountain. This body is mapped 
as being about half a mile in diameter, but as the country on the 
slope of Bear creek is heavily timbered and drift covered, the areal 
extent of this body in that direction is merely conjectural. 

Over the greater part 0£ its area the Otter granite is fairly well 
exposed, and as it is one of the youngest formations in the district 
the area mapped as such represents the total exposed area that this 
formation ever had, not including, however, that part which might 
be covered by the recent deposits. 

LITHOLOGY. 

It has been found in the course of the mapping of this forma
tion that while the type rock of the main central portion has a well 
marked uniformity of physical and mineralogical characteristics, it 
>yas bordered on a few of its contacts by a rock of more basic com
position. It was at first thought that this bordering rock repre
sented a totally different type, and for a time it was mapped as 
such. On examination, however, no sharp contacts could be found 
between the two types, and the field evidence suggested a transition 
between them. The microscopic study of samples taken from the 
border type tended to confirm that suggestion. The· structure also 
of the two types of rocks showed that they were not widely separated 
in time of intrusion, and that they were both comparatively recent 
rocks. The combined weight of tbi's evidence led to the conclusion 

10015- H 



100 GEOLOGICAL SURVEY, CANADA 

that the one type was merely a basic border phase of the other. Con
.sequently the two types were grouped together and have been 
mapped under the name of Otter granite. 

The typical rook of this formation is pink in colour and 
medium grained in texture. In general the texture is granitic, but 
there is occasionally a tendency in it to develop a porphyritic struc
ture in which the phenocrysts are large white feldspars in a pink 
groundmass. The constituents that can be identified in the field 
are pink and white feldspa1'S, quartz, a little biotite, and some horn
blende. In this type the acid minerals greatly preponderate over 
the basic minerals. 

The extreme basic phase of the Otter granite formation is a 
dark coloured granitic rock showing white feldspar, some quartz, 
and much black hornblende and less biotite. In this type the dark 
coloured minerals are much more abundant than in the main type 
mentioned above. Intermediate types of rocks have some of the 
characteristics of the two extremes. 

In the thin section the whole Otter granite formation from 
the most acid to the extreme basic type is characterized by contain
ing quartz and orthoelase intergrown together in a micrographic 
structure. More instances of this structure are seen in the acid 
type of this formation, because in these the quartz is more abun-' 
dant; but even in the most basic type, which is a quartz mica 
diorite, any quartz present is generally intergrown with feldspar, 
or else it is interstitial. Biotite also is an essential constituent of 
:all phases of this formation. 

A sample taken from the east side of the north end of Otter 
Jake, and typical of the main body of the formation, has been 
.analysed by M. F. Connor, of the Mines Branch, and its chemical 
-composition is given below. Under the mic1'oscope this rock is seen 
to contain clear glassy quartz intergrown with turbid feldspar in 
a · micrographic structure. The feldspars are always altered, and 
are both orthoclase and plagioclase, the latter being fresher in 
.appearance. They show no albite twinning, though Car.lsbad twins 
·are common and there is some zonary banding. Biotit~ is sparing 
in small pleochroic shreds. There is a little accessory magnetite 
.and apatite. The chemical composition of this rock is as follows:-



PLATE XIV. 

Microphotograph of Otter granite, showmg micrographic 
intergrowth of quartz and feldspar. 

10015- p. 100. 
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::iiU,. . . ... . .. . . . . . · . .. . . .. . . . ............ . . . .. ... ..... . ... 72·32 
Al,Oa . .. .. .. ... . .... .. . .. ......... . . ........ . .. .. ....... 14·53 
Fe,Oa .. .. ......... .. . ............. . . . ... . . .. .... ..... .. . . 0·67 
FeO .. ..... . . . . ..... . . .. . . . . . .. . . ............ . ... .... .... 1 ·37 

~;8::.:: ... : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : n~ 
Na,o ... . . .... . . . . .. . .... . . . ... .... ......... . .......... . 4·46 
K20 . .. ... . ........ .... . . ..... . ...... . ...... . ... . .. ... . . 3·51 
H,O+ ..... ... ... . ....... ... ....... . .. • ... .. . . .. . . ...... 0·67 
H20- .... . .. . . .. . . . ... ...... ........ .. . .. . . ..... .... . .. 0·06 
Ti0 2 ..... . ........... ... .. .... . .... . ... .... .. . ..... . .. .. 0 ·30 
P,05 ........ . .. . .. . . .. . ....... . ..... . . . ... . . ...... ... . ... 0·17 
MnO ... ..... . ........ .. .. .. .... . , .. .. . . .. . ... . . ......... 0·02 
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The analysis indicates that the rock is a fairly acid granite, 

'vith the peculiarity tl:iat the soda is slightly higher than the potash, 
and, therefore, much of the untwinned cloudy feldspar seen in the 
th in section must be albite rather than orthoclase. According to 

the Quantitative Classification of I gneous Rocks this rock is lasse-
nose. 

In the porphyritic variety of the acid type the white pheno
crysts prove to be plagioclase, while the pink groundmass is com
posed of smaller individuals of orthoclase and quartz. In all types 
tibe plagioclase is more idiomorphic than the orthoclase and appears 
to have crystallized out ,Jx.fore either of the orthoclase or the quartz 
which remained to crystallize together as the final product. 

Intermedi ate types of this formation contain an approximately 
equal proportion of orthoclase and plagioclase, and much horn
blende. Quar tz is less abundant and is intergrown as usual with 
the feldspar. Titanite is present as an accessory · constituent. This 
ty pe is probably a granodiorite. 

The extreme basic types are diorites, all of whieh contain quart:r 
and mica, besides the feldspars and hornblende, and in one section 
some augite grains are present. Examples of these types are found 
at the northern limit of the map, on t he eas t side of Frembd lake, 
and t o the north of the Princeton wagon road between C'ook and 
China creeks. 

The Otter granite formation is always fresh looking, and shows 
on its outcrop little evidence of metamorphism. In the thin sec
t ions the only evidence of alteration is seen in the turbid character 
of the feldspar, and in thi s alteration the orthoclase goes more 
rapidly than the plagioclase. 
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STRUCTURAT, RELATIONS.' 

lntern(Ll.-Because it is one of the youngest formations m the 
district, and has been subjected only to those dynamic disturbances 
which have followed the Oligocene period, the Otter granite forma
tion is still massive in strncture and fresh in appearance. It is not 
traversed by fracture planes and does not break along a number of 
definite lines. The only apparent lines of dislocation in the rock 
are due to jointing, and joint ·planes were noted running in two 
directions, namely, S. 80° E. and S. 25° E. 

As described in a preceding section, the Otter granite forma
tion is not hon~ogeneous in composition throughout; but while the 
main body of the rock is a granite, often on its outer borders i t 
passes by a change in the relative proportion of the two kinds of 
feldspar into a rock which is properly called a quartz diorit.e. The 
quartz diorite does not appear everywhere on the borders of the 
granite, but is present more especially on the two ends of the body 
and only in patches on the sides. The cause of the variation in 
composition is not readily apparent, but is thought to be due rather 
to differentiation in the magma than to assimilation of rocks 
through which tarn rock has been thrust. 

External.-On the divide between Boulder and Bear creeks 
south of Spearing mountain are exposed contacts of Otter granite 
with the Tulameen group, and with augite syenite. With the 
former the Otter granite forms a clean cut but ragged contact, 
with little e,·idence of contact metamorphism in the rocks of the 
Tulameen group. With · the augite syenite, the Otter gTanite makes 
a brecciated contact, showing the granite acting as a matrix: for 
angular fragments of syenite. Farther into the syenite are small 
apophyses of the granite striking at various angles. In each case 
t!1e Otter g-ranite is intrusive into the other rocks. 

Although Otter granite is represented on the geological map 
as cutting the Boulder gr.ani.te, the actual contact between these 
rocks is not exposed, because of the covering of drift. The relations 
ex.i:sting between these two formations, however, are clearly inferred 
from the fact that the Otter granite is intrusive into rocks which 
are younger than the Boulder granite . 

. Directly east of the north end of Otter lake, as well as on the 
ridge to the west of China creek, are well exposed confocts of Otter 
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granite with the Cedar volcanic series. These contacts are critical, 
as they determine the relative position of the Otter granite in the 
table of formations. At the first mentioned place the contact is a 
brecciated one, rounded and partly fused fragments of the Cedar 
volcanic series being embedded in a matrix of Otter granite. At 
the latter place the contact is sharper, and the Otter granite sends 
off apophyses into the volcanic roeks. Some metamorphism also 
has taken place, and the volcanic rocks have been shattered so that 
they break easily into small cubical fragments. 

The Otter gran'ite is not intruded by any large igneous bodies, 
but is cut by a number of small dykes, of which dark lamprophyres 
and light coloured syenite porphyries are the most common. 

11IODE OF ORIGIN. 

The mode of origin of the Otter granite is not different from 
that of the other large igneous bodies of the district, already 
described. It is believed to have worked its way upward through 
the overlying rocks from a magma chamber below not so much 
by forcible injection into an open fissure, as by gradual re
placement of the space occupied by overlying rocks. In its 
present outlines it is elongated in a general north and south 
direction, and that shape is the result of the magma entering along 
lines that were already predisposed to weakness in those directions 
by dynamic forces. It shows no evidence of having developed that 
shape since final consolidation. 

AGE AND CORRELATION. 

The age assigned to the Otter granite is based entirely on the 
nature of its contact with the Cedar volcanic series, and on the 
relations of the Cedar volcanic series to the fossiliferous rocks of 
,the Goldwater series. The evidence on each of these points has 
.already been given in preceding sections of this report. The contact 
.of the Otter granite with the Cedar volcanic series is well exposed, 
.and there can be no doubt that the Otter granite is intrusive into, 
and, therefore, later in age than, the Cedar vo:canic series. On the 
other hand the Cedar volcanic series is conformable, and in its 
'upper part contemporaneous with the lower part of the Coldwater 
series, so that the two series are virtually of the same age. Fossil 
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evidence places the Coldwatru· series in the Oligocene period of the 
Tertiary; consequently the Otter granite is post-Oligocene in time 
of intrusion. 

In the course of his work in the Kamloops district, Dr. 
Dawson' recognized two periods of vulcanism in the Tertiary 
separated by a considerable lapse of time. The older of these two
periods produced a series of rocks which he placed in the lower· 
Miocene, and the younger in the upper Miocene, with a probable
unconformity between them. 

The olivine basalt of the Tulameen district is correlated on. 
lithological and structu ral grounds with Dawson's upper Miocene 
rocks. This formation lies as an almost horizo•ntal sheet, and does 
not appear to have been disturbed since its intrusion over the 
surface. It appears to be younger than the- Otter granite, because
it is not reasonable to suppose that it would have remained undis
turbed throughout the period when the Otter granite was being 
~rrupted. The conclusion is drawn, therefore, that the Otter 
granite preceded the extrusion of the olivine basalt, and if the
.Jatter is late Miocene, then the Otter granite must be at least middle 
fMiocene in age. 

By another course of reasoning the _same conclusion is arriYed 
at. The OHgoce1ie period of disturbance was closed by a period of 
disturbance and mountain building, when the sediments then laid 
,down were upturned and deformed. This period of disturbance is 
recorded in the Tulameen district itself. Dawson in the report 
·cited above recognizes the same period of disturbance, as also d0> 
the officers of the Uni.ted States Geological Survey i'n their work 
in the adjacent region south of the International Boundary line.'
It has come to be recognized as something more than a mere coin
:i~~dence tha.t batholithic intrusion is so often preceded by moun-
ta.in building. So many instances of this sequ"nce have been 
recorded that it i-s now almost an established rule of dynamical 
geology that before batholithic intrusion there must be mountain 
building. If this sequence of events holds true in the case under 
:discussion, we should expect the Otter granite body to have been 

1 G.S.C. Vol. VII, 1894, Part B. 
2 U.S.G.S. Smith and Willis, Prof. paper No. lQ 

U.S.G.S. Folio No. 106. G. 0. Smith. 
U.S.G.S. Folio Np. 139. Smith and Cnlkins. 
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intruded directly after the mountain building period which closed 
't he Oligocene, and, t herefore, in the early part of the Miocene. 

Until more conclus·ive evidence .is obtained it seems advisable, . 
therefore, to place the date of the intrusion of the Otter granite· 
in the lower or middle Miocene. 

Tertia ry grani t ic intruis ions a re by 1no means rare in the· 
western pa rt of the continent, and several instances ·of such can 
be cited. In British Columbia itself, in the Hedley district not 
far to the east of the Tulameen, a granodiorite i'ntrusion is referred 
to the Tertiary, but the evidence for pla-ci'ng it there is by no means
as strong as in the case of the Otter granite. Again, on the Inter
national Boundary line between the Okanagan valley and the· 
Pasayto11 river, granite batholiths of three distinct periods of' 
intrusi-0n are placed by Daly' in the Tertiary period, but the evi- 
dence does not pern: it of t hem being further limited to any particu- · 
lar period in the Tertiary. 

One of the clearest cases of granitic intrusion in the Tertiary-

is that recorded by Smith and Calkins 2 in the Snoqualmie quad
rangle of Washington, where the Snoqualmie granodiorite is placed; 
on convincing evidence in the Miocene or later. 

Although there is not much litholog ical resemblance in these 
·various rocks to t he Otter granite, i t seems perfectly legitimate · 
'that we should correlate them broadly with each other. There is
perhaps not sufficient grounds for close correlation with the Hedley· 
gn'i nodi orite aJLd the grani tic intrusions on the International 
Boundary 1 ine, but in the case o-f the Snoqualmie gr anodiorite the· 
ev idence is certa inly good enough for closer correlation in t ime of' 

intrusion. 
J 

Olivine Basalt. 

DlS'J'HlBU'l'ION. 

T he oliv ine basalt has a very limited di str ibution, and i·s only· 
found on the divide between Collins .gulch and Gran ite creek. Its. 
area has been carefully est imated on account of the bearing it has
on the development of the coal fi eld on whi ch it lies, and this 
estimate can be considered as reasonably accurate because of the· 

i Bull. G.S.A. Vol. 17, !lair" 329. 
2 U.S.G.S. Folio No. 139. 
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ease with which the outlines of the basalt can be marked. Exposures 
are very numerous, and the topogTaphic expression of its contact 
is also distinct. The area covered is about 1,070 acres, and the out
line of this area is almost circular in shape. 

The basalt is simply a sheet lying on the surface, and its thick
ness varies from 500 feet at the south edge to about 200 feet along 
the northwest border. 

Besides this sheet of basalt, dykes of the same material up to 

20 feet in width were found in two or three places rising through 
the older rocks not far from the outer edge of the sheet. The most 
distinct of these dykes appears in the canyon of the North Fork south 

of the basalt area, and it is probable that this and other dykes repre
sent the original fissures through which the basalt was extruded. 

LITHOLOGY. 

As seen in the field the olivine basalt is a dark, almost black, 
rocik of rather fine grain. The upper portion of the sheet is a 
typical basalt, open in texture and full of amygdules which are filled 

with a white zeolitic mineral. The lower part of the sheet is more 
compact and is not vesicular. 

The thin sections of the rocks of this formation show it to be 
made up of two distinct types of rock, though without much appar
ent change in mineral composition. Sections of the upper part of 
the sheet show a rock of fine grain and slightly porphyritic struc
ture, containing phenocrysts of plagioclase, augite, olivine, and 
some mica in a ho~ocrystalline feldspathic groundmass. The ground
mass shows a strong flow structure and contains much iron ore. 
The lower part of the sheet is an olivine diabase. It exhibits a 
well marked ophitic structure, with long laths of plagioclase feld
spar embedded in large crystals of augite. 01ivine is present in 
large rounded grains, which a1·e generally fresh, but show some 
alteration to serpentine along cracks. Magnetite is very abundant 
as an accessory constituent. The rock is quite fresh, and shows no 
evidence of strain or movement subsequent to crystallization. The 
relative order of crystallization appear3 to be: (1) magnetite, (2) 
plagioclase, (3) augite and olivine. 
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STRUCTURAL RELATIONS. 

Internal.-The olivine basalt formation is <Jverywhere well 

exposed, and the topography formed by it is rugged and broken. 
All around its edges it forms steep cliffs flanked by talus slopes of 
large blocks of r-O<Jk, while the surface of the formation itself is 
very irregular and holds many small ponds and deep ravines. 

The formation has the form of a horizontal sheet lying on the 
surface, and lrnving a thickness varying from 500 to 200 feet. The 
upper part of the sheet is porous and amygdalodail in str.rcture, 
while the lower part is more compact. The rock is always fresh 
and only weathers 011 the surface to a dull rusty colour. Spheroidal 
forms are common on the outcrop as a resu1t of weathering. It 
fractures easily into large blocks that are cubic or irregular in 
shape. In places it shows well marked hexagonal jointing. 

External.-For a short distance along its southeastern border 
the olivine basalt is in contact with Triassic rocks. The contact is 
an unconformable one, for the basalt lies horizontally on the up
turned edges of the Triassic strata, which dip at high angles and 
strike east and west. 

On all -0ther sides the basalt is in direct contact with the 
Oligocene sediments. The actual plane of contact is nowhere 
exposed, but the two formations outcrop so near to each other that 
no doubt remains in the author's mind as to the relation .of the one 
to the other. At a point directly east of the head of Fraser gulch 
the sandstones of the Oligocene formation dip about 20 degrees to 
the southwest. These sandstones form successive ridges with 
hollows between them represented probably by shale bands. These 
ridges pass with the same dip and strike underneath the basalt, 
which here, as elsewhere, lies horizontally on the surface. Again 
at the coal mines on Granite creek, the shales and coal seams of 
the Oligocene formation have a dip of about 35 degrees to the 
northeast, while a very Short distance to the north the basalt is 
exposed above them, again as a horizontal sheet. At the southeast 
edge of the basalt the s·ame relation exists, so that there is no doubt 
about the unconformity between these two formatiorrs. The Oligo
cene sediments appear to have been £rst tilted at angles varying 
fr-0111 20 to 40 degrees, then after a considerable erosion period had 
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elapsed, t11e basalt was extruded as a lava flow over the upturned 
edges of the sandstone and shale beds, 

The effect of the basalt on the rocks over which it spread was
not so great as to be now eas ily apparent. It is true that the
basalt must ha ve been extruded probably through a :fissure as a 
molten mass of highly heated rock ; but being exposed to the cool
ing influence of the atmosp]rnre it quickly lost that heat, and with 
the loss of heat it lost al so i ts power to metamorphose the rocks. 
with which i t came in contact. Its effect on the Triassic rocks 01· 

the s&ndstones and shales of t he Oligocene fo rmation would be
i.nconsiderable, but on the coal seams with which it came in contact 
the effect would be much greater. This, however, could not be· 
studied by actu al observation of a contact between basalt and coal. 
Coals of Oligocene age are normally lignitic, and many basins of 
this age occurring in other parts of the Cordill eran region contain 
only lignites, because they are not greatly disturbed and are not 
closely associated with igneous rocks. In this basin the average 
grade of the coal is bituminous, but coal seams which outcrop in 
the northwestern pa r t of the basin some distance away from the· 
basalt are almost ligni t ic. 'The heat of the basalt would tend to
raise the grade of the coal from lignite to bituminous, and even to
anthracite, when the heat would be still greater. On the direct 
contact of the basalt with a coal seam and where there was n<> 
access of air, coke might be expected to form. 

lllODE OF ORIGIN. 

The mode of origin of the basalt has an impor tant economic
bearing, and va rious opini ons have been expressed by engineer& 
who had been engaged to report on the coal basin associated with 
it. One of two views prevailed. Either the basalt was intrusive, 
cutting up through the rocks -of the coal basin in t he form of a 
stock or boss, and carrying its contact down vertically from the
outcrop to an in<lefinite depth; or else it was a surface flow rising 
up through a comparatively narrow fi'ssure and spreading out over
the surface, forming a horizontal contact line with the r ocks of the 
coal basin. To a geologist the Iatter view is the only tenable one. 
Both the vesicular structure of the surface of the basalt and ttc 
hexagonal j·ointing are typical of a surface flow, while the absence 
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,of any marked contact metamorphism or the lack of well developed 
-crystalline structme in the basalt destroy all probability of it being 
a stock or boss. 

Dykes of olivine dia:ba-se up to 20 feet in width were found 
·cutting the Triassic rocks in the bed of the North Fork about half 
.a mile above the mouth of this stream. It is very probable that 
these were at one time open :fissures through which the basalt
-then in a fluid state---rose and spread over the surface. From the 
·fact that the basalt lies almost wholly within the limits of the area 
covered by the Oligocene sediments, it is likely that the :fissures 
-through which the basalt welled up to the surface cut the Oligocene 
-sediments; and that these :fissure·s would now be represented by · 
-dykes of olivine-diabase, which would probably be discovered in the 
-course of mining and development of the coal basin. 

AGE AND CORRELATION . 

The olivine basalt is the youngest solid rock formation in the 
-district. It rests unconformably on rocks which have been definitely 
fixed by their fossils as Oligocene in age, and this unconformity 
is great enough to indicate that a l°'ng period of time sepamtes the 
two formations. A period ·Of orogenic disturbance followed or 
·terminated the Oligocene sedimentation, and this was in time 
followed by a long period of erosion before the extrusion of the 
basalt. Since the extrusion and deposition of the basalt little 
-disturbance has taken place in this region-that is to say there has 
.been no ,crumpling of strata, though there was probably regional 
,uplift. or warping of the surface on a large scale. 

From the information obtained in this district alone no definite 
:age---other than that it is post-Oligocene---can be assigned to the 
p livine basalt. Rocks having the same structural features ·and 
-similar composition have been described by Dawson 1 in the Kam
:Joops district to the north. In his table of Tertiary formations 
{page 76 B) he calls these rocks later Miocene, because they are 
·presumably :conformable with the Tranquille group which contains 
·Miocene foss ils. Dawson was able to find evidence for only one 
'Strongly marked period of orogenic disturbance in the Tertiary, 
·and that. at the close of the Oligocene period. This period of oro-

1 G.S.C. Vol. VII, Part B. 
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genie movement appears to have been fairly general in this part of 
the Cordillera, for it is recorded by officers of the United States 
Survey both in the Snoqualmie and Mount Stuart quadrangles in 
the State of Washington. A second period, however, of orogenic 
movement is recorded in this region as ·having taken place towards 
the close of the Miocene. Both of these periods are recognized by 
Daly in his work on the International Boundary line, but whether 
the later period of disturbance was general enough to have affected 
the strata in the Tulameen sheet so as to produce crumpling we 
have no evidence. We do k:now that there was regional uplift at 
the beginning of Pliocene times in this region, and this period may 
correspond to the second period of distU11bance in the region to the 
south. In any case we have n.ot here sufficient data to fix definitely 
the age of the basalt. Its position now is that of a horizontal sheet. 
If there was disturbance here at the close of the Miocene period 
corresponding to that in the Snoqualmie sheet, then we would be 
justified in placing this formation in the Pliocene period. If there 
was only regional uplift without crumpling, as seems probable, then 
\;the basalt may be as old as ¥iocene. 

