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PREFACE 

Aiken Lake map-area extends westward from the Rocky Mountain 
Trench to include the crest of Swannell Ranges and the mountains under
lain by the Hogem batholith, and embraces a characteristic part of the 
Omineca Mountains of the northern interior of British Columbia. It is 
underlain by a great variety of metamorphic, sedimentary, and volcanic 
rocks, ranging in age from Proterozoic to Cenozoic and invaded by plutonic · 
rocks of several distinct types. Deposits of base and precious metals have 
been found at many places in the map-area, and although none has yet 
been commerciaUy expfoited, several :are of definite promise. Prospecting 
has been done intermittently since the late 19th century, but the search 
for lode deposits has been confined to a very few individuals, who discovered 
new evidences of metallic mineralization almost every season between 1925 
and 1940, and to the activities of about eight prospectors in the immediate 
post-war years, culminating in a minor staking 'rush' in 1947. The area 
cannot be considered tQ have ·been thoroughly prospected. 

This report is based on field work in the map-area from 1945 to 1948, 
inclusive, compiled in the light of recent investigations of areas to the south 
and west. Because of the fortunate coincidence of the occurrence of most 
of the geological formations found in the surrounding region, arid a degree 
of rock exposure consideraMy better than that commonly found in the 
Canadian Cordillera, the map-area has provided evidence on the mutual 
reliations and subdivision of rock units that would not be as readily 
obtainable elsewhere. Descriptions of the rocks ·and their structures, and 
interpretations Qf their ·correlations and history are, therefore, presented in 
greater detail than might ordinarily be required for a report of this type, 
in the .hope that the information will be of value in interpreting the geology 
and guiding the search for mineral deposits in this and surrounding areas, 
and particularly in the rellatively unexplored region to the north. 

The report is illustrated by several figures and plates, and by a 
geological coloured map of the area on a scale of 1 inch to 4 miles. 

W. A. BELL, 
Director, Geological Survey of Canada 

OnAWA, May 20, 1953 
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Geology and Mineral Deposits of Aiken Lake 
Map-Area, British Columbia 

CHAPTER I 

INTRODUCTION 

LOCATION AND ACCESSIBILITY 

Aiken Lake map-area o.ccupies about 2,640 square mHes of north
central British Columbia, between latitudes 56 :and 57 degrees ·and longi
tudes 125 and 126 degrees. The area is included within Cassiar land 
district and Omineca mining division. 

Aiken Lake, in the west-central part of the area, may be reached by a 
winter tractor road, 95 miles :long, from Germansen Landing on Omineca 
River. A fair motor road extends about 185 miles south from Germansen 
Landing, via Fort St. James, to Vanderhoof on the Prince Rupert branch 
of the Canadian National Railways. The northeastern part of the area 
is accessible by boat from Summit Lake, 40 miles by road from Prince 
George, by means of Crooked, McLeod, Parsnip, and Finlay Rivers. The 
area may be conveniently serviced, through several suitable lakes, by 
charter aircraft based at Fort St. James. In the years 1945 to 1948, the 
carrying charge on freight flown in to Aiken Lake in lots of 1,200 pounds, 
with no outgoing load, was 20 cents a pound. 

TRAVEL WITHIN THE MAP-AREA 

The main line of travel in the area is the winter tractor roaid entering 
from the south and extending past Uslika Lake to Aiken Lake. This road 
has been used by a tractor train as far as the crossing of Tenakihi Creek 
(miile 50), ·and at one time, during a period of extreme low water, a truck 
was driven to Uslika Lake. For the rest of its length it has been main
tained as an excellent trail for pack-horse, pack-dog, and foot travel. 
No bridges span the main streams, but Osilinka River, Thane Creek, and 
Mesilinka River crossings are provided with manually operated cable
cars, capable of carrying four persons, which are maintained by the 
British Columbia Department of Public Works. 

The pack-'horse is the most practical means of transportation during 
the summer season, and in almost all of the larger valleys sufficient feed 
can be found to maintain a string of twenty horses. The Indians, and 
many of the local prospectors and trappers, transport their goods by 
pack-dogs in the summer and ·by toboggan in the winter. 

The area is well supplied with trails. The Royal Canadian Mounted 
Police pack-ti:ail from Fort St. John to Telegraph Creek crosses the area 
from east to west by way of Mesilinka River, Tutizik.<a River, and 
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Hornway Creek Valleys, and pack-trails in various stages of disrepair are 
to be found in most of the other major valleys. Once constructed, and 
except where damaged by forest fire, landslide, or avalanche, trails in this 
district may be abandoned for many years and yet made passable with 
little effort. A wagon road was built about 1927 from the Ferguson mineral 
claims to Fin1ay River; it is still in fair condition except for stream 
crossings. 

Except during extreme low water, Ingenika River is navigable for small 
river boats below the mouth of Wrede Creek, and Osilinka River below 
Tenakihi Creek. 

Almost all parts of the map-area may be reached on foot. In parts of 
the most rugged alpine terrain in the southwest, mountaineering techniques 
·and precautions must be used, and in places travel is most efficient and 
safest in roped parties of at least two. 

GEOLOGICAL WORK 

The first geological work in the area was done in 1893 by McConnell 
. (1896) 1, who mapped the northeastern part adjacent to Finlay River 
Valley as well as a strip of country bordering Omineca River, just south 
of the map-area. In 1927, Dolmage (1928) examined the geology of Finlay 
River Va.Jiley, the lower part of Ingenika River Valley, including the 
Ferguson lead-zinc property, and traversed the Royal Canadian Mounted 
Police trail. An examination of several mineral prospects in the vicinity 
of Uslika and Aiken Lakes was conducted in 1939 by Douglas Lay (1940) 
of the British Columbia Department of Mines. Systematic mapping of 
the areal geology was commenced in 1945 by J. E. Armstrong (1946a), 
and continued by the writer in 1946, 1947, •and 1948. 
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1 Dates in parentheses are those of references in Bibliography at end of this chapter. 
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Laboratory work, in addition to that done in the offices ·of the 
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and at Princeton University. The writer appreciates the advice and 
criticisms received from the faculty of these institutions, particularly 
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to that done by the officers of the Palreontological Division of the Geological 
Survey of Canada, the writer is especially indebted to Professor V. J. 
Okulitch of the University of British Columbia and Professor B. F. Howell 
of Princeton University; Professor E. C. Stumm of the University of 
Michigan, Professor M. A. Fritz of the University of Toronto, and Dr. T. 
H. Withers of the British Museum also kindly examined material. The 
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CHAPTER II 

GENERAL CHARACTER OF THE AREA 

TOPOGRAPHY 

Aiken Lake map-area lies almost entirely within the Omineca Moun
tains of the Central Plateau and Mountain area of the Interior system of 
the Canadian Cordillera (Bostock, 1948, pp. 42-44). The extreme north
east corner of the map-area extends into the Rocky Mountain Trench of 
the Eastern system of the Cordillera. 

The Omineca Mountains of the map-area are characterized by irregu
lar, dissected mountain units, ranging in size from single peaks to composite 
masses of 10 by 20 miles, with little general tendency to form well-defined 
ranges. The mountain massifs are arranged in a more or less rectangular 
pattern, with a northwest-trending axis, and are separated by straight 
or broadly curving, relatively wide-floored, steep-sided valleys, the !larger 
of which measure as much as 10 miles between mountain summits on either 
side (See Plate I). Most of the mountains of the eastern and northern 
parts of the area have smooth profiles and rounded summits, although the 
local relief is just as great and the over-all slopes as steep as elsewhere, 
and the Russel Range · contains several rugged peaks. The general charac
ter of the landscape becomes increasingly precipitous toward the south
west, culminating in rugged, alpine topography around the headwaters of 
Osilinka, Tutizika, anU Mesilinka Rivers. 
River, and have an altitude of about 8,060 feet. The lowest point is in 
the Rocky Mountain Trench at 2,150 feet above sea-level. L_pcal relief 

The highest peaks in the map-area lie near the headwaters of Osilinka 
between mountain summits ·and adjacent valley floors is relatively uniform 
for the entire area, and varies between 3,500 and 4,000 feet. 

DRAINAGE 

Aiken Lake map-area lies entirely within the Arctic Ocean watershed, 
and is drained by Finlay River and its tributaries. The main rivers flow 
east and southeast. Owing, however, to the characteristic asymmetrical 
profile produced by more intense glacial erosion on the northeast slopes of 
the mountains, the drainage within each mountain group is predominantly 
to the northeast. 

The large valleys have relatively gentile gradients for a mountainous 
terrain, ·and the heavily loaded larger rivers have all developed a complex 
system of meanders and shifting bars (Plate II A), in sharp contrast with 
the steep, turbulent, actively down-cutting character of the tributary 
streams ·and headwaters of the main streams. A common feature of the 
Jarger tributaries, most of which flow in valleys left by glacial erosion 
in a hanging relation to the trunk va.Ueys, is the presence of long canyons 
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and gorges near . their mouths. Such a gorge is best exemplified on Lay 
Creek, where it has a length of 7! miles and a maximum depth in excess 
of 450 feet; other good examples ·are found on Polaris, Pelly, and Haha 
Creeks and on the south branch of W asi Creek. Some tributary streams, 
as for example Cutbank, Abraham, and Matetlo Creeks, have developed 
only small canyons, but have extended their ·channels as much •as 2 miles 
out into the main valleys on large alluvial fans. 

The larger lakes are confined to the lower V'alleys, and are dammed 
chiefly by glacial deposits or alluvial fans of tributary streams. Innumer
able rock-basin and moraine-dammed lakes and tarns occur in cirques 
and hanging valleys at and above timber-line. 

The map-area at present contains glaciers only in the west and 
southwest, and even within these parts perennial ice covers only about 
8 per cent of the area. Drainage by ice is thus restricted to numerous, 
scattered, small cirques and basins, and to a few sheltered valleys in which 
glaciers reach down to timber..iline. 

CLIMATE 

No weather records have been kept within the map-area. In general 
the climate appears to be similar to that of much of the northern interior 
of British Columbia, with probably ·a heavier precipitation than in the 
Nechako Plateau to the south, the Spatsizi Plateau to the north, or the 
Rocky Mountains to the east. The summers ·are moderate, and frosts are 
rare in the main valleys between June and the latter part of August. The 
winters are relatively cold, usually bright and clear, and occasionally 
subject to periods of intensely cold, clear weather. The extremes of 
temperature in the V'alleys are probably similar to those recorded by 
Stanwe1'1-Fletcher (1943) in Driftwood River V·alley to the west, namely, 
a maximum of iabout 95° F. and a minilmum of about -60°F. 

The precipitation appears to be fairly well distributed throughout the 
year, with a slight maximum in autumn and early winter, and a minimum 
in late winter. Although prolonged storms are not unknown, the area is 
somewhat unique in that in both summer and winter the precipitation is 
mainly from small scattered showers ·and flurries of short duration. On 
almost every day in summer the view from a high summit will disc•lose 
severail, sometimes as many as a score, small individuail rain-soorms sweeping 
across the country from west to east. Most of the showers appear to 
originate in persistent cloud banks over the Sustut Peak :and Bear Lake 
districts of McConnell Creek map-area to the west (Lord, 1948, p. 5); from 
them, individual cloud masses are detached and drift over Aiken Lake 
map-area at elevations of 8,000 to 12,000 feet. Most of the showers end 
before completely crossing the area; few reach the Rocky Mountain 
Trench. During the summer of 1947, for example, rain fell in 38 out of 
42 days in Ingenika River Valley, but no storm was of more than 2 hours 
duration, and most lasted less than! hour; the days were almost without 
exception warm and sunny. In this area almost all of the showers passed 
over in the late ·afternoon. In contrast, all-day rains are not uncommon at 
Croydon Creek. 
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The net result of these daily showers that dissipate _as they move east
ward is a much heavier precipitation in the western than the €astern part 
of the map-area; the effect of this can be seen in the greater abundance of 
glaciers in the west. From the character and profusion of the vegetation, 
the amount ·and distribution of perennial ice and snow, and the texture of 
drainage arid average size of streams, it is estimated that precipitation in 
the eastern and northeastern parts of the map-area may be of the order 
of 20 inches a year or less, whereas in the western and southwestern 
parts it is probably more than 50 inches. The average depth of snow in 
the Pelly Lake and lower Ingenika River districts is reported 1 to be 
between 2 and 4 feet; farther east and north it is even less, and horses are 
wintered regularly on open range in the Rocky Mountain Trench 100 miles 
north of the map-·area, where the floor of Kechika River VaHey is free of 
snow at intervals throughout much of the winter. In contrast, in the south
central and western parts of the area, 12 feet of snow have remained on the 
ground in April at the Vega mineral claims, elevation 4,200 feet2; and on 
July 17, 1947, 8 feet of snow still ·covered some of the veins on the Shell 
mineral claims in t·he Croydon Creek district. Three weeks later this snow 
had disappeared. Tlie yearly increment of the neve fields at the head of 
Abraham Creek and around Ferriston Creek, as seen from the annual 
stratification exposed in the highest crevasses of the glaciers proper, is 
between 5 and 8 feet. Taking 0·82 as the average density at which the 
transition from snow to ice .takes plaice, this would correspond to a precipi
tation, in excess of that lost by summer wastage, equivalent to 50 to 90 
inches of water during the snow accumulation season. 

The ice on the rivers and large lakes usually breaks up about the third 
week in April. The high-water period in the main rivers is usually quite 
long, and commonly occurs in late June and early July. In 1948, an 
abnormal year, an extreme flood stage was reached in fate May. Snow 
banks remain in the lee of ridges throughout the summer in all parts of the 
area, but as a rule the highest ridges are bare enough for effective prospect
ing by the first week in June. About this time also, the meadows at lower 
elevations contain sufficienit grass to support pack ·animals. The prospecting 
season usually lasts until about the first week of October, although at 
higher elevations severe snow-storms may be encountered any time in 
September. The larger rivers and lakes are usually frozen sufficiently to 
enable ski-equipped aircraft to be used in early December. 

SOIL 

All vegetation in the area, except the lichen and moss on rock out
crops, is growing on recently transported material. This material, con
sisting of colluvium from the valley slopes, gJacial drift, and ailluvial 
deposits, is still undergoing transportation, or periodic erosion and d€posi
tion, over almost the entire land surface. Consequently, areas in which a 
zonal soil profile has begun to be established are very limited. The most 
prolific plant growth is found on the flood-plain :floors of the <larger river 
valleys, and on lake deposits. The material deposited on the flood plains 

I William Isaac, lndia.n trapper on lngenika River, personal communication, 1947. 
2 Note on cB1bin door, Vep minerSll clahns. 
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is composed mainly of fresh, unweathered particles of silt or fine sand, in 
part supplied by the present glaciers, which ·have becomti mixed with 
enough organic matter to form a fertile silt loam or sandy loam. 

The beginnings of development of an equilibrium profile can be seen 
on !low, drift-covered ridges, some large river terraces of glacio-fluvial 
origin, and on the deposits of sever.al presumably ice-dammed 1'akes. In 
these places, under :the influence of the prevailing coniferous forest cover, 
grey, lime-poor, iron... and aluminium-rfoh, poc:lsol soils are being developed, 
and the entire region is included in the iarea of grey wooded soils of the 
podsol zone that covers most of the northern parts of the western Canadian 
provinces (Kelley and Farstad, 1946) . 

FLORA 

Timber-line is ait ·a/bout 5,500 feet. The forest cover below this level 
is pred-0mina.ntly coniferous, with the proportion of deciduous trees in-0rea&
ing markedly toward the eastem, drier regions. The main forest trees· are: 

Lodgepole J?ine (Pinus contort.a var. murrayana) ... . .... . 
Balsam fir (Abies lasiocarpa) .... . ..... ... .. . . . . ...... . 
White spruce (Picea canadensis) ... ... .. . ...... . ... . .. . 
Black spruce (Picea mariana) ......... ... ... , ... . . . . . . 
Engelmann's sv.ruce EPicea engelmanni) ...... ... . .... . . 
Aspen poplar (Populus tremuloides ) .... .. .......... . .. . 
Balsam poplar (Populus balsamifera) .. .... . .... .. .... . 

Average 
diameter (at 

breast height) 
in mature 

stands, 
inches 

Maximum 
diameter at 

breast height, 
inches 

5 20 
8 50 

15 40 
small-confined to muskegs 

10 I 30 5 15 
20 60 

Less iabundant forest trees include paper birch (Betula papyracea), 
alder (Alnus incana), and several varieties of willow. The underbrush in the 
forests is comparatively light, ·and consists mainly of soopolallie, buffalo
berry (Shepherdia canadensis), dwarf birch (Betula glandulosa), mountiain 
rhododendron (Rhododendron albiff.orum), bearberry ( Arctostaphylos 
Uva-ursv), ·and Labrado!l' tea (Ledum groenlandicum). Except in burned
over areas or in ia. few over-mature balsam forests, travel on foot is pleasant 
and easy. The amount of muskeg, dominated by black spruce and Lab
rador tea, is not 1large. At timber-line, stunted balsam fir, dwarf birch, slide 
alder (Alnus sinuata), juniper (Juniperus communis var. montana), and 
willow cover f.airly e:iatensive are.as with •a thick matted tangle through 
which progress is extremely laborious. These areas are interspersed with sub
alpine meadows and parklands supporting a profusion of flowering plants. 
Grassy ·alps, and slopes covered with false heather (Phyllodoce glanduli
ftorus and P. empetriformis) and heath (Cassiope mertensiana) extend up 
to elevations of about 7,200 feet. 

Edible wHd fruits include at least three species of blueberry, of which 
the most common, locally called the northern huckleberry, appears to be a 
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variety of the dwarf bilberry (Vaccinium caespitosum), raspberry, dwarf 
red blackberry, strawberry, smooth gooseberry, black and red currant, 
cranberry, and saskatoon. 

A general list of the flora of a nearby district is given by StanweH
Fletcher (1943). 

FAUNA 

Game animals are well represented in the district. The most abundant 
of the i!arge mammals is the mountain goat ( Oreamnos americanus), which 
was seen, in small family groups and in herds of as many as forty-three, 
on nearly every mountain massif and in each of the larger stream canyons. 
In the valleys, moose (Alces americana) are still relatively abundant, 
despite indiscriminate hunting. Mule deer (Odocoileus hemionus hemionus) 
appear restricted to the lower Ingenika River Valley and to the Rocky 
Mountain Trench. Caribou (Rangifer arcticus osborni) may be ' en
countered, in summer, on the upper slopes of the centra11 and northern parts 
of the area; and a herd of more than seventy is r·eported to have spent the 
winter of 1947-48 in the Rocky Mountain Trench and lower Ingenika 
Valley. The stone sheep ( Ovis -dalli stonei) has been encountered, in groups 
numbering up to eight, in the central and northwestern parts of the area. 

The common black bear (Euarctos americanus) is relatively abundant 
in the valleys, and brown and cinnamon varieties were obs·erved near 
Uslika Lake and in Omineca River Valley. The grizzly (probably Ursus 
tahltanicus), ranging in colour from golden-tan to nearly black, was quite 
frequently met at or far above timber-line. The timber wolf (Ganis lupis 
columbianus) ranges throughout the area and is said to be increasing in 
numbers. Less abundant predators include coyote, lynx, and wolverine. 

Fisher, marten, weasel, and mink are the mainstay of most of the 
trappers in the region; foxes are plentiful on some trap lines, and a few 
otter and skunks are taken. Beaver were once plentiful in many parts of 
the district, but have been nearly exterminated, except on those trap lines 
whose owners are re-establishing colonies. The muskrat, although still 
fairly plentiful, has also been seriously depleted by trapping. 

Other small mammals present in important numbers include: porcupine, 
varying hare, hoary marmot (M armota caligata), red squirrel, flying 
squirrel, little brown bat, and varieties of chipmunk, lemming, wood rat, 
jumping mouse, meadow mouse, and shrew. 

Bird life is remarkably abundant and varied; ·although no systematic 
survey of the bird population was attempted, fifty-two species were 
observed during the course of the field work. Game birds include 
Franklin's grouse (spruce hen), grey ruff.ed grouse (willow grouse), sooty 
grouse (blue grouse), and ptarmigan. The chief waterfowl are Barrow's 
golden-eye, other ducks including mallards and mergansers, teal (probably 
green-winged teal), grebe (HolboeH's), Canada goose, herring gull, common 
tern, common loon, and American bittern. The most popular resting places 
for migratory waterfowl, especially Canada geese, are Aiken Lake and 
Mesilinka River immediately upstream from it, and Hornway Creek, where 
hundreds of birds were observed in September. 
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Fish taken include grayling, rainbow trout, Dolly Varden, char, lake 
tr6ut, whitefish, suckers, and bull trout. 

The most common amphibian is the northwestern toad, which was 
encvuntered in aJl parts of the area, incJluding dry pine terraces and hot 
talus slopes; one individual was found near the summit of one of the higher 
peaks, 2,500 feet above the nearest alp meadow. Frogs appear confined 
to muskegs and small streams and lakes below an elevation of about 
4,000 feet. 

Mosquitoes are most numerous from late May to the middle of 
August and black :flies from late June until September. 'Bulldogs' and 
severrul types of deer flies are a serious nuisance to horses in the early 
part of the summer. 

INHABITANTS 

The area has no permanent inhabitants. One Indian family from 
the Bear Lake settlement to the west frequently winters at Aiken Lake. 
Five different .trappers have parts of their trap lines within the area, so 
that many of the main valleys contain cabins spaced about 1 day's travel 
apart. Camps at several vf the prospect.s have been occupied ·at different 
times for periods of as much ·as 5 years. 
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CHAPTER III 

PHYSIOGRAPHIC DEVELOPMENT 

GENERAL STATEMENT 

The landscape presented by Aiken Lake map-area is mainly one of 
land forms produced or modified by glacial and glacio-fluvial processes 
(Plate I). The detail of the present topography dates from the occupation 
of the entire area by an ice-cover related to the P.leistocene continental 
glaciers. The land surface left by the regional ice-cover has been modified 
by subsequent alpine glaciation, frost ·action, and stream action to produce 
the present land forms. All of these modifying processes are still active 
within the map-ar·ea. 

There are no extensive high-level erosion surfaces within the map-area. 
The landscape is completely mature, in .that alil the upland area has been 
redu<ied to slope, and essentially the entire area is being actively modified 
by present geomorphic processes. The only evidence of a land surface 
distin<lt from that being at present developed are a few remnants, totalling 
less than ! square miile, of the highly undullllting surface vacated by the 
regiona:l ice-sheet. The surface exhibited by these smaill remnants may be 
little different from the pre-Glacial erosion surface. 