In this portion of British Columbia and in the adjacent parts 
·of the United States local vulcanism accompanied by the extrusion 
of lavas was characterisitic of every one of the four periods of Ter· 
tiary time. In the Miocene period, however, thu vulcanism was 
much more wide-spread and general, and we find volcanic rocks of 
this age covering a great .part of the western half of the Cordilleran 
belt. Among these volcanic flows of the Miocene period are many 
rodes having a composition similar to that of the basalt, while in 
the other Tertiary periods the vo1canic rocks described are gener
ally more acid in composition. Lithological character, however, is 
an ~nsafe criterion on which to correlate volcanic formations ovei; 
wide areas, but taking this evidence for what it is worth in connex
ion with Dawson's conclusion as to the ~ge of the 'basalt in the 
Kamloops sheet, it would appear to be safer to refer this formation 
tentatively at least to lat<ir Miocene. 

I 

Granite Porphyries. 
GENERAL CHARACTER AND DISTRIBUTION. 

Among the smaller intrusive igneous bodies of the district the 
granite porphyries form a distinct class of rocks which are differ-
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entiated by well marked' qualities from the other dyke rocks. They 
are essentially acid feldspathic rocks of a light reddish colour, and 
generally of a marked porphyritic habit. The phenocrystic con
stituents as seen in the hand specimens are feldspar, quartz, and 
either biotite or horniblende. The feldspar and quartz are present 
in all of the varieties, but biotite and hornblende are often absent. 
The groundmass is feldspathic, and generally contains specks of 
iron sulphides or some of the metallic oxides. 

The area covered by granite porphyry is small compared to the 
other igneous bodies already described, but is considerably larger 
than that of the syenite porphyries or lamprophyres. The granite 
porphyries occuT solely as dykes. They are generally s ituated in 
close proximity to the larger granite bodies, and are doubtless in 
'some cases genetically associated with those bodies. It is infre
quently that they are found more than a mile away from either the 
Eagle granod'iorite, Boulder or Otter granite formations'. The 
·principal localities where they are found are at Champion creek, 
-Laws camp, and Independence camp, or the eastern border of the 
·Eagle granodiorite, on Otter mountain and Otter lake, or the 
western border of the Otter granite, and on Rabbit mountain and 
Elliott creek or the edge of the Boulder granite formations. 

As a rule the trend of the granite porphyry bodies does not 
depart much from a true north and south direction, and in this 
respect they conform to the main orogenic axis of the region. The 
width of the majority of those dykes seen varies from 5 to 20 feet, 
but in one notable case a width of 1,000 feet is attained. The latter 
case is that of a dyke intrusive between the Eagle granodiorite and 
the rocks of the Tulameen group at Independence camp on the 
headwaters of one of the branch~s of Bear creek. This dyke has 
been traced in a southerly direction from Independence camp for a 
distance of 3 miles, in which distance it decreases in width from 
1,000 feet to about 50, and then disappears entirely under the drift 
of the creek bed. 

The granite porphyries do not form conspicuous topographic 
features, and are neither hard enough to be strongly resistant to 
erosion, nor soft enough to be easily weathered down. The large 
dyke at the head of Bear creek is not so resistant to erosion as 
either the Eagle granodiorite on the one hand, or the bedded vol-
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.eanic rocks on the other, and consequently makes a saddle in the 
long ridge separating Bear creek from the Coldwater river on the 
·west . 

.An economic feature of the granite porphyries is that they 
.either contain ore bodies in themselves or else are closely associated 
·with ore bodies that have been formed in the rocks throug·h which 
~they have been intruded. 

PETROGRAPH Y. 

The granite porphyries show a gradation m lithological char
:acters from well marked porphyritic rocks in which the constituents 
.of the ground'mass are well developed and easily identified in the 
thin section, to those in which the groundmass is very fine grained 
:and almost indeterminate. The first mentioned rocks are those 
which occur in the larger dykes. In these the phenocrysts are ortho
-clase, quartz, S'Ome plagioclase, and either biotite or hornblende or 
.both. The feldspars are always cloudy from decomposition. The 
·quartz is large and rounded in outline and ofte1.1. shows corroded 
:borders, and the hornblende is frequently completely altered to 
.chlorite. Plagioclase is often present as phenocrysts, and indicates 
a tendency to dioritic affinities in the rock. The groundmass of 

·these dykes is holocrystalline, and contains the same constituents 
;that appear as phenocrysts. 

In the smaller dykes, feldspar is frequently the only mineral 
:.appearing as phenocrysts. Quartz when present as phenocrysts is 
:always clear and gfassy and shows corroded borders. Biotite rarely 
:appears either as phenocrysts or in the groundmass. Hornblende 
;J.n long lath-shaped crystals is more common, though it is fre
.quently altered to chlorite. The groundmass is always very fine 
·grained, and contains small feldspars, interstitial or idiomorphic 
.quartz, and generally much accessory magnetite and iron sulphides. 

The most frequent secondary minerals in all the forms are 
·sericite and chlorite. These are abundantly developed in the large 
.dyke at Independence camp, and in the ore body which occurs at 
:this point in the granite porphyry, calcite is very common either in 
vuggs in the porphyry or replacing the groundmt1SS of it. Small 
weinlets of quartz are also present. 
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AGE. 

No definite age for the granite porphyry intrusions has been 
worked out, and i t is very probable that they have recurred at 
different stages in the geolog·ical history of the region. Some of 

t he dykes are cut by syenite porphyry intrusives. Granting that 
they are genetically connected with those larger granite bodies with 

which they are really a6sociated, intrusions of the various kinds of 
granite porphyries might range from about Jurassic to post-Oligo
cene. The n:ajority of them are found cutting the bedded volcanic 
rocks of the Tulameen group, which are at least Triassic in age. 

Some of them also cut t he Oed'ar volcanic rocks which lie conform
ably below foss iliferous Oligocene sediments. 

Syenite Porphyries. 

GBNEHAL CHARAC'l'ER AND DISTRTBU1'10N. 

In general characters t he syenite porphyries are not easily con
fused with any of t.he othel' class of dykes, and are readily recog
nized in the field. The rocks classed under this head are of a 
preva ilingly light colour, and have a strongly marked porphyritic 
habit. l\fany of them have much plagioclase in addition to the 
orthoclase, and show t hereby a tendency to pass over to diorite 
porphyries. The predominant type, however, is identified in the 
field by phenocrysts of white feldspar and smaller black hornblende 
in a fine grained grey groundmass. Quartz is absent in all varie
ties of this group. 

In distribution the syenite porphyries are among the commonest 

forms of dyke rock, and are found in near.ly all parts ·of the area 
examined. Typical examples are found at Independence camp on 
the head of Hear creek, in variott parts of Champion 0 11eek :basin, 
and many other places. They cut most of the main rock forma
tions. 

As a rule the width of the syenite porphyries is considerable, 
and often reaches 25 feet. No uniformity of trend is apparent in 
these dykes, alld strikes were obta ined which varied from n O'rtheast 

to so i1theast. 

10015-8 
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PETROGRAPHY. 

The thin sections of the syenite porphyries all show a holo
crystalline texture in the rock. The majority show a well marked 
porphyritic structure, with a strong difference in size between the 
phenocrystic constituents and the constituents of the groundmass. 
A few show a suggestion of gradation in size between these two· 
constituents. Both orthoclase and plagioclase occur as phenocrysts 
in all the specimens. Hornblende also forms phenocrysts in many 
specimens, but is usually of smaller size and less abundant. The 
orthoclase is in large tabular crystals often twinned after the Carls
bad law. The plagioclase is in longer, more lath-shaped crystals 
which frequently show albite twinning. Both feldspars are gener
ally turbid through alteration. The hornblende of the phenocrysts 
is dark green in colour and appears in long blades which often show 
a tendency to alter to chlorite on the outer edges. 

The groundmass of the syenite porphyries is fine or rarely 
medium grained, and contains the same constituents that form the 
phenocrysts. Some quartz is occasionally present, and where seen 
is micrographically intergrown with the feldspar. :Magnetite is the 
m-0st common accessory constituent. 

The secondary minerals developed are sericite and chlorite in 
the phenocrystic constituents, and calcite in the groundmass. 

AGE. 

Syenite porphyries have been found cutting augite syenite, 
Eagle granPdiorite, the rocks of the Tulameen group, and the large 
granite porphyry dyke at the head of Bear creek. Outside the limits 
of the sheet and in the upper waters of the Tulameen river, large 
typical &yenite porphyry dykes were noted intrusive into Cretaceous 
rocks. They may cut the Oligocene rocks, but no instance of such 
has been found. With what evidence we have, therefore, it is not 
possible to fix their age more definitely than to say that they are 
of Tertiary ag~. 

La.mprophyre. 

GENERAL CHARACTER AND DISTRIBUTION. 

Certain small dykes of a general basic composition, but showing 
oonsiderable range in their constituent minerals, have been classed 
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together and will be described under the general name of lampro
phyre. They are all dark coloured rocks, and the chief constituents 
t hat can be identified in the fie~d are feldspar, hornblende, and some
t imes biotite or augite. These appear usually as small phenocrysts 
in a dark, fine grained groundmass. 

These dykes are always of small size, and are not limited t o 
any particular area or formation, but are found in all parts of the 
district cutting rocks of varying ages. A great many of these dyk~s 
cut the oldest stratified rocks, some cut the Eagle granodiorite 
formation, and others were found intrusive in the Otter granite 
formation. 

The trend of these dykes varies more widely than any of the 
other groups of dykes, though as might be expected the greater 
number of them conform to the main orogenic axis of the region 
which is slightly west of north. 

The lamprophyres are, as a rule, very soft and weather down 
easily, consequently they are not conspicuous features in the topo
graphy. 

PETUOGUAPHY. 

The lamprophyres of the Tulameen district are dark grey to 
black, holocrystalline rocks of fine to medium grained texture. The 
majority of them show a slight tendency to porphyritic structure 
by the development of short needles of black hornblende, but in a 
few the constituents show a uniformity of size, which marks a 
t ransition to rocks of syenitic affinities. 

J\ficroscopically, the essential constituents of these rocks are 
plagioclase, orthoclase, and hornblende, and in some specimens 
augite, biotite, and quartz. Where porphyritic, the phenocrysts are 
always the ferromagnesian minerals, and less often the feldspars. 
The feldspars are always cloudy from decomposition. The plagio
clase is in long, lath-shaped crystals not frequently showing albite 
twinning. The orthoclase is in tabular crystals. Both feldspars 
are generally of later formation than the ferromagnesian mineral 
that is associated . with them. Hornblende is the most common 
dark mineral, and appears in long dark green crystals. Biotite is 
not abundant. It always appears in the same rock with hornblende 
and is much less in quantity. Augite is often an essential consti-

1001~ 



116 GEOLOGIC.A.I, SURVEY, CAN AD.A. 

tuent, and generally occurs to the exclusion of the other ferro
magnesian minerals. When horn:blende is present with the augite, 
the former is always an alteration product of the latter. Quartz is 
rarely so abundant as to become an essential constituent, and never 
forms phenocrysts in the porphyritic varieties·. Its position is 
always in the grounclmass of the porphyritic forms, and in the 
others it occupies a position interstitial between the accompanying 
minerals. 

The groundmass of the porphyritic varieties is fine grained, 
though holocrystalline, and consists of the same minerals that make 
up the phenocrysts and of the accessories. The accessory minerals 
are magnetite and some sulphides, with a great deal of non-metallic 
isotropic mineral which appears as small rounded particles. 

The alteration of these rocks is generally . much greater than 
would be expected from their megascopic appearance. The 
commonest secondary constituents are chlorite, calcite, and kaolin. 
The feldspars are rarely unclouded. Both the hornblende and 
augite alter readily to chlorite, but the biotite is more resistant. 
Calcite in certain specimens is so abundant that the rock effervesces 
freely with cold hydrochloric acid. Small veinlets of calcite are 
also occasionally seen in some sections. 

AGE. 

As in the case of the granite porphyries no definite age can be 
assigned to the lamprophyres. Because of the variation in their 
physical and chemical character it is not possible to correlate the 
various kinds with each other, and it is probable that their intru
sion covers a wide range of time. The lamprophyres cut almost 
every one of the main geological formations of the district. Many 
of them are found in the oldest stratified rocks others cut the Eagle 
granodiorite and Bould€r granite. S-0me were found in augite syenite 
and pyroxenite. One was noted as intrusive into the Otter granite 
formation, so that this one at least must be of very late date. None, 
however, have yet been found cutting the olivine basalt. The 
youngest of them, however, must be at least Miocene in age. 

Diabase. 

Dykes that can be positiv·ely classed as dia:bases are not abun
dant in the district, but the few that occur are worthy of note. A 
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;unique variety of this kind of dyke was noted at the 8outh 
end of the long ridge lying between Slate and Champion creeks. 
This dyke (see Plate XV) is 5 feet wide and cuts both pyroxenite 
and augite syenite and strikes northeast. The diabase structure is 
well developed in it, and shows phenocrysts of white feldspar from 
1 to 4 inches in length, embedded in a fine grained crystalline 
groundmass of basic material. 

Dykes of olivine diabase were noted in the bed of the N·orth 
For~{ of Granite creek, where they cut the rocks of the Tulameen 
group. They were not seen to be intrusive into the Oligocene sedi
ments, but from their physical and mineralogical characters they 
appear to be related to the olivine basalt formation. It is probable 
that these dykes are directly connected with the olivine :basalt, and 
that they fill the :fissures through which the olivine basalt reached 
the surface. 

Surface Deposits. 

GLACIAL MA'l'ERIAf,, 

The evidence of a large ice-sheet covering the whole of the 
Tulameen region even up to the highest points is preserved to us by 
many records such as strire, roches moutonnees, and glacial deris. 
Besides this large ice-cap, there is much evidence to show that, after 
the melting away or retreat of the ice-cap from the highlands, and 
probably also before its maximum development, the valleys alone 
were occupied py ice which moved slowly down the present grade of 
the streams. Evidence of this occupation is recorded in the shape 
of these valleys, the strire in them, the hanging valleys of tributary 
streams, and other criteria of valley glaciation. The evidence, how
ever, with which we are directly concerned here is the material 
deposited, such as morainal material, unassorted debris, boulcler
clay, and glacial lake deposits. 

Unassorted glacial debris lies as a thin mantle over a great 
part of the district up to highest points. This contains boulder 
erratics, which show tlrn direction of the Cordilleran ice movements, 
and now lie to the south or southwestward of the solid rocks from 
which they were originally derived. 

Material of valley glacier origin consisting apparently of un
modified material covers the floors of the two old glacial valle;rs ~ 



118 GEOLOGICAL SURVEY, CANADA 

one of which lies east of Otter mountain and the other west and 
north of Grasshopper mountain. 

The boulder clay of the Tulameen sheet is tl1n typical boulder 
clay described in such detail by Dawson in the Kamloops district.' 
It is stiff, hard, and compact, light in colour and consists of a paste 
of sandy clay holding pebbles and boulders of all sizes. It is irregu-
1al'ly distributed throughout this region generally in the lower and 
intermediate levels, but rarely if ever on the higher parts. It is 
found clinging to the sides of many of tl1e valleys tributary to the 
main streams, especially in the valley of Bear creek where it is 
~xposed by landslides. 

There is in this district some evidence of two boulder clays 
separated by stream deposits, possibly denoting an interglacial 
period. This evidence has been derived from a section exposed on 
the south side of Tulameen valley immediately below the mouth of 
Slate creek. The section, from top to bottom, is as follows:-

(1) Stiff, light coloured boulder-clay, containing 
small angular ptbbles.. . . . . 100 feet+ 

(2) Coarse sands and gravel, stratified and water-
worn. . . . . . . . . . . . . . . . . . . . . . 10 feet 

(3) Fine sands separated by stream gravels.. 16 feet 
(4) Boulder c~ay holding huge boulders.. . . 20 feet+ 

The middle portion of this section contains stream gravels 
deposited either between periods of glaciation when the boulder 
clay was laid down, or else by glacial streams :flowing on or under 
the ice. 

Typical morainal deposits have only been identified here in the 
valley beds, and are, therefore, to be referred to later stages of 
glaciation, when glaciers lay in the valleys and were slowly retreat
ing up them. .At seYeral points glacial debris has been heaped up 
to form a collection of irregular hills and hollows, and each of these 
collections represents a halt for a considerable period made by the 
retreating glacier. 

The greatest accumulation of morainal material is found at 
the Tulameen end of the old glacial valley which runs from the 
centre of Otter lake southeast towards the mouth of China creek. 

1 G.S.C Part B . Yo!. VIII. Report on the Kamloops Map Sheet .. 
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Near the mouth of China creek, glacial material has been indis
criminately dumped, so that there now appears a great number-;,£ 
kettle holes separated from each other by winding ridges and irregu
lar mounds. 

On a smaller scale s imilar acomnrnlations of glacial debris can 
be found on the west side of Otter lake near the mouth of Riddell 
-creek, or again on the south side of the Tulameen valley at the 
mouths of Slate and Cedar creeks, and above the mouth of Collins 
gulch. Other morainal accumulations are fou:nd at points in th~ 
·course of the old gl!lJCial channel which lies northwest of Grasshop
per mountain. 

Certain stratified deposits of clay found at a point in the bed 
-of Bear creek have ooen doubtfully .referred to a glacial lake formed 
in this valley when the Tulameen Valley glacier blocked the outlet 
·of Bear creek. These deposits lie on the east branch of Bear creek, 
about three-fourths of a mile above the wagon bridge. The 
section, exposed in a cut bank, shows thin bedded clays, overlaid by 
more massive clays, over which are stratified sands and gravels of 
-fluviatile origin. Lake clays whether of glacial or post-glacial 
-origin cover the floor of Otter valley above Frembd lake. These 
.are exposed in the banks of Otter creek, and are seen to extend for 
-over 2 miles up the valley, but what their thickness is could not be 
.ascertained. 

STREAM DEPOSITS. 

The stream deposits of this district have been and are still 
bighly important from an economic point of view, because from 
them a considerable quantity of gold and platinum has been 
·obtained. 

The principal deposits of this origin are those found in the 
main: valley, namely, in that of the Tulameen river. These deposits 
are found in the valley bottom and on the slopes up to a height of 
300 feet. They have been carved into a series of terraces by stream 
acdon and in some places, such as the mouth of Granite creek, ns 
many as a dozen different terraces can be recognized at different 
levels. Above the mouth of Slate creek the Tulameen valley 
narrows, and there is little room on its steep sides for the reception 
-0f stream gravels. Below that point, however, the valley grows 
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wider, and gravel deposits have accumulated m considerable 
quantity. 

Otter valley, though broad and deep, has comparatively few 
accumulations of stream deposits, except at its immediate junction 
with the Tulameen river. The grade of the valley is so low that 
the stream can not now transport any but the £nest kind of material; 
and even much of the material that is now found in its bottom has 
apparently been deposited in the quie t waters of a lake and not by 
running water.. 

In the smaller streams of the district gravel deposits are fou~1d 
in much greater abundan ce at some distance above the mouths of 
the streanis th'an in the immediate vicinity of their junction with 
the master valleys of the Tulameen and Otter. This is due entirely 
to events which happened in the later stages of the history of these 
streams whereby their grade was altered to form hanging valleys, 
and sufficient ;time has not yet elapsed to enable 'all these tributary 
streams to cut down their beds and enter at grade. The effect is 

. as we now find it, namely, a rock-walled canyon in the lower part 
with a more open flaring valley above t his. The result is th'at. we 
now find in nearly every case in these t ributary streams shallow 
deposits of gravel or no gravel at all for a short distance above the 
junction with the Tulameen and Otter valleys, and above that more 
extensive deposits, constituting in the case of the larger tributaries 
what the placer miners call ' deep ground.' Such deep ground 
exists in Granite creek above the mouth of the North Fork, and 
in Slate, Champion, and Eagle creek about the canyons at their 
mouths. Similar deep gravels are found in the upper parts of 
Boulder and Elliot creeks, but their economic importance is nega
tive. The deep ground, however, of Granite and Slate creeks is 
important, and wherever bed-rock has been successfully reached in 
placer mining operations the gold and platinum obtained has well 
repaid the extra outlay necessary t o mine t hem. 

Structural Geology. 

A discussion of the structural geology of a region involves, 
first of all. a clear conception of the original conditions under which 
the rocks in it were formed. and a kn~wledge of the causes which 
are likely to produce changes in structure, and .secondly, a descrip-
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t ion of the present position, attitude, and condition of the var1ou> 
rock bodies. The structural sections drawn through the geological • 

map from east to west illustrate, diagrammatica:Uy, to a certain 
extent, the struct ural conditions now existing and the relations · 
between the various formations. 

It is perhaps needless to state t hat all the st1;atified formations, .. 
namely, the Tulameen group, Cedar volcanic series, Coldwater · 
series, and the olivine basalt, were laid cl own on the surface of the 
older rocks in an attitude which was originally nearer horizontal 
than otherwise. The clip of the true sediments would certainly not 
have been greater than 10 degrees, while the volcanic beds may · 
h ave been slightly greater. The eruptive igneous rocks, however , 
found their way upward from the interior of the earth, so that · 
their contacts would be as a rule more vertically inclined than 
otherwise. 

'Through disturbances in t he ear th's crust the attitude of the · 

stratified rocks h as ibeen changed so that they do not now alwa~·s 

lie in the same p9·sition in which they were first laid down, and the · 
older the formation the more greatly will it have been deformed. 

The principal causes of structm'al changes in the rocks are· 
orogenic disturbance and batholithic intrusion. 

The strongest orogenic disturbance recorded in the western 
part of the Cordilleran region since t he formation of the Tulameen . 
group took place in t he Jurassic period. At t he beginning of this 
disturbance the only rocks present in the Tulameen district, that 
we n-0w know of, were those of the T'ulameen group. I n this dis
turbance the attitude of the TuTameen group was changed and its 
strata were compressed and folded into a series of an ticl ines and 
synclines with high dips. The main compressive forces acted in an 
east and west direction, so that t he aY.es of the folds now trend 
north ·and south. Compression, however, was also exerted in a north 
and south direction, so t hat folds are also found with axes running 
normal in this direction. Although it has not been possible to 
identify many faults in the beds of the Tulameen group, some · 

faulting undoubtedly t.ook place as an accompaniment to the fold

ing. And as the effect of this di stUTbance on the strata has been· 

on the whole a shortening h orizontally, the resulting fa ults would: 

be other than normal faults . 
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Immediately following this disturbance eruptive igneous action 
began, resulting in the intrusion of a number of igneous bodies, 
each of which had some effect on the structural conditions of the 
region. Around the borders of these igneous bodies the rocks of 
the Tulameen group are fractm'ed, fissured, and faulted, and t o 
some extent a schistose structure is induced in them. The folding 
and faulting resulting from these intrusions is probably less than 
that produced on the strata by mountain building forces. Apo
physes ·of the igneous rocks were at the same time thrust into the 
fissures so produced, and many small quartz veins were formed. 

The igneous bodies themselves are as a rule elongated in a 
direction which conforms to the main orogenic axis of the region, 
that is to s·ay they have a greater length in their north and south 
axes than in their east and west. This shape is due not so much to 

later compression along east and west lines, but rather to the fact 
that the intruded rocks had been predisposed to weakness in those 
directions, so that. when the intrusion took place the igneous magm'a 
fol1owed those lines of weakness in preference to cutting across the 
strike of the rocks. 

For the same reason the majority of the smaller igneous intru
sions trend north and south instead of east and west. 

Neither the Cedar volcanic series nor the Coldwater series are 
as gre'atly deformed as the Tulameen group, for their dips are now 
rarely more than 45 degrees. 'These rocks lie in a downwarped 
basin and their dips are roughly inward from all sides towards the 
centre of the basin. The 'Cause of this downwarp is not known, but 
it may possibly be due to withdrawal of the materi1al which consti
tutes the · Cedar volcanic series from a chamber underneath, and its 
extrusion on the surface, causing a sinking of that surface. In this 
process normal faulting might be expected to have t'aken place, 
though no instances of such have yet been noted. 

The youngest stratified formation in the district is the olivine 
basalt. This lies as an approximately horizontal sheet on the 
surface and does not appear to have been seriously disturbed. since 
its extrusion. 
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Historical Geology. 

GENERAL ACCOUNT. 

The earliest geological events in the Tulameen district of which 
any record has been preserved to the present are contain'ed. in the 
rocks of the Tulameen group. The major portion of this group is 
volcanic in origin, but some true sediments are also interstratificd 
with the volcanic materials. From this and other evidence it is 
inferred that all the beds of the Tulameen group were laid down 
under water. If the idea is accepted that the Tulameen group is 
Triassic in age, then the Triassic of. this region was a period of 
submergence beneath the waters of the sea. 

Because neither a top nor a bottom has been found to the Tula
meen group there is nothing in this l'egion to indicate what was 
the relative position of sea and land during the Triassic, but it is 
probable that the land from which the elastic members of this group 
were derived lay far to the eastward. 

During this submergence sedime!J.tary beds were . deposited on 
the floor of the sea, but the progress of sediment.ation was frequently 
interrupted by vulcanism before more than a few feet of sediments 
were formed. The effect of such vulcanism was the extrusion of 
great thicknesses of lavas .over the floor of the sea. 'There is no 
evidence in the rocks that open craters existed, but all of the vol
canic material appears to have risen to the surface through fissures 
in the earth's crust. 

Following the period of Triassic sedimentation and vulcanism 
came the J m'assic revolution, during which the Triassic l'Ocks were 
uplifted from the sea, folded and crumpled to a remarkable degree, 
and in many cases rendered schistose by regional metamorphism. 
This revolution elevated the whole region from the sea, and it has 
never since been completely submerged, so that from that time to 
the present the greater part of it has been undergoing erosion. 

Immediately fol1owing and probably ge.netically connected with 
the Jurassic revolution, batholithic intrusion on a grand scale 
began. The results of this period of intrusion are seen all the way 
along the Pacific coast from Puget sound to Alasl{a in what is 
known as the Coast Range batholith. In the Tulameen district 
this period is represented by intrusions of various rock bodies in 
the following sequence:-
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(1) Boulder granite. 
(2) Peridotite and pyroxenite. 
(3) Augite syenite. 
( 4) Eagle granodiorite. 

These rocks worked thei1· wa;y upward from the interior of th?.
earth into the crumpled and deformed rocks of the Tul'ameen group, 
reducing the area of these rocks by a considerable amount. At the 
same time the Tulameen group was metamorphosed by contact 
action, fractured and fissured along the borders of these intrusions, 
and many veins and replacement deposits carrying the valuabh1 
metals were formed in them. 

The erosion period which then began continued throughout the 
whole of Cretaceous times. Much of the material eroded away at 
this time from the Tulameen district was probably carried west
ward to be deposited in a geosynclinal basin which lay only a few 
miles to the west of the western border of the region covered 
by the map, and in this basin some 30,000 feet of sediments are 
estimated to have been laid down. 

The Larimide revolution which was so effective in th~ eastern 
half of British Columbia was not as pronounced in its action in 
this region. It was, however, effective to the extent of putting a 
stop to sedimentation in the Cretaceous basin by elevating it out 
of the water. It probably also raised the level of the region inside 
the Tulameen district, thereby instituting a new cycle of erosion. 

Throughout the whole of the succeeding period of the Eocene 
no sedimentation nor vulcani m is reoorrded either in the Tulameen 
district itself or anywhere in the adjacent parts of British Columbia. 
It appears fo have been entirely a period of erosion, and for this 
reason Dawson' concluded that erosion went so far as almost to 
peneplain the whole country known as the Interior Plateau region. 
Whatever evidence we have in the Tulameen district supports this 
idea, and it is reasonable to suppose that if e1•osion continued from 
.the Jurassic revolution to the close of the Eocene, w_ith only one 
uplift of unknown strength at the close of the Cretaceous, the result 
would be that ·of a very mature topography or conditions approach
ing peneplanation. The evidence of the next recorded event, how
ever weak, also supports this idea. 

'Bull. G.S.A. Vol. XII, 1901. 
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Nearly everywhere else in the southern interior of British 
Columbia the first event recorded in the Tertiary period was sedi
mentation in lake basins in the Oligocene. The shape of these basins 
-suggests that the country was cer tainly not as mountainous as it is 
now, but that the surface was fairly well worn down, as it was pre
-sumed t o be after the period of Eocene erosion. In the Tulameen 
;region, hO\vever, a period of volcanic activity immediately preceded 
Oligocene sedimenfation and even continued simultaneously with 
it. The sequence of events as recorded here at this t ime is as 
follows:-

(1) Extrusion of lavas into a synclinal basin which was gradu
ally sinking. 

{2) A short period of sedimentation in this downwarped basin. 
(3) Renewal of volcanic activity and an enormous outflow of 

lava. 
( 4) Cessation of vulcanism and an uninterrupted deposition 

of sediments and coal seams throughout the remainder 
of the Oligocene period. 

In the adjacent parts of British Columbia and Washington the 
:greatest disturbance of Tertiary t imes is recorded in the Miocene, 
and in the Tulameen district there is no exception to this rule. 
The evidence of the r ocks shows that the period of quiet sedimen
'\tation in the Oligocene was closed by a movement in the earth's 
;erust, which disturbed the Oligocene sedimentary and volcanic 
rocks and tilted them at angles which reach a maximum of 45 
-degrees. This was accompanied or followed closely after by batho
lithic intrusion of the Ott.er granite, which probably somewhat 
reduced the area covered by Oligocene rocks. 

A break in the geological record then follows, during which 
.erosion of the uplifted Oligocene rocks went on, and the upturned 
·edges of these r ocks were bevelled off. This erosion period must 
have continued for a considerable length of t ime, for when the next 
.event occurred we find an extrusion of olivine basalt rising through 
:fissures to the surface and flowing over the t runcated edges of the 
Oligocene sediments and covering them as a sheet. This is the 
-final event recorded in the solid geology of t he region. 

From the history of adjacent regions we know that towards t11e 
do;:e of the Pliocene a regional up1ift of the southern interior of 
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British Columbia took place, which included the. Tulameen region. 
At this uplift the Cascade mountains were elevated as well as the 
Interior Plateau, and again a new cycle of erosion was in.stituted. 
It has been estimated in the adjacent Hedley district that the 
a.mount of uplift which took place in Pliocene times was about 
2,500 feet,1 and there was probably as much in the Tulameen 
district. This uplift was responsible for a revival of the drainage, 
and resulted in the cutting clown of the stream beds so that they 
flowed in sharply V-shaped valleys instead of in the broadly flaring 

'ones which probably characterized the topography before the Plio
cene uplift. 

The glacial period then followed, the records of which are left 
rather in the topography than in the solid geology of the region. 
The effects produced in the glacial period have been preserved to 
the present, and from those effects we have to reason back to the 
causes in order to arrive at a history of events which produced 
them. 

Glacial conditions were probably begun in the higher levels of 
the adjacent region, namely, in the mountains to the west of the 
Tulameen district. Here snow and ice would tend to ac
cumulrate first. Small m01untain glaciers would be the first indi
cations of glacial conditions, and as these conditions increased in 
strength the glaciers would grow larger, pushing their lo:bes farth0r 
out from the central ,gathering grounds by following the course of 
the valleys. The first glacial ice then to enter the Tulameen district 
would be one of these valley glaciers following the course of the 
Tulameen valley, and that while the country between the valleys 
was still free of ice. 

As glacial conditions increased the interst1·eam parts of the 
Tulameen district would themselves become gathering grounds of 
ice, and these would gradually unite with each other until the 
whole country was covered with ice in the form of a large con
tinental ice-sheet. The movement of the ice would then change 
from flowing down the grade of the valleys to a direction which is 
indicated by the strire on the summit levels, namely, somewhat west 
of south. This would represent the maximum of glaciation. 

Whether there was more than one period of maximum glacia-

1 G.S.C. Memoir No. 2, page 35. 
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tion or not we have no positive proof in this region, but there is 
some evidence that there might have been at least two such periods 
of maximum glaciation, with a return between them either to con
ditions of valley glaciation alone or even to a total absence of 
glacial ice. 

The final retreat of glacial ice would be in reverse order to the 
advance, namely, that after the period of maximum glaciation there 
would follow conditions of valley glaciation and the final retreat of 
the ice up the valleys to the higher mountainous tracts. 

The effects of valley glaciation before the maximum develop
ment of the ice would probably all be obliterated by glaciation at 
later stages. But we can infer that one of the effects of this period 
v:ould be the modification of the shape of the valleys occupied by 
ice. 

During maximum glaciation the effects on the topography 
would be more pronounced on the higher levels, where it would all 
work towards a reduction of. the relief, both by wearing down p·ro
jecting points and by filling up hollows. 

When the ice was finally retreating the valleys would again be 
the scene of the most active glaciation, with the result that these 
valleys might be deepened, and certainly widened, and made more 
U-shaped. Morainal deposits here and there are evidence that the 
valley glaciers halted for a certain length of time at different points 
in their retreat. The streams flowing out from the ends of these 
glaciers would no doubt be heavily laden with glacial detritus, 
which was deposited again below on the sides and bottom of the 
valley forming our present stream deposits. 

The last recorded event worthy of note was the local tilting of 
the southwestern part of the Tulameen area, as a consequence of 
which the Tulameen river above Slate creek cut down its bed below 
the old glacial bed to a depth of about 300 feet, so that we now find 
in that portion of its course a narrow rock-walled canyon inci8€d 
into the broader glacial valley above it. 

Summary of Geological Events. 

MESOZOIC. 

(1) Submergence in Triassic times; sedimentation accom
panied by subaqueous effusion of volcanic materials. 
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(2) Jurassic revolution; uplift and deformation of Triassic 

rocks; effect very pronounced. 
(3) Batholithic intrusion of igneous rocks in the following 

order: Boulder granite, peridotite and pyroxenite, augite 
syenite, and Eagle granodiorite. Resulting· contact 
metamorphism and formation of many ore deposits. 

( 4) Erosion period extending in parts of this regjon up to the 
present time. 

(5) Larimide revolution. 

TERTIARY. 

(6) Eocene erosion period. 
{7) Effusion of lavas of the Cedar volcanic senes on the old 

denuded surface. 
{8) Local clownwarpiug, and formation of Oligocene lake basin 

in which sediments and coal were laid clown. 
(9) Miocene orogenic disturbance; tilting of Oligocene sedi-

ments and batholithic intrusion of Otter granite. 
(10) Erosion period. 
(11) V ulcanism and effusion of olivine basalt. 
(12) P.lioc'ene uplift of Interior Plateau and Cascade mountains. 
(13) Re vi val of drainage in erosion period following; cutting 

clown of valley bottoms. 

QUATERNARY. 

(H) Pleistocene glaciation, modification of land forms and 
broadening of valleys. 

(15) Retreat of glacial ice and local tilting of land su·rface 
following. 

-(16) Local deepening of some valleys. 
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CHAPTER V. 

EOONOMIC GEOLOGY. 

General Statement. 

The Tulameen district first attracted the attention of the 
mining public through its placers, and although these are believed 
to have been worked as long as the early sixties, it was not until 
1885 that they attracted · much attention. In that year consider
able excitement was caused by the discovery of rich placers in 
Granite creek, and ever since that date some placer mining has been 
carried on in the district. About 1899 the search for the metals in 
primary deposits began and discoveries were soon made. 'The pros
pecting and development of some of the lode deposits has continued 
up to the present, although as yet without any extraction having 
been made from them. 

The various classes of mineral deposits occurring within the 
limits of the Tulameen sheet are arranged below in tabular form, 
and this list includes all the ores of the district that are known to 
have any present or prospective value. 'The variety is great though 
the area of the district is small. It is quite certain that some of 
the deposits to be hereafter described have little or no present value, 
but a description of them is given here because of the possibility 
that they may at some future time become valuable . . 

Up to the time of writing the only deposits tht have been 
profitably worked are the placers, and the production of ~gold and 
platinum from them represents the total value of the mineral pro
duction of the district. There are no data of the amount produced 
previous to 1885, but since that date the total value of gold and 
platinum produced amounts to nearly $800,000. 

The platinum recovered from the gravels of this district has 
been variously estimated at 10,000 to 20,000 ounces, and at one time 
this district was the principal producer of platinum on the North 
American continent. 

10015-9 
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The more easily worked of the placers have been gradually 
exhausted, and at the present time mining of these deposits is only 
being carried on by a few individuals, in the summer season. The 
gravel deposits of the district are not very large, but there is still 
a considerab~e area of what is known as deep ground and some bench 
deposits, that might be worked at. a profit. 

Virtually all the other mineral deposits are still in the prospect 
stage of development, but, with the advent of the railway lines now 
being built, some of them, especially the coal beds, should soon 
enter the producing stage. 

After the excitement caused by the discovery of placer gold 
died out, interest in the dlistrict gradually waned. At the present 
time tl1is interest is being revived owing to the building of the 
Victoria, Vancouver, and Eastern railway through the district, to 
the discovery of diamonds in the rock of Olivine mountain, and 
because of the increased value of platinum which has made the 
working of some of the Tulameen placers an attractive venture. 

Classification of the Mineral Deposits. 

A. Placers, containing gold and platinum. 
B. Primary deposits. 

(1.) Diamond. 
(2.) Platinum. 
(3·.) Gold. 
(4.) Copper, usually ·associated with gold and silver. 

· (5.) Magnetite .. 
(6.) Chromite. 
(7.) Molybdenite. 
(8.) A besto&. 
(9.) Coal. 

(10.) Olay. 

In classifying these deposits according to genesis it is found 
that a variety of causes have 1been instrumental in producing them 
and that O.re formation has taken place at different periods in 
the geological history of the region. In a genetic classification the 
mineral deposits of the Tulameen district fall ·into one of the five 
following groups :-
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(1) Placers. 
(2) Magmatic segregations. 
(3) Veins or replacement deposits. 
(4) Contact metamorphic deposits. 
(5) Bedded deposits of coal and clay. 

Placer Deposits. 

GENERAL FEATURES ANU DISTRIBUTION. 

131 

The placers of the Tulameen district are valuable for their gold 
as well as their platinum content, and these deposits have up to 
date proved to be the most important of its ore deposits. 

There is some evidence that the placer deposits were worked to 
a limited extent many years before 1885, but at that date they came 
into considerable prominence through . the discovery of coarse gold 
on Granite creek. For the few years following, the district pro· 
duced remarkably well for such a small area, and about 1891 it 
came to be recognized as the most productive platinum region on 
the North American continent. Since then the production has 
steadily declined year by yej!.r until, in 1910, it was so small that 
placer mining might almost have been said to be extinct. 

Taking into consideration the length of time during which 
placer mining has been carried on in this district, it seems remark· 
able, in view of the recent discovery of d:iamonds in the rock of 
Olivin'e mountain, that up to 19'11 none of these gems have been 
recovered from the placers. It is reasonable to suppose that they do 
occur in the gravels, and this coupled with the advancing price of 
platinum may cause a revival of the placer mining industry in . the 
district.1 

The streams in the district which carry an appreciable· amount 
of gold or platinum or both are: TuJameen river, Granite creek and 
its tributary Newton creek, Collins gulch, Cedar creek, Bear creek, 
Hine creek, Eagle creek, Champion creek, and Boulder creek. 

Tulameen Rivet'.-The Tulameen river has not been proved 
to be everywhere productive in gold or platinum. The reason for 
this is not apparent, but it is probably because bed-rock is not •easily 
reached on some parts of it. Mining has been carried on in three 

1 Since the completion of this report many small diamonds have actually 
been recovered by the writer from the gmvels of Tulameen river. 

10015--9! 
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separate S'ections of the river, namely, near the mouth of the river; 
about 2 miles below the mouth of Granite creek; and between Slate 
creek and the mouth of Champion creek. The last mentioned 
portion of the stream is the only one that comes within the limit 
of the area under discussion. 

From Granite creek up to Slate creek the Tulameen valley is 
wide and its gravel deposits deep, and no attempts have been made 
to prospect it, so that it is impossible to say what it may contain. 
Above Slate creek, however, the valley contracts, and the stream 
flows in a narrow, rock-walled canyon, a:bout 3'00 feet deep. This 
canyon is of comparatively recent formation and has ibeen cut 
down, since glacial time, into the bottom of the old, glacial valley. 

In this part of its course the stream has cut out its valley in 
peridotite, pyroxenite, and in the stratified rocks of the Tulameen 
group. 

The productive placers of this part of Tulameen river are of 
t.wo kinds, namely, those lying in the stream bed, and the bench 
deposits which rest on the sides of the valley either in, or above the 
level of, the canyon. Owing to the narrowness of this part of the 
valley these gravel deposits are not of great extent, but they consti
tute some of the best pay;ing ground in the whole district. They 
rest directly on bed-rock, which is never more than a few feet below 
the surface. 

The placers of this part ·of the Tulameen carry both gold and 
platinum, and contain also small quantities of native copper and 
rich gold bearing pellets of silver glance. The proportion of plati
num to gold is greater here than in any of the other localities, and 
in mining it was found to increase up stream as far as the mouth 
of Eagle creek, where the greatest quantity was obtained. At 
hydraulic workings a short distance below the mouth of Ea&'le creek 
the proportion of platinum recovered was greater than of gold, and 
nuggets of platinum were often obtained which weighed from one
fourth to one-half an ounce each. 

Different portions of this part of the river have been worked 
over many times, and at present it is, with the exception of Granite 
creek, the only part of the whole district in which placer mining is 
carried on year by year. 
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Granite Greelc.-Granite creek, one of the principal tr~butaries 
of Tulameen river, enters it from the south and drains a part of 
the Interior Plateau region. From Tulameen river up to the mouth 
of Newton creek, or virtually for the whole of that part 0f its 
course which lies within the limits of the map, 1it flows in a narrow, 
rock walled canyon, cut about 300 feet deep into the bottom of a 
broader and more open valley. In this part the stream flows in 
many places directly on the bed-rock, and the gravels are nowhere 
deep or very wide-spread. In the more open part of the valley, above 
Newton creek where the grade is easier, the gravel deposits are 
deeper and of greater volume. 

The rocks cut through by Granite creek are the stratified rocks 
of the Tulameen group, which in places contain gold bearing quartz 
veins. 

Granite creek has been mined from the Tulameen river up to 
Newton creek, above which the gravels were so deep that bed-rock 
could not be easily reached. In this part there was little bench 
gravel, the workable deposits being found in the bed of the present 
stream, and occasionally in old, abandoned channels, which cut 
across points in the present valley. The shallowne8'S of these gravels 
made them easily mined and they were soon worked out. The pay 
gravels were found resting directly on bed-rock, and proved to be 
compact and cemented together with a stiff clay. 

Both gold and platinum occur in the creek, the ratio varying 
from 4 parts of gold! to 1 of platinum, to equal parts of each 
metal. The proportion of platinum increased higher up the stream 
and was greatest in the Newton Creek branch. 

The gold is coarse and rough, denoting a local origin, and 
nuggets have been obtained worth from $100 to $150. Some of the 
nuggets examined appeared to be aggregates of smaller nuggets 
grown or welded together. 

The platinum is in smaller nuggets, generally rounded and 
pitted with holes. No nuggets have been obtained, to the writer's 
knowledge, weighing more than half an ounce. 

Collins Gulch.-C'ollins gulch is a sma.Jl stream not more than 
2't miles in length entering the Tulameen river from the south, 
about 1! miles below Tulameen village. It contains only a limited 
quantity of gravel, and was mined years ago for about half a mile 
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up from the Tulameen river. Its gravel carried some coarse gold, 
but it is not known whether or not there was any platinum present. 

The portion of this stream mined lies virtually in the Tula
meen valley, so that these gravels may have been formed by the 
Tulameen river itself at an earlier stage in its history. 

For the greater part of its length Collins gulch traverses the 
coal bearing rock of the Coldwater series, and unless the conglo
merates and sandstones at the base of that ,series carry gold, it is 
difficult to say from what source the gold of Collins gulch may have 
been derived. Conglomerates of this age in other parts of British 
Columbia do carry some gold,1 and it is quite possible that these 
may also; although, since a favourable spot at which to test them 
was not found, proof that they do so was not obtained. 

Cedar Creek.-Cedar creek is a small stream flowing into the 
Tulameen river about 2 miles above Otter creek. No work is now 
being done on it, but when mined some years ago it yielded both 
gold and platinum. The stream is about 2i miles long, and its 
valley has been cut into the rocks of the Tulameen group, and the 

• Cedar volcanic series. The conglomerate and sandstone at the base 
of the Coldwater series are also exposed in several places in the 
valley of the stream. 

Slate Creek.-Slate creek enters the Tulameen river from the 
south, about 3 miles above Tulameen village. It is .a stream about 
7 miles in length, occupying, in its upper part, a fairly deep but 
flaring va.lley. Lower down it passes throJgh short canyons and 
empties into the Tulameen in a series of waterfalls. It drains a 
considerable area, the greater part of which is occupied by the 
stratified rocks of the Tulameen group. 

The placers of Slate creek lie in the bed of the stream, the 
most extensive deposits being in the broader parts of the valley, 
above the falls at its mouth. A thick deposit of boulder-clay, asso
ciated with some ~+ .. ~am gravel, lies at the mouth of the creek and 
some attempt had been made to mine this by hydraulic methods, 
but apparently without success. 

Slate creek yielded well in former years, and still contains 
some gravels that might be mined profitably, though nothing is 

t G.S.C. Vol. VII page 314 B. 
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now being done. Coarse gold was found associated with coarse 
platinum in all its gravels. 

Bear Oreelc.-Bear creek empties into Tulameen river from the 
north about a mile above the mouth of Slate creek. It occupies a 
deep and narrow valley cut into the stratified rocks of the Tula
meen group. On account of the narrowness of the valley there is 
not much room for gravel deposits to rest, and they are mostly con
fined to the bed of the stream. Bed-rock is never deep, and is 
exposed in many places throughout the length of the creek. 

The largest nugget of gold ob'tained in the whole Tulameen 
district was recovered from Bear creek. It is said to have been 
worth $3&0. Platinum is not found in as great quantity on this 
stream as in many of the others. 

Hine Oreek.-Hine creek i's an inconsiderable stream emptying 
into the Tulameen from the south, nearly a mile above Bear creek. 
Some work was done on it years ago, a short distance above the 
Tulameen river, but the quantity of gravel in it is very small indeed. 
Both platinum and gold were obtained. 

Eagle Oreek.-Eagle creek is one of the larger tributaries of 
the Tul~meen, flowing in from the north about 3 miles above Bear 
creek. In its lower part it occupies a narrow V-shaped canyon, and 
its upper branches flow in broadly flaring valleys. It cuts through 
granodiorite, a small band of the Tulameen rocks, and at its mouth 
through pyroxenite and peridotite. 