In common with many mountainous areas undergoing rapid degrada
tion, the Omineca Mountains present a general accordance of summit 
altitude, which in Aiken Lake map-area is between 6,500 and 7,200 feet 
above sea-level (Plate II B). This broadly accordant summit level seems 
to be due entirely to the relation between the effectiveness of erosional 
agencies and the height of the peaks (Daly, 1912, pp. 631-641; von 
Engeln, 1942, p. 99) rather than to any relation to a former erosion surface. 

CHARACTER OF THE PRE-GLACIAL LAND SURFACE 

Little direct evidence can be obtained from Aiken Lake map-area on 
the character of the land surface in pre-Glacial times. Remnants of an 
erosion surface older than the one being formed at present are too 
fragmentary to provide any indication of the nature of .the pre-Glacial 
surface. 

To the northwest, and to a lesser extent to the south, of the map-area, 
however, the land surface vacated by the last regional ice-cover has been 
much less dissected, Bind l·arge areas of rolling upland, which grade into 
the extensive plateaux of centra-1 ·and northern British Columbia, remain. 
The physiographic history, as reconstructed in these areas (Dawson, 1891, 
pp. 3-74; Lay, 1941, p. 68; Holland, 1940, p. 19; Hedley and Holland, 
1941, p. 25; Watson and Mathews, 1944, p. 34; Lord, 1948, p. 4) suggests 
that by late Tertiary time stream dissection had produced a mature 
topography of moderate relief with a well-organized drainage system. 
HoUand (1940) and Lay (1941) have presented evidence for a late Tertiary 
rejuvenation of stream action, and a period of canyon cutting immediately 
preceding the advance of Pleistocene foe. 
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GLACIATION 

GENERAL STATEMENT 

The glacial cyole in a mountainous region involves a development of 
small mountain glaciers, an expansion of the ice-cover to an ice-sheet of 
regionaJl dimensions, in which the movement and extent of the ice are 
controlled mainly by climatic factors and are largely independent of the 
under.lying topography, and a subsequent decrease of ice-cover to valley 
glaciers and finally to, small mountain glaciers (Kerr, 1934b; 1936; Davis 
and Mathews, 1944). T;he regional ice-sheet phase of this cycle produces 
erosional and depositiona1l land forms distinctly different from those 
produced by the valley and mountain glaciers that precede and follow it. 
In Aiken Lake map-area, land forms produced mainly by valley and 
mountain glaciers dominate the topography; the effects of a regional ice
s~eet are less conspicuous. 

THE CORDILLERAN ICE-SHEET 

· All parts of Aiken Lake map-area were, apparently, covered by an 
ice-sheet that moved across the mountains and over valleys to some extent 
independent of the focal topography. This ice-sheet was part of the 
complex of glaciers and ice-sheets that covered most of British Columbia 
during periods of Pleistocene glaciation, and which is generally referred 
to as the Coroilleran Ice-sheet (Fl~nt, 1947, p. 216). In Aiken Lake 
map-area this ice-sheet deposited erratics at elevations up to 7,600 feet 
(summit of peak between Lay Creek and Croydon Creek). 

Investigations in various parts. of northern British Columbia have been 
accumulating evidence that there were at least two major advances of the 
Cordilleran Ice-sheet, separated by an interglacial stage fong enough to 
enable extensive deposits of silt and gravel to be laid down in the lowland 
areas, and to allow streams to erode channels in bedrock below the 
glaciated level (Dawson, 1891; Ma1'loch, 1910, p. 128; Johnston, 192.6, 
p. 147; Holland, 1940, p. 20; Lay, 1941, p. 16; Armstrong and Tipper, 1948, 
p. 306; Armstrong, 1949, p. 14). Whether the ice completely disappeared 
from the mountainous areas during this interval is not known. 

There is ample evidence that the last major movement of the Cordil
leran Ice-sheet over the map-area was toward the northeast. Glacial 
strim and large groovings on peaks and crests of ridges, well above and at 
an angle contrary to the obvious direction of motion of the valley glaciers, 
trend north 30 to 60 degrees east. 'I'he most abundant erratics at high 
elevations are of granodioritic rocks, whose only possible souree is the 
Hogem batholith or other intrusive bodies to the west or southwest. The 
Uslika formation of Conglomerate Mountain has been the source of boulders 
of characteristic conglomerate, which are widespreaid on the mountains and 
ridges oo ithe northeast to and beyond the eastern limits of the map-area. A 
5-foot erratic of this conglomerate rests on a spur of the mountain east of 
Wasi Creek at an elevation of 6,200 feet, higher than ·any present outcrop 
of the Uslika formation itself. Nor were boulders of this conglomerate 
found in any other direction from Conglomerate Mountain. 
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Armstrong and Tipper (1948) have summarized the evidence that the 
regional ice movement fo1'1Qwed a large arc trending southeast, east, and 
northeast through north-central British Columbia. 

The amount of erosion accomplished by the Cordilleran Ice-sheet in 
northern British Columbia is believed to be slight (Holland, 1940, p. 20; 
Watson and Mathews, 1944, p. 37; Armstrong and Tipper, 1948, p. 306). 
Davis and Mathews (1944) have pointed out that the activity of the ice
cover in the Cordillera was probably at all times influenced to some extent 
by the underlying topography and that conditions in the mountains 
probably never developed from a mountain ice-sheet phase into a true 
continental ice-sheet phase. During the mountain ice-sheet phase, erosion 
was .Jimited, and was restricted to smoothing and rounding of peaks and 
ridges, without effectively reducing the relief. The land surface so produced 
has been almost completely destroyed by later valley and mountain glacia
tion in the western part of Aiken Lake map-area, and is preserved in only 
a few places, rarely more than 50 acres in extent, on the crests of ridges 
(Plates II B, III A). Elsewhere in the map-area, bold, rounded summits 
and smooth ridges have, apparently, been but little modified since the 
disappearance of the ice-sheet. 

VALLEY AND MOUNTAIN GLACIATION 

The ·characteristic land forms in Aiken Lake map-area . are erosional 
forms produced by valley and mountain glaciers. The most striking of 
these forms are the heavily glaciated trunk valleys of the major streams, 
and through valleys (Davis and Mathews, 1944, p. 408). The east and 
southeast trending parts of all the large stream valleys are broad, relatively 
straight or smoothly curving,, with low gradients and with a wide floor 
and concave slopes giving a U-shaped cross-profile (Plate I). These 
valleys are connected by broad, low passes and straight, through valleys, 
also with typical ooneave eross-profile, that divide the terrain into more or 
~ess rectangular units. One of the best-developed through valleys extends 
from the valley of Discovery Creek, south of the map-area, northward 
across the valleys of Osilinka River and Thane Creek, is followed for a 
short distance by Vega Creek, and continues across Tenakihi Creek Valley 
to the major trough of Tutizika and Mesilinka River Valleys. Almost in a 
direct line with this valley, a through valley extends north from Bilackpine 
Lake to Swann.ell River Valley, down the north-trending part of Swannell 
Va•lley, and across to Ingenika River Valley in line with Pelly Creek 
VaHey. A score of other through valleys may be recognized in the area and 
although all must have been initiated on older weathered or stream-worn 
gaps, their development is essentially the work of ice erosion, and the 
resulting reticulate valley pattern is never developed to an equal extent 
by stream erosion alone. The through va1lleys and glaciated trunk va1leys 
would appear to indicate that the area was subjected for a relatively long 
time to an ice-cover that completely filled the valleys, but whose motion 
was controlled by the va1ley walls. This stage of ice oooupation was passed 
through at least twice, and four times if the area was freed of ice during 
an interglacial periQd. There is some evidence that a large part of the 
erosion was done by valley glaciers that preceded the last advance of 
the ice-sheet. 
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One of the characteristic depositional features of 'the trunk valleys and 
through valleys is the presence of kame terraces, and terrace-like deposits 
of ice-dammed lakes along the valley walls (Plate III B). These terraces 
occur at alil elevations from near the valley floor to the summits of ridges 
more than 6,500 feet above sea-level. Some of the higher terraces are 
found on peaks that must have been merely small nunataks at the time 
the terraces were deposited. 

An unusual feature of many of these .terraces is their persistence from 
the walls of trunk valleys up to the heads of small tributary vaJleys. It 
is evident that at the time the terraces were formed many of the smaller 
va~leys did not support alpine glaciers tributary to the main glaciers. 
Instead, they were apparently filled by a 'backwater' of ice from the 
trunk valley. The mouths of other tributaries were blocked by .the ice in 
the main valley, and the tributary valleys contained, ·at times, pro-glacial 
lakes. Upon the disappearance of ice from the main valley, there was no 
retreat of ice up these tributary valleys in the form of independent glaciers, 
to end as small cirque glaciers at the heads of the valoleys. Instead, the 
'backwater' ice merely stagnated, to leave kame terraces and silt deposits 
essentially undisturbed. Most of these tributary valleys containing kame 
terraces or silt deposits, however, show signs of an earlier valley glaciation. 
The west fork of Orion Creek, for example, is a normal glaciated valley 
heading in a cirque. Its floor at its lower end contains many kettle-holes 
and chaotic morainal deposits apparently indicative of stagnation of the 
last foe fill fu that part of the va1'ley. Its upper part contains at least 
ten levels of well-developed terraces, some of which are continuous around 
the head of the cirque, at elevations slightly above the cirque floor. It is 
evident that these terraces were formed after the last gl-acier in the cirque; 
in other words, :the last ice occupying the valley retreated down, rather 
than up, the valtley. 

The kame terraces in the tributary valleys would appear to indicate 
that some of the tributary valleys had been heavily glaciated and sculptured 
to more or less their present form before the trunk valleys were nearly or 
completely filled with ice for the last time. The preservation of the terraces 
in the va1lley heads suggests that the last period of extensive ice occupation 
ceased comparatively abruptly, and that the ice-cover wasted rapidly from 
large valley glaciers t-0 small cirque glaciers present in only the higher 
mountains. 

Erosion by small cirque glaciers has been active in all of the mountain 
ranges of the area, although most pronounced in the higher, southwestern 
part. The degree of cirque development would appear to indicate that the 
extent of glacier cover has been, for a considerable length of .time, only 
slightly greater than at present. Many of the mountain massifs contain 
.compound eirques, with two, or in some instances three, distinct •levels of 
cirque incision (Plate IV A). The floors of the abandoned cirques are at 
about 5,600 to 6,000 and 6,300 to 6,800 feet above sea-level respectively, 
whereas most of the present glaciers head in cirques whose floor level 
suggests a regional snow-line at about 7,200 feet above sea-!level. Many 
of the glaciers •have well-developed, unbreached terminal moraines a shor.t 
distance down the valley from their snouts, indicating a stage of compara
tive stabiHty at a time in the relatively recent past when the glaciers were 
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not much larger than at present. From the position of these abandoned 
moraines and the size and form of the cirques, it is estimated that the 
amount of ice was ·about twice as great when the moraines were formed as 
at present. The rate of retreat of existi.ng glaciers is believed to be rela
tively slow; those above the regional snow-line are fairly 'healthy', filling 
their cirques and vigorously eroding their basins, hut those below about 
7,200 feet are much less active, and are existing mainly on their remaining 
ice mass (Plate IV B). Part of the glacier at the head of the main branch 
of Abraham Creek has advanced slightly in recent years ·and ploughed 
into its own moraine. 

A conspicuous feature of the erosion by mountain glaciers in all parts 
of the map-area is its asymmetrical eharacter. The difference in the rate 
of ice and snow wastage on north facing as compared with south facing 
slopes is sufficient to concentrate the largest and most active glaciers on the 
north and northeast facing slopes. As a resu1lt, ice erosion by mountain 
glaciers 'has been almost entirely from the north ·and northeast. Ridge 
divides have migrated southward, and the heads of many of the smaller, 
east or west trending valleys turn southward (e.g., Jim May Creek). The 
Lay Range is an outstanding example of a range whose divide has migrated 
to its southwest edge, and whose main mass is deeply dissected by a series 
of parallel, northeast draining, cirque-headed valleys (See Map 1030A). 
Most of the valleys in the map-area have smooth, regular north or east 
walls and deeply dissected south or west walls, breached by hanging 
cirque basins and small hanging valleys. The general landscape has an 
asymetrical wave-like appearance, with relatively gentle south slopes 
and precipitous north slopes. 

DEPOSITION BY !cE 

The material carried by the Cordilleran Ice-sheet was probably mainly 
deposited beyond the map-area. Except for erratic boulders on a few high 
shoulders and balanced precariously on some of the ridges, it is probable 
that all deposits of the ice-sheet have been covered, or reworked by, and 
incorporated into, the deposits of the ilater valley glaciers. 

Morainal deposits are abundant in all parts of .the map-area. Those 
in the valleys are largely intermingled with outwash. Eac'h of the main 
va'1leys contains bands of chaotic knob and kettle topography and of 
recessional moraine. Well-formed recessional moraines, almost continuous 
across the valley, are found in Osilinka River-Chudelatsa Lake Valley ·at 
the south boundary of the map-area; in the west branch of Osiilinka River 
Valley upstream from the river forks; and in Mesilinka River Valley near 
mile 76, Aiken Lake winter road. The depth of the drift in the vallleys 
varies considerably. In most places the ground moraine from the last ice 
advance in the larger valleys is between 5 and 10 feet thick. Kettles in 
non-stratified drift in Osiilinka Valley above the forks, however, are 70 
feet deep, and the recessional moraine at mile 34, Aiken Lake winter road, 
reaches to 450 feet above the nearby, slightly entrenched, Osilinka River. 
At the point where it leaves a through valley and cuts across the mountains 
northwest of Uslika Lake, Vega Creek has been incised into more than 
100 feet of drift. 
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A large lateral moraine of the trunk glacier in Finlay River Valley 
completely blocks the through valley of Zygadine Creek a~ Pelly Lake 
and, in a single, steep-sided, very narrow ridge 150 feet high, forms the 
'barrier' Of Barrier Pass. 

The media•l moraine formed at the junction of the Lay Creek Valley 
and Mesilinka River Valley ice streams can be traced down Mesilinka 
Valley for about 5 miles. This moraine, backed by the rock bastion of the 
hanging floor of Lay Creek Valley projecting into Mesilinka Valley, 
together with morainail deposits in Mesilinka Valley itself, has dammed 
Mesilinka River to form Aiken Lake (P.late l) . 

STREAM ACTION 

GENERAL STATEMENT 

Although the form and detail of most of the landscape features in 
Aiken Lake map-area .are characteristfoally the result of glacial processes, 
the basic pattern of valleys and mountain masses, which was available to 
modification by glaciation, was developed by stream .action. The major 
valley systems in the area, namely: the Ingenika, with tributaries such 
as Wrede Creek and Cutbank Creek; the Mesirlinka, with Lay, Kliyul, 
and Abraham Creeks and Tutizika River; ·and the upper Osilinka-Chude-
1atsa Lake Valley, each shows -a normal, ba'loanced, dendritic pattern that 
cuts indiscriminately across major lithologic and structural contacts. It 
is evident that these master valley systems are relatively old features, ·and 
their pattern has possibly been superimposed from valley systems developed 
in a rock cover, now removed by erosion, of different gedlogical characteris
tics from the present cover. Except for the Rocky Mountain Trench, the 
main valleys do not lie along the transverse or longitudinal faults that 
traverse the area, nor are they noticeably offset where crossed by these 
faults. These relations suggest two possibilities, both of which may apply 
in certain places: (1) the faults along which there has been considerable 
movement may be mainly older than the cover on which the present 
drainage pattern originaUy developed, and the position of the valleys had 
become established by the time the streams cut down to rocks that had 
been affected by the faulting; (2) some faults of relatively emaH displa.ce
ment may post-date the drainage pattern; if so, they did not appreciably 
affect the main stream valleys, but may have helped localize tributary 
streams, and in particular may have been partly instrumental in bringing 
about late pre-Glacial ('and inter-Glaciail ?) stream piracy. 

Whatever the relation to faulting or to bedrock formations that have 
since been completely removed by erosion, it appears that by late Tertiary 
time a normal, dendritic drainage pattern had been established on the 
present, relatively' complex bedrock. In very late Tertiary, immediate 
pre-Glacial time this pattern seems to have been disrupted to some extent 
by rejuvenation of some streams, causing significant drainage changes, with 
the result that the main rivers are not now ailways to be found in the large 
vaHeys. Examples of these changes will be described. 

Since the onset of glaciation, stream action ha'S played only a min'Or 
part in shaping the land surface, and has been mainly confined to the 
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deposition of glacio-fl.uvial material. In inter-Glacial time, the process of 
rejuvenation and piracy, begun prior to glaciation, was resumed in some 
areas. In other places, disruption of the pre-Glacial drainage pattern hy 
glacial erosion and deposition was foNowed by deposition of considerable 
alluvial or lacustrine material. During the periods of ice occupation, 
channels were cut in drift and in bedrock along the sides of valley glaciers; 
many of these, floored with boulders derived from rock formations exposed 
farther upstream, are now preserved high and dry on the mountainside, 
associated with boulder paths and various kame ·and pro-glacial lake 
deposits. The natura-1 outlets of several valleys became blocked with ice, 
and in some cases with drift, forcing the streams to cut new channels 
through the vrulley wall or across mountain spurs. 

Subsequent to the retreat of the last large valley glaciers, a cycle of 
·canyon cutting commenced. This cycle is still in its early stages, and has 
resulted in long gorges at the mouths of several 1low-lying tributary valleys. 
The amount of notching of the lips of higher hanging valleys and cirque 
basins has been negligible. 

DRAINAGE CHANGES 

The drainage pattern of ·a large part of the map-area. has been 
profoundly altered since pre-Glacial times. The suggested histories of two 
river courses that have undergone relatively large-scale rearrangement are 
presented here as illustrations of the type of drainage changes that produced 
the present stream pattern. The interpretations are tentative, ·and may 
require modification as more evidence becomes available. 

SWANNELL RIVER 

The present Swannell River has four distinct parts, separated by three, 
roughly right-angle bends. The upper reaches lie in a broad, relatively 
high-level Talley that separates Ingenika and Lay Ranges and, now 
occupied by the headwaters of Wrede Creek, continues west of the map
area. This valley probably drained originaNy to Mesilinka Valley near 
the present Blackpine Lake. Some time before the iarea was occupied by 
glaciers, this relatively high-level valley was beheaded by a. tributary of 
what is now Wrede Creek; robbed of much of its water supply, the 
remainder was lowered by stream erosion more slowly than the surround
ing valleys, and its drainage was ultimately captured east of Mount Lay 
by a tributary of Ingenika River, eroding southward along the line of 
a fault zone in what is now a large through valley. Thus the first right
angle bend was established. 

Prolonged ·and perhaps repeated glac.irution enlarged and deepened the 
through valley east of Mount Lay, and similarly deepened Mesilinka VaUey 
to the south, leaving the Swanne11-Mesilinka pass in about its present 
position. A trunk glacier occupied Ingenika Valley; streams flowing along 
its side cut a channel across the end of Chase Mountain. Retreat of the 
glacier in Swannell Valley apparently began while Ingenika Valley was 
still ·largely filled with ice. This ice blocked the outlet of Swannell Valley, 
and diverted meltwater from the Swannell Valley glacier, through the 
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channel across Chase Mountain, to Tomias Lake ·Valley1. The channel 
was lowered as the ice retreated, and by the time the ice-dam in the old 
outlet of Swannell Valley had disappeared, the river had, apparently, been 
established in its present anomalous course, turning abruptly from the 
relativeily broad through valley to the narrow rocky channel north of Chase 
Mountain, and again at right angles down the Tomias Lake through valley. 

At some time an ice-dammed lake occupied the through valley sootion 
of Swa.n.nell Valley, leaving terraces and delta deposit.a perched on the 
mountain slopes as much •as 300 feet above the valley floor. 

A subsidiary effect of the retreat of the last large vailley glaciers was 
the diversion of the streams on the massif northeast of Blackpine Lake. 
The glaciers in the northwest trending valleys of these streams, which 
previously had drained to Swannell River, apparently retreated to small 
cirque glaciers whHe stagnant ice stiH covered the broad Swannell-Mesilinka 
pass and blocked the lower ends of the valleys. The small streams in 
these blocked valleys overrode the southwest walls of their respective 
vaNeys, and cut channels that have now developed into deep, narrow 
canyons, by which the streams turn at an acute angle and flow directly to 
Mesilinka River (See Map 1030A). 

OSILINKA RIVER 

The upper branches of Osilinka River occupy broad valleys that unite 
to form a large southeast-trending trough near the south border of the 
map-area. The trough continues beyond the map-area, as the valley of 
what .is now Discovery Creek, to Omineca River Valley. A mile below 
the mouth of Steele Creek, however, Osilinka River abruptly leaves this 
trough and flows northward through Uslika Lake and a narrow, tortuous, 
V-shaped valley north of it, to the mouth of Tenakihi Creek. There the 
river enters another broad, southeast-trending trough, which it follows 
beyond the limits of ·the map-area. The two large southeast-trending 
troughs are further connected by the broad, glaciated valley of Wasi Lake. 

A fragmentary terrace, a.bout 100 feet above present river level, is 
present on both sides of Osilinka. River Valley between the crossing of the 
Aiken Lake winter road and Uslika Lake. The terrace is in part followed 
by the winter road, and near the 37 mile-post it is seen to be a mixture 
of silts and gravels, capped by about 3 feet of till. On the west flank of 
Conglome:vate Mountain, stream gullies cutting through the terrace show 
it to be mainly crossbedded silt and sand, overlain by a thin layer of till. 
The terrace appears to be the remnants of the shoreline, marked largely 
by deltas of small tributary streams, of a lake that filled Us'lika Lake 
Valley to a level about 100 feet higher than the present lake. 

It would appear that in pre-Glacial times the upper section of Osilinka 
River drained directly to Omineca River through the vaNey of what is now 
Discovery Creek. This valley seems to have had a tributary in what is 

1 The val1"y occupied by Tomias Lake, and the .part of the present Swannell River that is an 
extension of Ravenal. Creek VeJ!ey, appears to have been originally oocupied by Mesilinka River. It is 
probable that Meeilinka River was origina1ly a major tributary of Ingenika lUver, and that in pre
Gi&cial. times it was captured, at a point a.bout 3 miles east of the map-area, by a tributary of Omineca 
R iver eroding northwest efong the west aide of Butler Range. ·At the elbow of capture, IMesilinka River 
changes ite course by 120 degrees. Tomiae Lake and Carina Lake (east of the map-area), joined by 
a smlllll 'misfit' stream, lie in the a.bandoned valley. 
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now a conspicuous through valley, not well shown on the topographic map, 
that lies about 2 miles west of Uslika Lake and includes parts of the valleys 
of Vega Creek and the south branches of Tenakihi Creek, and that joins 
the upper Osilinka-Discovery Creek trough near Chudelatsa Lake. To 
the north, the next major pre-Glacial! valley was the smooth trough now 
occupied by the lower section of Osilinka River and the main part of 
Tenakihi Creek, with tributaries that probably included the large stream, 
now flowing to Tutizika River, west of Tenakihi Creek. At some earlier 
date this -drainage system may also have induded the present Tutizzi Lake 
Valley, but the available evidence suggests that Tutizika River had 
established its connection with Mesilinka River considerably prior to the 
beginning of glaciation. 