Very little mining has been done on the stream, and its gravel 
d'eposits are ,of small extent, especially in the lower parts. Above the 
canyon they are deeper and more wide-spread, but it was not ascer
tained whether or not they had ever been prospected. Near the 
mouth coarse gold and platinum were obtained. 

Champion Oreelc.-Champion creek joins the Tulameen from 
the south, nearly 2 miles above Eagle creek. Its .valley is similar 
to those of many other tributaries of the Tulameen, having a narrow 
rock-walled canyon near its mouth and a broader flaring valley 
above. 

Good prospects have been obtained in gold and platinum from 
the g·ravels above the canyon, but the ground is deep and has rn~: 

been bottomed. There are virtually no gravels in the canyon portion, 
at the mouth of the stream. 
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Boulder Oreek.-Boulder creek is a tributary of Otter creek, 
and flows into the north end of Otter lake from the west. It is a 
small stream, flowing for the greater part of its length through 
rocks of the Tulameen group. These rocks are well mineralized, 
and have probably yielded the gold now obtained in the placers. 

The stream was mined for a mile and a half above its mouth, 
and gave good returns in gold, though it yielded no platinum. The 
last work done there was in 1909, when a few Chinamen worked 
over some of the old gravel dumps. 

CHARACTER AND COMPOSITION OF THE METALS. 

Most of the gold obtained from the placers of this district is 
coar'se, and has the rough unworn appearance which is character
istic of gold that has not travelled far from its source. There is 
comparatively little flour gold fo be found, and fairly large nuggets 
were cmmon. The largest nugget found in the district was 
obtained in Bear creek, and is said to have been worth $320. Most 
of the gold examined looked quite clean, but in several cases it was 
associated with white quartz. A peculiar form of nugget, obtained 
from working's on Granite creek near the junction of the North 
Fork, looked as if it were made up of a ill.limber of smaller, nuggets 
grown together. 

The value of the gold from the various creeks in the Tulameen 
district is fairly constant, the banks paying $17.80 for it. Boulder 
Creek gold is slightly better. 

Platinum rarely occurs in large nuggets, and never in nuggets 
comparable in size with those recorded in the case of gold. The 
largest nugget ever found in the world is reported to have come 
from the Ural mountains in Russia, and weighed 21 pounds troy 
or 252 ounces. In the Tulameen district the nuggets are invari
ably small, and the writer has not heard of any from this area 
whose weight exceeded half an ounce, although he has seen one 
which approximated that weight. 

Again, the platinum of the Tulameen district is in small grains 
or pellets, varying in size lfrom one to four millimetres in diameter; 
the weight of each grain is measured in milligrams. The grains 
are generally rounded in shape, and not flattened or angular like 
the gold that occurs with them. The surface is usually pitted with 

'Bull. U.S.G.S. No. 193. 
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rounded cavities, and these cavities are often filled with foreign 
rock matter. In the majority of the platinum grains examined 
this foreign matter proved to be chromite, but Prof. Kemp states 
that he also found bo,th olivine and pyroxene associated with the 
platinum.1 

All the platinum can be separated into two parts, namely, mag
netic and non-magnetic. The non-magnetic part forms the greater 
proportion of the total bulk. The magnetic part was found to 
consist of grains of platinum loosely covered with small particles 
of a black metallic mineral, probably magnetite. 

The heavy minerals associated with the platinum in the con
centrates were found to be magnetite, chromite, and native copper. 
Dawson reports finding 'some silver glance also in certain of the 

concentrates.' 
A sample of platinum obtained from Granite creek was 

analysed by G. 0. Hoffmann, of the Geologicail. Survey, in 1886.3 The 
sample contained 17·894 grams of platinum with a specific gravity 
of 16·686. The platinum was separated into a magnetic and a non
magnetic part, the former weighing 6·779 grams and the latter 
11·115 grams. Each of these parts was analysed separately and the 
composition of the whole calculated from them, with the following 
results:-

Platinum ........... . ....................... . 
Palladium ............. .. . .. . .... .......... . . 
Rhodium .. . ............................... . 
Tridium ........... . .. ...... .. .... . .. . .. .... . 
Copper .. .......... . . .. .. . . .. ........ . .. .... . 
Iron ...... . ... ..... . ~ ... ......... ... ... .... . . 
Osmiridium ................ .. ... . ... . ... . .. . 
Gangue (embedded chromite) .............. . 

Non
Magnetic. magnetic. 

78·43 68·19 
0·09 1 0·26 
1·70 3·10 I 1·04 1·21 
3·89 3'09 
9·78 7·87 
3·77 14·62 
1·27 1·95 

99.97 100·29 

Total. 

72·07 
0·19 
2·57 
1· 14 
3.39 
8 ·59 

10·51 
1·69 

100·15 

In default of other analyses, whereby an average could be 
obtained of the relative proportion of the various metals associated 

lBull· U.S. Geo!. Surv. No. 193 .. 
2G.S.C. Vol. l <I, p. 62 A. 
8G .S.C. Vol. II, p. 5 T. 
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with the Tulameen platinum, the abov>e may be taken as represent
ing the average. The only important con3tituent, besides the 
metallic platinum, is the osmiridium, the percentage of which is 
seen to be 10· 51. Previous to 1907 no rd.urn was given ~Y platinum 
merchants for the osmiridium content, but in that year a distinction 
was made for the first time between 'ordinary' and 'hard' plati
num. The hard platinum brings a higher price and is that which . 
is rich in osmiridium, which is allowed to remain in the platinum 
of the ingots. The Tularneen platinum contains sufficient osmiri
dium to allow it to be classed as the hard metal, and it, therefore, 
brings the higher price. 

The price of platinum has increased rapidly within the last 
four or five years, and as the world's visible supply is limited there 
is no likelihood of the price falling, especially as jewellers have 
recently decided to use platinum more largely as a setting for gems. 

ORIGIN AND FOR~\IA'l'!ON OF THE PLACER DEPOSITS. 

Much of the gold and platinum found in the Tulameen dist1·ict 
is coai'Se, and has that rough, unworn surface characteristic of 
nuggets which have not travelled far from their original source. 
Even in the beds of rapid streams the distance to which coarse gold 
travels is as a rule not considerable, and the same rule applies to 
platinum, which has a specific gravity mit greatly different from 
that of gold. Much of the gold of the distri..:t is still found 
.;imbedded in quartz, while the platinum is often associated with 
pyroxene, olivine, or chromite. It is to be concluded, therefore, 
that the present placers are not very old; that they have been 
deriYed from thle breaking d:own of rocks not very far d~stant, and 
are not entirely the result of the working over of more ancient 
placer deposits 'formed by earlier streams. 

Some of the gold and platinum of the district may have had 
its source in certain old beds of sandstone and conglomerate in the 
Coldwater series, which have been determined as Oligocene in age 
and which outcrop on Cedar creek, Collins gulch, Blair creek, and 
the n-0rthern face of Jackson mountain. Dawson cites three locali
ties in the Kamloops district to the north in which he found Oligo
cene conglomerates to contain traces of gold'; hence, by analogy, 

1 Geo!. Survey, Canada, Vol. VII, p. 314 B . 
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there is some reason to suspect that both gold and platinum may 
be found in the Oligocene conglomerates of the Tulameen. It is 
not !mown, however, that any tests have ever been made of these 
beds. At the same time, because these conglomerates are among 
the youngest rocks in the district, they have been undoubtedly 
derived from the same rocks which have formed the present stream 
deposits; and because these stream deposits are productive in both 
gold and platinum, it is to be expected that the Oligocene con
glomerates also carry a certain quantity of these metals. Whether 
or not that quantity is sufficiently concentrated to form payable 
deposits is not known, but a test to ascertain this point might well 
be worth while. 

The ultimate source of the gold and platinum, in both the older 
and the younger placers, must df necessity have been the solid rocks 
which underlie and are adjacent to them. The constituents of 
placers have been produced by long processes of erosion, and the 
concentration of the metals therein is the result of the transporta
tion and working over of the constituents by the streams. As 
placers are usually thin and unconsolidated deposits, easily removed 
by erosive action, only those most recently formed usually now 
remain, and these are found in the beds of the present streams. 

The shape and size of the mineral in the placers are important 
factors in the process of concentration. The finer the mineral the 
more easily it is transported, so that the larger nuggets are found 
near the original source. The shape of the nuggets is also an indi
cation of the distance they have travelled; thus, angu'ar and 1rn

worn nuggets imply proximity to the original source. 
The fact that the gold of this district is of local origin simpli

fies the determination of its source. Its frequent association with 
quartz in the nuggets 'suggests that these nuggets at least were 
derived from quartz veins. Such quartz veins are known to exist 
in the rocks of the Tulameen group and to be, locally, very rich in 
gold. The same group of rocks carries gold under different condi
tions o'f deposition to that in quartz veins, namely, in contact meta
morphic and replacement deposits along the contact of igneous 
intrusives. Virtually every stream carrying gold traverses these 
rocks, a11c1 it is _b_E'.li_eved that_ the~_ ~a~e }t~1:~1ishe_d _ th~ !Ilaj()r part ()f _ 
the gold of the placers. Gold has also been obtained by analysio 
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from parts of the peridotite of Olivine mountain under conditions 
which preclude the possibility of it having been secondarily 
deposited in it. This gold appears to be a primary constituen.t of 
the peridotite magma, and as such probably occurs sparingly 
throughout the rock. Erosion of this rock causes the release of the 
gold, which would then go into the placers. 

It was ascertained by the miners that no platinum was con
tained in the gravels of Tulameen river above the mouth of 

·Champion creek; but thence to the mouth of Slate creek and in 
Slate creek itself were found the richest diggings. As the distance 
increased downstream from Slate creek the platinum gradually 
decreased in quantity, the grains became :finer and had a much 
more water-worn appearance. The platinum bearing tributaries of 
Tulameen river besides Slate creek were Cedar, Eagle, and Bear 
creeks, with Granite creek and its western branches. The Granite 
Creek gravel, however, containedl a d~minished quantity of plati
num, while, too, the grains of the metal were :finer. All these 
st1,eams, with the exception of Cedar creek, have their origin in, or 
else cut through the belt of very basic rocks, which runs from the 
head of Newton creek at Lodestone mountain northward across the 
Tulameen river to the :first west branch of Bear creek. This belt 
of basic rocks is peridotite, having a flanking border of pyroxenite. 
From a careful study of the geology of the platinum, made in 1900, 
Prof. J. F. Kemp 1 concluded that the original source of the plati
;num was in both the peridotite and the pyroxenite, and that the 
placers were derived from these by the ordinary processes of decom
position, erosion, and stream concentmtion. His conclusions were 
based on both the distribution of the placers, and the occurence of 
olivine, chromite, and pyroX'ene-all constituents of either the 
peridotite or pyroxenite-with the platinum in the nuggets. From 
knowledge, moreover, of the relation of platinum to rocks of this 
character, in Russia and other parts of the world, no other source 
than that ascribed would seem possible. Prof. Kemp's observations 
in this respect have been corroborated by the author, who concurs 
also in his conclusions. 

In testing for platinum in these rocks, Prof. Kemp's best 
results were obtained from the peridotite, or from pyroxenite dyk-~ 

lBull. U.S. Geol. Survey, No.193, p. 38. 



TULAMEEN DISTRICT, B. C. 141 

in peridotite; and particularly where alteration had taken place to 
serpentine or where the rock was rich in chromite. No uniformity 
in the results, however, could be obtained, and in many cases where 
it was most expected no platinum could be got. 

With a view to getting additional information, samples were 
collected by the author and were assayed for platinum by Mr. M. F. 
Connor, of the Mines Branch. One sample of peridotite, rich in 
chromite, gave 0.02 of an ounce of platinum to the ton of rock. 
Two samples of magnetite, from the pyroxenite of Olivine moun
tain, gave nothing. A sheared zone in pyroxenite containing 'Some 
chalcopyrii!e, and! a coarse pagmatitic dyke of hornblendite cutting 
pyroxenite, also gave nothing. 

In the course of an analysis of the chromite of Olivine moun
tain, in which the discovery of diamonds was made, Mr. R. A. A. 
Johnston also demonstrated the presence of platinum in an amount 
approximating 2 ounces to the ton. These combined results seem 
to show that, of the two rocks, the peridotite is the more frequent 
host of the platinum, while the pyroxenite when distant from any 
body of peridotite contains none. 

In this connexion it is worthy of note that Prof. Kemp 1 also 
obtained platinum by assay, from the Eagle granodiorite at Siwash 
creek, at a point where the rock had been greatly sheared. 

PRODUCTION, 

The production of placer gold for the Tulameen district since 
1885 is given in the reports of the Minister of Mines for British 
Columbia, and is reproduced in condensed form in the table given 
below. 

The figures bearing on the total production of platinum are 
incomplete and details are difficult to obtain. The reports of the 
Minister of Mines for British Columbia contain statistics of the 
value of the platinum produced from the years 1887 up to 1905, but 
for the years prior and subsequent to these dates no data are given. 
It is known that during the first two years of mining in the Tula
meen, after the discovery of Granite creek, much platinum was 
saved with the gold, but no record of the yield js obtainable, and 
although the statistics for the years following 1905 contain no 

1 Bull. U.S.G.S. No. 193, p. 48. 
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mention of platinum, the writer has since seen platinum, to the 
amount of about 100 ounces, in the possession of Chinamen work
ing 'on Tulameen river. 

Much of the placer mining in the Tulameen district has been 
do11e by Chinese, and only those who ha>e tried to secure informa
tion from these miners can realize how difficult it is to obtain reli
able data. Necessarily, therefore, the statistics of production here 
given are incomplete; and doubtless err on the side of underestima
tion of the output. 

Some compilers, in order to make proper allowance for the 
platinum production for which Chinese miners are responsible, 
actually go so far as to double in their estimates the returns as 
published in the government reports. Thus, Mr. 0. F. Law, who 

·has had a wide mining experience in the Tulameen country, and in 
recent years has purchased almost all the platinum produced in this 
district, estimates the total output at about 20,000 ounces, having 
obtained vouchers from platinum purchasers, accoun'ting for over 
half of this estimated yield, while the balance is attributed to the 
production of Chinese miners. 

In the following table the gold production includes that mined 
from the whole of Tulameen river both inside and outsid'e the area 
of the map-sheet. This increases the total production of the district 
by a small amount, because there were two localities on the river, 
outside the limits of the map, at which placer mining was carried 
on. Both the value and the quantity of the platinum produced are 
given; the former is taken from the British Columbia reports, 
while the latter has been arrived at mostly by calculation based on 
t.he average prices paid for the metal in the respective years1 

:-

1 Mineral Resol!rces of the U.S., 1906, p. 551. 
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Year. 

188ii. ... .. . .. . .. ... . . ..... . . . . .. ... .. ... . ... . 
1886 ..•......•............ . ... . .. . .. .. .... . .. 
1887 ... ....... .... . .... . ..... •.. . ..... ... . . .. 
1888 .. .......... .. .. . ......... . . . ..... .. . ·" .. 
1889 ...... . . . . .... ... . .. ... .. ....... .. .. .. . . . 
·1890 ........................ .. ............. . . 
1891 . ..... ... . ... ... . ........... . ....... ... . . 
1892 . .... . .... .... ........... ...... . .... ... . . 
1893 .. .. .......... . ..... .. ... .... ... ..... . . . . 
1894 ............. . . . ......... .. .... . ..... .. . . 
1895 ...... .. ...... . . .. .... . ·· ··· . . . .. ..... .. . 
1896 . .•. .. .....•.. ... ... . ...... . .•. ........ .. 
1897 ..... ... . ... . ..... .. ....... ... ....... ... . 
1898 ... ...... ... .. . ......... . ...... ... . .. ... . 
1899 ..•. .. • . ....... .. . . ... .. •..... ... .... . • . . 
1900 .... . . . . ... ...... . ... . . ... ..... ...... ... . 
1901. ............... . ..... . .. .. . ...... . . .... . 
1902 . . .. ... .. ..... ...... . ... .... .. .. .•.. ... .. 
1903 ... ...... . ...... .. . ... ... . .............. . 
1904 . . .... . . .. . .. . .. . . .. . ....... . ...... . . . .. . 
1905 .............. . . .... .. . . . ..... . .. ..... .. . 
1906 . .. ... ... . .. . . . . . . . .. . . ... . .... . ....... . . 
1907 ..... . .... . . . ............. .. ... .. . . .... . . 
1908 .. .. .... . .................... . .... . ..... . 
1909 .... . ......... ... ... . ....... . . .... .. .... . 

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

MINING. 

Platinum. 

Gold . 
Value Ounces. 

$ $ 
lU,000 .. ... .. ..... .... . .... .. . 
193,000 ..... ....... ... .. . .... .. 
118, 000 5, 600 2, 000 
89,000 6,000 1,500 
31,800 3,500 1,000 
17, 700 4,500 1, 100 
17,800 10,000 2,000 
16, 750 3, 500 500 
9,550 1,800 257 
5, 630 950 160 

41,650 3,800 633 
9,000 I 750 125 

23, 500 1, 600 266 
7,560 1,500 100 

~:~83 l ........ ~~~ ... .. .... ~~'.. 
4,680 457 22 
2, 700 190 10 

~:m ..... · .. 420· .... .. .. ·20· 
l, 140 500 30 
2,500 ..... .. .. . •. . ... .. . ....• 
1,000 ....................... . 
1,000 ...... .. .. ...... .. .... .. 
1,000 ......... .. . .... ...... .. 

724,860 I 45,892 9,860 

The methods employed in placer mining m this district are 
those commonly practised by the indli.vidual miner everywhere. 

Previous to 1891 mining in the Tulameen was not backed by 
much capital, and miners worked singly, or in small groups, on 
ground which might be developed without large capital outlay and 
which promised quick returns. The shallow bars and the beds of 
the streams naturally received :first attention, and later the benches 
and some of the deeper gravels. By wing-da=ing, the beds of the 
streams were made accessible, while in the deeper workings drifting 
on the bed-rock was the common. inethod employed to reach the pay 
gravels. The pay gravels in Granite creek rested directly on the 
solid rock, and were in a hard layer, compactly cemented together, 
but which disintegrated readily on washing. The washing opera
tion was done either in a rocker or in a string of sluice boxes, by 
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which means the platinum was concentrated with the gold in the 
black sands. 

The earliest attempt at hydraulicing on Granite creek was 
that made by R. Stevenson ,and W. E. Hogg in 1891. A flume 4 
miles in length was installed on the west bank of Granite creek, 
and work started on claims lying about three-fourths .of a mile above 
the mouth of the creek. The promoters of this Company became 
involved in litigation with the owners of ground below them, and 
were forced into liquidation. It is stated that the court, acting as 
receivers, secured from the sluice boxes about $900, principally gold. 

lVIr. Hogg afterwards worked a small pit 4 miles below the 
mouth of Granite creek, and washed the gravels from an old high 
channel of Tulameen river. This venture was continued for one 
season, but in the following spring the pi~ filled with wash from 
the mountain side and was not reopened. 

In 1892 the Tulameen Improvement Company began operations 
on a bench on the Tulameen river below the mouth of Eagle creek. 
A ~saw-mill was imported, at a time when the only means of tmns
port was pack horses, and set up at the mouth of Eagle creek. A 
flmne was built to convey water from Eagle creek, and hydTwu~ick

ing operations were carried on for two seasons, under the direction 
of Judge Murphy. The proportion of gold to platinum at this 
point was about one to two, and the recovery of platinum was high; 
but the available ground was limited, and the results obtained did 
not pay for the cost of plant and management. 

At the mouth of Slate creek, hydraulic operations were con
ducted for a short time by Alexander Swan, on a high bench above 
Tulameen river. A flume about a mile in length was laid up Slate 
creek and the water turned on to the bench. The bench was then 
found to consist largely of boulder-clay, and the only payable 
portion of this was a bed of stream gravels approximately 20 feet 
thick, nearly half-way down, between two deposits of boulder-clay. 
The boulder-clay was so stiff and compact that water had little 
effect on it, and the pay gravels were not easily reached; conse
quently the undertaking was not a success. 

Within the last four or five years placer mining operations 
have been actively carried on ·by a few .ind'ividual~ only. Chines13 
have worked over the bed of the Tulameen river in the portions 
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about the mouth of Slate creek and between the mouths ofEagl:e .and 
Champion creeks. The heavier constituents of the gravels were 
recovered during the season of low water, by diverting the course 
of the water, by wing-dams, from the middle of the stream to the 
sides, thus leaving a portion of the bottom free for working. Other 
miners have been simply extracting pay from cracks in the bed
rock and from under and around large boulders which were left 
undisturbed by the earlier operations. 

A short distance above the mouth of the North Fvrk, on the 
main Granite creek, Messrs. R. A. Lambert and Stewart have 
been doing the most serious placer mining in the whole district. 
The work of preliminary development has required the time of five 
men for three seasons, and the point of actual sluicing of the gravels 
has not yet been reached. Lambert and Stewart have a lease of 1! 
miles of the creek above the North Fork, a very small part of 
which had been worked previously. The gold recovered from these 
portions was very coarse, though the bed-rock was only reached 
in one sp<>t. In this particular portion, which was only 200 feet 
in length, the yield is said to have been $1,200 to the length of a 
sluice box, where the gravels in the stream bed had a width of 40 
or 50 feet. The yield included nuggets, the gold value of which 
was from $100 to $150; the platinum, however, was fine. The 
remainder of the creek bed covered by the lease is deep ground and 
could not be bottomed. Lambert and Stewart endeavoured to cut 
down the bed of the stream in the lower part of their lease, in order 
to reach bed-rock and recover the gold and platinum lying on it. 
Commencing at the lower end of their ground, a dam was con
structed across the stream bed, while 600 feet of a board flume 
carried the water over the portion of the channel which it was pro
posed to work first. The large boulders and rock in the lower part 
were blasted away, thus enabling the removal, by ground-sluicing, 
of about 25 feet of gravel, which before formed the bed of the 
stream. Before actual washing of the gravel had begun the dam 
and flume were partly washed away by a freshet and have not yet 
been replaced. 

A company recently organized in Vancouver-the British 
Columbia Platinum Company-has obtained from the British 
Columbia Government three leases in what was formerly the most 

10015-10 
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productive platinum district. One of these leases covers an area 
on Slate creek, and the others cover areas on Tulameen river above 
Slate creek. The Company proposes first to prospect the ground 
with a Keystone drill, and then to mine it by ground-sluicing or by 
drifting on the bed-rock. 

Diamonds. 

GENERAI, FEA'l'UHES AND DJSTHIBU'l'ION. 

Although placer mining in many of the streams of the Tula
meen district. has been carried on for a number of years, the 
presence of diamonds in the gravels hadl never been demonstrateil, 
and consequently it was not suspected that they would be discovered 
in any of the rocks from which these gravels have been derived. 
For many years, however, officers of the Geological Survey, working 
in British Columbia, have been on the lookout for diamonds, and 
have warned prospectors of the possibility of finding them in the 
placers. Several years ago the present Director of the Survey drew 
the attention of miners to the necessity of observing ca refully those 
placers which were derived from the erosion of such basic rocks as 
peridotite and expressed the belief that diamonds might occasion
ally be found in them. The results obtained have fully justified 
that belief. 

In the course of the mapping and examination of the body of 
peridotite which extends from Olivine mountain across the Tula
meen valley to Grasshopper mountain, masses of chromite were 
observed- in several places in the peridotite. Hand specimens of the 
chromite embe&!ed in serpentinized peridotite were brought in and 
handed to lifr. R. A. A. Johnston, mineralogist to the Survey, to 
determine the nature of the chromite. In the course of his analysis 
Mr. Johnston obtained a residual product from fusion which proved 
on examination to be diamonds. Further tests were made in New 
York by Dr. G. F. Kunz, who confirmed the discovery. This is the 
fi.rst recorded discovery of diamonds in Oanada, that the S1m·ve;y 
can vouch for. 

So far as our knowledg·e of the occurrence yet goes, the dia
monds are associated with the chromite, and are not found in other 
parts of the rock mass, so that their distribution depends upon that 
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of the chromite. The chromite it.self does not occur here rn large 
bodies, and its distribution is very erratic. 

The diamonds obtained from the samples analysed are small, 
though their quality is excellent. They have proved very difficult 
to extract from the rock without shattering, and even after extrac
tion they often break up in the course of a few hours or days into 
much smaller fragments. For these reasons their value is not as 
great as it might appear to be, though the occurrence is of great 

sc ientific interest. 

It is very probable that, in the course of placer mining of the 
gravels of this district diamonds may have been overlooked and 
discarded, and it is likely that with a more careful examination in 
the future of the concentrates obtained in washing for gold and 
p'atinum, s-0me may be obtained. The materials founds in the gravels 
are derived from the solid rocks by the slow process of natural 
erosion, and the slowness of this action would tend to preserve· the 
diamonds in their original size and form, so that diamonds of a 
larger size than have so far been extracted from the rock may 
possibly be found in the gravels. 

These placers are valuable for their gold and platinum content, 
and it is likely will continue to be worked for these products alone; 
so that while placer mining. for diamonds alone might not be a 
profitable undertaking, if any do occur in the gravels the value of 
the gold and platinum placers will be correspondingly increased. 

:MATRIX. 

The matrix of the diamond is a peridotite of the variety dunite. 
It occurs as an intrus ive igneous stock about 3 miles long and 
a mile wide, bordered on all sides by pyroxenite, into which the 
peridotite passes by a gradual change in composition. The two 
rocks are of the same age, and have been thrust through rocks of 
presumably Triassic age consisting of volcanic materials and a few 
thin beds of argillite and limestone. 

Over a great part of its area the peridotite consists only of 
olivine. Chromite enters in isolated places, but rarely occupies a 
more prominent position than that of an accessory constituent in 
the rock. It then appears either sparingly disseminated through 

10015-10! 
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the peridotite or as segregations in short veins or bunches. These 
segregations are rarely more than an inch in width and a few inches 
in length. It is not evident that they are confined to any particular 
part of the peridotite mass, though in many other peridotite bodies 
such segregations of chromite have been found to be situated nearer 
the borders of the body than in its central parts. Magnetite occurs 
more sparingly than chromite. 

Virtually all the samples of peridotite collected from this body 
show signs of alteration to serpentine. The freshest samples when 
seen under the microscope show aores of olivine separated by small 
veins of serpentine. In the extreme cases no olivine remains, and 
there is left only a dense mat of serpentine fibres. 

The peridotite has the form of a stock elongated in a general 
north and south direction, and is cut through almost in the middle 
by Tulameen river, which exposes a section of it about 3,000 feet 
in !J.eight. In structure it is massive and shows little evidence of 
having been disturbed by dynamic movement. It is not brecciated 
and only to a limited extent sheared. It does not break down easily, 
and when it does it forms a talus of small flat chips. Surface 
decomposition generally only extends for about an inch in depth, 
and in weathering, rounded or spherical shapes are developed. 

Two chemical analyses of the Tulameen rock are given below, 
showing different stages of alteration to serpentine. For the 
purpose of comparison the analyses of three other diamond bearing 
rocks are also given:-
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Kimberley 
Tulameen peridotite. Arkansas (a) 

(1) (2) blue 
No. 1. No. 2. peridotite. ground. 

149 

New 
South Wales 

(.) 
hornblende 
. diabase. 

Si 02..... .. . .. ... 33 ·48 38·40 38·78 39·732 50·43 
Ah Oa...... .. .... 1·50 0·29 · 6·85 2·309 . 14·72 
Fe2 Oa .... . .. . . . . . 7·27 3·42 8·83 . . . . . . . . . . . . 2·90 
Fe 0... .. . . . . . . . . 1·36 6·69 1·99 9·69 4·59 
Mg 0........... . 42·02 45·23 26·34 24·419 6·67 
Ca 0............. 0·02 0·35 3·88 10·162 7·13 
Mn 0.... . . .. . ... 0·06 0·24 . . . . . . . . . . . . . . . . . . . . . . . . 0·03 
K2 O+ Na2 0.... 0·29 0·08 3·34 . . . . . . . . . . . . 3·70 
H2 O+... .. ...... 0·60 0·24 1·95 . . . . . . . . . . . . 3·49 

'H2 0-.... .. .. ... 13·26 4·11 7·85 7.547 3·82 
c 02.... . . ....... . . . . . . . . . . . . 1·10 0·14 6.556 1·67 

~! 8::::.: : :: :: :: : .. -~~~~~- ... · ·· ·tr-;c·e· · · · 1· ...... ~:~:. : : : :: :: : : : : :

1 

&:~~ 
S . ... .. .......... . . . . . . . . . . . . 0·06 . . . . . . . . . . . . . . . . . . . . . . . . 0·01 
C~2 Oa. ... . ... . . .. . . . . . . . . . . . . 0·07 . . . . . . . . . . . . . . . . . . . . . . . . 0·02 
N10.......... ... . .. ..... .. .. 0·10 .................... . . . . 

1 

.... .... ..... . 
v. 05 . . ..... . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0·03 

99·86 100·38 100·84 100·415 100·25 

(1) U.S.G.S. Bull. No. 193. 
(2) Geo!. Surv. of Arkansas, 1890, Vol. II, p. 377. 
(a) Precious Stones by Bauer and Spencer, p. 190. 
(.) British Assoc. for Adv. of Sci., 1906, p. 562. 

The matrix of the Tulameen diamonds is similar to that in 
which diamonds have been found in Pike county, Arkansas, and 
from which up to July, 1909, over '700 commercial diamonds had 
been recovered. This rock is described as a peridotite occurring 
in a stock covering about 60 acres and thrust through Carbon
iferous sandstones and quartzites.1 

The kimberlite of South Africa is also a related rock, and! its 
occurrence in pipes indicates a similar origin to that of the Tula
meen peridotite. The main difference between the Tulameen rock 
and both the Arkansas and the South African matrices is in the 
degree of alteration and decomposition that has taken place, a 
decomposition which in the Tulameen rock extends only to the 
degree of an inch or two, but in the other rocks to many feet. 

The most common matrix of the diamond appears then to be a 
rock of extreme basic composition. There is, however, an instance, 
recorded by Prof. T. W. E. David,2 of diamonds occurring in a 

1 Economic Geology, Vol. III, p. 525, 1908. 
2 British Asscdation for the Adv. of Sci. : 1906, p. 562. 
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slightly more acid rock. This rock is described as a hornblende 
diabase, occurring as a dyke cutting granite, at Oakey creek, New 
So[1h vVales, the diamonds having been found eml:iedded in the 
rock. 

The Tulameen occurrence is one of only two instances in which 
diamonds have been found in the original matrix on the North 
American continent, the A"rkansas occurrence being the other. 

ASSOCIA'l'ION AND MODE OF OCCURRENCE. 

In the course of chemical analysis of the sample submitted to 
him, Mr. Johnston found that the diamonds were associated with
the chromite rather than wi th the serpentine. A small piece of 
chromite was taken and ground in a mortar and then separated into 
two parts-a magnetic and a non-magnet ic part. The magnetic 
portion was found to contain about 6 per cent of diamonds, while 
the non-rnag·netic part carried about 3 per cent. Platinum and a 
smaller quantity of g·old were also found to be associated with the 
chromite. 

If it is true that t he diamonds only occur with the chromite. 
the quantity of diamond in the rock will depend on the amount of 
chromite present. As the di scovery of diamonds was only made 
nfter the completion of field work in the Tu'ameen district, i t ha~ 

llOt been determined, excep t in a general way. >drnt proportion of 
chromite there is to olivine in the peridotite. From a general 
suryey of the peridotite in the fi eld and a more precise examin ation 
of the thin sections, the conclu sion was drawn that the chromite 
forms a very small proportion of 'the rock, and except where segre
gations occur, is almost a negligible quantity. The segregations 
a re either bunches or short irregular veins formed at the time of 
intrusion of the rock. The veins vary in width from mere threads 
up to thicknesses of one inch, they are not con tinuous in length for 
more than a few inches, and branch out into a number of smaller 
interlocking veinlets. The wall s are inegular and are not always 
clean cut. Both the veins and the rock !Ire traversed by small lines 

of dislocation . 
The presence of platinum in the chromite segregations had 

preYiously been determined by assa~', when 0·02 ounces of plat.inum 
to the ton were obtained. It was also identified under tbe micro-



Pr,ATE XXL 

Microphotograph showing aggregates of diamond crystals in 
rounded areas within the white circles, associated with 
chromite in a base of serpentine. Magnifi~d 25 diameters. 
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Pr.ATE XXII. 

Micro photogra.ph illustrating the occurrence of di amond in 
veinlets traversing chromite. Magnified 25 rliametcrs . 
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scope m the product derived by fusion from the chromite. In the 
latter case a quantity amounting to almost 2 ounces to the ton was 
obtained. A smaller quantity of gold was also fouµd to be present. 

MINERALOGY. 

A careful examination of the peridotite . with a hand lens has 
not yet resulted in the identification of any diamonds in it. The 
first results were obtained by Mr. Johnston by fusion in a crucible. 
Since then a· sample of chromite from the same hand specimen 
which yielded the diamonds was taken and thin sections cut from 
it. In at least four of the thin sections diamonds· could be identi
fied under the microscope. 

These thin sections show massive opaque chromite, traversed by 
narrow veinlets of serpentine associated with short fibres of horn
blende. The diamonds occur as a rule in the narrow veinlets. 

In general appearance the diamonds are brownish to yellowish 
in colour, part.ly or wholly opaque, and have a spherical or quite 
irregular outline. They frequently, though not always, abut against 
the chromite. They have a high relief and are generally isotropic. 
Some show optical anomalies. In reflected light they give a brilliant 
display of colours, which come from a number of small points in 
the material. Examined under the high power the brownish areas 
of diamonds are seen to be not ingle individuals, but to be small 
dust-like particles grouped together in aggregates. It is the group
ing of these small particles together in aggregates that gives the 
great variety of colours in reflected light. These aggregates are 
more properly called bort. 

Besides these aggregates mall octahedra are occasionally seen 
associated with the chromite. These are clear and bright in trans
mitted light, have a high relief and are idiomorphic towa1:ds the 
chromite. Their outline is sharp, and they have undoubtedly 
crystallized before the chromite with which they are associated. 

· They are translucent, and in reflected light give a strong play of 
colours. Between crossed nicols they are quite opaque, and, there
fore, isotropic. 

The product obtained by Mr. Johnston from fusion shows the 
two varieties al ready described, one being a yellowish massive sub
stance. and the «:>ther small , well crystallized individuals· of appar-
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ently great purity. Octahedral forms are very common, with sharp 
outlines and clean cut faces. Many of them show striations on the 
octahedral faces, and twins are common. Under a very high power 
the small individuals are seen to hold inclusions, either liquid or 
gaseous. 

The largest individuals so far obtained by Mr. Johnston are 
about the size of an ordinary pin's head, but in ·a great many cases 
these individuals break up on being released from the rock into 
smaller particles which are rarely more than three-tenths of a milli
metre in the long diameter. This shattering happens often within 
an hour or two, and is quite noticeable inside of a week. It is 
probable that the breaking up may be due to inclusions. 

GENESIS. 

Much of the evidence on which to base conclusions on the 
genesis of these diamonds has already been stated. For the sake 
of clearness a recapitulation of this is given here, together with 
certain other points which have not heretofore been mentioned. 

In the first place there can be no doubt of the igneous origin 
of the rock which forms the matrix of the diiamonds. In this rock 
the diamonds are associated with the chromite in such a way that 
they are evidently both primary constituents of it. The thin sec
tions show these two minerals to be "very often in contact with each 
other, and where crystalline individuals of diamond were identified, 
they were seen to have distinct crystallographic outlines and to be 
idiomorphic towards the chromite, showing that in crystallizing the 
diamond formed first, and the chromite has to adjust itself to the 
shape of the diamond. There is no evidence to show that the 
diamonds were introduced later than the chromite; and the chro
mite in such cases is generally considered by all geologists to be of 
magmatic origin. A few investigators believe that under certain 
circumstances and to a limited extent, chromite migrates in solu
tion, but in such cases the conditions of occurrence are different. 
If then the chromite is an original constituent and a segregation 
from a cooling magma, the diamonds must have originated in the 
same way. 

The matrix of the diamonds· is intrusive through a series of 
rocks which contain little or no carbonaceous matter and are in 
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fact largely volcanic in origin, so that the carbon could not have 
been derived from them. In fact the only carbonaceous rocks in 
the district are of Tertiary age, and were not formed at the time 
of the intrusion of the diamond bearing rock. The present occur
rence of diamonds, therefore, in no way supports the theory of an 
organic origin for the carbon necessary to form the diamonds. It 
is more probable that the carbon existed in some form or other as 
an original constituent of the peridotite magma, and on solidifying 
crystallized out as diamond. 

Platinum. 

For the last ten years a few prospectors in the Tulameen district 
have been devoting their energies to the search for the ori~inal 

source in the solid rock of the platinum of the placers, on the 
chance that when found it might prove profitable to mine the rock 
as an ore of platinum. Although it is now definitely known what 
the original source of the platinum is, it still remains to be demon
strated whether or not the platinum occurs in such quantity in the 
rock as to make its extraction commercially possible. From our 
present knowledge of the conditions of occurence it does not seem 
likely that the mining of platinum from the solid rock of this region 
will ever be undertaken. 

A careful and detailed examination of this field was made by 
Prof. J. F. Kemp in the season of 1900, with the special object of 
studying the geology of the platinum. His results are contained in 
a bulletin of the United States Geological Survey,1 which is yet the 
most complete work on the subject. Prof. Kemp's conclusion as 
to the source of the platinum of the placers is that it was derived 
from the belt of peridotite and pyroxenite which stretches across 
the country from Lodestone mountain to Grasshopper mountain. 
This conclusion was based on the distribution of the placers, the 
association of minerals in the platinum nuggets, and on chemical 
analyses of many samples of these two rocks. 

In testing for platinum Prof. Kemp's best results were obtained 
from the peri.dotite, or from pyroxenite dlykes in the peridotite; 
and particularly where alteration had taken place to serpentine or 
where the rock was rich in chromite. Assays of serpentine veins 

1 Bull. U.S. Geo. Survey, No. 193. 
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· in peridoti te yielded platinum varying in amounts from a trace up 

to nearly 2 ounces to the ton, but it was found that the distribution 
of the platinum in these veins was not sufficiently even to justify 
exploitation. Masses of chromite also gave good results, which 
varied up to half an ounce to the ton. But here again the distribu
tion was very uneven. No platinum could be detected in the rock 
itself or in concentrates of it obta ined by panning, so that Kemp 
concluded that the platinum was in very fine scales and that large 
nuggets were rare. 

The author's own work along this line corroborated Prof. 
Keinp's. Several samples of -selected parts of both the pyroxenite 
and the peridotite were taken and assayed, as well as a number 
from localities in which platinum was stated by prospectors to have 
been obtained by assay. The best results and in fact the only 
results were obtained from masses of chromite in the peridotite. 
Other localities in the pyroxenite at which some development work 
was being clone yielded no platinum whatever, t hough it was stated 
to be present and to have been obtained by certain assayers. 

A sample of chromite from a mineral claim owned by T. Lee, 

on the northwest -slope of Olivine mountain, wa.s examined hy Mr. R. 
A. A. J ohnston, of the Survey, and fo und to contain diamonds. 
Associated with the diamonds was platinum in an amount approxi
mating 2 ounces to the ton of rock. When examined under the 
microscope the platinum was seen to be in thin roughened scales or 
small sponge-like masses of silver-white colour. No crystalline 
form was apparent, but on the other hand the edges of the grains 
were very irregular and their projecting points rounded. The 
general appearance and form were often similar to the native silver 
of the Cobalt region. In- this case aga in the distribution of the 
platinum was uneven, for no results were obtained frorr{ analyses 
of other parts of the same hand specimen. 

The conclusion drawn, therefore, with regard to the finding of 
platinum in these rocks in sufficient quantity to mine is that the 
chances of doing so are small. Combined with the features already 
enumerated, these chances are further limited by the expense of 
thoroughly testing the rock, and the difficulty of getting reliable 
platinum assays made. 

There are very few instances in which platinum is obtained in 
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commercial quantity from the solid rock, and these are usually 
cases in which platinum is not the primary mineral sought. In 
Canada it is obtained as a secondary product in the reduction of 
the nickel-copper ores of the Sudbury distrlict, and it has been 
described by R_. W. Brock as occurring in an unknown form in a 
gold bearing quartz vein at Burnt basin, near Coryell, B.C.1 

The most notable occurrence of platinum in the solid rock in 
America is that at the Rambler mine' in Wyoming, where it occurs 
as the arsenide sperrylite in association with a variety of coppe1· 
compounds notably covellite. The recovery of the platinum from 
these ores has been the subject of study for a long time, and though 
many details of treatment are still to be settled, the results so far 
obtained have been highly satisfactory. 

Some lode mining of platinum has been done at the Key West 
mine in Clark county, Nevada, where the platinum occurs in peri
dotite dykes which cut gneisses. The dykes vary in width from 10 
to 50 feet, and carry platinum in an amount of 0.55 of an ounce to 
the ton. Some ore has been shipped from this mine, but the results 
of treatment are not known. 

The instances cited of platinum in the solid rock justify the 
search tha t has been and is being made for platinum in workable 
quantity in the so.lid rocks of the Tulameen district, and sug.gest 
that there is yet a possibility that such an occurrence may be found. 
The advancing price of platinum, too, increases the chances, for 
the higher the price the lower the grade of the rock that can be 
mined. 

Gold Deposits. 

Probably the most important primary gold bearing deposits of 
the district are those which carry copper and other minerals i n. 
association. These will be described under a subsequent heading. 
There are, however, some deposits which contain gold as the only 
Yaluable metal. These occur as quartz veins c_arrying gold in a 
free milling state, and have been mined to a limited extent for that 
met.al alone. 

The most important gold bearing quartz veins are situated on 
the eas tern side of Granite creek, about half a mile below the North 

'Eng. and Min. Jour. Feb. 18, 1904. 
•Metallurgical and Chem ical Engineer ing, Feb. 1911. 
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Fork. Similar veins are reported to have been found higher ·up 

.Granite creek, on the divide between this stream and Ninemile 
creek. At b~tb localities the quartz veins cut the green scbistose 
volcanic rocks of the Tulameen group. 

The width of the veins varies from a few inches up to 5 feet. 
This width, however, is not uniform, and the bodies of quartz would 
be more properly termed lenses. The quartz is white or glassy and 
is only slightly mineralized with pyrite. The gold in it is free, and 
can easily be detected in small specks scattered through the quartz 
gangue. 

Estimates of the value of these veins vary because the gold is 
not evenly distributed throughout them. It is stated that one small 
vein on Granite creek averaged about $12 to the ton for a consider
able distance. 

A small 2-stamp mill was operated for a time on Granite creek 
and ore extracted from one of these veins, but the undertaking was 
not profitable on account of the uneven distribution of the gold in 
the vein. 

Copper Deposits. 

GENERAL STATEMENT. 

The copper deposits of the Tulameen district are at present 
the most important of its primary metallic deposits. They are here 
described under one beading, but they do not all belong to the same 
class of deposits, nor do they all contain copper as the mineral of 
primary importance. All of them contain some gold in association 
with the copper, the quantity varying in different localities. The 
deposits are important not only for their wide distribution in the 
district, but for their economic value as probable producers of metal 
in the near future. On this account most of the prospecting and 
development work done by miners on metaHic deposits bas been 
carried out on deposits of this nature. 

Although many of the deposits have been known for the last 
ten years and have been · prospected more or less for that length of 
time, they have not yet produced a pound of metal. This is not 
due so much to the character of the deposits themselves as to their 
isolation and to the lack of good transportation facilities. :Many 
of them are only connected with Tulameen, the principal distr~but-
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ing point of the district, by pack trails, and Tulameen itself has 
yet no railway connexion with outside points, though a connexion 
should now be effected within a short time. 

In all cases the ores will have to undergo treatment by smelt
ing, either directly or after concentration, and the fact that there 
is within the same district coal which yields a fair quality of coke 
increases the value of the deposits, and the probability of their 
being worked. 

DISTRIBUTION. 

The principal localities in which copper deposits are found and 
have been prospected are: at Independence camp on the headwaters 
of Bear creek, at Law's camp, Britton mountain, Champion creek, 
Olivine mountain, Slate creek, Rabbitt mountain, and at the bead 
of Smith creek. 

'The majority of these deposits are situated in the rocks of the 
Tulameen group, and in nearly every case are located either on the 
immediate contact of some igneous rocks or within the sphere of 
influence of such rocks. The contact with the Eagle granodiorite 
is a favourite position for these deposits, particularly where the 
Tulameen rocks are represented by limestones, in which case the 
conditions are most favourable for ore deposition. Other deposits 
are situated on the Boulder granite contact and on the contact of 
the pyroxenite. No depos!its have yet been found on the contact 
of the Otter granite. 

In certain cases copper deposits have been formed within the 
igneous rocks themselves, as in the case of the pyroxenite or in 
dykes of granite porphyry. No oopper nor ,other metallfo deposns 
are known to occur, in this region, in any stratified formation other 
than the Tulameen group. 

GENERAL CHARACTER OF THE DEPOSITS. 

The copper deposits of the district have one characteristic 
common ~o all of them, and that is the presence of the copper in 
the form of the sulphide chalcopyrite. In one or two instances the 
higher form, chalcocite, ha!I been developed, no doubt by secondary 
enrichment of chalcopyri'te, and in other localities tetrahedrite 
occurs. The minerals usually associated with the copper minerals 
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are pyri te, and pyrrhotite. Galena, zinc blende, magnetite, and 

molybden ite are present in some of the deposits. 

The g_angue of the ore minerals depends on the nature of the 
deposits. In some the gangue is the unaltered country rock, in 
others it is t he country rock altered by contact metamorphic action, 

in others it is partly replaced limestone, and in others quartz. 
The various kinds of copper deposits can all be classified under 

one of t he three following heads :

(1) Disseminated ores. 
(2) Contact metamorphic deposits. 
(3) Veins or replacement deposits. 

Copper deposits of the fi rst class occur on Olivine mounta in 
and elsewhere in pyroxenite. The copper mineral is chalcopyr ite, 
which is associated with pyrite and magnetite, and occurs either 
disseminated throughout the massive pyroxenite or in zones of 
shearing which run east and west and rarely north an d south. 