The mouth of Tenaki:hi Creek is 315 feet below the !level of Osilinka 
River at the Aiken Lake winter road crossing, which is the lowest point 
in the section of the upper Osilinka-Discovery Creek trough here under 
consideration. The amount of glacial overdeepening, or the depth of fill, in 
this trough and in the Tenakihi Creek-lower Osilinka trough is not known, 
but it seems probable that the latter was already the lower vailley in pre
Glacial time. If this were so, conditions would be favourable for north
flowing tributaries of the Tenakihi Creek-lower Osilinka Valley system to 
advance headward and capture parts of the upper Osilinka-Discovery Creek 
system. A stream in what is now W asi Lake Valley made the greatest 
headway, and it appears that, whether or not actual capture of the river 
had been effected, a connection had been established, through this valoley, 
between the valleys of the upper and lower parts of Osilinka River before 
occupation of the area by ice. A smaiiler tributary stream eroding s·outh
ward from what is now the mouth of Tenakihi Creek apparently haid not 
at this time cut through to the part of the valley now occupied by Uslika 
Lake. 

During a period of glaciation prior to the last advance of ice in this 
area, the trunk glacier in the upper Osilinka-Discovery Creek trough sent 
a distributary to the lower Osilinka Valhiy through Wasi Lake Valley, 
which was smoothed and widened. 

During retreat of the ice from this first advance, an extensive reces
sional moraine was deposited in the upper Osilinka-Discovery Creek trough, 
from the south end of Conglomerate Mountain to about 5 miles south of 
the map-area. This moraine dammed Discovery Creek Valley, and to a 
lesser extent Wasi Lake Valley, forming a lake that, apparently, drained 
over the moraine dam into W asi Lake Valley. The shore of this lake is 
marked by the terraces on Conglomerate Mountain and southwest of 
Uslika Lake. Vigorous stream erosion was resumed in the postulated inter
Glacial period (or periods), and eventually a stream eroding southward 
from the present mouth of Tenakihi Creek tapped the moraine-dammed 
lake in what was then the upper Osilinka-W asi Lake VaNey drainage 
system. Rapid down-cutting by the north-flowing pirate stream lowered the 
lake to about its present level (Uslika Lake), and enabled small east
flowing tributaries of the pirate stream, together with independent pirate 
streams from what is now Tenakihi Creek, to capture segments of the 
relatively large south-flowing stream in the valley 2 miles west of Uslika 
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Lake. These sma'11 streams became Thane Creek, Vega Creek, and the 
south branches of Tenakihi Creek. By the onset of the last period of 
glaciation the drainage pattern was apparently not greatly different from 
that at present. 

The last advance of the Cordilleran foe-sheet had little large-scale 
effect vn the drainage pattern. The trunk glaciers followed the large 
troughs, as before, although a proportionately larger amount of the ice 
drainage from the upper Osi!linka Valley appears to have be.!'ln distributed 
through Wasi Lake Valley. The south-trending through valley west of 
Uslika Lake, which had been segmented by Thane, Vega, and Tenakihi 
Creeks, was again filled by a south-flowing glacier, which deposited till in 
the gorges vf the pirate streams. The newly completed valley northeast of 
Uslika Lake appears to have been too tortuous, and in too sheltered a 
position, to carry a vigorously flowing glacier, and here, unique among 
the 1larger valleys in the map-area, evidence of glaciation is limited to a 
slight rounding of the interlocking spurs, and a series of ·connected and 
en echelon channels cut in the valley walls by streams flowing along the 
margin of the glacier. Till was spread on the remnant shorelines of the 
inter-Glacial U slika Lake. Th4i- recessional moraine in the upper Osilinka
Discovery Creek trough was preserved and perhaps added to; near Chude
ilatsa Lake it now stands 450 feet above the slightly entrenched Osilinka 
River. But wherever the deposits of the last ice advance have been 
identified they are thin; and all the evidence is in accord with the conclu
sion, reached elsewhere (Armstrong, 1949, p. 14), that the last ice-sheet in 
north-central British Columbia, and the valley glaciers of its dying stages, 
carried a comparatively light load of debris. 

Post-Glacial stream erosion has as yet caused little change in the 
drainage pattern: a pirate stream from Tutizika River has captured what 
was formerly the head of the Tenakihi 'Creek system; down-cutting in the 
narrow valley north of U slika Lake has entrenched Osilinka River in a 
rocky gorge; the level of the outlet of Uslika Lake is being maintained by 
an alluvial fan at the mouth of Thane Creek; and V{asi Creek appears to 
be resuming its status as a pirate stream, and is cutting a new channel, 
in bedrock and moraine, into the upper Osilinka-Discovery Creek trough. 

GLACIO-FLUVIAL DEPOSITS 

Glacio-fluvial material is mixed with moraine in almost aM the valleys 
of the map-area, and presents no special features. Most is an inter layered, 
highly variable assemblage of silts, sands, and gravels. In the larger 
vailleys this outwash has ·accumulated to an unknown depth, forming a flat 
floor that has been cut into by the present streams. The original level of 
glacio-fluvial fill is preserved in a line of extensive terraces on each side of 
the more open parts of Ingenika, MesHinka, and Osili~a River Valleys, 
below which the present river meanders over a flat floor as much as 150 feet 
lower (Plates I, II A). The abundance of smaller terraces on the mountain
sides, made at the edge of valley glaciers, has been noted above (Plate 
III B) . In a few places no terraces are recognizable, but a cover of boulder 
clay and sand blankets the valleys slopes to a depth of as much as 50 feet 
up to 1,500 feet above the river level (Plate V A). At other places, boulder 
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paths, as much as 100 feet wide and t mile long, lie in incongruous positions 
on the glopea and valley floors, a.nd attest to the presence of englacial and 
perhaps superglacial streams. 

Laminated silts and clays are widespread; many of them were probably 
deposited in small, ephemeral, ice-dammed lakes. Most of the silt is inter
layered with some gravel. The thickest observed section of ·apparently 
lacustrine material consists of about 45 feet of 1laminated silt, clay, and 
fine sand, deposited in a basin that covers the junction of the present 
Tomias Lake, Ravenal Creek, and Swannell River Valleys. 

The various minor topographic forms characteristic of glacio-fiuvial 
deposits made in ·c~:mtact with the glacier.a themselves, such as eskers, 
kames, crevasse fil'lings, etc., may be observed in many pla-ces; Tutizika 
River VaHey is outstanding in this respect. Weathering of the thicker drift 
deposits has developed characteristic hoodoos and furrowed slopes (Plate 
VA). 

FROST ACTION 

FELSENMEER AND TALUS 

The most active single weathering agent at present effective in the 
map-area is undoubtedly frost ·action. More than one-quarter of the 
map-area is above timber-line and lacking in tundra vegetation, and is thus 
exposed to direct mechanical disintegration; and on most ·of such areas the 
slopes are sufficiently steep that disintegrated rock material is relatively 
rapidly removed by gravity. Disintegration of the rock by frost action 
appears to be the major process in the erosion of peaks and ridges, and . 
is thought to be the main factor in the development of a general accordance 
of summit levels (Daly, 1912, p. 631). 

The efficacy of frost ·action above timber-line is shown by the highly 
shattered condition of most of the exposed bedrock, and by the immense 
amount of angular rock waste, which occurs mainly as felsenmeer and 
talus. Except in those cirques still occupied by active glaciers, the removal 
of frost-riven fragments is accomplished -by four main processes: (1) wind 
action is remarkably effective in some places, and has commonly removed 
all loose surface material less than an inch in diameter. The large snow 
cornices that line the lee crests of ridges in Jate spring contain occasional 
stones weighing up to a pound or more, which must have been blown 
over the crest of the ridge onto the corniee by strong winter winds. There 
is evidence that large marker cairns on high ridges, probably loosened and 
heaved into unsta:ble positions by frost action, have been literally blown 
down within 3 years .after their construction. (2) The more gentle ridge 
crests and rounded shoulders are covered with a uniform mantle of frost
riven fragments, or felsenmeer, which creeps slowly, more or less en masse, 
directly down the slopes (Plates II B, V B). The rate of creep is not 
known, but in many places it is so slow that lichens cover the blocks, ·and 
rock contacts can be foHowed across the felsenmeer in places, displaced 
downslope but, apparently, relatively little distorted. (3) Where slopes 
are steeper, or are interrupted by -cliffs, the rock fragments descend rapidly 
and chaotically as rock-fall, rock-slide, or ·ava1lanche, to collect on less 
precipitous lower slopes as talus, nivation ridges, avalanche debris, etc. 

78609-3 



24 

Despite the .activity on its surface, most of the talus is probably quite 
stable, except for a small amount of compaction, unless its base is under
cut by stream action or glacial erosion. The lower adit on the Granite 
Basin mineral claims, for example (See page 217), has been driven 104 
feet through talus blanketing the wall of the cirque. The outer slope of 
the talus lies at the angle of repose of large fragments, which here as 
elsewhere (Behre, 1933) attain a uniform maximum angle of about 36 
degrees. Rock-fall on this talus was sufficiently abundant that exploration 
of the mineral deposits was hazardous in places, and open-cuts ·at the 
edge of the talus and trails on the talus itself were soon obliterated. The 
adit had been abandoned for 12 years when visited by :the writer, but 
showed no sign of displacement or distortion by movement of the talus, 
and its relatively light timbers had not been destroyed. In a few places, 
especia1'ly at the foot of couloirs carrying considerable water, wedging and 
heaving hy interstitial ice may be a factor, along with the accumulation of 
avalanche debris at the foot of the slope, in producing an irregular, concave 
profile of the talus. ( 4) In places, frost-riven fragments have formed 
'streams' that are flowing, in a manner that resembles the behaviour of a 
viscous mass; these 'streams' are the puzzling rock glaciers, some of whose 
featuresl and the problems they present, are discussed below. 

Of the tota•l amount of disintegrated rock removed from the higher 
mountains, the proportion removed by wind is not known, but may be 
considerable, especially with rocks such as gneissic quartzites and schists, 
which tend to disintegrate to small flaky fragments. The remainder of the 
material mainly becomes felsenmeer, and <ireeps slowly down the slopes . 
.A!bout half of the sheets of felsenmeer terminate at cliffs or on over
steepened va1'ley slopes, where the fragments break free and plunge head
long to the lower slopes, there to become talus. A smaller proportion of 
material travels directly, via rock-fall or avalanche, from the outcrop to 
tailus. The amount of material transported by rock glaciers, over the 
map-area as a whole, is small; it is probably of about the same order of 
magnitude as that carried by the normal ice glaciers under present climatic 
conditions. 

RocK GLACIERS 

Rock glaciers have been observed in all the higher mountain units in 
Aiken Lake map-area, but are best developed in the region of rugged, 
alpine topography in the west and southwest parts. They occur at eleva
tions down to 4,900 feet above sea-ilevel. The largest observed rock glacier 
measured 2,700 feet from its snout to the distinct junction with the talus 
slope at its head. Most of these bodies head on steep slopes a·t the angle 
of repose of talus (36 degrees maximum), but the main body of the rock 
glacier may flow on much flatter slopes, and tongues have pushed down 
valleys with an ·average graidient of as little as 12 degrees. Some rock 
glaciers, still active, have become detached from the steep slope at their 
head. All are discrete bodies, with unstable, oversteepened sides and snout, 
and an upper surface raised a few tens to as much as 200 feet above the 
surrounding talus. The upper surface com.mollly has a billowy, rolled 
appearance (Plate VI A). At least four of the rock glaciers examined are 
advancing, and are overriding ground that has not received talus or moraine 
in the recent past. 
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Many exp1'anations have been put forward to acoount for the forma
tion and behaviour of rock glaciers (Capps, 1910; Sharpe, 1937; Kesseli, 
1941). The variety of hypotheses may in itself be .an fo.dication that rock 
glaciers are the result of a combination of sever!lll processes, and thait 
different rock glaciers may have had considerably different origins. In 
general, rock glaciers appear to have been regarded •as either: (1) a phase 
of normal glaciers in which the rock fragments greatly predominate over 
interstitial ice, developed during the wasting stages of ·a glacier'a history; 
these rock glaciers could be considered an end member of a series of rock
and-ice mixtures whose other extreme is represented by glaciers of pure iee; 
or (2) 'runaway' talus, felsenmeer, or moraine deposits that have accumu
ilated to sufficient size, or have acquired sufficient interstitial lubricant, to 
render them unstable and capable of flowing more or less as ·a unit. 

Most of the rock glaciers in Aiken Lake map-area do not seem to be 
merely moraine-choked dying glaciers. The area contains many dying 
glaeiers, in the form of thin sheets of ice, heavily coated with moraine, on 
cirque floors; as small ice patches hanging in sheltered recesses in the cirque 
headwall; and as "fan" glaciers at the feet of couloirs, nourished chief1ly 
by avalanche snow and containing many rock fragments. No single 
instance was noted of a transition between one of these dying glaciers and 
a rock glacier, and no rock glacier was observed in such a position as to 
suggest that it developed directly from such ·a glacier. Rock glaciers 
appear invariably to head on steep slopes, whose gradient is controlled by 
the angle of repose of coarse dry talus, whereas most dying ic·e glaciers 
containing abundant moraine are found far back in the cirque basins, 
where the gradient is so low that the thin sheet of ice becomes stagnant long 
before its embedded rock ·load becomes concenltrated to the proportions 
found in active rock glaciers. The few ice patches found on steep slopes 
rarely ·contain an appreciable rock load. Ice glaciers and rock glaciers are 
found side by side. A compound cirque at the heaid of Tenakihi Creek 
contains two dying glaciers, one of which is nearly buried in talus. A 
well-developed rock glacier, conspicuously distinct from the surrounding 
talus, descends beside one of these glaciers and flows along the valley floor 
below one of the terminal moraines of the existing glacier. There appears 
to be no tendency for the moraine of the remnant glacier, developed on 
nearly the saime slope and composed of the same type of rock as the rock 
glacier, to flow. 

Most rock glaciers in the map-area are in cirques, because most of the 
area above timber-line is composed of cirques. The best-developed rock 
glaciers ·are not confined to the heads of cirques; and, indeed, are rarely 
found there. More commonly, the rock glaciers head high on one wall of a 
cirque or hanging valley, flow down to the valley floor, and turn along it 
(Plate VI A). Streams in the valley floor pass under the tongues of these 
rock glaciers. Other rock glaciers are not found in cirques but are flowing 
down open valley slopes, with south, as well as north and east, exposures. 
Some active, low-level rock glaiciers are found near the bottom of valleys 
that have been long vacated by ice. In general, the rock glaciers do not 
head in natural drainage basins or channels, but begin on relatively smooth, 
steep slopes directly from a ridge crest or beneath a cliff. 

78609-Si 
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There appears to be no doubt that at least some of the rock glaciers 
are advancing. Four of the rock glaciers studied are pushing their way 
into forest or across meadowland. A11 have the same characteristics: a 
smooth, lobate ground plan; a very steep, unstable snout; and, perhaps 
most significant, an almost total lack of 'runaway' boulders ahead of the 
snout. Trees and bushes have been pushed down and overridden in such 
a way as to indicate that the rock glacier is advan-Oing along the present 
ground surface. Some of the rock glaciers are flowing down relatively 
gentle gradients, and have become detached from the talus behind them. 
The upper end of one such 'detached' rock glacier is marked by a grassy 
floored depression 40 feet deep (See Figure 1). These features would 
seem to indicate that the rock glaciers studied cannot have reached their 
present positions by landslides, piecemea1I rock-fall, or by avalanching, 
but must have flowed slowly, as a more or less plastic mass. The fragments 
of rock glaciers carry somewhat ,less lichen than those of the felsenmeer; 
the lichen coating is commonly best developed on the upstream faces of the 
blocks, and may be an indication that the surface blocks of a rock glacier 
rotate backward during its flow. Further evidence of the activity of rock 
glaciers may lie in the observation that marmots have made their home in 
talus and felsenmeer in all parts of the map-area, but none was found 
living in rock glaciers. 

Just as there seems to be no evidence of a gradation between debris
Joaded ice glaciers and most of the rock glaciers in Aiken Lake map-area, 
there is in most places an apparent lack of gradation between norma;l talus 
or felsenmeer and rock glaciers. One of the most remarkable features of 
the rock glaciers observed in the area is their conspicuous appearance; . a 
given pile of rock fragments appears to be a rock glacier, ·or it does not; 
the distinction between talus, felsenmeer, and moraine is often difficult and 
in part arbitrary, but the rock glaciers are mostly unique and easHy 
recognized. · 

The only consistent difference observed between the rock glaciers and 
the adjacent talus is a coarser size and a much better sorting of fragments 
on the surface of the rock glacier than in the talus (See Figure 2). Careful 
examination of the bedrock above both talus and rock glaciers in three 
different parts of the map-area, however, has shown no recognizable 
difference in the joint pattern or intensity of shattering of the rock that 
has supplied both deposits. It may be that rock glaciers are sorted during 
their flow, with coarse fragments jostled to their upper surfaces, rather 
than that .they have developed from more coarsely jointed bedrock. 

It seems obvious that the rock glaciers in Aiken Lake map-area are 
in part normal ta,lus and felsenmeer that has been rendered mobile. The 
suggestion that the mobility is controlled mainly by interstitial ice is 
reasonable; the difficulty in explaining rock glaciers ,lies in accounting for 
the localization of that control. Rock glaciers, trulus, and felsenmeer must 
all -contain interstitial ice, ·at least in their surface layers, during winter 
and spring, and a -considerable amount probably remains from year to year. 
The Granite Basin adit showed ice in the talus, 5 to 15 feet from the surface, 
.in July. If it is postulated that rock glaciers contain more interstitia1l ice 
than do talus, or felsenmeer, rock glaciers should be best developed in local 
drainage channels, or should · head in snow-catchment basins; there should 
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be examples of aH gradations between normal talus or felsenmeer and rock 
·glaciers; and there should be some sign of a meltwater stream issuing from 
those well-established rock glaciers that are advancing over ground carry
ing nearby surface streams. These features are not found in the typical 
rock glaciers examined. It seems more probable that if ice is the main 
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Figure 2. Illustrating size of fragments distributed on the surface of talus and 

rock glacier in Lay Range. 

lubricating medium, there is an optimum condition in which interstitial ice 
is sufficiently abundant to decrease the interna•l friction of the mass, but 
not enough to provide an anchoring matrix. The surroundi:µg talus may 
perhaps contain either more or less interstitial ice. Certainly some of the 
dying glaciers, choked with ablation moraine, contain more ice; this ice 
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may act as a binding, rather than a lubricating, medium. It might be that 
by the time that the ice has dissipated to the extent that the mass is 
potentially mobile, most of the remnant glaciers and their moraines are 
marooned on a ·cirque floor so flat that a rock glacier cannot develop. 

No fuMy satisfactory explanation of the origin or maintenance of the 
rock glaciers in the Aiken Lake map-area is known to the writer. They 
are definitely not merely an end phase of present glaciation, although some 
may develop from dying glaciers. Once started, they appear to be more or 
less self-perpetuating under present climatic conditions·, and develop into 
unique, flowing bodies, distinct from the surrounding talus and felsenmeer. 
Some of them are actively advancing at ij:evels far below the present snow
line, and they continue to flow across relatively gentle gradients even when 
detached from their steep parent slopes. 'r.hey maintain their identity and 
peculiar behaviour, which must be due in part to freeze-and-thaw processes 
in their interstitial ice, over a wide range of temperature, moisture supply, 
and drainage conditions; for a single roe~ glacier may have a vertical range 
of more than 1,000 feet, and may head on a dry ridge, with its lower part 
occupying the floor of a valley carrying a stream of considerable volume, 
which is forced to percolate through the rock glacier. Most inexplicable 
of all, adjacent deposits of talus, composed of the same type of material, 
apparently shattered to the same extent, ·and exposed to the same conditions, 
may not develop rock glaciers; and gradati.onal phases appear to be rare. 

SOLIF,LUCTION 

The mountains ·and ¥alleys above timber-line in the less rugged parts 
of the map-area support tundra vegetation, which ranges from sparse 
lichens and mosses to a thick mat of grasses and flowering plants growing 
on many feet of peaty material. Much of the ground is frozen at depth 
throughout the year, but alternate freezing and thawing of the surface 
layer has facilitated a slow downslope flow, or solifluction, analogous to 
the felsenmeer creep of more alpine areas. Where typically developed in 
the northern and central parts of the map-area, solifluction has resulted in 
low, bulbous terraces, turf-covered ridges, parallel strips of muskeg ground, 
and alplands where the surface material has been sorted into polygonal 
areas or long lanes of coarse boulders, separated by fine material. 
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CHAPTER IV 

GENERAL GEOLOGY 

SUMMARY STATEMENT 

Consolidated formations within the map-area range in age from Pro
terozoic to Tertiary, and comprise a great variety of sedimentary, volcanic, 
metamorphic, and intrusive types. 

A thick, folded succession of regionally mciamorphosed, Late Pro
.terozoic sedimentary rocks strikes northwest across the ·central part of the 
area. This succession, the Tenakihi group 1, is over la.in by the lngenika 
group, which includes Lower Cambrian beds, .and underlies almost all of 
the northern third of the map-area. Near the eastern border, these rocks 
have been intruded by granodiorite stocks and further altered by processes 
of granitization ·and metamorphism to a sedimentary-igneous complex 
known as the Wolverine complex. 

An assemblage of volcanic and sedimentary rocks of late Palreozoic 
age occupies a belt 10 to 15 miles wide extending from the southeast corner 
of the map-area northwest to the head of Lay Creek. Similar rocks outcrop 
in the extreme southwest corner of the map-area. Parts of this general 
assemblage accumulated in late Mississippian time; parts are lithologically 
similar to rocks of the late Palreozoic Asitka group of the adjoining 
McConnell Creek map-area to the west; other parts may be correlated with 
rocks that have been classified as belonging to the Cache Creek group of 
central British Columbia. Some rocks mapped with this assemblage may 
be Triassic in age, and. form part of the Takla group. 

The Takla group includes a thick, folded succession of Upper Triassic 
and Jurassic volcanic and minor sedimentary rocks. 

. Post-Carboniferous intrusive bodies range in composition from dunite 
and peridotite to granite and syenite. The most abundant are ultramafic 
stocks and sills, emplaced probably in Upper Triassic or earlier time, and 
provisionally correlated with the Trembleur intrusions of areas to the 
south, and the Omineca intrusions of mainly intermediate and acidic rocks, 
of late Jurassic or early Cretaceous age. 