Deposits of the second class are tfound on Britton mountain on 
the contact of pyroxenite with the rock of the Tulameen group, and 
at Champion creek and elsewhere on the contact of E agle grano~ 
diorite with the same group of r ocks. In these instances chal
copyri te, associated with some pyrite, pyrrhoti te, galena or blende, 
occurs in a gangue of calcite and s uch lime sili cate minerals as 
garnet, epidote, and pyroxene. 

Deposits o-f the third class are economically the most impor tant 
in this field , and on them the greatest amount of work has been 
done. They are all closely associated with igneous intrusives, ·and 
the ore bodies have been formed either in the igneous rocks them
selves along fracture zones, or · they have been developed in the 
intruded rocks by a replacement of certain strata in these rocks. 
The first of these strongly resembles the Butte ·type and is exempli
fied at Independence camp, where ~- large d•yke of granite porph,yry 
has been fractured, and chalcopyrite, pyrite, and pyrrhotite have 
been deposited in the fracture plane~ and also penetrate the wall 
rock on either side. 

The second type af these replacemen t deposits is illustrated at 
Law's camp, Boulder creek, and R abbitt mountain. In these 
instances the copper and iron sulphides, frequentl;y associated with 
galena and blende, haYe replaced ca lcareous or other strata to a 
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greater or less extent, the ore bodies being confined to particular 
strata and bounded by the adjacent strata. 

DETAlLED DESORIP1'ION OF THE DEPOSITS, 

Oliv·ine 1l1oimtain.- The copper deposits of Olivine mountain 

are situated to the south of the highest point of the mountain and 

on the ridge which separates Champion creek from Slate creek. 

The first mineral locations were made there about nine years 

ago, when some local excitement was caused by the supposed 
discovery of very rich gold ores. The whole mountain was staked 
nt that time, further prospecting was not encourag ing, henc:; the 
claims were allowed to lapse. 

In 1906 locations were aga in made, but _thi s t ime for platinum 
and copper. About 25 claims were being held in 1910, and in the 
following spring all the vacant gTOund was taken up as diamond 
prospects. 

The co untry rock of the copper deposits of Olivine mountain 
is pyroxenite, \vhich collilists essentially of pyroxene, sometimes 
altered to hornblende, and magnetite. The pyroxenite is sometimes 
sheared and rendered schistose along north and south lines, and in 
these shear zones quartz veins have been formed. The quartz veins 
are sparingly mineralized with pyrite, chalcopyrite, and pyrolusite, 
but they do not contain any of the metal s in sufficient quantity to 
mine. 

The copper deposits lie in the pyroxenite itself, and appear to 
be confined to certain east and west zones of shearing. In these 
zones chalcopyrite occurs in minute fracture planes, or is dissem
inated throughout the mass of the rock adjacent to the lines of 
fracture. In the latter case the chalcopyrite is apparently a 
prirnai·y mineral in the pyroxenite, for it appeal's •embedded in the 
pyroxene crystals. In the former case it is secondarily deposited 
by percolating solutions. 

Assays of samples of this ore yielded 3 per cent of metallic 
copper, and it is unlikely that the average grade of the ore will 
exceed that figme. The amount of work done is not great, consist

ing of open-cuts, prospect pits, and short tunnels, and is insufficient 
to demonstrate the value of the deposits. 
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Britton Mountain.-Britton mountain occupies a position on 
the north side of Tulameen river between Eagle and Siwash creeks. 
Tt is dome shaped and rises about 1,300 feet above the level af the 
river directly below it. 

A group of mineral claims has been staked on this mountain, 
the oldest of them having been held for the last 11 ye~irs. They 
lie in a belt of rocks of the Tulameen group, about half a mile 
wide and bordered on one side by pyroxenite and on the other by 
Eagle granodiorite, both of which are intrusive into them. The 
rocks of the Tulameen group here consist of narrow bands of lime
stone interbedded with mica, hornblende, chlorite, and quartz 
schists. all of which dip at high angles and strike approximately 
north and south. 

The copper deposits are of contact metamorphic origin and are 
s'ituated in a zone of brecciation lying on the contact of pyroxenite 
with the schists. This zone af brecciation is mineralized with 
pyrite, chalcopyrite, and magnetite, which are associated with 
pyroxene, garnet, horn:blende, andi epidote. Addaoent to this zone 
is a bed of white quartz schist about 40 feet in width, mineralized 
with pyrite, which occurs in well crystallized individuals forming 
lines parallel to the plane of schistosity. Most of the development 
work has been done on this bed of quartz schist, but samples of it 
taken for assay have yielded no gold and only a trace of silver. 
The work on the copper ores in the zone of brecciation consists of 
open-cuts and prospect pits·. 

On the contact of Eagle granodiorite some mineralization has 
also been effected by copper and iron sulphides; but little work has 
been done to prove the extent of this mineralization or its impor
tance. 

Champion Oreek.-A group of about 12 mineral claims is 
situated on Champion creek near 'its mouth, and in the neighbour
hood od' the contact of Eagle granodiorit@ with the limestones and 
schists of the Tulameen group. 

The limestones and schists are penetrated along their bedding 
planes by many apophyses from the granodiorite, which bas effected 
much contact metamorphism. They dip towards the granodiorite 
and strike approximately north and south, parallel to the contact. 
They are also traversed by many small quartz stringers all of which 
are more or less mineralized by sulphides. 
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The limestone bands have suffered the greatest amount of 
alteration from the intrusion of the granodiorite, and have been 
either marbleized or altered to a lime silicate rock con
sisting of reddish garnet, radiating green epidote, hornblende, and 
pyroxene. This altered rock is the gangue of the ore, which consists 
of pyrite, chalcopyrite, blende, tetrahedrite, and molybdenite. 
Besides copper, the ores yield gold and silver on assay; and in 
some cases the value is reported to be high. 

A little development work has been done, consisting of open
cuts, short tunnels, and prospect pits. 

Rabbitt Mountain.-Rabbit.t mountain lies in the angle between 
the Tulameen and Otter valleys to the south of Boulder creek. It 
is a broad, flat topped ridge, rising about 2,300 feet above Otter 
lake and extending northwestward to form the divide between 
Boulder and Bear creeks. Some years ago the whole mountain was 
staked out in mineral claims, but the majority of these have now 
lapsed and the only ones on which any work is being done are those 
situated at the eastern brow of the mountain and owned by Messrs. 
Con'ey, Speck, and MacGonigal. 

The mountain is made up of stratified volcanic rocks belonging 
to the Tulameen group, which strike northwest and dip at various 
angles to thia southwest. They are penetrated by sheets and dykes 
of granite porphyry and are intruded on the northeast by Boulder 
granite. The mineral claims are situated not far from the contact 
of the Boulder granite. 

The mineral deposits are 1·eplacements closrely associated with 
the granite porphyries, which are themselves mineralized with iron 
sulphides. ".Lhey lie in the stratified rocks, which are here chlorite 
schists, anclesites, and volcanic breccias. The ore minerals are 
pyrite and chalcopyrite disseminated through the country rock 
which has in some cas~s become silicified. Small veins of quartz, 
traversing the stratified rocks, als·o contain the above-mentioned 
sulphides. 

Besides copper the deposits also carry gold. The development 
work consists of shallow pits and opencuts and three tunnels, the 
longest o.f which is over 300 feet in length. 

B oiilder Oreelc.-The mineral aeposits of this locality are 
situated on the north side of Boulder creek and extend over the 

10015·- ll 
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divide northward to Elliot creek. They were firsi staked in 1899, 
and though some of the mineral claims have lapsed, many of them 
still have the annual assessment work done on them. 

The country rock of this field consists of soft green schists 
dipping at low angles to the west, and intruded on the east by the 
Bo'U'ldier granite. Granite pol'Phyry dykes penetrate the schists in 
many places. The mineral deposits lie in the schists in the neigh· 
bourhood of the Boulder granite and are closely associated with the 

granite porphyry dykes. 
The country rock of the. mineral deposits is a soft green schist, 

which is traversed by small veins filled with quartz or calcite. 
Mineralization occurs both in the veins themselves and in the wall 
rock of these veins. In the latter case the ore minerals are dissem

inated grains which have been introduced by a process of replace
ment. The ore minerals are pyrite, chalcopyrite, and some galena. 
The deposits carry gold in association with the copper, and are said 

to vary in value from $8 to $20i to the ton. 
Considerable development work has been done on these deposits, 

which like those on Rabbitt mountain, are promising enough to 

deserve further work. 

Law's Camp.-The group ·of mineral claims knawn as Law's 
camp is situated on the western side of Bear creek ai;id about three
fourths of a mile west of the forks of the stream. It comprises 
eight Crown granted mineral claims and a number of others on 
which the annual assessment work is still being done. It is con
nected with Tulameen by a good wagon road 12 miles in length. 

The original discovery of ore in this camp was made by a party 
of Swedes in 1900 on the old Indian trail which runs from Mmphy 
lakes northward to the Coldwater river. 

The rocks in which the mineral deposits lie are limestones 
interbedded with mica, chlorite, and talcose schists belonging to the 
Tulameen group. These are intruded on the west by Eagle grano
diorite, into which they dip at various angles varying from 30 to 70 
degrees. They are also cut by many apophyses from the Eagle 
granodiorite, and by dykes of granite porphyry and lamprophyre 
the former of which are highly mineralized with pyrite. The 
mineral deposits are situated 'in the stratified rocks on the eastern 
edge of the granodiorite and within the metamorphic zone affected 
by it and its apophyses. 

, 



TULAMEEN DISTRICT, B. C. 163 

The grariodiorite forms either a clean cut or a brecciated 
contact with the stratified rocks and has effected some contact meta
morphism. This action is most apparent in the limestone bands, 
which have been either rendered crystalline or been altered to a 
lime silicate rock containing garnets, epidote, hornblende, and other 

minerals. More or less mineralization by copper, iron, zinc and lead 
sulphides has accompanied the alteration. 

The ore deposits are replacement deposits characterized by 
minerals formed at a moderate depth, and are undoubtedly genetic
ally connected with the granodiorite intrusion. They lie almost 
exclusively in the limestone bands, which they frequently have 
replaced from wall to wall. The maximum width of the ore bodies 
is determined by the thickness of the limestone beds, the adjacent 
beds being mica . or hornblende schists. The actual width of the 
ore bodies varies from 3 feet up to 12 feet. They occur as lenses 
in the limestone, pinching and swelling both horizontally and 
vertically. As the strata dip towards the west the ore bodies often 
·seek the hanging-wall and are never on the foot-wall except when 
they £11 the whole bed from wall to wall. 

The ore minerals visible in the rock are pyrrhotite, pyrite, 
chalcopyrite, galena, zinc b!ende, and sometimes magnetite. The 
pyrite, galena, and blende are usually well crystallized and are dis
seminated through the gangue in individual grains or in bunches. 
The pyrrhotite and chalcopyrite are massive and often appear in 
well defined lines running through the gangue or through the other 
ore minerals. Gold and silver are associated with these sulphides, 
but are not visible in the ore and are only determined by assay. 

The gangue of the ore is as a rule calcite. Secondary silica is 
also present in all the ore bodies but in relatively small amounts. 
In certain localities garnet, epidote, and hornblende are associated 
with the calcite as gangue minerals, and indicate a change in the 
origin of the deposits from simple replacement to contact metia
morphic conditions. 

These ores are valuable for their gold, silver, and copper con
tent, and selected samples have yielded as much as $100 to the ton 
m these metals. 

The mineral claims on which the greatest amount of develop-

10015-lH 
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ment work has been done are the St. Lawrence, St . . George, Liver
pool, Chicago, Morning Glory, Frisco, and London . 

. St. Lawrence.-The St. Lawrence is the oldest claim in the 
camp, and is the one on which the mine buildings have been erected. 
It is developed by two incline shafts, No. 1 and No. 2, respectively 
16 and 55 feet.in depth, and by an adit tunnel which in July, 1910, 
was 620 feet in length and had two short drifts running from it. 

No. 1 shaft has a dip of 45 degrees to the west, and shows 6 
feet of ore lying between walls of schists. The ore consists largely 
of pyrrhotite with lesser amounts of pyrite, chalcopyrite, and blende. 

No. 2 shaft lies 100 feet northwest ·of No. 1, and dips 52 degrees 
to the west. It shows 6 feet of ore containing pyrrhotite, pyrite, 
and chalcopyrite in a gangue of calcite lying between walls of 
schist. 

The adiit tunnel enters near the bunk house and wa,s run to 
strike at some depth the ore body exposed in No. 1 and No. 2 shafts. 
It enters on a bed of mica schist and follows the strike of the rocks 
for 476 feet, and then Cl'oss-cuts them at a slight ang~e for 144 feet . 
No ore appears in the main tunnel, but a thin band about 12 inches 
in width was encountered in the drift which runs t o the north. 

St. George.-The St. George adjo ins the St. Lawrence on the 
north, and belongs to t.he same company owning the St. Lawrence, 
namely, the Similkameen Mining and Smelting Company. On this 

claim are a number of open-cuts and two shafts, No. 3 which ~s 

about 50 feet in depth, and No. 4 which is 1'82 feet in depth. 
No. 3 shaft was full of water at the time the examination was 

being made; but the ore on the dump was seen to consist of pyrrho
tite, chalcopyrite, and pyrite in a gangue of calcite. 

No. 4, the main shaft, is well timbered and equipped with a 
steam hoist and pump, and covered by a good log building. It dips 

60 degrees to the west and is 182 feet in depth. At the 100 foot 
level drifts run 50 feet in either direction along the strike of the 

vein, and at the bottom are two cross-cuts each a.bout 35 feet in 
length. The walls of the ore body are schists, while the ore itself 
lies in a stratum O'f white limestone, which it has replaced either 
wholly or in part. The width of the ore body varies up to 14 feet 
and in places pinches to a narrow seam. As a rule the ore favours 
the hanging-wall rather than the foo·t-wall. The ore minerals, which 
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have replaced the limestone, are pyrite, pyrrhotite, chalcopyrite, and 
some blende; and the gangue is calcite and some quartz. 

Frisco.-The Frisco adjoins the St. George on the north, and 
is not surveyed and Crown granted. The only development work 
seen on it consists of an open-cut a:bout 10 feet deep. The cut shows 
6 feet of ore in lime&tone lying on the upper side of a dyke of 
granite porphyry. The gangue of the ore is dark crystalline lime
stone, and the ore minerals are well crystallized pyrite and magne
tite, and massive pyrrhotite and chalcopyrite, which follow definite 
lines p~' rallel to the bedding of the roek. The association of sul· 
phides with oxides in this case indicates crystallization or forma
tion of ore under conditions of considerable pressure. 

London.-The London mineral claims adjoin the Frisco on the 
north. The whole claim is drift covered, and the work consists of 
a number of surface cuts to expose the rock. One cut shows a small 
body of ore on the upper side of a sheet of granite porphyry which 
is intrusive into mica schist. The schist may have originally been 
a bed of limestone, for it now contains besides the mica some garnet 
and epidote. The deposit contains pyrite disseminated through a 
gangue of the above minerals and is about 10 feet wide. It is clearly 
contact metamorphic in origin. Other cuts show somewhat similar 
conditions, with the presence of chalcopyrite and massive magnetite 
with the pyrite. 

Liverpool.-The Liverpool, lying directly south of the St. Law
rence, is surveyed and Crown granted. The development work on 
this claim is an open-cut running into a short tunnel. The country 
rocks are bands of blue and white limestone interbedded with mica 
schists dipping 35 degrees to the west. The outcrop of the ore body, 
which is a bedded deposit, consists of iron oxides and copper car
bonates. Below this is the unaltered ore body, which consists of 
pyrite, pyrrhotite, chalcopyrite, and some galena and blende in a 
calcareous gangue. 

Chicago.-The Chicago adjoins the Liverpool on the south and 

is also surveyed and Crown granted. It has been prospected by two 

long open-cuts, which show the country rocks to be banded lime
stone and lime schist dipping 25 to 30 degrees to the west. The 
ore body is a r eplacement of the limestone by pyrite, chalcopyrite, 
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and blende, which follow well defined lines running parallel to the 
bedding planes. 

Morning Glory.-The Morning Glory lies south of the Chicago, 
and is developed by a tunnel which follows the strike of the rocks. 
The rock is limestone, which contains disseminated crystals of 
pyrite and thin veins of pyrrhotite. It is cut by small quartz 
stringers, but these are barren of any sulphides. 

Independence Oamp.-Inclependence camp comprises a group of 
mineral claims situated in the northwest corner of the Tulameen 
map-sheet on the divide between Bear creek anc1 the Coldwater 
river, and extending southward into the Bear Creek basin. The 
main workings df this camp are situated at an elevation of 2,900 
feet above Tularneen and abou t 5,400 feet above sea-level. They 
are distant from Tulameen about 15 miles, and are connected there
with partly by wagon road and partly by pack trail. 

To the east of the camp lies the main body of the rocks of the 
Tulameen group, which here consists of chlorite, sericite, and horn
blende schists dipping at high angles towards the west. To the 
west lies the Eagle granodiorite, which is intrusive into the rocks 
of the Tulameen group; and between these two formations is a 
large dyke of granite porphyi·y which cuts both formations . In this 
dtyke lie the .principal ore bodies. 

The granite porphyry has a maximum width of about 1,200 fe-it 
and extends southward in a gradually narrowing band for about 3 
rr.iles. It is cut by syenite porphyry dykes and traversed by zones 
of fractming. It contains phenocrysts of quartz, f eldspar, and bio
tite in a :fine grained groundmass. The thin section shows the feld
spars to be both orthoclase and plagioclase, and the quartz exhibits 
a corroded outline. Much pyrite is also present. The composition 
of the rock is by no means uniform, being more siliceous in some 
parts than in others. It is traversed by little veins of quartz which 
are barren and appear to have been formed previous to formation 
of the ore bodies. The structure of the rock is massive, and when 
not affected by mineralizing solutions is quite fresh. It is only 
slightly sheared, and shows fracturing in two directions, the most 
pronounced of which is about N. 25° W. 

The deposits of this camp are replacement deposits of the Butte 
type. They lie in :fissures in the granite porphyry in main direc-



TULAMEEN DISTRICT, B. C. 167 

tion of fracture, and the formation of ore has progressed along 
these fissures, passiug outward from them into the country rock. 
Deposition of ore has been accomplished by ascending alkaline solu
tions carrying the various metals present in the ore bodies. 

The ore minerals are chalcopyrite, pyrrhotite, pyrite, and lesser 
quantities of blende, chalcocite, tetrahedrite, molybdenite, and 
cuprite. The gangue of the ore is the granite porphyry which, how
ever, has been so altered by ascending solutions that both the feld
spar and the biotite have often disappeared entirely and only the 
quartz remains. The secondary gangue minerals introduced ipto 
the fractures and the bounding wall rocks are quartz, calcite, and 
sericite, and these are· most abundant where the ·fracturing has been 
greatest. • 

From a study of the ores it appears that there were two periods 
of fracturing and mineral deposition. During the first period chal
copyri te, pyrrhotite, and blende were introduced along with calcite, 
so that we find all these minerals in the fissures . Pyrite was also 
introduced, and often migrated farther into the wall rock where it 
formed crystalline individuals by metasomatically replacing the 
country rock. 

In the second period Otf fracturing there was a very limited 
introduction of sulphides, but a greater influx of the gangue mineral, 
so that we find veinlets of calcite cutting the previously formed ore 
minerals, and geodes filled with quartz, calcite, and sericite. 

Some secondary enrichment has taken place, forming cuprite 
and chalcocite, but this enrichment is very limited. 

The surface ore is said · to have given assays of 20 per cent 
copper, but the ore on which the value of the deposits depend will 
only yield about 3 per cent.. Gold to the value of about $1 to the 
ton is found associated 'with these ores. 

The main workings in this camp are situated directly on the 
summit of the divide between Bear creek and the Coldwater river, 
and consist of over 1,000 feet of tunnels and drifts and 265 feet of 
shafts, with a number of open-cuts and prospect pits. The main 
tunnel is 500 feet in length, driven iJl on the strike of the ore. At 
a distance of 390 feet from the portal is a raise of 126 feet to the 
surface. At 360 feet from the portal are -drifts to either side, one 
being 145 feet in length and the other 342 feet. In the latter drift 
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is a winze 53 feet deep. Most of this work was done by the Granby 
Company. 

:Much work has also been carried out on claims lying south of 
Independence camp, in or adjacent to the same dyke of granite 
porphyry. 

Magnetite. 

The presence of magnetite in the rocks of Lodestone mountain 
has long been known to prospectors in the Tulameen district, and 
it is due to the fact that the quantity of this mineral was suffi
ciently great to affect the compass that the mountain was given 
this name. Several mining claims were at one time staked on this 
ground for iron ore, but they have long since been abandoned with
out any work having bee1'i done on them. 

The rock in which the magnetite occurs is pyroxenite, which 
occupies a belt from 1 to 2 miles wide extending from Olivine 
mountain southward to Lodestone mountain, and beyond that for 
an unknown distance in the same direction. 

Everywhere throughout its length the pyroxenite carries some 
magnetite as an original constituent, in which case it occurs in 
crystallized individuals scattered through the rock. In certain 
places, however, the quantity of magnetite increases to such an 
extent that the rock might be classed as an ore of iron. Such 
places are at Coutney's cabin on Olivine mountain, and at Lode
stone mountain. At these places it occurs in short, irregular veins 
or in large bunches in the pyroxenite, the whole having a general 
east and west trend. These bodies are not connected with any 
system of fractures and are not secondarily deposited, but are 
primary constituents of the rock itself. Like the chromite in the 
peridotite, they are basic segregations, formed during the cooling 
of the pyroxenite magma. 

No attempt has yet been made to demonstrate the extent of 
these deposits or to prove their value as a commercial ore of iron. 
Judging merely by what is naturally exposed, and the irregularity 
of the distribution of the bodies in these exposures, they have little 
present commercial value. ... 

Chromite. 

Chromi te is an oxide of iron and chromium, and is valuable 
for its chromium content. ·when pure it contains 68 per cent of 
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chromium sesquioxide (CT,0,) . To be marketable in its crude 
state chromite ore should contain a:bout 50 per cent of ch romium ses
quioxide. If it falls· much below that figure, conclentrating methodis 
must be employed to bring it up to the required grade. 

Chromite is found, in all parts of the world, almost exclusively 
in one class of rocks, namely, peridotite; and in the Tulameen 
district it is confined to the same formation. It has been stated, 
and appears to be generally accepted, that in a peridotite body the 
greatest amount of chromite is found near the outer borders, while 
there is a relatively small amount in the central parts. This state
ment is not borne out in the case of the Tulameen chromite, for it 
appears to be scattered indiscriminately throughout the mass of the 
rock, being present in varying quantity in certain spots and totally 
absent over wide areas. 

In general the chromite occurs, in the Tulameen peridotite, as 
an accessory constituent, and is often visible only in the thin 
section. In such cases it appears as individual grains scattered 
through the peridotite, having a crystalline or slightly rounded out
line. In other places it appears as short irregular veins or ·irregular 
masses up to 4 or 5 inches in diameter. The veins vary in width 
from a fraction up to one inch in width and are not continuous for 
many inches. The boundaries of these veins are not clearly defined 
nor are they regular. They are not connected with any system of 
fracturing and 11ave no marked uniformity of strike. 