The Uslika formation is a conglomerate body, probably late Lower 
Cretaceous in age, which is, apparently, faulted into position in late 
Palreozoic rocks east and north of Uslika Lake. 

Conglomerate of the Upper Cretaceous or Paleocene Sifton formation 
is found in Finlay River Valley in the northeastern part of the map-area. 
A body of conglomerate, sandstone, shale, and coal of late Cretaceous to 
Tertiary, possibly post-Paleocene, age outcrops west of Uslika Lake. Both 
these rocks and those of the Sifton formation may be parts of the Upper 
Cretaceous and early Tertiary Sustut group. 

Unconsolidated Pleistocene and Recent deposits mantle the lower slopes 
and valley floors in all parts of the map-area. 

1 See footnote, page 33. 
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TABLE OF FORMATIONS 

Formation 
Era Period or Epoch and thickness Lithology 

(feet) 

Recent Stream and glacier 
deposits, felsen-

Cenozoic 
meer, talus, soil 

Pleistocene Glacial and glacio-
fluvial deposits 

Post-Lower 
Cretaceous; Sustut group Conglomerate, sand-

~ossibly post- stone, shale, coal 
aleocene 

Mesozoic 
or 

Cenozoic Relations not known 

U~er Cretaceous or I 
aleocene 

Sustut grou~ (Sifton I Conglomerate 
formation 

Relations not known 

Lower Cretaceous I Uslika formation I Conglomerate, minor 
(Aptian) 4,200 argillite 

Erosion interval 

Granodiorite; adamel-
Jite-granite; minor 
syenite, syeno-
d1orite, pegmatite, 
ahlite, lampro-
p yre, feldspar 
porphyry 

Quartz diorite, dior-
ite; minor syeno-

Mesozoic Upper Jurassic or Omineca intrusions diorite, meladior-
Lower Cretaceous ite, amphibolite, 

andesite 

Hornblendite, appin-
ite, meladiorite, 
hornblende diorite; 
biotite pldoxenite; 
minor fe dspathic 
pyroxenite, uralite 
amphibolite 

Intrusive contact 

U~r T!iassic and Takla group Andesitic flows and 
urass1c ±12,000 breccias; minor 

basaltic flows; tuff, 
·agglomerate, shale, 
conglomerate, lime-
stone • 

78609-4 
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Formation 
Era Period or Epoch and thickness Lithology 

(feet) 

Erosion interval 

Pre-Lower Jurassic l I Feldspar porphyry 

Palreozoic (?) and Relations of ultramafic intrusions to Takla group and to pre-Lower 
Mesozoic Jurassic feldspar porphyry not known 

Post-Middle Trembleur Peridotite, dunite, 
Permian, pre- intrusions ? pyroxenite, serpen-
Upper Triassic (?) tinite; minor horn-

blendite and related 
rocks 

Intrusive contact 

Limestone; minor 
argillite, chert, 
andesite 

Pennsylvanian (?) Cache Creek group Argillite, slate, ribbon 
and Permian +io,ooo chert, greenstone; 

minor tuff, lime-
stone 

Andesitic and basaltic 
' . flows, tuffs, breccias, 

agglomerate; minor 
argillite, slate, 
chert, limestone 

Fault contact; Cache Creek. group and posft..Lower Cambrian 
rocks may be in part of same age 

Post-Lower Tuff, andesitic and 
Cambrian; includes +17,000 basaltic flows; ag-
beds of late glomerate, grey-
Mississippian age wacke; sandstone, 

Palreozoic 
grit, conglomerate, 
limestone, chert, 
slate, argillite 

Unconformity and erosion interval 

b"tfr 
f'.1'1 ' 

Post-Lower f "' I Part of I Granodiorite, leuco-
C8:ID~~an,,,pre- Wolverine complex granite, alaskite, 
M1ss1ss1pp1an pegmatite, aplite 



Era 

Palreozoic 
and possibly 
Proterozoic 

Proterozoic 

Period or Epoch 

Includes Lower 
Cambrian beds 

Probably late 
Proterozoic 

Post-Lower 
Cambrian; may be 
Tertiary 

Post-Lower 
Cambrian 
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Formation 
and thickness 

(feet) 

Intrusive contact 

Ingenika group 
+18,000 

Possible erosion interval 

Tenakihi group 
+13,000 

TENAKIHI GROUPl 

NAME AND DISTRIBUTION 

Lithology 

Quartz-chlorite schist, 
crystalline lime-
stone, sericite schist 
quartzite, quart-
zitic conglomerate, 
slate, :phyllite, 
chlorito1d schist, 
tourmaline-z o is i te 
schist. Part, in-
eluded in Wolverine 
complex, altered to 
feldspathic quart-
zite, quartz-mica-
feldspar gneiss, mig-
mat1te, leucogran-
ite, silicatedmarble, 
skarn, and amphi-
bolite 

Quartz-mica schist, 
quartzitei quartz-
mica-fe dspar 
schist, garnetiferous 
schist, cyanite, and 
staurolite schist. 
Part, included in the 
Wolverine complex, 
altered to felds-
pathic quartzite 
and quartz-mica-
feldspar gneiss 

Feldspar porphyry, 
granophyre, dacite 

Diorite(?) porphyry, 
altered to chlorite
sericite-car bona te 
rock; andesite(?) 

The oldest recognized rocks within Aiken Lake map-area consist of 
initerbedded quartz-mica schists, micaceous quartzites, and quartzites 
exposed in an irregular belt ~ to 8 miles wide extending diagonally across 

1 This group was first named the Ruby group in the preliminary account of Aiken Lake map-area 
by Armstrong and Roots (1948), but it has seemed best, in the interests of conventional fomiational 
nomenclature, to rename it after the range ~f mountains in which it is typically exposed. 

78609-41 
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the map-area from Osilinka River on the east to Wrede Cre!'lk on the west. 
Similar rocks outcrop southeast of Ingenika Cone. Rocks of this map-unit 
are characteristicailly expo6ed in the Tenakihi Range ·around the Ruby 
group of mineral claims on Jim May Creek, and the unit has, accordingly, 
been named the Tenakihi group. 

The Tenakihi group is exposed over an area of about 360 square miles 
in Aiken Lake map-area, mainly on the crests of major northwest trending 
anticlinoria. In the Tenakihi Range, a curving, northwest plunging asym
metrical anticlinal structure, with steeper dips on the southwest limb, 
exposes Tenakihi group rocks in a band 4 to 5 miles wide that strikes nearly 
west at the east border of the map-area, and swings to north 30 degrees 
west southeast of the mouth of Tutizika River. In this area the overlying 
Ingenika group rocks rest with apparent structural conformity on the north 
limb of the anticlinorium of Tenakihi group rocks. On the south side of 
the anticlinorium the Ingenika group is in faulted contact with the Tenakihi 
group. 

Between Mesilinka and Ingenika Rivers, a major asyrµmetrical anti
clinorium, with steeper dips on the southwest limb, exposes Tenakihi group 
rocks in a belt 3 to 8 miles wide extending north 35 degrees west from near 
the east · border of the map-area to Swannell River. At Swannell River 
Valley the crest of the anticlinorium is •apparently offset about 8 miles to 
the south, from which point it continues along the north side of the valley 
to Wrede Creek on an average strike of north 55 degrees west. 

Southeast of Ingenika Cone, rocks assigned to the Tenakihi group are 
exposed in the crest of a large anticline that has been overturned to the 
southwest. These exposures occupy ·about 12 square miles an Aiken Lake 
map-area, and are only the northwestern part of an extensive area of similar 
rocks in the Butler Range to the east of the map-area. 

LITHOLOGY 

General Statement 

The most abundant rock of the Tenakihi group is a golden brown to 
grey, relatively coarse-grained quartz-mica schist, consisting chiefly of 
quartz and biotite with more or less plentiful muscovite and minor feldspar. 
Other members of the group represent all gradations from quartz-mica 
schist through micaceous quartzite to relatively pure quartzite. Garnet
if erous and strongly feldspathic schists form distinctive but relatively 
minor parts of the assemblage. 

The Tenakihi group rocks have a distinctly layered appearance. In 
many places adjacent layers exhibit marked differences in mineralogical 
content ·a.nd texture, but individual layers can be traced many thousands of 
feet with no appreciable variation in composition or texture. All the rocks 
have been metamorphosed; but there seems little reason to doubt that the 
differences between individual layers represent differences in mineral or 
chemical composition of the original rocks, .and that these rooks represent 
metamorphosed sedimentary strata, whose original bedding corresponds to 
t.he •layering of the present schist and quartzite. 

The Tenakihi group rocks are characterized throughout Aiken Lake 
map-area by a relatively uniform ·chemical composition, which, together 
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with the even degree of metamorphism to which the rocks have been sub
jected, has resulted in a simple mineralogical composition of the rocks, .and 
a limited range of rock textures and micro-structures. Metamorphism has 
progressed so far that the original differences between successive beds and 
groups of beds are preserved only by the di:ff erent proportions of the prin
cipal minerals, namely, quartz, the micas, feldspar, and in places garnet and 
kyanite; the few accessory minerals occur in almost all beds of suitable 
metamorphic grade. 

Quartz is the predominant mineral in at least 80 per cent of the 
Tenakihi rocks. Except for a few of the larger grains, which may be 
detritial, .it is entirely recrystallized, or cry·stalloblastic, with ·a certain degree 
of shape orientation parallel with the schistosity of the rock. In the lower 
beds of the group the quartz is mainly clear and unstrained, whereas in the 
higher beds it commonly shows wavy extinction due to strain. Many of 
the purer quartzites have a well-developed mortar structure, with large, 
strained grains rimmed by a profusion of smaller grains, suggesting that 
there has been deformation and slight recrystallization of an ·already 
recrystallized quartzite. The feldspar, which composes up to 35 per cent 
of individual specimens, is nearly all authigenic, commonly occurring in 
irregular, skeletal grains interstitial to, and including, oriented grains of 
quartz and the micas. Most of the feldspar grains whose optical properties 
could be accurately determined are oligoclase or andesine, but some albite 
and orthoclase have been recognized. Biotite is the predominant mica, and 
is the mineral mainly responsible for the fissile character ·and banded 
appearance of the Tenakihi group rocks. Viewed in transmitted light, the 
biotite is of both brown ·and green v.arieties, with the latter type restricted 
to the stratigraphically higher beds of the group. The brown biotite occurs 
in two distinct forms, commonly present in the same specimen. One form 
consists of thin, lath-like flakes, commonly straight, or, if bent, splintered; 
these grains show the most perfect parallel -orientation of any mineral in 
the rock. The other type of biotite is typically crystalloblastic, poikilitic, 
or skeletal, surrounding grains of almost all the other minerals in the rock, 
including the lath-like form of biotite. Muscovite, as distinct flakes, is an 
important mineral only in the lower half of the Tenakihi group stratigraphic 
sequence. In the very uppermost beds it reappears as sericite. Chlorite 
occurs only in the highest beds, associated with green biotite and garnet. 

Garnets are the most abundant and conspicuous porphyroblasts in the 
Tenakihi group. They occur throughout the entire upper 6,000 feet of the 
section, and in a few beds as much as 3,000 feet etratigraphically lower. 
The garnets range in abundance from a few minute crystals in relatively 
pure quartzites to nearly half the rock volume in strongly porphyroblastic 
garnet-mica schists. Individual crystals range in size up to 21- centimetres 
in diameter, though most are 1 to 3 mm., and in form from attenuated net
works and irregular patches to symmetrical, dodecahedral crystals. Most 
crystals are crowded with inclusions of quartz, chlorite, biotite, muscovite, 
tourmaline, and magnetite; in many the inclusions are arranged in a spiral 
or S'-shaped pattern, probably indicating a rotation of grains during growth. 
The composition of the garnets appears relatively independent of the posi
tion in the stratigraphic section or of the lithology of the bed in which the 
grains occur; those grains tested are aimandine, with llibout 85 per cent of 
the almandite molecule. Kyanite forms porphyroblasts in a fairly definite 
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stratigraphic range, extending from about 7,000 to 10,000 feet strati
graphica;lly above the lowest beds of the section of Tenakihi group rocks in 
the Tenakihi Range, although a few crystals occur as low as 3,000 feet 
above the lowest beds. The kyanite is typically developed in medium- to 
ooarse-grained, feldspathic quartz-muscovite-biotite schists, where it forms 
porphyroblasts as much as 5 ·centimetres long and constitutes up to 10 per 
cent of the rock volume. Staurolite was recognized only in the Tenakihi 
Range, where it forms euhedral porphyroblasts up to 2 centimetres long, 
in favourable beds, over a stratigraphic range of about 1,000 feet near the 
lowest levels at which kyanite is abundant. Among the minor minerals, 
sillimanite is confined to the stratigraphically lowest beds, where it forms 

·small needle-like crystals that traverse biotite and quartz grain boundaries 
and afford evidence that these beds have suffered high-grade metamorphic 
recrystallization. Other accessory minerals include tourmaline, apatite, 
zircon, magnetite, sphene, rutile, and calcite. 

Rocks in the Tenakihi Range 

The anticlinorium in the Tenakihi Range, trending west and northwest 
on both sides of Jim May Creek VaUey, exposes ·~bout 13,000 feet of con
formable quartzites, gneisses, and schists. The stratigraphically lowest 
beds in this section are medium-grained, light grey to buff-coloured, slightly 
rusty quartzirte, typica:lly in beds 1 foot to 3 feet thiek, separated by bands 
of quartz-mfoa schist that range in thickness from a fraction of an inch to a 
foot or more. In places the schist bands .are grouped together and are 
locally more ·abundant than the quartzite. AU of the quartzite examined 
in these beds is micaceous •and slightly schistose; typicrul specimens conta..in 
10 to 25 per cent mica, although all gradations to quartz-mica schists con
taining more than 50 per cent mica can be found. In most of these quart
zites, biotite is ·about three times as abundant as musoovite; the two 
minerals are intimately mixed, usually uniformly distributed, and are well 
oriented, imparting a marked schistiosity to the quartzite. In the lowest 
6,500 feet of the exposed section, minerals other than quartz, biotite, and 
muscovite, large enough to be observed in hand specimen, are rare, and are 
mainly feldspar and ·a few crystalloblasts of cyanite and tourmaline. A 
little chlor~te, .apparently formed by alteration of the biotite, may be 
observed in some specimens, and nearly all contain rusty specks produced 
by the decomposition of iron-bearing minerals. 

In places the micaceous quartzite has a gneissose aspect, with lens-like 
patches of quartz-rich or mica-rich material, usually not more than 6 inches 
long and 1 inch thick, scattered through otherwise uniform rock. Most 
of the schist has an augen-like appearance produced by lenticular -aggregates 
of quartz grains, usua:lily ·about i inch in diameter by 1 inch long, scattered 
2 to 3 inches apart. Some change of texture and rearrangement of material 

· was observed along the strike of individual beds m this area, and at one 
place near the col ·at the head of Jim May Creek .a mica schist with 
numerous lenticular aggregates of quartz grains has been followed along 
the 1bedding through ·a banded quartz-mica schist, with thin continuous 
partings of quartzite, into schistose quartzite within a distance of 2,000 
feet. For the most part, however, the beds :appear to be quite uniform in 
texture and mineralogical composition for distances of a mile or more. 
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About 6,500 feet stratigraphically above the lowest exposed beds, both 
the schists and the quartzites become markedly porphyroblastic, and this 
character is maintained throughout ·a;lmost the entire upper part of the 
Tenakihi group section. Garnet is by far the most common porP'hyroblast 
developed in these rocks, and occurs mainly as rough, equidimensional, 
rusty ·brown to reddish grains -h to-! inch in diameter, being smallest in the 
fine-grained schistose quartzites and largest in coarse, crumpled mica 
schist. In severrul places the garnets show good euhedral crystal form, but 
all those observed had rough exteriors and contained flakes of sericite or 
chlorite. In favourable beds, up to 10 feet thick, garnets were observed to 
comprise as much as one-half of the rock volume. 

About 600 feet stratigraphically iabove the lowest level •at which garnets 
were observed, porphyroblasts of kyanite become abundant. These have a 
stratigraphic range of about 3,100 feet, within which they were found to 
occur in all beds carefully examined. Porphyroblasts of kyanite were found 
to be more plentiful than those of garnet in only a few groups of beds, 
rarely more than 50 feet thick. In these beds the kyanite occurs as dark 
brown-grey to blue-grey, euhedral prismatic -0rystals, with very rough 
exteriors, up to 3 inches in length. The larger crystals are in many cases 
curved, and, although lying in the plane of schistosity, are in general not 
oriented in any obvious relation to the regional lineation. 

Near the lower part of the stratigraphic interval in which kyanite por
phyroblasts are conspicuous, brownish prismatic crystals of staurolite are 
found in the schistose porphyrobla&tic biotite-muscovite quartzite. The 
staurolite porphyroblasts were not recognized in the field as a mineral dis
tinct from kyanite, and their relative ·abundance and stratigraphic distrib
ution is not exactly known. From their occurrence in the samples collected 
it would appear that the staurolite porphyroblasts are mainly ·less than 
t inch in length, and are much less abundant than the garnet or kyanite 
porphyroblasts in the same rocks. Kyanite apparently persists to much 
higher stratigraphic levels than does staurolite. 

At about the highest stratigraphic level at which kyanite porphyro
blasts were identified (about 10,000 feet &tratigraphically above the base of 
the exposed section in the Tenakihi Range), a slightly feldspathic, garnet
iferous, schistose quartzite contains clusters of epidote up to i inch in 
diameter. 

The uppermost 3,000 feet of the Tenakihi group section exposed in the 
Tena:kihi Range show a general lessening of grain size compared with strati
graphically lower beds, and a predominant greenish colour due to the 
presence of green ·biotite and, in places, chlorite. · 

Rocks in the Chase Mountain Area 

In that part of the map-area between Mesilinka River and the middle 
and lower reaches of Swannell River, west of Tomias Lake, a stratigraphic 
thickness of about 8,000 feet of Tenakihi group rocks is exposed in a large 
anticline that extends through the summit of Chase Mountain. The strata 
of the southern part of this region have been relatively complexly deformed, 
and have suffered more intense metamorphism than most of the Tenakihi 
group rocks. Stratigraphic and Iithological correlation with the 'normal' 
Tenakihi group is difficult in detail, although an over-all correspondence of 
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beds and structures is obvious, and in favourable locations it is possible to 
trace a group of beds from the typical Tenakihi group exposures southeast 
of Chase Mountain southward into more highly metamorphosed rocks. 
These latter rocks are considered to be a typical part of the "Wolverine 
complex" and are subsequently described under that heading in this report. 
The 'normal' Tenakihi group rocks exposed in the major anticline passing 
through Chase Mountain are very similar to those in Tenakihi Range, and 
consist of a succession of interbedded quartzite, micaceous quartzite, and 
quartz-muscovite-biotite schist, in part feldspathic and in places por
phyroblastic. The lowest beds are in general coarser in grain, and in places 
have developed a crude 'augen' gneissic structure, with lenticular clots of 
quartz and quartz and feldspar. In general, it appears that the Tenakihi 
group rocks in this area contain less feldspar than those in Tenakihi Range. 

At two places on the Chase Mountain massif, beds that appear to have 
been originally coarse conglomerates were observed. One of these is on the 
west side of Ravenal Creek Valley, almost due east of the summit of Chase 
Mountain, where rounded, pale grey to salmon-coloured, coarse-grained 
boulders up :to 8 inches in diameter, composed of quartz, plagioclase, and 
potash feldspar, amphibole now largely altered to chlorite, and biotite, are 
embedded in an impure, foliated, micaceous quartzite. The boulders them
selves are aH more or less foliated; but the planes of foliation of individual 
boulders bear no relation to one another, or to the general plane of foliation 
of the matrix. They have the general appearance of water-worn fragments 
of a gneissic igneous rook of acidic to intermediate composition. The con
tacts of the boulders again-st the groundmass ·are for the most part sharp, in 
places outlined by a layer of biotite flakes surrounded by a layer containing 
no biotite, 1and the foliation of the groundmass passes around the boulders. 
This bed of apparent conglomerate is 25 feet thick, and lies very near the 
crest of the anticlinal structure passing through Chase Mountain. An esti
mated 8,000 feet of Tenakihi group rocks overlie the bed. No rocks in the 
Chase Mountain area were determined to be stratigraphically lower than 
this horizon. 

In a col about 6 miles due south of the summit of Chase Mountain, a 
20-foot bed of grey, sugary, micaceous quartzite contains rounded to sub
angular masses up to 1-! inches long of light grey and buff-coloured quartz 
and feldspar. Most of the fragments consist of recrystallized, intimately 
intergrown grains of colourless quartz and :light grey to buff feldsP'ar, with 
scattered feldspar crystals up to t inch long. The matrix is medium grained, 
markedly granular, slightly foliated, and consists almost entirely of colour
less quartz and black, fresh-looking biotite. The fragments themselves are 
not foliated, but show ·a general alinement parallel with the foliation of the 
matrix. They comprise about 40 per cent of the rock volume of the lowest 
exposure of this conglomerate, and are progressively less abundant upwards; 
in a stratigraphic interval of about 20 feet the rock grades into normal 
gneissic micaceous quartzite. The immediately underlying rocks are not 
exposed, but beds about 100 feet lower are normail garnetif erous quartz
biotite and quartz-biotite-muscovite schists, with the same general struc
tural orientation. The stratigraphic position of this conglomerate bed 
within the Tenakihi group is difficult to place. On the basis of the present 
structural interpretation, it lies an estimated 6,500 feet above the lowest 
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exposed beds in the crest of the main anticline, and about 4,000 feet below 
the contacit with the overlying Ingenika group, but many miinor folds render 
stratigraphic correlation and estimates of thickness of doubtful va1lue. 

Near the top of the Tenakihi group section exposed in the Chase 
Mountain area, beds of light grey to nearly white quartzite, 1 foot to 5 
feet thick, ,are conspicuous·. They are compact, fine-grained, very slightly 
schistose, and remarka:bly pure-only a few flakes of muscovite or biotite, 
and minute grains of garnet, can be observed in hand specimens. 

Rocks in the Ingenika Range 

The arch of Tenakihi group strata trending northwest from Mount 
Lay to Wrede Creek shows a sequence about 7,000 feet thick, in all general 
respects similar to that exposed at the northwestern end of the Chase 
Mountain massif. Mount Lay itself is part of a fault block about 3 by 3 
miles, whose structural relation to the rest of the Tenakihi group is not 
exactly known, but which is believed to have been raised a stratigraphic 
distance .of about 2,000 feet relative to the rocks to the northwest. The 
stratigraphically lowest beds of this block, which lie possibly 9,000 feet 
below the contact with the overlying Ingenika group, consist of dark grey, 
sohistose, micaceous quartzite, and silver-brown quartz-muscovite-biotite 
schist. The rock is well bedded, with .the schistose foliation parallel with 
the bedding planes, and breaks into thin, strong plates that are very resis
tant to mechanical weathering, so that typical outcrops at higher elevations 
in the Mount Lay area consist of narrow ridges and vertical cliffs with thin, 
overhanging ledges supporting large accumulations of talus. 