The chromite is iron black in colour and has a bright, metallic 
lustre. In the thin section it is quite opaque. It is slightly mag
netic, and is very resistant to decomposition. 

It is interesting to note that platinum is closely associated 
with the chromite, and some of the best assays for platinum have 
been obtained from bunches of chromite in the peridotite. It was 
from such bunches also that the diamonds of this district were 
obtained. 

From its mode of occurrence the chromite is clearly a primary 
mineral in the peridotite, and has not been introduced at a later 
period than the consolidation of the rock. It is a basic segregation 
in the peridotite magma, and was formed at the time of the cool
ing of the rock from fusion. 

A few mineral claims have been staked to cover the outcrop of 
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the chromite bodies. These claims are still being held, but not a 
great deal of development work has been done on them. 

Molybdenite. 

:Molybdenite is a sulphide of molybdenum and is one of the two 
minerals used commercially as a source of the metal molybdenum, 
t he other being the lead molybdate, wulfenite. It is found in the 
Tulameen district in two separate localities, one situated at Inde
pendence camp on the headwaters of Bear creek, and the other near 
the mouth of Champion creek. 'At the former locality it occurs 
sparingly disseminated in minute partic'.es throughout a granite 
porphyry and is of little significance. At Champion creek it occurs 
more abundantly, and some development work has been done on the 
deposits. 

The deposits on Champion creek are situated near the mouth 
of the stream, and are found here and there for a distance of nearly 
a mile up the course of the stream. In this region Eagle grano
diorite is intrusive into the rocks of the Tulameen group, which 
here consists of chlorite and mica schists and some limestone. These 
I'Ocks dip towards the Eagle granodiorite lying on the west, and are 
penetrated along their planes of stratification or schistosity by many 
apophyses from the granodiorite. :Much contact metamorphism has 
been effected by the granodiorite intrusion and with an abundant 
development of the usual contact metamorphic minerals in the 
intruded rocks. Some quartz veins, generally of sma11 size, also 
t ra verse the schists and limestones. 

The molybdenite occurs in small flakes and scales, having a 
bright metallic lustre and a lead-grey or slightly bluish colour. It 
is scattered plentifully in small particles throughout a gangue con
sisting of quartz, garnet, epidote, hornblende, and pyroxene. It is 
seen, in thin section, to be intergrown with these minerals in such 
a way as to indicate a contemporaneous origin. 

The deposits are clearly of contact metamorphic origin, and 
were formed by and at the time of the intrusion of the Eagle 
granodiorite. The associated minerals indicate that the rock in 
which the molyibd:enite occurs was originaJ.ly a limestone which, on 
the intrusion of the granodiorite, had its constituents altered from 
carbonates to silicates by a process of metasomatic replacement, the 
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molybdenite 1being introduced into the limestone alon.g ll'ith the 
silica which went to fo rm the lime silicates. 

The value of a molybdenite deposit depends upon the ease with 
which the mineral can be concentrated. Unless the molybdenite 
occurs in large lumps which can be hand picked it seems difficult 
to £nd a satisfactory method of separating it from. its gangue, · 
though both oil £otation and static electric methods are claimed to 
be effective. The occurrence in the Tulameen district is not such 
that the mineral can be hand picked, therefore, if the deposits are 
to be utilized at present one or other of the above methods must be 
adopted. 

Asbestos. 

Commercial asbestos deposits are con£ned to the olivine bear
ing rocks of the peridotite family, and the best quality of asbestos 
£bre is found in the rocks of this £amily, which consist wholly of 
olivine. The Tulameen peridotite consists essentially of olivine 
with a varying though always limited amount of chromite. Over a 
great part of its area no chromite can be detected in the peridotite, 
and olivine is the only constituent. Such a rock forms the most 
favourable matrix of high grade asbestos, or chrysotile. 

In the process of the formation of asbestos the peridotite £rst 
alters to serpentine, in which process the rock takes up about 14 
per cent of water and increases correspondingly in volume. Later, 
asbestos forms in the serpentinized rock as narrow veins, and it is 
believed to be merely a crystallized form of the serpentine. The 
quality of the a.sbestos fibre depends upon its £neness, £exibility, and 
tensile strength, and to a lesser extent on its length. The commer
cial importance of an asbestos deposit is governed by the size of the 
serpentine body and the proportion borne by the veins to the mass 

of the rock. 
The Tulameen peridotite is not uniformly aitered throughout 

co serpentine, and indeed in parts of the mass it still consists of the 
fresh ' unaltered olivine. In places, however, it has become com
pletely altered to a dark green serpentine, and in such places asbes
tos veins have been formed. 

No attempt has yet been made to prospect this region for 
asbestos, so that the asbestos veins noted were merely those which 
outcropped naturally on the surface. The veins run in no uniform 
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direction, but appear to prefer certain east and west lines . Those 
out.cropping on the surface are small and not numerous. The width 
varies from one-fourth of an inch down to a mere thread. The "£bm~, 
as in all veins o~ good ashestos, runs across the vein from wall to 
wall. The colour of the vein is glistening light green, and the fibre 
is fine and appears to have considerable tensile strength. 

Another variety of asbestos is found in the pyroxenite and in 
certain impure port.ions of the peridotite. This has been formed by 
the alteration of pyroxene, and contains a fibre which is coarse and 
bri ttle. This variety has no commercial value whatever. 

Coal. 

INTRODUCTORY STATEMENT. 

Coa:l occur,s in the Tulameen district in a small basin "·hich has 
been referred to by engineers and others as the Tulameen coal basin, 
the Granite Oreek coal basin, or Collins Gulch coal basin. The 
last two names were originally applied to outcrops of coal seams in 
two separate localities, and since, dming the presbnt investigations, 
the two localities were found to be parts of the same basin, it seems 
advisable to discard both names, retaining the first. name-the Tula
meen coal basin-for the whole field. 

Although this part of the Tulameen district has been well 
known to prospectors since the time of the gold discovery in Granite 
creek in 1885, and t hough the outcrop of coal in Collins gulch must 
have been quite evident to anyone t ravelling the bed: of t hat stream, 
no attempt seems to have been made until quite recently to prospect 
the basin or to determine its area. Some coal has annually been 

extracted from the Collins G ulch outcrop for a number of years, 
but up to the present there has been no demand for it, and what 
was taken was merely sufficient to supply the needs of the owner, 
Thomas Rabbitt. Seven or eight years ago coal was discovered on 
the Granite Creek side of the basin, and shortly after the whole. field 
was taken up in coal claims. These claims were then bonded to the 
E rl Syndicate, and some c1evek>pment work was done, but 
the option expired without the syndicate buying up the cla ims. 
Almost the whole basin is now owned by the Columbia Coal and 
Coke Company, which is ·pros~cting it vigorously. 

... 
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The first mention of the field is made by W. F. Robertson in 
1901.' Brief mention is made of i t by the author in the Summary 
Report of the Geological Survey in 1908, and a more extended 
account is given in the Summary Report for 1909. 

LOCATION AND AREA. 

The coal field lies in the southeast corner of the area covered 
by the Tulameen map, partly in the drainage basins of Collins and 
Fraser gulches and partly on the other side of the divide, in the 
basin of Granite creek. 

The basin is roughly oval in shape, having its longer axis 
running northwest and southeast. In this direction it has a length 
of nearly 3s miles, while its greatest width is about 2i miles. The 
area covered by the coal bearing rocks is 3,700, acres, and that 
covered by the coal itself has been calculated at 3,254 acres. Of 
the coal area, however, 1,070 acres are covered by a flow of volcanic 
lava. 

Almost all of the coal is included in eight coal claims, each one 
of which is a mile square. Six other coal claims have been staked, 
but they lie mostly .outside the limits of the productive field. 

Small stringers of coal, associated with sandstone, are known 
to outcrop in Cedar creek and in Blair creek on the north side of 
the Tulameen river, and really form part of the main basin. Their 
thickness is so small, however, and the probable quantity of coal 
so limited that they have not been included on the geological map 
within the area coloured as coal bearing. The connexion of these 
rocks with the coal basin has alread'Y been described on pages 87 and 
91, and need not be r eferred to again. 

TOPOGRAPHY. 

The situation of the coal field on the divide between Granite 
creek and streams flowing in the Tulameen river makes it difficult 
of access for mining, and the topography of the field adds some
what to that difficulty. The field has a topography characteristic of 
the upper levels of the Interior Plateau region. The summits of 
the hills are rounded and the slopes from them gentle. The highest 
point in the basin has an elevation of 2,100 feet above Tulameen 

1 Annual Report, Minister of Mines, B.C., 1901. 
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river at Granite creek, and the lowest point at which coal outcrops 
is in Collins gulch, where there is a difference of 850 feet in height 
between that point and Tulameen river. 

It is impossible to obtain access to the coal basin by any valley 
with an easy grade, because it lies at the headwaters of the streams 
and aU of them have steep gradients down to the master stream 
which is Tulameen river. Collins gulch rises near the centre of the 
basin and flows northward through it, across the ·strike of the rocks. 
Fraser gulch also cuts the basin for about a mile and flows out of it 
towards the north. The North Fork of Granite creek cuts tl1rough 
the southwest border of the basin and flows in it for about a mile. 
These creeks, and some of their tributaries, are the only streams 
which flow through the coal basin, and all of them have relatively 
small valleys, so that they do not expose very good sections of the 
rocks. 

Owing partly to the softness of the members of the coal bearing 
series, outcrops of solid rock are very rare, and except in a few 
places in the stream beds, the whole basin is covered with drift. 
It is also almost all covered with a forest growth, which assists in 
disguising the character and structure of the rocks. 

GEOLOGY. 

Stratigr01phy.-The coal bearing rocks of this field are of Oli
gocene age, and have been correlated by their fossils with the 
Coldwater series of Princeton, Nicola, and Kamloops. They part in 
rest unconformably on volcanic rocks of Triassic age, and in part 
conformably on volcanic rocks of Oligocene age which have been 
called the Cedar volcanic series. Some of the lower members of the 
coal bearing rocks are intercalated, on the western side of the basin, 
with the upper part of the Cedar volcanic series, but these same 
members are on the eastern part of the basin, joined with the main 
body of the coal bearing series. About one-third of the whole basin 
is covered unconformably by a volcanic flow of olivine basalt. 

The total thickness 0,f the coal bearing rocks, as measured in a 
section along Collins gulch, is less than 2,500 feet. This section is 
shown in an accompanying :figure (Fig . . 2) . In this section the 
whole series can be divided roughly into three groups. The lowest 
group, measuring 600 feet in thickness, is composed of sandstones, 
with which are interbedded a few thin bands of shale. The middle 
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gToup is made up of 460 feet of very :fissile shale, and in thi group 
lie the principal coal seams. The upper part of the section contains 
a preponderance of sandstones, with which ai•e associated some thin 
shale bands and beds of conglomerate. 

From an economic point of view the most important of the 
three groups is the middle one, for in it lie the principal coal seams. 
The shales which compose this group are very :fissile and split easily 
into thin plates. They are dark coloured on fresh surfaces, but 
often weather whitish where they outcrop. They contain many 
plant remain$ whi.ch have served to identify their age as Oligo
cene. 

Two coal seams in this group, exposed in the bed of Collins 
gulch, show a floor and roof composed of shale. In what is believed 
to be the same horizons on the south side of the basin, the roof and 
floor are also shale, but the shale is somewhat more sandy. 

In the lower of the two coal horizons on the south side of the 
basin tl1e section exposed in the workings shows 51 feet of clean 
coal resting on shale. ' Above that is 4 feet of impure coal, and 
above that again for 50 feet are thin seams of coal interbedded with 
clay or sand. 

The upper of the two coal horizons at the same place shows the 
following section from top to bottom of a raise in No. 2 tunnel:-

SECTION IN NO. 2 TUNNEL, GRANITE CREEK. Feet. Inches. 

Mostly sandstone with thin seams of coal ...... ....... ...... . 23 
Clay .. . ... . . . . . . ............................ ..... ........... . 4 0 

2 1 
3 9 

Im pure coal. . ............. . ....... . . ... ..... .. . .... . ........ . 
Coal with clay partings . ...... .................. . ... . . . ..... . 
Clay . .... . . . . . ......... .. .. . ... . . . .... .. .. ... ..... ........ .. . ··· ······· 4 
Coal. ......... . ................ .. ....... . ...... . .......... . . . ....... ... 4 

.......... 3 
1 

Clay .... . ... . ....... . . . ......... . . . .. . . .. .... . ...... . . . ..... . 
Impure coal. . . . . .......... . ... . . . ... . .... .. ................ . 
Coal. ........... .... .. . ..... . . . ... . . . ........ . . . .... ..... . . . . 7 
Clay . .. .. ...................... . . .... . . ... ....... .... . ...... . .......... 2 
Clean coal. . . . ... ....... . .. . ................ ...... .. . ..... . . . 6 6 
Coal with clay partings ... . ............... . ........ . ........ . 4 6 
Clay........... . ..... . . . . . . .... . . ... .. .. . . ... . . 1 0 
Coal ............................. . ......... . .... .... . . . . . . . . . 3 0 

1 8 
1 9 

Clay . ... . . . . ...................... . .. ... .. . . . ... . ........... . 
Coal with 2 sandy partings . ....... . . .. . . . .. . . .. ........ . .... . 
Clean coal. ... . .. . . .............. . .. . ....... ........... .. . . . . 5 0 

Tota.I.. . ................. . ... ...... . .. .. . .... . 60 0 

On the same side of the basin a third ·Coal horizon, containing 
a good seam of workable coal, is said to underlie the lower of the 
a!bove-mentionedi horizons, b:ut its outcrop could not be found. 
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In the upper group of the three into which the whole series 
has been divided the prevailing rock is sandstone. On Collins gulch 
a certain shale band · in this group contains many coal markings, 
and on the south side of the basin a small coal seam is exposed, 
which is probably in the same horizon. 

The most complete section showing· the coal has been exposed 
by prospecting operations on the south side of the basin. This, as 
already indicated, shows four seams of workable coal, 6t, 3, 5, and 
51- feet, respectively, in width, making an aggregate thickness of 20 
feet. The reported coal horizon below and the uppermost seam of 
all, which may possibly develop into a workable seam, might be 
added to the estimate of the total thickness of coal in the basin, 
but for the present the estimate of quantity of coal in this field 
should be based merely on the known 20 feet of thickness. 

The total area covered by the coal bearing rocks is about 3,700 
acres. By following out the outcrop of the coal seams it has been 
estimated that 3,254 acres in the coal basin are covered by coal. 
Presuming that the 20 feet of workable ccl'al exposed on the south 
side extends over the whole basin, and estimating 1,000 tons of 
mineable coal to the acre, there are in this field over 65,000,000 tons 
that can be extracted. The total quantity of coal in the basin, 
however, may greatly exceed this figure. 

S trncfore.-The coal bearing rocks are essentially sedimentary 
in · origin, and must, therefore, have been deposited in a horizontal 
or approximately horizontal attitude. Their structure now, how
ever, is that of a synclinal basin having its longer axis running 
almost northwest and southeast. On the southwest side of the 
basin the dips of the beds are in general towf,irds the northeast; and 
on the northeast side they are towards the southwest. These dips 
vary from 20 degrees up to 70, and are apparently greatest on the 
outer edges of the basin. The average dip, howeyer, is about 40 

degrees. 

The structure of the beds does not always conform to the 
general structure of the syncline, and many discordant dips are 
noticed. In such cases pressure has been exerted in a different 
direction to produce dips and minor folds which strike in directions 
other than northwest and southeast. Such folds appear at the work-
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ings on Granite creek and in Collins gulch, but they are of very 
· little importance. 

Faulting is not apparent, except to a V·ery minor degree, in tht 
development work so far undertaken. Small faults, however, with 
a throw of 6 or 8 inches, appear in No. 2 tunnel ·on the south side 
of the basin. Larger faults will probably be encountered as develop
ment of the field proceeds. It is quite certain from other geological 
evidence that rocks of this age have passed through periods of con
siderable orogenic disturbance which might result in faulting, and 
it is the experience in most of the coal fields of this age in British 
Columbia and Washington that faults of some magnitude do occur, 
so that it is reasonable to expect that they are present here also. 

In the accompanyin'g map and structure section of this coal 
field, a sheet of olivine basalt is shown, overlying the coal bearing 
rocks. The !basalt is an igneous rock which rose from the interior 
of the earth through :fissures and fl.owed over the B'urface Dykes of 
the same rock appear in the bed o<f Granite creek, cutting the rocks 
which underlie the coal bearing rocks, and it is quite probable that 
they traverse the coal bearing rocks also. The source of the olivine 
basalt is probably, therefore, to be found beneath the coal basin 
itself. The withdrawal of the olivine basalt from the region 
beneath, and its deposition on the top of the coal basin, would cause 
a readjustment of the strata !between, and in this readjustment, it 
is only to be expected that faulting should have taken plaoo. 

CHARACTER OF THE COAL. 

The coal varies both in physical and chemical .properties from 
one part of the field to another. On fresh faces it has a banded 
appearance, due to alternating layers of bright and dull lustre, with 
the latter predominating. The dull bands, however, show many 
small lenses of bright coal in them. Sulphur, in the form of films 
of pyrite, is present but is apparently not abundant. The powdered 
coal has a very dark brown colour. 

Some of the coal is fractured into small cubical blocks, and in 
other seams it is more massive. On exposure to the atmosphere it 
breaks down in time to a fine dust, but as a rule resists weathering 
for a considerable period. 

Chemical analyses of the coal show that it is to be classed al! 

10015-~ 
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bituminous, though certain analyses from particular parts of the 
field !indicate a somewhat lower grade. The coals resemble those of 
the Nicola coal field, and are somewhat better than those of the 
Princeton field. Most df the coals of this age in British Columbia 
are lignites, but the higher grade of this coal is accounted for either 
by the greater compress\ion to which it has been subjected, or else 
by the presence of volcanic rocks in the immediate neighbourhood, 
which by their heat have. driven. off a certain percentage of the 
water. 

The ash of t he coals in some analyses is high, but this is char
acteristic of other coals of the same age in adjacent d~stricts, and 
is due to the fact that the samples which included thin par tings of 
da;y were taken by cutting a channel across the seam from roof to 
floor. ' 

The coke of the samples from the south side of the basin is 
strong and coherent and has a bright silvery lustre. A test of a 
larger sample than that used, however, would be necessary to ulti
mately dietermine the colcing qualities of the coal. 

The coke from the Oollins Gulch seams is tender and les3 
coherent and would not stand much pressure. The general quality 
of the coal from this part of the basin is infertior to that from the 
south side. The difference may be accoun ted for by the fact that 
the Co'..Jins Gulch seams lie at a greater distance from the ovierl;ying 
volcanJic rocks. 

The following analyses of coals from this field have been made 
in the laboratory of the Department of Mines, the first four from 
samples taken by the author, and the last two from samples taken 
by Geo. de Wolf in 1899 and published tin the Annual Report of the 
Geological Survey for 1899, page 29 R :-
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ANALYSES OF COAL SAMPLES. 

No. of Sample. 1 2 3 4 5 6 

Granite Granite Granite 
Locality. Creek Creek Creek Collins Collins Collins 

mines. mines. mines. gulch. gulch. gulch. 

---

Is Width of seam .... . 6t feet. feet. 5 feet. ? I ? ? 
I 

---- I 
Moisture ..... . ..... 3·04 4.34 2·97 3·26 4·62 4·87 

Vol. combustible 
matter . . ....... 31·88 31·08 31·28 43.33 

I 

41·16 36·86 

Fixed carbon .. ..... 51·11 48·89 52·49 49·70 49·04 50·99 

I 
Ash ........ . .... . ·I 13·97 15·69 13·26 3·71 5·18 7·28 

I 
Coke per cent ... . . 

·1 
65·08 64·58 65·75 53·41 54·22 58·27 

Character of coke. strong, strong, strong, tender, firm, tender, 
coherent compact compact coherent coherent coherent 

---· 
Fuel ratio .. .... ... 1:1 · 60 1:1·57 1:1·68 1:1 · 15 1:1·19 1:1·38 

-. 
Colour of ash ... . .. l ight ash light ····· · .... light light 

grey grey grey grey grey 

DEVELOPMENT. 

The earliest work done in this fiefd was that on Collins g1:"1ch 
where three tunnels of unknown length were run in on the strike 
of the coal. Two of these tunnels enter on the west side of th& 
creek, and both have now caved in. The third lis on the east side 
of the creek and is the longest of the three. 

Up to the spring of 1'910 the principal work in this field was 
carried out on the south side of the basin, and consisted of six 

10015-12! 



180 GEOLOGICAL SURVEY, CANADA 

tunnels of various lengths aggregating over 1,300 feet, and a great 
number of ·Open-cuts a1I in coal. The main tunnel is that known 
as No. 2, which runs in on the strike for a distance of more than 
800 feet. In this tunnel a raise goes up on the dip for 40 feet and 
another across the dip for 60 feet. The problem of transporting the 
coal mined on this side of the basin to the railway which will run 
in the valley of Tulameen rivei' was one of considerable difficulty 
and caused the abandonment of the work. 

On Fraser gulch the coal outcrop· approached ne:ll'e1· the Tula,_ 
'meen rive¥, ilD.d ""~~~ was consequently concentrated at this point. 
Here the coal seams outcrop 9.t ati eleva11ion of about 1,000 feet 
above the river and dip away :ham it towai1ds the southwest. A 
large number of open-cuts have hleen made on this side of the basin~ 
to trace the outcrop of the seams from Collil:is gulch eastward, and 
a prospecting tunnel was run in across the strike at the first bend 
in Fraser gulch. Some diamond drilling was begun at the head 
of Fraser gulch to ascertaiin the depth at which the coal seams lie 
at this point. A tunnel which lit is proposed to make the main 
entry to the mine, is now being driven from a point about 400 feet . 
a:bove Tulameen river. From a consideration of the average d~p of 
the coal seams and the slope of the valley, it has been estimated that 

this tunnel will have to be driven about 2,000 feet before it intersects 

the lower coal seam. 

Clay. 

Deposits of clay that may be of use for commercial purposes 
are found in the Tulameen district ix two different geological 
formations. The older clay deposits are of Oligocene age and are 
found in the Coldwater series. The younger are associated with 
the recent depos\its. 

The Coldwater series of this region is divided roughly into 
three groups of rocks, the middle one of which consists of 460 feet 
of very :fissile shales and some coal seams. No tests have been made 

' of the shales as a whole to determine their value for use in the 
manufacture of clay products; but, associated with the coal seams, 
Jis a thin bed of massive clay from 6 to 20 inches in thickness which 
has proven to be very refractory. It is light coloured, smooth, and 
sticky. but cracks badly on drying·. It has been tested by Mr. J. 
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Keele and found to stand a temperature of 1300° C., but it is doubt
!ful whether it can be used, as it will not air dry after moulding. 

An underclay which is said to have been obtained from Granite 
creek, and probably comes from the Coldwater serlies in the same 
honzon as that des·oribed! rubov:e, was examined by G. C. Hoffmann, 
former chemist of the Geological Survey,' and found to burn 
perfectly white and to be almost infusible. Hoffmann states that 
'it could be used for the manufacture of pottery-including the 
finer varieties of stoneware, is well suited for the manufacture of 
stove linings, and would make a faiirly refractory brick.' 

Another clay deposit in this region is of recent origin, and is 
found covering the :floor of Otter valley at the northern border of 
the map-sheet. This clay is a lake deposit of unknown depth but 
probably considerable areal extent, for it is exposed at a number of 
po[nts in Otter valley over a distance of about 3 miles. After test
ing it Mr. Keele finds that it would be suitable for the manufacture 
of ordinary red bricks. 

IQ.S.C. Vol. XII, page 61 R. 
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751, scale 50 m. = 1 in. 
819. Nastapoka islands, Hudson bay, by A. P. Low. 1900. 
905. The Cruise of the Neptune, by A. P. Low. 1905. 
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1006. Report of a Traverse through the Southern Part} 
of the North West Territories, from Lac Seul • 
to Cat lake, 1902, by A. W. G. Wilson. 

1080. Report on a Part of the North West Territories, Bound together. 
drained by the Winisk and Upper Attawa-
piskat rivers, by W. Mc!nnes. Map No. 
1089, scale 8 m. = 1 in. 

1069. French translation: Report on an exploration of the East coast of 
Hudson bay, from Cape Wolstenholme to the south end of 
James bay, by A. P. Low. Maps Nos. 779, 780, 781, scale Sm. = 
1 in.; No. 785, scale 50 m. = 1 in. 

1097. Reconnaissance across the Mackenzie mountains on the Pelly, Ross, 
and Gravel rivers; Yukon, and North West Territories, by 
.Toseph Keele. Map No. 1099, scale 8 m. = 1 in. 

1225. Memoir No. SO: The Basins of Nelson and Churchill rivers, by W. 
Mcinnes. Map No.· 1226, scale 15 m. = 1 in. 

ONTARIO. 

215. Lake of the Woods region, by A. C. Lawson. 1885. Map No. 227, 
scale 2 m. = 1 in. 

•265. Ra:iny Lake region, by A. C. Lawson. 1887. Map No. 283, scale 4 
m. = 1 in. 

266. Lake Superior, mines and mining, by E. D. Ingall. 1888. Maps No. 
285, scale 4 m. = 1 in.; No. 286, scale 20 ch. = 1 in. 

826. Sudbury mining district, by R. Bell. 1890-1. Map No. 843, scale 4 m. 
= 1 in. 

827. Hunter island, by W. H. C. Smith. 1890-1. Map No. 842, scale 4 
m. = 1 in. 

332. Natural Gas and Petroleum, by H. P. H. Brumell. 1890-1. Maps 
Nos. SU-849. 

357. Victoria, Peterborough, and Hastings counties, by F. D. Adams. 
1892-3. 

627.· On the French River sheet, by R. Bell. 1896. Map No. 570, scale 
4 m. = 1 in. 

678. Seine river and Lake Shebandowan map-sheets, by W. Mcinnes. 
1897. Maps Nos. 589 and 560, scale 4 m. = 1 in. 

723. Iron deposit~ along the Kingston and Pembroke railway, by E. D. 
Ingall. 1900. Map No. 626, scale 2 m. = 1 in.; and plans of 
18 mines. 

•739. Carleton, Russell, and -Prescott counties, by R. W. Ells. 1899. (See 
No. 739, Quebec.) · 

741. Ottawa and vicinity, by R. W. Ells. 1900. 
790. Perth sheet, by R. W. Ells. 1900. Map No. 789, scale 4 m. = 1 in. 
961. Sudbury Nickel and Copper deposits, by A. E. Barlow. (Reprint). 

Maps Nos. 775, 820, scale 1 m. = 1 in.; Nos. 824, 825, 864, scale 
400 ft. = 1 in. 

962. Nipissing and 'Iimiskaming map-sheets, by A. E. Barlow. (Re
print). Maps Nos. 599, 606, scale 4 m. = 1 in.; No. 944, scale 
1m.=1 in. 

965. Sudbury Nickel and Copper deposits, by A. E. Barlow. (French). 
S70. Report on Niagara. l!'alls, by J. W. Spencer. Maps Nos. 926, 967. 
977. Report on Pembroke sheet, by R. W. Ells. Map No. 660, scale 4. m 

= 1 in. 
980. Geological reconnai5sance of a portion of Algoma } 

and Thunder Bay distr ict , Ont., by W. J 
Wilson. Map No. 964, scale 8 m. = 1 in. 

1081. On the region lying north of Lake Superior, bl'- Bound together. 
tween the Pie and Nipigon rivers, Ont., by 
W. H. Collins. Map No. 964, scale 8 m. 
= 1 in. 

992. RCilort on Northwestern Ontario, traversed by National Transcon
tinental railway, between Lake Nipigon and Sturgeon lake, bJ 
W. H. Collins. Map No. 993, scale 'm. = 1 in. • 

•Publications marked thus are out of print. 
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998. Report on Pembroke sheet, by R. W. Ells. (French). Map No. 660, 
• scale 4 m. = 1 in. 

999. French translation Go"l\·ganda Mining Division, by W. H. Collins. 
Map No. 1076, scale 1 m. = 1 in. 

1038. French translation report on the Transcontinental Railway location 
between Lake Nipigon and Sturgeon lake, by W. H. Collins. 
Map No. 993, scale 4 m. = 1 in. 

1059. Geological reconnaissance -of the region traversed by the National 
Transcontinental railway between Lake Nipigon and Clay 
lake, Ont., by W. H. Collins. Map No. 993, scale 4 m. = l in. 

1075. Gowganda Mining Division, by W. H. Collins. Map No. 1076, scale 
1 m. = 1 in. 

1082. Memoir No. 6: Geolop of the Haliburton and Bancroft areas, Ont., 
by Frank D. Aaams and Alfred E. Barlow. Maps No. 7118, 
scale 4 m. = 1 in.; No. 779, scale 2 m. = 1 in. 

1091. Memoir No. 1: On the Goology of the Nipigon basin, Ont., by A. 
W. G. Wilson. Map No. 1090, scale 4 m. = 1 in. 

1114. French translation. Geological reconnaissance of} 
a portion of Algoma and Thunder Bay dis· 
trict, Ont., '>y W. J. Wilson. Map No. 964, 
sc1,1le 8 m. = 1 in. Bound together 

1119. French translation: On the region lying north of . · 
Lake Superior, between the Pie and Nipigon 
rivers, Ont., by W. H. Collins. Map No. 
864, scale 8 m. = 1 in. 

1160. Memoir No. 17-E: Geology and economic resources of the Larder 
Lake district, Ont., and adjoining portions of Pontiac county, 
Que., by M. Tu. Wilson. Maps No. 1177-31 A, scale 1m.=1 in.; 
No. 1178--'12 A. ~rale 2 m. = 1 in. 

1242. Memoir No. 33: Geology cf Gowganda Mining division, by W. H. 
Collins. 

QUEBEC. 

216. Mistassini expedition, by A. P. Low. 1884-5. Map No. 228, scale 
8 m. = 1 in. 

240. Compton, Stanst(lad, Beauce~. Richmond, and Wolfe counties, by 
R. W. Ells. 1886. Map .No. 251 (Sherbrooke sheet), scale 4 m. = 
1 in. 

268. Megantie, Beauce, Dorchester, Levis, Bellechasse, and Montmagny 
counties, by R. W. Ells. 1887-8. Map No. 287, scale 40 ch. = 
1 in. 

297. Mineral resources, by R. W. Ells. 1889. 
328. Portneuf Quebec, and Montmagny counties, by A. P. Low. 1890-1. 
579. Eastern Townships, Montreal sheet, by R. W. Ells and F. lJ. Adams, 

1894. Map No 571, scale 4 m. = 1 in. 
591. Laurentian area north of the Island of Montreal, by F. D. Adams. 

1895. Map No. 590, scale 4 m. = 1 in. 
670. Auriferous deposits, southeastern portion, by R. Chalmers. 1895. 

Map No. 667, scale 8 m. = 1 in. 
707. Eastern Townships, Three Rivers sheet, b;v R. W. Ells. 1898. 

•739, Argenteuil, Ottawa, and Pontiac counties, by R. W. Ells. 1899. 
(See No. 739, Ontario). 

788. Nottaway basin, bv R. Bell. 1906. •Map No. 702, scale 10 m = l in. 
863. Wells on Island of Montreal, by F. D . .Adams. 1901. Maps Nos. 

874, 875, 876. 
923. Chibougamau region, by A. P. Low. 1905. 
962. Timiskaming map-sheet, by A. E. Barlow. (Reprint). Maps Nos. 

509, 606, scale 4 m. = 1 in.; No. 944, scale 1 m. = 1 in. 
974. Report on Copper-bearing rocks of Eastern Townships, by J. A. 

Dresser. Map No. 976, scale 8 m. = 1 in. 
975. Report on C•1Rper-bearing rocks of E:istern Townships, by J. A. 

Dresser. (F.,.ench). 
998. Report on the Pembroke sheet; by R. W. Ells. (French). 

1028. Report on a Recent Discovery of Gold near Lake Megantic, Que., 
by J. A. Dresser. Map No. 1029, scale 2 m. = 1 in. 

1032. Report on a Recent Discovery of Gold near Lake Megantic, Que., 
by J. A. Dresser. (French). Map No. 1029, scale 2 m. = 1 in. 

• Publications marked thus are out of print. 
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1052. French trambtion report on Artesian '91"ells in the Island of Mont
real, by Frank D. Adams and O. E. LeRoy. Maps No. 874, 
scale 4 m. = 1 in.; No. 375, scale 3,000 ft. =1 in.; No. 876. · 

1064. Geolo_gy of an Area adjoining the East Side of Lake Timiskaming, 
!.Jue., by Morley E. Wiloon. Map No. 1066, scale 1 m. = 1 in. 

1110. Memoir No. 4: Geological Reconnaissance along the line of the 
National Transcontinental railway in Western Quebec, by W. 
J. Wilson. Map No. 1112, scale 4 m. = 1 in. 

1144. Reprint of Summary Report on the Serpentine Belt of Southern 
Quebec, br·J. A. Dresser . 

. llGO. Memoir No. l.1-F. : Geology and economic re~ources of the Larder 
Lake district, Ont., and adjoining portions of Pontiac county, 
Que., by M. E. Wilson. Maps No. 1177-31 A, scale 1m.=1 in.; 
No. 1178-32 A, scale 2 m. = 1 in. 

1186. Memoir No. 35: Reconuaissance a.long the National Transcontinental 
railway in Southern Quebec, by J. A. Dresser. Map No. 1180-
34A, scale 8 m.=1 in. 

NEW BRUNSWICK. 
218. Western New Brunswick and Eastern Nova Scotia, by R . W. Ells. 

1885. Map No. 230, scale 4 m. = 1 in. 
219. Carleton and Victoria counties, by L. W. Bailey. 1885. Map No. 

231, scale 4 m. = 1 in. 
242. Victoria, Restigouche, and Northumberland counties, N.B., by L. 

W. Bailey and W. Mclnnes. 1886. Map No. 254, scale 4 m. = 
1 in. 

269. Northern portion and adjacent areas, by L. W. Bailey and W. 
Mcinnes. 1887-8. Map No. 290, scale 4 m. = 1 in. 

330 Temiscouata and Rimonski counties, by L. W. Bailey and W. 
Mclnnes. 1890-1. Map No. 350, scale 4 m. = 1 in. 

661. Mineral resources, by L. W. Bailey. 1897. Map No. 675, scale 10 m. 
= 1 in. New Brunswick geology, by R. W. Ells. 1887. 

799. Carboniferous system, by L. W. Bailey. 1900. ) B d t th 
803. Coal prospects in, by H. S. Poole. 1900. f oun oge er. 
983. Mineral resources, by R. W. Ells. Map No. 969, scale 16 m. = 1 in. 

1034. Mineral resour.ces, by R. W . Ells. (French). Map No. 969, scale 
16 m. = 1 in. 

1113. Memoir No. 16-E: The Clay and Shale deposits of Nova Scotia and 
p9rtions of New Brunswick, by H. Ries and J. Keele. Map No. 
1153, scale 12 m. = 1 in. 

NOV A SCOTIA. 
2J3. GuyRborough, Antigonish, Pictou, Colch1.>ster, and Halifax counties, 

by Hugh Fletcher and E. R. Faribault. 1886. 
331. Pici;Qu and Colchester counties by H. Fletcher. 1890-1. 
358. Southwestern Nova Srotia (preliminary), by L. W. Bailey. 1892-3. 

Map No. 362, scale~ m. = 1 in. 
628. Southwestern Nova Scotia, by L. W. Bailey. 1896. Map No. 64.1, 

scale 8 m. = 1 in. 
685. Sydney coal-field, by H. Fletcher. Maps Nos. 652, 653, 654, scale 

1 m. = l.in. 
797. Cambrian rocks of Cape Breton, by G. F . Matthew. 190-0. 
871. Pictou coal-field, by H. S. Poole. 1902. Map No. 833, scale 25 ch. = 

1 in. 
1113. Memoir No. 16-E: The Clay and Shale deposits of Nova Scotia and 

portions of New Brunswick, by H. Ries and J. Keele. Map 
• No. 1153, scale 12 m. = 1 in. 

MAPS. 
1042. Dominion of Canada. Minerals. ·scale 100 m. = 1 in. 

YUKON. 
•805. Explorations on Macmillan, Upper Pelly, and Stewart rivers, sca.lt> 

8 m. = 1 in. 
891. Portion of Duncan Creek Mining district, scale 6 m. = 1 in. 

•Publications marked thus are'out of print. 



8 

894. Sketch Map Kluane Mining district, scale 6 m. = 1 in. 
•916. Windy Arm Mining district, Sketch Geological Map, scale 2 m. = 

1 in. 
990. Conrad and Whitehorse Mining districts, scale 2 m. = 1 in. 
991. Tantalus and Five Fingers coal mines, scale 1 m. = 1 in. 

1011. Bonanza and Hunker creeks. Auriferous gravels. Scale 40 chain~ 
= 1 in 

1033. Lower Lak~ Laberge and vicinity, scale 1 m. = 1 in. 
1041. Whitehorse Copper belt, scale 1 m. = 1 in. 
1026. 1044-1049. Whitehorse Copper belt. Details. 
1099. Pelly, Ross, and Gravel rivers, Yukon and North West Territories. 

Scale 8 m. = 1 in. 
ll03. Tantalus Coal area, Yukon. Scale 2 m. = 1 in. 
1104. Braeburn-Kynocks Coal area, Yukon. Scale 2 m. = 1 in. 

BRITISH COLUMBIA. 
278. Cariboo Mining district, scale 2 m. = 1 in. 
604. Shuswap Geological sheet, scale 4 m. = 1 in. 

•77i. Preliminary Edition, East Kootenay, ~cale 4 m. = 1 in. 
767. Geological Map of Crowsnest coal-fields, scale 2 m. = 1 in. 

•79i. West Kootenay Minerals and Strire, scale 4 m. = 1 in. 
•792. West Kootenay Geological sheet, scale 4 m. = 1 in. 
828. Boundary Creek Mining district, scale 1 m. = 1 in. 
890. Nicola coal basin, scale 1 m. = 1 in. 
941. Preliminary Geological Map of Rossland and vicinity, scale 1,600 

ft. = 1 in. 
987. Princeton coal basin and Copper Mountain Mining camp, scale 40 

ch. = 1 in. 
989. Telkwa river and vicinity, scale 2 m. = 1 in. 
997. Nanaimo and New Westminster Mining division, scale 4 m. = 1 in. 

1001. Special Map of Rossland. Topographical sheet. Scale 400 ft. = 1 in. 
1002. Special Map of Rossland. Geological sheet. Scale 400 ft. = 1 in. 
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. lA-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 600 ft. = 1 in. 
1106. SA-Mineral Claims on Henry creek. Scale 800 ft. = 1 in. 
1123. 17A- Reconnaissance geological map of southern Vancouver island. 

Scale 4 m. = 1 in. 
1125. Hedley Mining district: Structure Sections. Scale 1,000 ft. = 1 in. 

Deadwood Mining camp. Scale 400 ft. = 1 in. (Advance sheet.) 
1135. 15A-Phoenix:, Boundary district. Topographical sheet. Scale 400 

ft. = 1 in. 
1136. 16A-Phoenix, Boundary district. Geological sheet. Scale 400 

ft. = l in. 
1164. 28A-Portland Canal Mining district, scale 2 m. = 1 in. 

Beaverdell sheet, Yale district, scale 1 ui. = 1 in. (Advance 
sheet.) 

1195. 45A-Topographical map of Tulameen. Scale 1 m. = 1k2soo. 
1196. 46A-Geological map of Tulameen. Scale 1 m. = 1k2soo. 
1197. 47A-Sketch map of Law's camp. · 
1198. 48A-Geological map of Tulameen coal area. Scale 1 m. = ,1 in. 

ALBERTA. 
594--.596. Peace and Athabaska rivers, scale 10 m. = 1 in. 

•sos. Blairmore-Frank coal-fields, scale 180 ch. = 1 in. 
892. Costigan coal basin, scale 40 ch. = 1 in. 
929-936. Cascade coal basin. Scale 1 m. = 1 in. 
963-966. Meose Mountain region. Coal Areas. Scale 2 m. = 1 in. 

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. 8<'ale 35 m. 
= l in. 
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1117. SA-Edmonton. (Topography). Scale l m. = 1 in. 
1118. GA-Edmonton. (Clover Bar Coal Seam). Scale l m. = 1 in. 

Portion of Jasper Park, scale 1 m. = 1 in. (Advance sheet.) 
1182. 7A-Bighorn coal-field. Scale 2 m. = 1 in. 
1201. 51A-Geological map of portions of Alberta, Saskatchewan, and 

Manitoba. Scale 35 m. = 1 in. 
1221. SSA-Geological map of Alberta, Sa.skatchewan, and Manitob·a. 

Scale 35 m. = 1 in. 

SASKATCHEWAN. 
1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 3S m. 

= 1 in. 
1201. 51A-GeoloEical map of portions of Alberta, Saskatchewan, and 

Manitoba. Scale 35 m. = 1 in. 
1221. SSA-Geological map of Alberta, Saskatchewan, and Manitoba. 

Scale SS m. = 1 in. 

MANITOBA. 
804. Part of Turtle mountain showing coal areas. Scale H m. = 1 in. 

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m. 
= 1 in. 

1201. 51A-Geological IIiap of portions of Alberta, Saskatchewan, and 
Manitoba. Scale 85 m. = 1 in. 

1221. SSA-Geological map of Alberta, Saakatchewan, and Manitoba . 
Scale 35 m. = 1 in. 

1226. 58A-Geological Map of Nelson and Churchill rivers, Sask., and 
. North West Territories. Scale 15 m. = 1 in. 

NORTH WEST TERRITORIES. 
1089. Explored routes on Albany, Severn, and Winisk rivers. Scale 8 m. 

= 1 in. 
1099. Pelly, Ross, and Gravel rivers, Yukon and North West Territories. 

Scale 8 m. = 1 in. 
1226. 58A-Geol<>gical Map of Nelson and Churchill rivers, Sask., and 

North West Territories. Scale 15 m. = 1 in. 

ONTARIO. 
227. Lake of the Woods sheet, S-Oale 2 m. = 1 in. 

•2ss. 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. 

•313, Rainy River sheet, scale 2 m. = 1 in. 
560. Seine River sheet, scale 4 m. = 1 in. 
570. French River sheet, scale 4 m = 1 in. 

•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 Edition, 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 s::.i.eet, 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, S-Oale 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 ranges, Timagami, scale 40 ch. = 

1 in. 
864. Sudbury district, Elsie and Murray mines, scale 400 ft. = 1 in. 
903. Ottawa and Cornwall sheet, scale 4 m. = 1 in. 
944. Preliminary Map of Timagami and Rabbit lakes, scale 1 m. = 1 in. 
964. Geological Map of parts of Algoma and Thunder bay, scale 8 m. = 

1 in. · 
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1023. Corundum Bearing Rocks. ·Central Ontario. Scale 171 m. = 1 in. 
1076. Gowganda Mining Division, scale 1. m. = 1 in. . . 
1090. Lake Nipigon, Thunder Bay district, scale 4 m. = 1 in. 
1177. 31A-Lar<ler lake, Nipissing district. Scale 1 m. = 1 in. 
1178. 32A-Larder lake and Opasatika lake. Sca1'e 2 m. = 1 in. 

QUEBEC. 
"251. Sherbrooke sheet, EaHtern Townships Map, scale 4 m. = 1 in. 
287. Thetford and Coleraine A.sbestol> district, scale 40 ch. = 1 in. 
375. Quebec sheet, Eastern Townships Map, scale 4 m. = 1 in. 

"571. Montreal sheet, Ea&tern Townshi~ Map, scale 4 m. = 1 in. 
"665. Three Rivers sheet. Eastern Townships Map, scale 4 m. = 1 in. 
667. Gold Areal' in south.eastern part, scale 8 m. = 1 in. 

"668. Graphite d1~irict in Labelle county, scale 40 ch. = 1 in. 
918. Chibongamau region, scale 4 m.=1 in. 
976. The Older Copper-bearing Rocks of the Eastern Townships, scale 

8 m. = 1 in. 
1007. Lake Timi~kaming region, scale 2 m. = 1 in. 
1029. Lake Megantic and vicinity, scale 2 m. = 1 in. 
1066. Lake Timiskaming region. Soale 1 m. = 1 in. 
1112. 12A-Vicinity of the National Transcontinental railway, Abitibi 

district, scale 4 m. = 1 in. 
1154. 23A-Thetford-Black Lake Mining district, scale 1 m. = 1 in. 
1178. 32A-Larder lake and Opasatika lake. Scale 2 m. = 1 in. . 

Danville Mining district, scale 1 m. = 1 in. (Advance sheet.) 
1180. 34A--Vicinity of the National Transcontinental railwa:y between the 

counties of Levis and Temiscouata, scale 8 m.=1 m. 

NEW BRUNSWICK. 
675. Map of Principal Mineral Occurrences. Scale 10 m. = 1 in 
969. Map of Principal Mineral Localities. Scale 16 m. = 1 in. 

1155. 24A-Millstream Iron deposits, scale 400 ft. = 1 in. 
1156. 25A-Nipisiguit Iron deposits, scale 400 ft. = 1 in. 

NOV A SCOTIA. 
"812. Preliminary Map of Springhill coal-field, scale 50 ch. = 1 in. 
833. Pictou coal-field, scale 25 ch. = 1 in. 
897. Preliminary Geological Plan of Nictaux and Torbrook Iron district, 

scale 25 ch. = 1 in. 
927. General Map of Province showing gold districts, scale 12 m. = 1 in. 
937. Leipsigate Gold district, scale 500 ft. = 1 in. 
945. Harrigan Gold district, scale 400 ft. = 1 in. 
995. Malaga Gold district, scale 250 ft. = 1 in. 

1012. Brookfield Gold district, scale 250 ft. = 1 in. 
1019. Halifax Geological sheet. No. 68. Scale 1 m. = 1 in. 
1025. Waverley Geological sheet. No. 67. Scale 1 m. = 1 in. 
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. 
1153. 22A-Nova Scotia, scale 12 m. = 1 in. 

"Publications marked thus are out of print. 

NoTE.-Individual Maps or Reports will be furnished free to bona 
fide Canadian applicants. 

Reports and Maps may be orde'red by tl;le numbers prefixed to titles. 
Applications should be addressed to Tha Directnr, Cl-eolo!l'iC'a! Survey, 

Department of Mines, Ottawa. 
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