About 800 feet stratigraphically above the lowest exposed: beds of the 
Mount Lay block, relativ·ely pure quartzite, in beds 1 foot to 10 feet thick, 
form a dominap.t part of the assemblage, and in the succeeding 2,500 feet, 
beds of pale buff to grey, very slightly micaceous quartzite comprise about 
60 per cent of the rock volume. The overlying 1,000 feet of beds consist 
of about equal parts of crumpled muscovite-biotite schist, platy quartz
biotite schist, and compact to sugary, slightly micaceous quartzite. What 
is believed to be this same sequence of beds is exposed in Swannell River 
Valley 2! miles due west of the summit of Mount Lay; and from this 
exposure the Tenakihi group section can be traced stratigraphically upward 
for more than 4,000 feet on almost continuous outcrop to the highest beds 
of the group. The entire section shows little over-all compositional or 
textural variation, and is composed of different proportions of quartzite, 
quartz-mica schist, and mica schist, all of which are in part garnetiferous. 
Two beds of cream-coloured, coarsely crystalline, siliceous limestone, each 
less than 20 feet thick, outcropping on the crest of .a ridge 3 miles north
east of the summit of Mount Lay, constitute the only known exceptions 
in the general sequence of quartzite and schist. From the stratigraphically 
lowest beds observed west of the Mount Lay fault block, the general 
sequence in successively higher beds is ·as noted in the detailed section, 
page 46. 

Rocks in the Butler Range 

The Tenakihi group rocks exposed in the north end of the Butler 
Range, south of Ingenika Cone at the extreme east edge of Aiken Lake 
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map-area, consist of at least 3,000 feet of interbedded galden brown to 
silver quartz-muscovite schist, grey to rusty quartz-muscovite-biotite schist 
and schistose quartzite, in part garnetiferous, micaceous to nearly pure 
granular quartzite, and quartz-biotite-feldspar gneiss. These rocks repre
sent only the northern part of a large area of similar rocks exposed in the 
Butler Range to the east of the map-area. In large part they have a distinc
tive character due to a more intense metamorphism and alteration than has 
affected most of the rocks of the Tenakihi group, and thus they are a part 
of the "Wolverine complex" as defined 1n ithis report. 

STRUCTURAL RELATIONS 

The characteristic occurrence of Tenakihi group rocks in the cores 
of large anticlinal structures has been noted. Within these major structures, 
are structures of lesser size varying to minute crenulations and lineations. 

LINEATION 

As a whole, the Tenakihi group consists of competent strata, and the 
interbedded, strong, micaceous quartzites and tough, but relatively flexible, 
quartz-mica schists have facilitated the development of smooth, regular, 
asymmetric folds, without noticeable internal fractures, and very few drag
folds. Local deformation, within individual beds or groups of beds, is, 
with a few exceptions, mild in these rocks; and it would seem that even 
the smallest structura:l features show a regional pattern. The most 
remarkably uniform of these features is the linear structure developed to 
a greater or lesser extent in almost all the Tenakihi group rocks in the 
map-area. This lineation is shown by a parallel orientation of lath-like 
or splintery grains of mica; by elongated grains or C'lusters of grains of 
quartz; by 'tails' of earthy limonitic material strung out behind garnet 
porphyroblasts, or in places by strings of the porphyroblasts themselves; 
but it is most strikingly manifested in the crumpling, crenulation, and 
wrinkling to which the micaceous schists and mica-rich partings in the 
quartzites have been sub}ected. These crenulations vary in size from 
minute wrinkles, only clearly visible with the aid of a hand lens, charac
teristic of the fine-grained schists and phyllites, ito small drag-folds 2 to 4 
inches from crest to crest, typically found in coarse, flaky, muscovite schist. 

Every -carefully studied outcrop of Tenakihi group rocks in the map
area was found to possess lineation to some degree; in ·a few places in the 
Tenakihi Range tw-0 distinct directions of lineation could be discerned. 
The predominant linear direction is singularly uniform over the entire 
exposed area of Tenakihi rocks; a strike of north 20 to 50 degrees west is 
maintained with extraordinary fidelity without regard to the present folded 
attitudes of the rocks. The plunge of the lineation varies somewhat in 
consequen·ce of the deformed schistosity and bedding planes, so that in 
most places the lineation lies within the foliation planes of the rock. The 
range of plunge of the lineation, however, is not as great as the change in 
attitude of the bedding and schistosity surfaces; upon encountering a sharp 
fold the elongated mineral grains elsewhere lying in the plane of foliation 
may be seen to penetrate that plane and so maintain approximately the 
same absolute orientation. The minor crenulations may be observed at 
such a point to change from long, parallel, wave-like folds in the schistosity 
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surface to an anastomosing pattern, then to short elliptical cups and domes, 
and, in extreme cases, to smaU crescentic corrugations, elongated more or 
less perpendicular to the general direction of lineation. Such relationships 
may be seen south of Jim May Creek and east of the head of Cutbank 
Creek . 

. Several outcrops in the Tenakihi Range show a second, much less 
distinct lineation. Where best observed the second lineation is approxi
mately parallel with the fold axes of the bedding (and schistosity), in
dependent of the direction of the more widespread lineation exhibited 
by corrugations lying in the foliation plane at an oblique angle to the 
fold axes. 

SCHISTOSITY 

All of the Tenakihi group rocks, except the purest quartzites, have a 
schistose or gneissic structure determined by the parallel orientation of mica 
and chlorite grains. The planes of schistosity or gneissosity are deformed 
into the small 'lineation' crumples previously described, but in any area 
larger than a few square inches, they are nearly a1lways found to lie in 
large gentle folds almost exactly coinciding with bedding structures. Over 
many large areas, schistosity and bedding appear to be rigorously parallel; 
and in other areas the maximum angular difference between them is less 
than 5 degrees. In areas of relatively highly deformed rocks it has been 
observed that the schistosity is commmrly less sharply contorted than the 
bedding. The general relations are such that the schistosity planes are 
parallel or very nearly parallel with the major bedding structures, but cut 
across the bedding of the smaller folds, although exceptions to this 
generalization have been noted. The plane of schistosity thus reflects the 
large-sca·le structure of the anticlinoria in which the Tenakihi group rocks 
chara·cteristically occur, but in many places bears no relation to minor 
~ontortions of bedding. 

GENERAL FOLD STRUCTURES 

The structures of individual beds in the Tenakihi group are dominated 
by the major northwest trending anticlinoria already mentioned, and minor 
folds can be recognized as local variations from this general pattern. The 
axis of each anticlinorium is curved and undulating, ranging from flat-lying 
to a north west plunge of as much as 15 degrees; and the axial plane dips 
55 to 70 degrees northeast. The individual folds forming the anticlinoria 
are for the most part open and gentle, and range from 500 feet to a mile or 
more from crest to crest. The anticlinorium on Chase Mountain and the 
area of Tenakihi group rocks in the north end of the Butler Range are 
believed to be connected by the overturned synclinorium in Tomias Lake 
Valley. The synclinorium appears to be essentially isoclina1I between limbs 
about 7 miles apart. If this interpretation is correct, all the Tenakihi group 
rocks of the Butler Range in the map-area are overturned. 

ABNORMAL FOLD STRUCTURES 

In addition to the relatively regular, wave-like undulations forming 
the major, compound anticlines or anticlinoria of the Tenakihi group, there 
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are some fold structures in which the attitude of the bedding deviates 'bY 
as much as 30 degrees from the general trend. These take the form of 
elongate noses or elliptical dome- and basin-shaped structures 50 to 2,000 
feet in greatest dimension. They are most common southeast of Chase 
Mountain, in the area of Tenakihi group rocks included in the Wolverine 
complex, where in places they obscure the general pattern of the anti
clinorium. Elsewhere these fiexures are not so abundant, and their relation 
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Figure 3. Illuetrating struetures of Tenakihi group rocks on ridge south of 
Jim May Creek. 

\ 

to the anticlinorial structure is more obvious. There appears to be a 
definite tendency for ·these minor structures to be .a.lined in northwest
trending groups. The long axis of each individurul minor structure does 
not necessarily parallel the trend of the group in which it lies. One of the 
best examples of such a 'train' of minor structures lies in the Tenakihi 
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Range; where a series of small domes and noses, superimposed on the 
general aniticlinorium, can be traced north 35 degrees west for ·about 4! 
miles from ·a point southeast of the main anticlinal axis, across that axis, 
which there strikes north 65 degrees west, and across the valley of Jim 
May Creek to the Ruby mineral deposit. Figures 3 and 4 show a 
part of this 'train' of flexures, and also illustrate the general relation 
between lineation, schistosity, and bedding in a relatively highly deformed 
area of Tenakihi group rocks. Another well-developed 'train' of minor 
flexures is exposed east of Orion Creek; it is at least 3 miles long, strikes 
north 20 degrees west, and also crosses the crest of the anticlinorium, which 
at this point strikes north 50 degrees west. The genera1l structures of the 
Tenakihi group rocks are reflected in the topography, and these 'trains' 
are in places conspicuous as lines of minor peaks, and systems of buttresses 
and couloirs oblique to the general pattern of the terrain. 
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Fi~e 4. Structure"Section along line A-B, Figure 3, in Tenakihi group rocks. 

RELATION BETWEEN LINEATION, SCHISTOSIT!, AND BEDDING 

An instructive example of the ·relations between lineation, schistosity, 
and bedding in the Tenakihi group rocks was found in the Tenakihi Range 
on the 1crest of the ridge immediately south of the headwaters of Jim May 
Creek. At this place (See Figure 3) the crest of the ridge almost coincides 
with the crest of the anticlinorium, here marked hy a regular, northwest
plunging anticline, focally free from minor contortions. At .a point just 
north of the crest of the anticline, approximately 5,000 feet stratigraphically 
above the lowest exposed beds in this part of the map-area, a fragment of 

, 
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quartzite about 6 by 2 inches was found embedded in medium-grained, 
foliated, moderately crumpled quartz-biotite-muscovite schist. The bed
ding, as shown by layers of quartzite and schist, here strikes north 70 
degrees west and dips 15 degrees northeast; the schistosity is, as closely as 
could be measured, parallel with the bedding. A well-developed .Jineation 
in the form of parallel, wave-like corrugations t to 1 inch from crest to 
crest and up to i inch deep lies in the plane of foliation and plunges north
west at an angle of 35 to 40 degrees as measured in the plane of foliation; 
the true orientation of the lineation can, thus, be calculated to be: strike, 
north· 35 degrees west; plunge, 8 degrees north west. In addition, the schist 
shows a less distinct lineation, which can be recognized only on the surface 
of the plane of foliation, caused by a subparallel arrangement of individual 
flakes and groups of flakes of biotite. Assuming it to lie in the plane of the 
foliation, this second lineation is nearly horizontal and strikes north 60 
degrees west, or parallel with the axis of the anticline as exposed. nearby 
on the crest of the ridge. The quartzite inclusion has been so impressed in 
the plane of foliation that it accurately follows the corrugations of the 
major direction of lineation in the schist. In addition, it has been sharply 
deformed into a series of small drag-folds about l inch wide parallel with 
the second, less distinct direction of lineation. These drag-folds are asym
metrical, with their axial planes dipping nearly vertically, that is, obliquely 
into the plane of foliation and more or less parallel with the axial plane of 
the anticline. The small drag-folds are apparently unchanged in form in 
passing from crest to crest of the corrugations of the major lineation in the 
schist; it does not seem probable that the quartzite could have been a 
closely drag-folded rock at the time of its inclusion in the sediment from 
which the schist was formed, for in that .case the drag-folds would be 
expected to have been at least in part destroyed or modified by the later 
crumpling of the schist. It seems logical, therefore, to assume that the 
sr,nall folds were developed after the quartzite inclusion had reached its 
present position. In that case, they must have been formed by forces acting 
in approximately the same direction as those that produced the anticline 
and thus are presumably related to the formation of the ·anticline. If this 
is so, it seems to follow that the obscure lineation of biotite flakes, also 
parallel with the small folds in the quartzite and with the axis of the anti
cline, is also related to the formation of the anticline. This type of linea
tion, parallel with the fold axis, is commonly ascribed to a rotation of 
elongate grains produced by slippage of rock surfaces during folding (Cloos, 
1946, p. 6). The best-developed lineation in the schists, that evidenced by 
the predominant corrugations, is apparently not directly connected with 
the second direction of lineation, nor with the present folded structure of 
the planes of schistosity and bedding. It has already been noted that this 
lineation is uniform over the entire region, and that to a large extent it is 
independent of the deformed bedding and schistosity surfaces. 

STRATIGRAPHY AND THICKNESS 

A stratigraphic section of . the type area of Tenakihi group rocks, 
extending from the crest of the anticline at the head of Jim May Cre~k 
northward toward Mesilinka River Valley, is given below, and is followed 
by a section showing the sequence of beds west of Mount Lay. 
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Very little crumpling, or swelling and pinching of beds, is found in the 
Tenakihi group rocks, probably because of their strong, competent nature 
and the regular, large-scale folding to which most parts of the group have 
been subjected. There is probably some thickening, particularly of the 
schist beds, at the crest of the anticlinorium, although the change in thick
ness in beds between crest and limbs of the large folds is imperceptible in 
the field; 1oonsequently, the thickness of the lowermost beds of the measured 
sections may be slightly too great. 

DETAILED SECTIONS 

Generalized Section in the Tenakihi Range 

The Tenakihi group rocks in Tenakihi Range may be conveniently 
divided into conformable units, of distinctive lithology or repetitions of 
lithological sequence, whose thickness, measured in the field, ranges from 
60 to more than 1,500 feet. The boundaries between the units are in part 
arbitrary, and there may be, in some instances, as much variation within a 
unit as there is from unit to unit. Microscopic study of representative 
specimens from each unit shows a relatively regular change in the kind and 
abundance of porphyroblasts, amd in the composition of the groundmass, 
with successively higher stratigraphic units. 

Overlain by Ingenika group (See stratigrauihic section page 75) 

Top of Section Thickness 
Feet 

Quartz-biotite-muscovite-chlorite schist, silver-green, crumpled, sparingly 
garnetiferous; interbedded with and grading to quartzite, sugary, mica-
aceous; beds ! foot to 3 feet thick; includes a total of 300 feet not exposed 1,320 

Quartz-biotite-muscovite-chlorite schist, smooth, platy to finely crenulated, with 
irregular porphyroblasts up to 8 mm. in diameter forming in clusters of 
chlorite grains, and a few large grains of magnetite .................... , . 380 

Quartz-muscovite-biotite schist, sliver-grey-green to rusty grey, moderately 
coarse-grained, crumpled, strongly porphyroblastic, with dark brown to 
black subhedral garnet porphyroblasts up to 2 cm. in diameter . . . . . . . . . . 190 

Phyllite, silver-grey, finely crumpled, sparingly garnetiferous.. . . • . . . . . . . . . . . . . 220 
Quartz-biotite schist, garnetiferous, silver-green; interbedded phyllite, lustrous 

silver-green, crumpled, containing minute euhedral garnet porphyroblasts in 
a quartz-biotite groundmass .................... : . . . . . . . . . . . . . . . . . . . . . . . 140 

Quartzite, feldspathic, pale silver-green, banded, containing minor chlorite( ?) 
and amphibole; interbedded quartz-biotite schist, garnetiferous, grey-green 410 

Quartz-mica schist, garnetiferous; interbedded quartzite, slightly garnetiferous, 
light grey, schistose, partly gneissic, with clusters of epidote grains accom-
panying garnet porphyroblasts . . . . . . . . . . . •. . . . . . . . . . . . . .. . . . . . . .. . . . . . . . 1,580 

Quartz-mica schist, garnetiferous, kyanite-bearing; about 25 per cent inter-
bedded quartzite, feldspathic, slightly garnetiferous, schistose . . . . . . . . . . . . 1,390 

Kyanite-gamet schist, silver-coloured, porphyroblastic, with kyanite, garnet, 
and lesser staurolite porphyroblasts in a biotite-muscovite-chlorite-quartz 
groundmass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 

Quartz-mica schist, garnetiferoua, grey-brown to silver-grey; about equal 
amount of interbedded quartzite, slightly garnetiferoua, micaceous . . . . . . . . 200 

Garnet-mica schist, crumpled, with corroded garnets up to 3 mm. in diameter 
composing as much as 20 per cent of the rock; minor quartzite, thin-
bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 420 

Quartz-mica schist, orange-brown and grey-brown; about 30 per · cent quartzite, 
grey, in beds 1 foot to 3 feet thick . .. . . . . . . . . .. .. .. . .. . .. .. .. .. . .. . .. .. . 580 
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Thickness 
Feet 

Quartz-mica schist, orange-brown, grain size varies from 0·5 to 5 mm., with 
biotite in most places constituting about half the rock, and the remainder 
composed of various proportions of muscovite and quartz, with minor 
chlorite, feldspar, and garnet; minor quartzite, medium-grained, micaceous, 
in uniform beds 1 inch to 1 foot thick ................................. . 

Quartzite, golden to toffee-coloured; interbedded quartz-biotite schist, orange
brown, coarse-grained (2 to 5 mm.), crumpled ................•......... 

Quartz-muscovite-biotite schist, with thin partings of quartzite and lenses of · 
quartz-albite-muscovite pegmatite; grades, along bedding, to quartz-mica 
schist with thin continuous bands of quartzite; grades further into gneissic 
quartzite, by increase of quartz content; a few persistent beds of quartzite, 
golden brown, relatively pure, up to 20 feet thick; tourmaldne crystals up to 
2·5 mm. comprise up to 5 per cent of some beds ....................... . 

Biotite quartzite, gneissic, in part feldspathic, grain size about 1 mm.; minor 
interbedded quartz-chlorite-biotite schist, crumpled, in lenticular beds 1 
inch tO 2 inches thick, in places grouped into schistose bands 3 to 4 feet 
thick; upper part of this series contains up to 20 per cent biotite-quartz-
feldspar schist, silver-grey, speckled ....................... . ........... . 

Quartzite, light grey, massive to slightly schistose ......................... . 
Quartzite, light grey, moderately fine-grained; interbedded quartz-mica schist, 

in beds 1 foot to 10 feet thick ........................ . ................ . 
Quartzite, light grey, white weathering, massive to schistose, slightly felds

pathic, coarsely bedded; thin partings of quartz-mica schist •............• 
Breccia, composed of fragments of white quartzite in a fine-grained, 'pasty', 

micaceous matrix . .... ................................................ . 
Muscovite-biotite schist, flaky, medium- to coarse-grained; interbedded quartz

muscovite-biotite schist and micaceous quartzite ; typically in large smooth 

1,220 

270 

1,160 

600 
240 

320 

1,320 

60 

slabs................................................................... 580 
Quartzite, light grey to buff, slightly rusty, in part gneissic and schistose, 

medium to coarsely bedded .... . • . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 840 
---

.A,pproximate total thickness . .. . . . . .. . .. . .. .. . . . . . . .. . . . .. . .. . . . . . . . 13,500 

Generalized Section in the lngenika Range 

In the following generalized stratigraphic section of the Tenakihi 
group exposed in the Ingenika Range between Mount Lay and Orion 
Creek, the thicknesses given are only approximate; they have been scaled 
from plotted structures on maps, not measured in the field: 

Overlain by Ingenika group (See section page 77) 

Top of Section Thickness 

Quartzite, dull grey to rusty brown, medium-grained, schistose, micaceous and 
ehloritic, containing scattered gwrnet porphyroblasts; interbedded schist, 
grey to pale silver-green, in part coarse-grained and flaky, in part very 

Feet 

fine-grained, minutely wrinkled ............ •.. ........... .. . . ....... . ... 500 
Muscovite-quartz schist, porphyroblastic, with garnet and biotite porphyro-

blasts; minor quartzite, slightly micaceous, in beds up to 20 feet thick . . . . 200 
Quartzite, buff-coloured, medium-grained, slightly micaceous; this entire unit 

seems to be a single bed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 
Quartz-mica schist, foliated, similar to that in the underlying beds, but with an · 

increase in the proportion of quartzite in successively higher horizons until 
it constitutes about one-quarter of the rock volme . . . . . . . . . . . • . . . . . . . . . . 1,200 

Quartz-mica schist, silver-grey to buff-coloured, composed of fine flaky muscovite 
and scattered grains of biotite in parallel layers fir to i inch thick, sep
arated by colourless or rusty quartz-rich b1j.nds of about the same thickness; 
about 20 per cent of the total is quartzite, light grey, brown, or rose-
coloured, in beds 2 to 15 feet thick .. . . .. .. .. .. . .. . . . .. . .. .. .. . . .. . . .. .. . 800 
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Thickness 
Feet 

Mica schist, silver-grey-green and golden brown, soft, in part porphyroblastic, 
with garnets up to 1 inch in diameter; about 25 per cent of the total is 
quartzite, micaceous, showing all gradations to quartz-mica schist; about 
10 per cent is quartzite, grey, relatively pure ...... :. . . . . . . . . . . . . . . . . . . . . 700 

Quartz-muscovite schist, silver--grey to silver-brown, garnetiferous, containing 
scattered flakes of biotite, in part coarse-grained with muscovite flakes up 
to 2 cm. across; interbedded quartzite, buff to rose-coloured, nearly pure, 
thin bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 

Quartz-mica schist, golden or silvery, moderately coarse-grained; about 20 per 
cent quartzite, in part grey, sugary, schistose, biotite-rich, in pa.rt buff, 
speckled, with scattered muscovite and biotite flakes and small garnet 
porphyroblasts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,000 

Quartzite, grey to buff-coloured; about 40 per cent muscovite• schist, red-
brown to golden, soft, coarse-grained; minor quartz-muscovite schist, grey 500 

Quartzite, light creamy grey; about 20 per cent quartz-mica schist, golden brown, 
typically in beds 1 foot to 10 feet thick; sections as much as 200 feet thick 
of quartzite contain no interbedded schist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 

Muscovite-biotite schist, crumpled; quartz-biotite schist, platy; quartzite, 
slightly micaceous; all three rock types intimately interbedded in about 
equal proportions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 

Total 7,850 

METAMORPHISM 

SEQUENCE OF METAMORPHIC CHANGES 

The Tenakihi group sedimentary strata, together with those of the 
overlying Ingenika group, have been altered by regional metamorphism 
that has produced remarkably uniform effects in all parts of the map-area 
where these rocks are exposed. There is a gradation from slightly altered 
sediments -0f the highest Ingenika group beds to .re~atively high
gr·ade metamorphic rocks of the lowermost beds of the Tenakihi group. 
':Dhroughout this sequence, the boundaries between metam-0rphic zones 
approximately coincide with stratigraphic horizons. . 

It would appear that the Tenakihi group rocks were originally 
argiHaceous and arenaceous sediments, all relatively rich in silica. The 
remllirkably uniform regi-0nal metamorphism to which they have been sub
jected: has recrystallized and reconstituted their component minemls under 
oonditions in which temperature, hydrostatic pressure, and: stress have 
reached a given equilibrium at, so far as can be determined, very nearly the 
same stratigraphic horizon over the whole area studied. 

The schists, probably derived from shaly and silty sediments, are the 
most sensitive to changes in metamorphic conditions. They demonstrate, 
from highest to lowest stratigraphic 1levels in the Tenakihi group, changes 
almost exactly corresponding to those regarded as typical of argillaceous 
sediments under increasing temperature and hydrostatic pressure, subject 
to the maximum possible shearing stress for each stage. The Tenakihi 
group rocks range, under this scheme, from the 'biotite zone' of Barrow 
(19-12) and others, as shown by the stratigraphically highest beds, just 
into the 'sillimanite zone' in the lowest horizons. 

In the stratigraphically highest beds, the quartz has been almost 
completely recrystaUized (even the quartzites are crystalloblastic and show 
a certain degree of schistosity) and the chlorite, which is a predominant 
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mineral in the overlying Ingenika group, has been largely replaced hy 
biotite. Rocks from these beds show, upon microscopic examination, strings 
and patches of biotite developing from the chlorite. Material for the 
formation of biotite is probably also drawn from the sericite, magnetite, and 
quartz present, but the first biotite formed appears to be pseudomorphous 
after chlorite. Along with this change is an increasing development of a 
banded, instead of a merely schistose, structure; the biotite shows not on1ly 
a more perfect parallel orientation of each grain, but a greater tendency 
for the grains to be grouped into strings or layers. These rocks would 
correspond to Barrow's 'biotite zone'. Below about 3,000 feet strati
graphically beneath the uppermost beds of the Tenakihi group, chlorite is an 
insignificant mineral, and is chiefly confined to the purer quartzites, where 
it persists in diminishing amounts to the zone of highest grade meta
morphism. 

The presence of two types of biotite-one commonly occurring as 
splintery laths, the ·other as irregular skeletal or 'poikilitic' grains-in 
some of the Tenakihi group rocks has been noted. Although plates of 
chlorite are intergrown with, and may be found between, fractured frag
ments of the same grain of splintery biotite, this type of biotite appears 
to be older than and distinct from chlorite. It is the poikilitic type of 
biotite that can be observed in thin section in various stages of formation 
from ·chlorite. The textural relations, the distribution of minute inclusions 
of zircon, rutile, tourmaline, etc., ·and the uniformity of grain size suggest 
that some, at '1east, of the splintery biotite is original detrital material, 
whereas the poikilitic biotite is of metamorphic origin produced from 
chlorite during a single period of increasingly intense metamorphfo 
conditions. 

Sericite, which is fairly abundant in the less-metamorphosed overlying 
Ingenika group rocks, seems to be lacking or relatively inconspicuous below 
the upper beds of the Tenakihi group. As successively higher grades of 
metamorphism within the 'biotite zone' are reached, however, white mica 
is reconstituted as coherent flakes of muscovite, which increase in size and 
abundance as lower stratigraphic levels (and, therefore, presumably higher 
temperatures and pressures during metamorphism) are reached. 

Only the uppermost beds of the Tenakihi group can be considered to 
fall strictly within the 'biotite zone'. Within 500 feet of the contact with 
the lngenika group in the Tenakihi Range and near Cutbank Creek, and 
more or less coincident with the contact on Swannell River north of Chase 
Mountain, rudimentary garnets can be observed in thin sections of the 
schist; these, becoming more coherent and conspicuous at slightly lower 
stratigraphic levels, mark the advance of the rock into the 'garnet zone'. 
Under the microscope it can be seen thait small irregular grains of garnet 
form in, patches of chlorite at a metamorphic stage very little higher than 
that ·wt which biotite beoomes conspicuous. Indeed, .in •a few places garnets 
occur in the overlying Ingenika group rocks. No difference in optical 
properties was observed between garnets from the fowest and from the 
highest grade metamorphic zones in which they are conspicuous in the 
Tenakihi group. 

Garnet is a conspicuous mineral over a stratigraphic range of about 
6,000 feet in the type section of Tenakihi group rocks in the Tenakihi 
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Range; east of Mount Lay, .the stratigraphic range is at least 5,500 feet. 
It seems to form mainly from the decomposition of the remaining chlorite in 
the rock, though it probably also draws material from magnetite, and 
possibly from biotite. The garnets from the lowest grade metamorphic 
zone are irregular in outline and are pseudomorphous after patches or 
groups of grains of chlorite. Moot of them enclose graiins -of quartz, 
biotite, and feldspar, commonly to such an extent that as much as 90 per 
cent of a large skeleta·l crystal may consist of inclusions. All stages of 
growth toward euhedral, dodecahedral crystals relatively free from inclu
sions can he observed in specimens of successively higher metamorphic 
grade. That this growth of crystals was taking place 1at ,a time of crustal 
movement is shown by spiral lines of inclusions in garnet porphyroblasts 
from about the middle of the Tenakihi group section, indicating a rotation 
of the grain during growth, and that at '1east some deformation had already 
occurred at the time of crystal growth is shown by helecitic lines of inclu
sions that preserve and early, wavy, crumpled 'schistosity' in garnets in a 
rock now almost completely recrystallized to coarse, regular layers. 

The clinozoisite-epidote-bearing rocks are apparently restricted to 
beds of distinctive chemfoail composition. J:t has been established (Turner, 
1948) .that C'linozoisite may occur in rocks with or without plagioclase, if 
th~ .amount of available lime exceeds the maximum that can enter into 
plagioclase under the existing temperature and shearing stress. In almost 
all the other rocks in the Tenakihi group plagioclase appears to be the 
only essential mineral containing lime. 

Kyanite forms conspicuous porphyroblasts in beds about 2,500 feet 
below the top of the Tenakihi group section; it is plentifU'l over a strati
graphic range of at least 3,000 feet, and persists as a few sparsely di·stributed 
crystals almost to the zone of highest grade metamorphism. Thus, a 
large part of the group falls within the 'kyanite zone'. Coincident with 
the most plentiful kyanite, porphyroblasts of staurolite are abundant; 
their statigraphic range appears to be limited to about 1,500 feet, and 
within this range staurolite is confined to certain beds, presumably those 
rich in ferrous iron. Thus no true 'staurolite zone' appears to exist; but 
staurolite occurs focally within the kyanite zone. 

The main change at successively lower horizons within the kyanite 
zone is one of slightly increasing grain size and a tendency toward gneissic 
foliation. Within 5,000 feet of the lowest beds of the expo~ed section, in 
the Tenakihi Range, and in almost the stratigraphically lowest beds in 
the Chase Mountain and Mount Lay areas, small, needle-like crystals 
appear in the grains of biotite, muscovite, and quartz. These crystals have 
been tentatively identified as sillimanite; although they constitute less 
than 1 per cent of the rock in all thin sections ex:amined, the tempel'ature 
and pressure conditions appropriate for their formation appear to have 
been reached, and the lowermost exposed horizons in all main areas of the 
Tenakihi group rocks may be tentatively considered to have entered the 
'sillimanite zone' . In the stratigraphically lowest rocks of each of these 
areas, the crystalloblastic texture is considerably more regular than in 
higher beds; the mutually poikilitic texture, in which large irregular grains 
of biotite contain inclusions of quartz and feldspar, and large irregular 
grains of quartz contain inclusions of biotite and feldspar, has given way to 
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rounded elongate grains relatively free from inclusions; and the principal 
minerals have segregated into bands with a gneissic, rather than schistose, 
pattern. In some beds at this stage, particularly in parts of beds near the 
crests of folds, the quartz and feldspar have segregated into. 1lens-shaped 
augen 3 cm. or more in length, and the rock becomes a typical augen
gneiss. Megascopically, many specimens of these rocks have a granitic 
appearance, but the bedding, as outlined by alternate layers of gneissic 
quartzite and quartz-mica-feldspar gneiss, is well preserved (See Plate 
VI B). The gneissic folation is in most cases parallel or nearly parallel 
with the bedding. 

QUARTZ VEINS 

Coincident with the increasing grade of metamorphism of the Tenakihi 
rocks, there must have been an expulsion of excess silica, for large quartz 
veins are characteristic of all exposures of the group. In some places, in 
an area of as much as half a square mile, it was estimated that at least 
1 per ·Cent of the area of rock exposed is vein quartz. Most of the quartz 
veins are from 3 to 15 feet thick, and from 100 to 300 feet long, although a 
few veins have been traced for more than 1,000 feet. The largest body of 
vein quartz found in the map-area is in the low hills of Tenakihi Range 
about 4 miles east of mile 55 on the Aiken Lake winter road. Here, over 
an area 600 feet by 180 feet, the only material outcropping is white vein 
quartz; and the 'depth' or thickness of the body, as shown by gullies, is at 
least 25 feet. The structural relations of this body of quartz to the 
surrounding rocks are not known. · 

Small stringers and veinlets of quartz are scarce. The quartz of the 
large veins is opaque, milky white, and almost completely free of rusty dis
coloraition. The only other minerails observed within the veins-muscovite, 
biotite, and tourmaline-occur in minute amounts. In some places small 
fragments of the surrounding schist or quartzite lie within the vein a few 
inches from its walls, and one vein in Jim May Creek Valley contains a 
horse of rock about 100 feet long. 

Most of the quartz veins para:llel the bedding, although a step-like 
pattern, in which the veins alternately follow bedding planes and crosscut 
the beds to reach and follow a different bedding plane, is not uncommon. 
In some of the schist the veins form lenticular masses around which the 
planes of schistosity are deformed. Where the beds are transected by the 
veins they are sharply terminated, and there is very little small-scale 
penetration of quartz a.Jong the foliation planes of the host rock. 

The remarkable purity of these veins, with an almost total absence of 
hydrothermal minerals other than quartz, their lenticular form, lack of 
interconnecting 'feeders' or branches, and distribution over the entire 
exposed area of Tenakihi group rocks, has led to the conclusion that they 
are probably composed in large part of quartz expelled from the surround
ing rocks during metamorphism, without appreciable addition of material 
from sources at greater depth. 

The quartz veins are, in any one area, usuaHy found within, or along, a 
contact of a series of quartzite beds. This position is favourable probably 
because of the greater amount of excess silica in the quartzite, and because 
the quartzite is a mechanically stronger rock than the associated schists 
and is thus more capable of forming and sustaining fractures into which 
the siliceous solutions could migrate. 
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These milky white, thick, barren quartz veins are clearly of different 
origin from the colourless to smoky, commonly mineralized, usua;Jly narrow, 
networks of quartz veins that cut them and that are attributed to a later, 
epigenetic (probably magmatic) origin. 

RELATION OF METAMORPHISM TO STRATIGRAPHY AND STRUCTURE 

Any explanation of the development of metamorphic changes in the 
Tenakihi group rocks must account for both the general correspondence 
of metamorphic grade with stratigraphic position over large areas, and 
the marked parallelism or near-parallelism of the schistosity and bedding 
planes. That the metamorphic changes took place during a time of 
differential rock movement is suggested by the observllition that the common 
minerals found in these rocks are all minerals that can form under condi
tions of shearing stress-minerals such as andalusite, nepheline, and scapo
lite, which are unstable under applied stress appear to be missing-and 
from the textural evidence that the rocks were being deformed during 
recrystallization. 

One mechanism that is effective in producing a uniform increase of 
temperature and pressure conditions at successively lower stratigraphic 
positions ·over a 1large area is simple deep burial of relatively undeformed 
sediments. In this connection it is of interest to note that the structurally 
conformable Ingenika and Tenakihi group beds have a measured total 
exposed thickness in Tenakihi Range of approximately 26,400 feet; and the 
maximum apparent total thickness of the two groups in the map-area is of 
the order of 35,000 feet. The observed sedimentary record thus indicates 
that the lowermost Tenakihi beds now exposed were buried at least 6 miles 
ait the time the uppermost Ingenika sediments were deposited. The stresses 
contributing to the meta.morphism must, therefore, likewise have been 
active at depth and, consequently, regional in character. 

The general relations between bedding planes, and cleavage and 
schistosity foliation, set forth by Leith (1905) have been accepted by most 
workers as explaining the development of schistosity in orogenfoail'ly 
deformed rocks. Under the influence of orogenic compressive forces the flow 
cleavage is oriented in the direction of maximum elongation of the deformed 
rocks (the direction of the easiest relief of stress), which cannot be parallel 
with the bedding of folded rocks except along the limbs of isoclinal folds. 
According to these principles, the schistosity and the present folds of the 
Tenakihi group rocks cannot have been developed simultaneously by a 
tangential compressive force, for the schistosity is parallel with the bedding 
in both the limbs and the crests of the major folds. 

In view of the fidelity with which metamorphic grade follows strati
graphic horizons through aH parts of the Tenakihi group anticlinoria, 
including the overturned limb in the Butler Range, it seems very improba
ble that the main schistose foliation ·could have developed during the 
folding that produced the present large-scale structures. If the schistosity 
is postulated to have developed perpendicular to the direction of greatest 
stress, it is very difficult to conceive of a mechanism that would produce 
the required change of direction of stress concurrently with the deve'1op
ment of the present folded structures, for the normal to the plane of 
schistosity changes direction as much as 90 degrees in 3 miles across the 
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exposed anticlinoria, and 180 degrees in 6 miles across the synclinorium 
through Tomias Lake Valley. On the other hand, it does not seem unreason
able to suppose that fissile, previously metamorphosed strata could be 
folded to their present posit ion without suffering extensive cataclasis or 
recrystallization. The folds are for the most part quite regular, and of 
large radius of curvature. The alternate layers of competent quartzites and 
fissile :flexible schists could accommodate the differential motion between 
beds required by the folding. That some movement has followed the main 
period of crystallization of the rock is indicated by a weak lineation, due 
:mainly to bent and fractured biotite grains, parallel with the axes of the 
present folds; by drag-folds in fragments embedded in the rocks; and by 
the strained and fractured condition of some of the grains of qu.artz and 
feldspar. It would appear, therefore, that the Tenakihi group rocks were 
probably metamorphosed prior to their deformation into the present large
scale folds. 

There is strong evidence of deformation earlier than, and independent 
of, that producing the main folding in the Tenakihi group rocks. The pre
dominant linear crumpling of the schists, its persistence and uniform 
direction over the entire exposed area of the Tenakihi group, and its dis
regard for the present folded structures, has been described (pages 40, 43). 
The crumpling is so oriented that it suggests that there has been a general 
crustal shortening in ,a direction about normal to north 30 degrees: west, that 
is, a roughly northeast-southwest shortening distinct from the north-

' northeast-south-southwest shortening involved in the development of the 
present anticlinoria. In addition, the 'trains' of anomalous fold structures, 
superimposed on the larger, simpler folds now dominant, and trending about 
north 30 degrees west, seem to indicate that there are strips, striking in 
this direction, of an 'excess' of volume of sedimentary rock incorporated in 
the major folds (page 42; Figure 3). Such structures would be expected if 
a folded terrain whose fold axes had a strike of approximately north 30 
degrees west was later deformed into folds striking north 60 to 70 degrees 
west, so that the original folds were overwhelmed and preserved as an 
anomalous deformation trending obliquely through the later structures. 
The small size of the anomalous structures suggests that, if this interpre
tation of their origin is correct, the earlier folding was relatively gentle. 
The main regional metamorphism of the rocks, which appears to have 
preceded the development of the anticlinoria, and yet to have taken place 
during differential rock movement, may well have been connected with this 
earlier deformation. The smaller folds in the more highly deformed parts 
of the major anticlines, not :conspicuously anomalous in form but notable 
because the schistosity does not parallel the bedding but cuts across con
formably with the major structures, may likewise be explained as the 
product of an earlier, oblique folding, with fortuitous positions on the 
present large folds. 

The general parallelism of schistosity and bedding planes in the 
Tenakihi group rocks appears, therefore, to be a condition attained while 
the rocks were only slightly deformed; and, consequently, the schistosity 
cannot reasonably be due to the influence of tangential compressive forces. 
The mechanism of developing schistosity essentially parallel with bedding 
in comparatively undisturbed strata has received considerable discussion 
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(Turner, 1948, p. 295), centred mainly around the process of 'mimetic' or 
imitative recrystallization, and the possible effects of unbalanced vertical 
stress or tangential shearing stress. Mimetic recrystallization refers to the 
tendency of those newly formed metamorphic minerals that happen to be 
so oriented that their directions of most rapid growth are parallel with the 
bedding of rthe original rock, and thus, in most strata, parallel with the 
plain of greatest mechanical weakness and easiest movement of rec·rys
tallizing solutions, to develop at a greater rate rthan less favourably 
oriented grains, ·and so to become the dominant minerals in the rock. 
The recrystallized rock thus develops a schistooity that is not controlled 
by a directed stress, 'but is merely ·a refleclion of rthe original lamin-

. ated structure. Such a process is undoubtedly a factor in the recry•stal
lization of any rock whose schistosity parallels the bedding, but it cannot 
be primarily responsible for this phenomenon in the Tenakihi group strata. 
It CQuld not account for the planes of schistosity that parallel the major 
folds but cut across the bedding of the minor, apparently older, folds; nor 
for the condition, obtained over larger areas, wherein the schistosity is not 
rigorously parallel with the bedding, but differs from it by about 5 degrees. 
The strongest evidence against the dominance of mimetic recrystallization 
in producing the schistosity, however, is provided by the many megascopic 
and microscopic features that attest to the rock having recrystallized under 
conditions of differential rock movement. That the metamorphic minerals 
crystallized during the development of the linear crumpling attributed to 
deformation earlier than that which produced the present major folds is 
shown by the curved, unstrained grains outlining the crumpled texture, the 
migration of quartz into crests and troughs of small linear fold?! not olearly 
related to the major folds, spiral lines of inclusions in garnet indicating 
rotation during growth, and similar features that seem to point conclusively 
to a recrystallization in which the schistosity developed under conditions 
of differential stress-a stress that cannot have been a simple horizontal 
compression. 

The required stress can only be applied to, and maintained in, rela
tively undeformed rocks on a regional scale as an approximately 
horizontal shear or couple. The many geologists who have dealt with this 
problem in many parts of the world have proposed two main mechanisms 
to provide this stress, either of which may apply, in part, to the Tenakihi 
group rocks. A slow rise of large igneous or 'migmatitic' bodies, though 
incapable of producing a vertical compression beyond that already due to 
the superincumbent load, may result in a gentle doming of the rocks, with 
the development of vertical stresses induced by the tensional strength and 
resistance to deformation of the overlying rocks, accompanied by a 
thinning of strata normal to th€ bedding .and a complementary elongation 
parallel with the plane of bedding. In this way, lateral relief is afforded in 
a direction normal to the axis of greatest compression, and conditions are 
favourable for the development of schistosity essentially parallel with the 
gently domed bedding. An essentially horizontal, forceful invasion by 
magma, to form sheet-like igneous bodies at depth, would have the same 
result, and would help to explain some of the minor deformation as the 
effect of drag and shear on the overlying rocks by the advancing magma. 
Both of these mechanisms provide a theoretical source of heat to furnish 
the increased hurt comparatively uniform temperature gradient necessary 
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for the gradation, through about 30,000 feet of strata, from the 'sillimanite 
zone' in the lowest Tenakihi group beds to the 'chlorite zone' in the upper 
Ingenika group. 

Whether the mechanism involves a vertically rising magmatic body, a 
large-scale horizontal invasion of an igneous layer at depth, or the presence 
of a region of migmatization and ana-texis underlying the area at a fairly 
uniform depth, is an open question. Whatever the process, for the Tenakihi 
group rocks as a whole it would appear probable that magmatic or grantiz
ing processes were to some extent effective in controlling the temperature of 
metamorphism. The available evidence, and comparison with the inter
pretations advanced for other areas (Cairnes, 1940; Turner, 1948, p. 295), 
would seem to suggest that the Tenakihi group rocks were metamorphosed 
under conditions of moderately high hydrostatic pressure due to burial of 
the lower beds under probably more than 30,000 feet of sediments, of a 
temperature gradient due perhaps primarily to the depth of burial but 
also probably in part to underlying igneous or anatectic material, and of 
stress produced by relatively gentle orogenic deformation that resulted in 
differential rock movements between beds of different competency. The 
metamorphic rocks developed under these conditions show a systematic 
increase in grade of metamorphism with successively lower stratigraphic 
horizons, a uniformity of metamorphic grade at approximately the same 
stratigraphic position over large areas, and a schistosity parallel or nearly 
parallel with the bedding. 

ORIGIN 

Evidence has been presented to show that the Tenakihi group was 
originally an assemblage of sandstones and shales, with very minor con
glomerates. The regular alternation of arenaceous and argillaceous 
material, which is characteristically deposited in shallow water, indicates 
a fine balance between subsidence of the sedimentary basin and the rate 
of supply of sediments. This balance was maintained over an area of 
many thousand square miles in north-central British Columbia, through 
the deposition of, in the Aiken Lake map-area, at least 13,400 feet of 
strata. No evidence bearing on the direction from which the sediments 
were supplied was recognized in the map-area. The foliated granitic 
pebbles in the two known conglomerates, the relatively coarse grains of 
quartz and perthitic feldspar in some of the quartzites and schists, the 
grains of biotite that are interpreted as being part of the original sediments, 
and the general high silica, high alumina composition of the rocks, suggest 
a source area of granitic or possibly in part metamorphic character. The 
relatively fresh, apparently unrecrystallized, grains of perthite, and sound, 
rounded pebbles in the conglomerate, may mean that the source rocks 
were undergoing fairly rapid mechanical disintegration. 

AGE AND CORRELATION 

The earliest description of the formations in which the Tenakihi group 
is found was made by McConnell (1896, pp. 22-31), who found "medium
grained muscovite gneisses, micaceous 'a.nd chloritic schiste, •and quartz
ites" in the Black Canyon of Omineca River, about 30 miles due east of 
the southeast corner of Aiken Lake map-area, and traced them northwest 
in the But!ler Range along the west side of Finlay River Valley. McConnell 
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considered the rocks to be Archman, and correlated them with the "Shuswap 
series" of south-central British Columbia, also thought at that time to be of 
Archrean age. Dolmage (1928, p. 25), who observed Tenakihi group rocks 
in the Butler Range, found no evidence of their age, and followed McCon
nell's presumption that they were Precambrian. Douglas Lay (1940, p. 6) 
recorded the presence of "quartz-mica and quartz-sericite schiets" along 
Jim May Creek in the Tenakihi Range, and correlated them with the schists 
described by McConnell on Omineca River. 

In 1945, Armstrong (1946a), during the course of systematic mapping 
of the Tenakihi Range, distinguished the Tenakihi group rocks as a map
unit on structural and lithologic grounds, and suggested the name "Ruby 
group" as a field term. This and the overlying Ingenika groups were seen 
to be an extension of rocks of the Manson Creek area to the southeast 
(Armstrong and Thurber, 1945; Lang, 1942), where they form part of a 

meta-sedimentary and meta-igneous complex in the Wolverine Range. The 
age of the rocks of the Wolverine Range, collectively termed .the 'Wolverine 
complex' was accepted, on the basis of McConnell's classification, as Pre
cambrian, overlain by Cambrian beds, by Kerr (1934a), although he recog
nized that the differences between the various subdivisio1ns of the rocks of 
the range might be due to "metamorphism and not differences in ·age". In 
accord with more recent investigations of the Shuswap rocks (Cairnes, 
1940), which hav·e shown them to be a metamorphic complex whose meta
morphosed condition, induced by Mesozoic batho'lithic intrusions, is inde
pendent of the age of the formations involved, Lang (1942) and Armstrong 
and Thurber (1945) concluded that the rocks in the Wolverine complex 
may range up to Jurassic in age, although most were thought to be pre
Permian (Armstrong, 1949). They pointed out that the rocks of the 
Wolverine complex lie along a northwesterly projection of rocks of the 
Cariboo district, where Lower Cambrian rocks lie with apparent conformity 
on the Cariboo group, which is consequently assigned ·a Proterozoic age 
(Lang, 1938). Thus it was considered that the Wolverine Range might 
include Proterozoic rocks. 

In Aiken Lake map-area, rocks equivalent to those found in Wolverine 
Range have been divided into two map-units, caHed the Ingenika group and 
the Tenakihi group, and the term 'Wolverine complex' has been retained 
only in those areas where intense, relatively local metamorphism has 
altered both units in such a way that the differences between them have 
been obliterated by the formation of a new, distinctive rock assemblage. 
In the upper group, the Ingenika group, fossils indi~ating a Lower Cambrian 
horizon have been found. The age of the Tenakihi group is, therefore, 
considered to be, for the most part, probably Proterozoic. 

INGENIKA GROUP 

N A'ME AND DISTRIBUTION 

An assemblage of interbedded quartz-chlorite schist and phyllite, 
sericite schist, crystaUine limestone, quartzite, quartzitic conglomerate, 
slate, and argillite, not less than 18,000 feet thick, forms a belt as much 
as 5 miles wide <>n each side of the anticlinorium of Tenakihi group rocks 

78609-5 
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in Tenakihi Range, and on the south side of the anticlinorial axis trending 
through Chase Mountain and lngenika Range. North of this axis, the 
rocks of this assemblage spread northward to the limits of ·the map-area. 
The assemblage has been named the Ingenika group from its characteristic 

· development in the mountains south and north of Ingenika River. It 
occupies about 880 square miles in Aiken Lake map-area. 

LITHOLOGY 

MEGASCOPIC DESCRIPTION 

F·ine-grained, thinly bedded, schistose and phyllitic rocks consisting 
principaUy of quartz and chlorite compose more than 60 per cent of the 
Ingenika group south of Ingenika River. North of the river, limestone and 
quartzite are more abundant, but relatively complex fold and fault struc
tures there render any estimate of rock thicknesses or proportions of litho
logical types of little value. The limestone occurs in large, lenticular 
bodies, which attain a maximum thickness, including minor beds of elastic 
material, of more than 4,000 feet. The typical limestone is blue-grey to 
creamy, completely crystalline, poorly bedded, and in many places contains 
persistent zones of sugary, ivory-coloured rock composed of recrystallized 
calcite and abundant sericite. A distinctive rock consisting of thin beds 
of sugary, ivory-coloured, micaceous limestone separated by partings of 
chloritic slate is characteristic of many exposures. Beds of conglomerate 
up to 200 feet thick containing rounded quartz pebbles about k to -! inch 
in diameter in a siliceous matrix are ·abundant, particularly in the lower 
and middle parts of the group. Remarkably pure, fine-grained, white 
quartzite outcrops on Ingenika Cone and as a distinct member about 500 
feet thick in the mountains east of Pelly Creek. 

North and east of Blackpine Lake, and from the mountains west of 
Tomias Lake northward to Ingenika Cone, assemblages of quartz-feldspar
mica gneisses, feldspathic quartzites, ·amphibolites, skarns, and silicated 
limestones are thought to represent severely metamorphosed Ingenika 
group strata. Because of their distinctive character, these rocks have been 
separated on the map from the typica1l Ingenika group rocks, and in this 
report are described under the general heading 'Wolverine complex'. 

Rocks in the Southern Part of Tenakihi Range 

On the north side of Osilinka River Valley, east of the mouth of 
Tenakihi Creek, an assemblage of slates, phyllites, chloritic schists, and 
limestones has been tenltatively included in the Ingenika group. The 
lowest beds in this assemblage consist of we1'1-layered, dark green to grey
brown, chloritic slate, interbedded with crumpled, medium-grained to 
sugary, grey-green quartz-sericite-chlorite schist containing cubes of pyrite 
up to -! inch acmss. Above these beds is a series of finely bedded grey
brow:n slate, greenish schist and fine-grained schistose chloritic quartzite, 
and blue-grey, calcareous, sericitic slate in about equal proportions. This 
series is overlain by at least 1,500 feet of crystalline limestone. The lime
stone is chiefly light grey to medium blue-grey, with scattered beds of 
impure brownish material and of buff-coloured and white recrystallized 
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calcite. Almost all is sufficiently coarsely crystalline to enable the indi
vidua·l grains to be seen with a hand lens. Most of the limestone is more 
or less sheared, with the development of sericitic mica along shear planes; 
some specimens are estimated to contain as much as 2 per cent sericite. The 
shearing movement seems to have been evenly distributed through the 
massive rocks, producing a strong linear structure without any well-defined 
shear planes; in places such rocks crumble to pencil-like fragments. In 
thinly bedded limestone the shearing has been confined to planes nearly 
para'1lel with the bedding planes, and the rock possesses a conspicuous slaty 
fracture, with fracture planes commonly intersecting the bedding planes 
at very ·acute angles. In the brownish, impure, ·argillaceous and silty 
layers, the shearing has been much less uniform, and many of these beds 
show shear planes that are gently contorted and crumpled in contrast with 
the regular structures of the purer limestones. Overlying the large lime
stone member are at 1least 2,600 feet of interbedded sericite-chlorite 
phyllites, slates, and schists, relatively pure and micaceous quartzites, and 
blue-grey and ivory-buff crystalline limestone. 

The quartzites in this section vary from those with a fine-grained, 
almost cherty texture, characteristic of several white to pale purple, 
apparently highly siliceous beds, to others with coarse, sugary or :flaky 
texture, shown by the chloritic, micaceous quartzites. Different beds of 
·limestone show every gradation between relatively pure, finely crystalline, 
blue-grey material and an ivory- or pale rose-coloured, sugary calcite
:muscovite rock, some of which contains as much as 10 per cent mica. Many 
of the blue-grey ilimestones are fine grained ·and highly serioitic, with a 
wrinkled, lustrous appearance, and represent a gradation into -calcareous 
phyllites. 

Rocks Northeast of Tenakihi Creek 

The small ridge on the northeast side of Tenakihi Creek Valley, 
between mi:le-posts 52 and 55 on the Aiken Lake winter road, exposes 
massive to well-bedded, blue-grey, crystalline limestone, and grey-green 
to silver-brown quartz-sericite ·and quartz-sericite-chlorite schist and 
phyllite, which have been in-eluded in the Ingenika. group on the basis of 
their lithology and position on the southwest flank of the Tenakihi group 
anticlinorium in Tenakihi Range. 

Rocks in the Northern Part of Tenakihi Range 

On the northeast side of the Tenakihi Range anticlinorium, a con
forma'ble succession of strata at least 13,500 feet thick, resting without 
angular discordance on Tenakihi group beds, has been assigned to the 
Ingenika group. The lower 5,000 feet of this assemblage consists of inter
bedded chloritic and sericitic quartzite, quartzitic grit and conglomerate, 
chlorite and chlorite-sericite schist and phyllite, dark grey, phyllitic, cal- · 
careous and carbonaceous rocks, and minor graphitic schist. One of the 
most distinctive rock types in this section is ·a grit or fine conglomerate 
consisting of subangular to rounded or lenticular fragments of purplish, 
translucenit quartz, and opaque, white to buff-brown feldspar up to-! inch 
(rarely up to t inch) in diameter, closely packed in a silver-green to brown
grey, fine-grained, schistose quartz-sericite-chlorite matrix. Small flakes of 
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biotite are conspicuous in some beds. In places the rock appears consider
ably recrystallized, and it is difficult to determine whether the large quartz 
grains represent original detrital fragments or later metamorphic porphyro
blasts. The generaI origin as a coarse-grained sediment, however, is 
apparent in most instances. This type of rock, designated in this report 
'quartzite conglomerate' or 'quartzitic grit', depending on its average 
pebble or granule size, comprises nearly half of the lowermost 4,000 feet 
of the Ingenika group on the northern flank of Tenakihi Range. Most of 
it is well bedded, with adjacent beds differing in texture and mineral 
proportion to yield all variations toward sericite-chlorite quartzite. Inter
bedded with the conglomerate, grit, and quartzite are beds up to 40 feet 
thick of soft, black or dark grey, lustrous phyiJlite, for the most part 
conspicuously crenulated, with parallel or subparallel corrugations less than 
?I1tr inch apart. In a few places, thin beds of Mack, flaky, velvet-lustred, 
graphitic schist are interbedded with the phyllites. 

The quartzitic conglomerate-phyllite ·assemblage is overlain by about 
200 feet of interbedded, impure, dark grey to black, slaty limestone, brown 
calcareous slate, and calcareous chlorite-sericite schist; and this in turn is 
overlain by nearly 4,000 feet of slightly schistose quartzite, slaty ·argillace
ous rock, sheared conglomerate, and schistose sericitic limestone, all of 
which are intimately interbedded, with a sequence of beds of one rock type 
rarely more than 15 feet thick. As in the lower beds of this series of 
exposures, the quartzites typically contain rounded grains or 'eyes' of 
quartz, which may represent either relatively coarse original sedimentary 
grains or porphyroblasts formed during recryi#,allizaition. The conglom
erate occurs in uniform, ooherent beds up to 12 feet thick, composed of 
colourless or light grey, rounded quartz pebbles up to 1 inch in diameter, 
and suhrounded, light grey, in part rusty, feldspar grains up to t inch in 
diameter, in a sheared, limonite-stained, sericitic matrix. The beds of 
conglomerate are in places separated by partings of dark brown argillaceous 
material, which, between the conglomerate beds, has been metamorphosed 
into a fairly strong slate, but which, where present as a contorted filling 
in cracks and funnel-shaped openings within the conglomerate beds, has 
been preserved as reJ.atively incoherent argillite. The limestone in this 
finely interbedded section is confined to thin, impure, slaty, schistose, or 
sandy bands, which represent all gradations to calcareous slaty phyllites. 
Near the bottom of this section the sheared, slaty, calcareous material 
produces a conspicuous encrustation of soluble salts, mainly potassium 
nitrate and calcium sulphate. 

The finely interbedded sequence of quartzite, slaty argillite, conglom
erate, and impure limestone is overlain by about 2,000 feet of well-bedded 
limestone, which is sheared and slaty, more or less micaceous in the lower 
beds, but predominaintly blue-grey to creamy buff, crystalline, and relatively 
pure in the highest exposed beds. 

Rocks in M esilinka River Valley 

Ingenika group rocks outcrop on both sides of Mesilinka River, near 
the eastern edge of the map-area, in canyons in the mouths of creeks trib
utary to the river. Each of the canyons examined is eut in a succession of 
quartzitic conglomerate, schistose augen quartzite and grit, and quartz
chlorite-sericite schist, slate, and phyllite. Similiar rocks outcrop on the 
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ridges north of the Mesilinka for about 4 miles back from the river. Near 
the east border of the map-area, these rocks are in fault contact against 
highly metamorphosed and granitized rocks of the Wolverine complex, here 
thought to be altered Tenakihi group strata. About 8 miles west of the 
east boundary of the map-area, chloritic slates and phyllites are faulted 
against more highly metamorphosed Wolverine complex rocks, which in 
this place are considered to have been originally Ingenika group beds. 

Rocks Between Blackpine Lake and Chase M ountafft · - . r 

lin the through valley 'leading north from Blackpine Lake to Swannell 
River, Ingenika group rocks are represented by long ridges of massive to 
poorly bedded, blue-grey, crystalline limestone, with a few scattered expos
ures of quartzitic conglomerate and quartz-chlorite schist. On the east side 
of Swannell River Valley, southwest of Chase Mountain, limestone outcrops 
in large bluffs, ridges, and bare hills, and is the only rock type observed 
within an area 2 miles wide by 8 miles long, although some float of mica
ceous and chloritic rocks was found. Owing to the massive nature of most of 
the limestone, the structure is obscure, but it would ·appear ithat unless there 
is important repetition of beds by faulting, the ootal stratigraphic !thickness 
in which limestone is the dominant rock is of the order ·of 6,500 feet. 
Uniform bodies of limestone at least 300 feet thick, with no intercalation of 
other rock types, are exposed on large broken bluffs. Most of the limestone 
in this area is light blue-grey, relatively non-crystalline, massive, or vaguely 
bedded. Some beds are strongly oolitic. Bands, which may be parallel with 
the bedding, and irregular areas, up to 500 feet across, of light grey or 
creamy buff weathering recrystallized limestone give the rock a variegated 
appearance on a large scale. In places the limestone is strongly 'brecciated; 
angular fragments of uniform, fine-grained limestone up to 4 inches in 
diameter are embedded in a creamy buff or reddish brown, coarsely crystal
line carbonate matrix. In some exposures the whole rock is composed of 
semi-rounded fragments of blue-grey fine-grained limestone up to -! inch 
in diameter, fairly well sized, and closely packed in a light brown crystalline 
carbonate groundmass; such rocks may be in part conglomerates, with the 
fragments transported a considerable distance from their source. In other 
places the brecciation has clearly involved only slight rock movement. In 
these places the brecciation is not confined to well-defined bands, and bears 
no obvious reiation to the major tectonic structures of the rocks in the 
district. In some of the brecciated areas, the recognizable fragments of 
original rock do not compose more than about one-quarter of the rock 
volume; the remainder consists of brownish, reddish, and cream-coloured, 
crystalline carbonate material. The carbonate occurs in characteristic con
centric bands of crystals oriented perpendicularly to the surface of the 
fragments they surround; variations in texture and colour of successive 
bands give a conspicuous 'cockade' appearance to the rock. Bands com
posed of radiating, prismatic crystals up to 3 inches long were noted. In 
au the breccias the fragments have sharp outlines. 

Interbedded with the massive limestones and limestone breccias of the 
western part of this area are relatively minor amounts of grey, brown, 
massive to well-banded, slaty siltstone, containing considerable pyrite in 
some beds; and green, chlorite-sericite phyllite. One exposure of ivory
coloured sericitic limestone, with thin partings of chloritic slate, was noted. 
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Rocks East and South of Mount Lay 
The mountain east of Mount Lay and the ridge 3 miles northeast of 

Mount Lay are composed of interbedded limestone and chlorite-sericite 
slaty rocks, with minor chloritic quartzites. East of Mount Lay, limestone 
is almost continually exposed for a stratigraphic thickness of 1,200 feet. 
Most of the limestone is blue-grey to light grey, massive, with irregular 
patches or beds of ivory-coloured recrystallized calcite. Ivory or pale 
rose-coloured, muscovite-rich, sugary limestone, in beds up to 4 inches thick, 
separated by bright green, soft, chloritic slates or crumpled chloritic 
phyllites, occur in many places throughout this assemblage. Beds of cream
coloured finely crystalline limestone an inch or two thick, separated by 
bright purple partings a fraction of an inch thick, make a conspicuously 
banded rock characteristic of much of the Ingenika group strata in this 
area (See Plate VII A). The ·chloritic schists, slates, and phyllites are all 
more or less calcareous. 

In the mountains south of Swannell River Valley, south and southeast 
of Mount Lay, much the same general assemblage of limestone, chloritic 
phyllites, and slate is found. Relaitively pure white quartzite, in beds up 
to 4-0 feet thick, forms the greater part of a small knoll about 4 mi'les 
south of Mount Lay. On the mountain southwest of Mount Lay, four 
bands of blue-grey, massive to bedded, non-slaty limestone, about 100 feet 
thick, are separated by 100 to 500 feet of black, dark grey, and brown, 
slaty limestone, and grey-green slaty calcareous schist, chlorite schist, 
quartzite, and grit. Some of the limestones have been recrystallized into a 
fine-grained variegated marble. Ivory-coloured, sugary, micaceous lime
stone, in thin beds separated by partings of bright green chloritic slate, is 
widely distributed throughout this assemblage, but ·comprises only a small 
part of the total rock. 

Rocks in Upper Swannell River Valley 
The same general sequence as that south of Mount Lay was observed 

in the v•alley of Swannell River west of Orion Creek, where the interbedded 
limestone-chloritic slaite assemblage is underlain by about 3,000 feet of 
schist, slate, quartzite, quartzitic grit, and conglomerate. A distinctive, 
grey-green, schistose, quartzitic conglomerate or grit is abundant in this 
locality. About one-third of the typical grit consists of rounded, somewhat 
elongated grains of bluish grey quartz, -h to t inch in diameter, and scat
tered grains of white feldspar up to -h inch in diameter, in a schistose or 
phyllitic matrix composed essentially of quartz, sericite, and C'hlorite. Some 
beds of this rock contain numerous streaks of limonitic material. 

Ingenika group rocks are exposed continuously from Orion Creek north
west to the west border of the map-area. The proportion of calcareous 
material decreases toward the west. Some of the lowermost beds of this 
section contain scattered flakes of biotite, and a few porphyroblasts of 
garnet. 

Rocks in the Northern Third of the Map-area 
All of the rocks in Aiken Lake map-area north of the belt of Tenakihi 

group rocks exposed in the core of the anticlinorium that stretches from 
Mesilinka River at the east border of the map-area to Wrede Creek at the 
west border, except for a·small area of the Sifton formation in the floor of 
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the Rocky Mountain Trench, have been assigned to the lngenika group. 
Within this large area, outcrops are largely -confined to mountain massifs 
separated from one another by drift-covered areas that in places mark lines 
of structural dislocation. The individual members of any one part of the 
Ingenika group are in many places similar to members found at other 
stratigraphic levels of the same group, and few reliable horizon markers 
have yet been recognized. Consequently, it is difficult to trace smaller 
structures or to correlate beds across drift-covered areas, and the relative 
stratigraphic position of the beds exposed in any one massif, with respect to 
beds in the surrounding massifs, can rarely be ·ascertained. Nevertheless, 
based chiefly on lithological comparison and outcrop position with regard 
to regional structure, three main divisions of the lngenika group rocks can 
be recognized. 

The first division includes all the Ingenika group rocks north of the 
Tenakihi group strata exposed in the crest of the anticlinorium through 
Orion Creek, west of S'wannell River and south of the Ingenika, as well as 
the rocks of Wrede and Tucha Ranges. The strata on both sides of Tomias 
Lake Valley probably ·also belong to this division, but they are of sufficiently 
unique mineralogical composition to warrant separate description as part 
of the Wolverine 1complex. This division is characterized by a thick suc
cession of interbedded, impure, chloritic quartzites, quartz-chlorite schist, 
schistose C'hloritic grits and quartzitic conglomerates, and chlorite-sericite 
phyllites. Although present in many places in this area, limestones are 
much less abundant than in most areas where lngenika group rocks are 
exposed. The lower 5,000 feel of strata exposed between Swann ell River 
and Wrede Creek are eharacterized by coarse- to medium-grained, elastic, 
siliceous sedimentary strata. Every gradation was observed from fine 
conglomerates, composed of rounded pebbles of quartzite up to -!- inch in 
diameter in a schistose, chloritic, medium-grained quartzite matrix, through 
schistose 'chlorite grit', to chloritic quartzite. A few thin beds of very 
pure white quartzite have been noted. Near the base of the section in this 

. area, fine-grained schistose beds are in places flecked with biotite; some 
beds contain rough garnets. The middle and upper parts of the sequence 
exposed in this area (a thickness of nearly 18,000 feet of conformable strata 
has ·been measured near Cutbank Creek) are composed mainly of inter
bedded quartz-chlorite schist, quartz-chlorite-sericite schist, and fine
grained chloritic quartzite, with relatively few conglomeratic or gritty beds. 
A few beds of crystalline limestone, some blue-grey, others in part ivory
buff and highly micaceous, are exposed east of Cutbank Creek, and in the 
east end of Wrede Range. 

The rocks of TuC'ha Range show a somewhat greater textural and com
positional variation than those of this division south of Ingenika River. 
They consist of a succession of silver-coloured, erumpled. sericitic phyllites, 
quartz-chlorite schists, fine- and coarse-grained quartzites, quartzite- and 
feldspar-pebble grits and conglomerates, and numerous lenses of dark grey 
impure limestone. A 50-foot bed of grey, schistose, sericitic quartzite, con
taining numerous elliptical to cigar-shaped bodies up to 8 inches long of 
vezy fine-grained, hard, black rock, is exposed north of Mount Melvin for 
nearly a mile. This bed may be a sheared recrystallized conglomerate. A 
few beds northwest of Tutachi Lake show very little schistosity or evidence 
of recrystallization, and appear to be normal, well-indurated sediments. 
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'!'he second division of Ingenika group rocks in the northern part of the 
map-area embraces a belt composed dominantly of limestone, which extends 
nQrthwest from the westernmost ridges of the Butler Range east of Tomias 
Lake, through Lookout Hill and Ingenika Crag, and includes Forres Moun
tain, the valley of Pelly Creek, and probably the Espee Range. Blue-grey, 
massive to thick-bedded limestones predominate, although almost all large 
exposures show a few beds of brown to ivory-coloured, sugary material, 
which in places contains considerable muscovite. A few limestone beds, 
particularly the impure, carbonaceous or argillaceous varieties, are thin 
bedded. Oolitic beds have been found in each of the main areas of lime
stone outcrops within this belt. A few bed-like bands of limestone breccia 
()Utcrop east of Pelly Creek and on Forres Mountain. On the south slope 
of Forres Mountain, in Pelly Creek canyon, and east of Pelly Creek near 
the north border of the map-area, several beds of limestone are strongly 
pyritic; one bed about 10 feet rthick, on Forres Mountain, appears to con
tain about 10 per cent pyrite for a distance of nearly half a mile. Other 
beds in this massif show ,a polygonal foacture pattern, confined to bedding 
surfaces, which may be mud-cracks. Where they occur in thicknesses 
greater than 100 or 200 feet, the limestones of this division are almost 
invariably highly contorted, and commonly isoclinally folded; -consequently, 
D() estimate of their true thickness can be made. The chloritic phyllites, 
schiats, and quartzites interbedded with the limestones are in relaitively 
minor proportion, and are in general similar to those typical of Ingenika 
group rocks elsewhere. 

In the Espee Range, the main limestone member is overlain by at least 
3,000 feet of finely interbedded, sedimentary rocks that exhibit a wide range 
of composition. Included in this assemblage are chlmitic slate and schist, 
chloritic quartzite, quartz-pebble conglomerate, greywacke, siltstone, fine
grained light green shale Qr tuff, beds of green and purplish impure lime
stone, and relatively pure, grey, oolitic limestone. 

The limestones of Mount Tsaydizkun and adjacent ridges in the north
east corner of the map-area are in most respecte similar, 'and may be strati
graphioolly equivalent, to the rocks of :the Umestone division exposed on 
Ingenika Crag and east of Pelly Creek. The Mount Tsaydizkun rocks 
include ·a relatively high proportion of limestone breccia. 

Sink holes were observed in the limestone at the north end of Butler 
Range and on Lookout Hill. The largest explored sink hole, whose mouth 
is near the summit of Lookout Hill, leads to a series of small caverns and 
tortuous passages. The passages follow both joint systems and bedding 
planes. 

The third division of Ingenika group rocks is exposed in an irregular 
area extending northwest from Ingenika Cone and Flood Creek to the north 
border of the map-area, including Mount Isola, Barrier Peak, and most of 
the Russel Range. This division is characterized by a predominance of 
quartzite, interbedded with fine conglomerate, grit, chloritic slate, and schist. 
At least 60 per cent of the lower 7,000 feet of strata exposed in the Barrier 
Peak area and in the Russel Range is estimated to consist of quartzite, 
which in this area ranges from pale golden brown to pure white, and is com
pact and massive to sugary in texture, with grain size ranging up to itr 
inch. Most of the quartzites contain more than 90 per cent quartz; in many 
beds no other mineral, except very minor stains of .Jimonitic material, can 
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be observed. The 'chief impurities, where present, are muscovite (sericite) 
and chlorite. A distinctive series of beds of remarkably pure white quart
zite, with a maximum total stratigraphic thickness of abou~ 1,500 feet, is 
exposed on Ingenika Cone, in a belt leading north from Mount Isola to 
Barrier Peak, ·and on the ridge east of Pelly Creek. This series consists 
almost entirely of milky white, fine-grained, crystalline quartzite, in which 
the only impurities visible in hand specimens are scanty, minute grains of 
mica or metallic sulphides, and in which many beds show no impurities. 
The quartzite is fairly well bedded, with the bedding planes outlined chiefly 
by differences in texture; and in places partings of chloritic slate from a 
fraction of an inch to 2 inches thick occur at intervals of 50 ito 200 feet. 
South of Ravenal Peak, ·a pale buff quartzite exhibits good crossbedding. 

The stratigraphically higher beds in this area are also characterized 
by abundant quartzites, but include a greater proportion of conglomerate, 
quartzitic grit, ohloriitic schist, phyllite, siate, ·and limestone. A bed of 
conglomerate consisting of rounded, slightly elongated quartzite pebbles 
up to 3 inches in diameter in a mixed micaceous quartz-sericite phyllite 
matrix, is exposed near Flood Creek, south of Ingenika River at the 
eastern border of the map-area. Beds of fine conglomerate containing 
quartzite and quartz-feldspar pebbles less than i inch long in a sericite
chlorite phyllitic matrix, are widespread in the eastern part of Russel 
Range. North of PeHy Lake, a 60-foot bed of light grey, crystalline lime
stone contains many rounded to subangular fragments of detrital quartz. 

PETROGRAPHIC DESCRIPTION AND CHEMICAL CO'MPOl:iITION 

General Statement 

The Ingenika group strata represent a varied assemblage of coarse
and fine-grained elastic material, ·and chemical precipitates. All the rocks 
have suffered some degree of regional metamorphism, but, with the exception 
of ·those included in the Wolverine complex, the grade of metamorphism 
has been low, and original differences in chemical and mechanica•l composi
tion of the beds have been largely preserved. The minerals comprising 
these rocks include detrital minerals, stable under low-grade metamorphism, 
and metamorphic minerals produced by alteration of sedimentary rocks of 
normal composition. The original sedimentary textures are, in most places, 
recognizable; they have been obliterated by superimposed metamorphic 
textures to only a minor degree. 

The following is a description of the principal rock types of the 
Ingenika group, as viewed mainly in thin section under the microscope. 

Conglomerate 

Coarse conglomerates are relatively scarce in the Ingenika group of 
Aiken Lake map-area, and are restricted to a few individual beds, such as 
those exposed south of Ingenika River near Flood Creek and in the Russel 
Range east of Ed Bird Creek, where rounded fragments of quartzite up 
to 3 inches in diameter occur in a schistose quartzitic matrix. 
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Fine conglomeratesl, containing an ·abundance of fragments from 2 
to 10 mm. in mean diameter, are, however, abundant, ·and are a distinctive 
feature of all parts of the Ingenika group exposed in the map-area. As 
much as 60 per cent of the volume of the rock of these conglomerates may 
be composed of rounded fragments of granule or pebble size. The granules 
are ·almost exclusively of three types; single quartz grains, single grains 
or aggregates of grains of feldspar, and fine-grained quartzite composed of 
an aggregate of quartz grains with very minor muscovite and feldspar. 
The proportions of these constituents vary widely from bed to bed; but 
in general the granules of individual quartz grains are more abundant 
than those of feldspar and quartzite together. About half the feldspar in 
the granules is twinned oligoclase or andesine. Other feldspar grains 
include microcline, perthite, and an untwinned alkali plagioclase. Almost 
all the feldspar grains are relativeily unaltered. Most of the quartzite 
pebbles are of uniform, crystalloblastic texture, with an average grain size 
about 0·2 millimetre. A few quartzite pebbles contain parallel-oriented 
muscovite flakes, and grains of cloudy feldspar partly a1J.tered to sericite. 

Most of the pebbles are well rounded, and well sorted in any one bed. 
An excellent shape orientation persists, with elongated and lenticular 
pebbles lying parallel with the bedding. Recrystallization has been slight 
to moderate, and has developed fine, sutured, interlocking contacts between 
the pebbles and matrix. In a few instances it has undoubtedly been 
effective in promoting a lenticular, oriented shape of some of the quartz 
pebbles. However, the presence of broken pebbles with partly rounded, 
partly jagged outlines, and the general lack of crysta1lloblastic contacts of 
the feldspar granules, suggest that the amount of recrystallization has been 
slight, and that most of the grains have their original detrital form. 

The matrix of the conglomerates ranges from relatively pure quartzite 
to quartz-sericite schist, in every respect similar to the non-conglomeratic 
quartzites and schists. 

The elliptica:l and cigar-shaped, very .fine-grained, black . bodies 
embedded in schistose quartzite north of Mount Melvin are seen in thin 
section to be composed of minute grains and flakes of black opaque material, 
so abundant that the other minerals in the rock cannot be identified. 
Accompanying the black matter are a few rounded blebs up to 0·01 mm. 
in diameter of orange-brown material, apparently aggregates of minute, 
variously oriented crystals, for the blebs remain illuminated in all positions 
under crossed polarized light. Both the black flakes and the orange-brown 
material are thought to be carbonaceous matter, proba:bly derived from 
organic material in the original sediment. The black 'pebbles' themselves, 
however, are very hard, and probably contain much siliceous material. 

Quartzites 

Probably more than half the Ingenika group rocks may be classed as 
quartzites, in that they are metamorphosed sedimentary beds whose chief 
detrital constituent is quartz of sand size. The quartzites range from 
granular rocks composed of coarser granules in a distinctly finer grained 

1 In this report the classification of detrita.l sediments reoommended by Pettijohn is followed. 
Conglomerate is defined ae a elastic rock containing an appreciwble (10 per cent or more of the 
rock volume) number of rounded fragments greater than 2 millimetres in diwmeter (Pettijohn, 1949, 
p. 195). 
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matrix, differing from the fine conglomerates only in the size of the larger 
grains; to fine, metamorphosed siltstones and sandy argillites; and from 
extremely pure orthoquartzites to rocks in which qu~tz makes up less 
than 50 per cent of the total volume. With the exception of the ortho
quartzites, almost all of the quartzites of the Ingenika group appear to 
have originated as "subgreywacke" (Pettijohn, 1949, p. 255), that is, as 
sandstones containing less than 15 per cent feldspar with a cement that is 
equivalent in composition to a slate. A few beds contain enough feldspar 
to be ·classed as true greywacke. Rocks of this type grade, with apparently 
about the same mineral assemblage, from the conglomerates .already 
described to fine argillites ·and slates by a simple decrease in the amount 
and coarseness of detrital quartz and feldspars. In the Espee Range some 
beds are so little metamorphosed that they may be called greywacke and 
subgreywacke (See section page 81). 

The purest quartzites, such as the conspicuous group of white beds 
exposed on Ingenika Cone, Barrier Peak, and in the Russel Range, are 
composed of rounded single quartz grains, or fragments of vein quartz or 
quartzite, in a more or less crystaUoblastic, very fine-grained, siliceous 
matrix (See Plate VII B). The size of the larger grains varies from 0·1 to 
1 ·0 mm., but in any one bed the sorting and degree of rounding of the 
grains are excellent. The degree of recrystallization varies considerably; in 
the purest white quartzites the entire rock has been recrystallized, with a 
uniform crystalloblastic texture. · 

Schists, Phyllites, Slates, and Argillites 

The fine-grained elastic sediments of the Ingenika group rocks differ 
from the impure quartzites only in a finer grain size and lesser relative pro
portion of detrital quartz and feldspar, and a corresponding increase of 
argillaceous material. All gradations are represented between quartzites 
and metamorphosed subgreywackes and slates whose texture is too fine 
grained to enable the mineral constituents to be determined microscopically. 
Most of the slaty rocks are of about silt grade; the extremely fine-grained 
rocks are found chiefly in thin beds intercalated with limestones. Most 
·commonly, these rocks have been metamorphosed to slaty phyllites; in a 
few upper beds the recrystallization has been minor and the rocks are 
normal, highly indurated argillites; other beds have ·a well-developed slaty 
cleavage, and many of the lower beds are fine- to medium-grained quartz
chlorite-sericite sehists. 

On the crest of Espee Range, near the north border of the map-area, 
impure slaty limestones and phyllites have been deformed around lenses and 
pod-like bodies up to 50 feet by 30 feet of an unusual, green, finely granular 
material. The 'pods' are not confined to one stratigraphic horizon, but 
make up about one-tenth of the rock volume in a stratigraphic interval of 
about 100 feet, over an exposed length oft mile. In thin section, this rock 
appears to have had an originally ·coarse inequigranular te:rlure, but it is 
now composed of a ·confused aggregate of colourless and green grains con
taining abundant minute rod-like bodies. The colourless grains have a 
tabular to radiating ;habit, ·an average refractive index of a·bout 1 ·565 to 
1 ·570, a relatively low birefringence, parallel or nearly parallel extinction, 
and are optically length-slow. They are tentatively identified as antigorite, 
and occur more or less evenly distributed through the rock with fairly well 

78609-61 
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developed parallel orientation. The green grains occur as irregular platy 
masses, some of which show a tendency toward hexagonal outline; they 
have a refractive index of less than 1·600 but definitely higher than the 
col-Ourless grains, and almost zero birefringence. The hexagonal-shaped 
plates show a symmetrical -extinction, and the very few grains large enough 
to enable an interference figure to be obtained have a biaxial character 
with very small negative(?) optic angle. This material may be •a penninite 
chlorite. Scattered through the entire rock are a multitude of rough rod
like grains up to 0· 1 mm., but for the most part tless than 0·01 mm., in 
length, of material with a very high refraction and birefringence. The rods 
are arranged in a rectangular or rhombic pattern, or in parallel or grid-Jike 
aggregates that bear no apparent relation to the outward form or crystallo
graphic orientation of the minerals in which they are now embedded. They 
may be rutile or leucoxene. The original nature of the rock found in these 
pods is not known. 

A distinctive series of phyllites and schists is exposed on the banks of 
Swannell River about 6 miles from its mouth. The lowest member exposed 
in this section is a silver-grey-buff, very fine-grained, sericite-calcite schist, 
in w'hich dark grey and greenish grey prismatic porphyroblasts of zoisite 
up to 2 mm. :long are embedded without any obvious common orientation in 
a finely granular schistose matrix estimated to contain about 40 per cent 
calcite, 40 per cent sericite, and 20 per cent quartz. The zoisite porphryo
blasts are badly corroded by calcite, sericite, and an unidentified clay-like 
material. The rock contains parallel bands of slightly ·coarser quartz and 
calcite, free from zoisite porphyroblasts, about ! inch thick and occurring 
at intervals of 6 inches to several feet, which lie at a slight angle to the 
schistosity and may represent original bedding planes. The zoisite-bearing 
rock is overlain by about 100 feet of lustrous, dark grey-green, strongly 
coherent schist. The groundmass of this schist, which is minutely crumpled, 
is an exceedingly fine-grained aggregate of quartz and sericite(?) con
taining a felted mass of minute, needle-like, pleochroic crystals of fairly 
high relief and birefringence, which ·are probably tourmaline. Embedded 
in the fine groundmass are porphyroblasts of carbonate material with very 
perfect rhombic outlines. They occur in all sizes up to 1·5 mm. long, but 
are invariably found in simple, rhombic form, almost completely free from 
evidence of twinning or cleavage. Most of the rhombs are slightly cloudy, 
probably because of minute inclusions, but they ·characteristically contain 
an outer rim of clear carbonate, w'hich preserv-es the rhombic outline, though 
in some grains the clear rim is slightly askew to the ielouded 'core'. Because 
of their distinctive rhomic outline, and conspicuous lack of twinning, these 
porphyroblasts are tentatively identified ·as dolomite. The rhombic form 
is further emphasized by a rim of quartz in comb-like grains growing per
pendicular to the surface of ·the carbonate crystal. Accompanying the 
'dolomite' porphyroblasts are conspicuous tabular porphyroblasts of dark 
grey-green chloritoid, up to 4 mm. in diameter ·and 1 mm. thick. The 
chloritoid shows well-developed polysynthetic twinning, and contains much 
included quartz, sericite, and carbonaceous matter, which is arranged in a 
crude, hour-glass pattern in cross-sections and which, with the twinning, 
gives a radial appearance to many basal sections. The chloritoid porphyro
blasts themselves show some tendency to cluster in radial groups. In 
general they show no common orientation, and the planes of schistosity of 
the groundmass are deformed around them. Some beds, rich in chloritoid 
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porphyroblasts, contain no 'dolomite'; and in some beds, coarser than most 
but still very fine grained, there is much anhedral, twinned carbonate 
(probably calcite) in the matrix. What may be the same beds, on the 
sou;thwest side of the syncline passing through Tomias Lake Valley, are 
poorly exposed near Ravenal Creek about 2 miles south of fue Swannell 
mineral claims. 

Minor, fine-grained, elastic, sedimentary rocks observed in the Ingenika 
group include calcite-sericite-chlorite slate containing felted masses of inter
woven tourma1line needles up to 0·05 mm. fong; beds composed almost 
entirely of clinozoisite and epidote; others of zoisite and actinolite; and a 
calcareous chloritic schist exposed near Ingenika Cone, in which tourmaline 
crystals up to 2 mm. long arranged in radiating clusters -comprise 30 per 
cent of the rock volume. 

Limestones 

Textural Features and Mineral Composition. The limestones of the 
Ingenika group range from rocks consisting almost entirely of calcite to 
detrital rocks containing as much as 30 per cent elastic quartz ·and f eld
spar, or to impure rocks containing much fine claetic material and grading 
into calcareous argillites and slates. Almost all of the limestones have 
been recrystallized, so that original sedimentary textures have been in 
large part destroyed. Many of the limestones are oolitic, with odlites of 
both radiating and concentric structure. Others contain many small 
rounded forms up to 5 mm. in length, which may be algal structures. The 
grain size of the crystalline limestone ranges up to 5 mm. in mean diameter, 
but in most rocks it is less than 1 millimetre. Any original argillaceous 
detrita1l material has, in most of the limestones, been converted to sericite, 
or to sericite and minor chlorite; and the widespread occurrence of a 
distinctive ivory-buff or rose-coloured, granular, crystalline limestone 
containing abundant muscovite :flakes up to 1 mm. in length, interbedded 
with a calcareous chlorite-sericite slate, has already been noted. Most of 
the limestones contain a few grains of detrital quartz; and some beds, as 
for example in the Russel and the Espee Ranges, contain up to 25 per 
cent quartz and 5 per cent plagioclase and microdline feldspar in rounded 
grains up to 2 mm. in diameter. In these rocks some of the quartz has 
been slightly recrystallized and shows a tendency toward crystalloblastic 
outline against the calcite, but the feldspars •appear to be essentially 
unchanged detrital fragments. 

Many of the well-bedded llimestones have a pronounced purple colour, 
the intensity of which seems to be independent of the amount of megascopi
cally visible argillaceous or sandy detritus. In thin section, these limestones 
may be seen to contain minute :flakes of what appears to be hematite, 
fairly regularly distributed and embedded within the recrystallized calcite 
grains. Their origin, and whether or not they represent an alteration of 
some pre-existing sedimentary mineral, is not evident. Some beds of 
blue-grey 1limestone on Forres Mountain, and east of Pelly Creek, contain 
much crystalline pyrite. 

In several places, as for example east of the mouth of Tenakihi Creek, 
northeast of Mount Lay, west of Chase Mountain, near Lookout Hill, and 
east of Pelly Creek, beds of limestone have been locally replaced by siderite 
to such an extent that they become a siderite-rock. The siderite is typically 
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buff to reddish brown, and generaUy coarse grained, with, in exooptional 
instances, rhombic crystals up to 6 inches a side. This rock is apparently 
developed entirely as a later hydrothermal alteration of the limestone, and 
is in many places associated with metallic mineralization. 

The remarkable degree of brecciation of some of the limestones has 
already been described. Such structures appear to be best developed in 
the thick, massive, relatively pure beds. Microsoopically, no obviq_us 
difference can be seen between brecciated and unbrecciated material, and 
the fragments in the breccia differ from the matrix material only in their 
finer crystal size. Coarsely crystalline limestones are best developed in 
beds 10 to 50 feet thick intercalated with relatively coarse, elastic, sedi
mentary strata. One such bed on the west side of Espee Range is a white, 
holocrystalline rock composed almost entirely of very clean, unstrained, 
untwinned calcite crystals up to 5 mm. long, whose smooth, mutually 
rounded outlines contrast sharply with the sutured, interlocJdng borders of 
less coarsely crystalline limestones, and in which the argillaceous impurities 
are 'limited to a few interstitial 'pocket.a' between dtherwise clean-fitting 
grains. 

Stylolitiic structures, ranging in size from those with serrations covering 
a band 2 inches wide to those visible only in thin section, were noted in 
several places, but are not abundant. 

Chemical Analyses. Samples of Ingenika group limestones from vari
ous places in the map-area were analysed by R. J. C. Fabry of the 
Mineralogicail Division, Geological Survey of Canada, who reported as 
follows ('a composite analysis of '-average limestone' ("A") is included 
for comparison) : 

- 23R 33W 203R 204R 389R 181C 216C 221C "A" 
------ - ----- - ------ -----

CaO ....... . .. .. . . . 54·32 48·86 38·42 49·24 54·82 50·58 52·24 55·30 42·61 
co •. ....... .... ... 41·14 39·20 31·64 38·78 43·14 41·06 42·04 42·66 41·58 
MgO . . ... .. . .. . . . .. 0·51 0·34 2·60 0·36 0·21 1·20 1·68 0·20 7·90 
(FeA1)20a . ...... . . . 0·77 2·44 3·86 1·08 0·18 0·92 0·80 0·60 1·35 
H20 . .. .. . . . . .... .. 1·58 0·72 1·88 0·68 0·70 1·38 0·88 0·86 0·77 
Insol. .. . ...... .. ... 2·30 8·50 22·34 9 ·50 0·76 5·16 2·72 0·50 ........ 

------ ------- ------ ------ --
Total. . ....... . .... 100·62 100·05 100·74 99 ·64 99·81 100·30 100·36 100·12 

23R. Pale purple a.nd buff-grey, fine-gra:ined, crystalline, poorly bedded limestone, 
from about the middle of the thick limestone member exipoaed on the crest 
of the ridge north of Osili.nkia River, eMt of Tenalcihi Creek. 

33W. Ivocy-buff coloured granular limestone containing abundant oriented flakes of 
musoovite lll'P to 1 mm. long. From the eMt side of Tenakihi Creek Valley, 
north of Osilinka River, 400 foet stratigraphically above spec. Z3R. 

203R. Banded, pale green and silver-<buff, sugary, micaceous limestone, containing a 
multitude of sericite fls.kes and a few ~ains of detrit.al quartz scattered thl'ough 
s. sheared, medium-grained recrystallized calcite matrix. From the northeast 
side of Swannell River Valley, west of Orion Creek, 1,200 feet stratigmphically 
above spec. 204R. 

204R. Ivory-buff to rose-yellow crystalline limestone, poorly bedded to s1aty, with 
very thin sericitic and chloritic partings. From the northeast side of Swannell 
River Valley, west of OI'ion Creek, 400 feet stratigraphically above the top 
of the main limestone member, 4,100 feet above the bMe of the Ingenikia group. 

389R. Light grey, medium-grained, fairly ~II-bedded, crystalline .limestone contain
ing beds and streaks of white, slightly more coarsely crystalline, finely bedded 
material. Fl'om the north end of Butler llimge, 3 miles due south of the 
summit of Ingenika Cone. 
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216C. 

221C. 

"A". 
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Mruisive to platy, light pinkish grey, fine-grained, crystalline limestone, contaiin.
ing round markings 1 to 3 mm. in diameter, which resemble algal structures. 
From west side of Swannell River Valley, on crest of ridge 3 · 2 miles north
east of the summit of Mount Lay. 
Comps.cl, fine-grained, finely bedded, grey, crystalline limestone. From south 
slope of Lookout Hill near shore of Delkluz Lake. 
White, moderately coarse-grained, recrystallized, bedded limestone, from near 
Slllll[IJ:j_t of Loomout Hill. 
Composite analysis of 345 limeetones (H. N. Stokes, U.S. Geol. Surv., Bull. 
770, p. 564). 

· The analysed samples, taken from various stratigraphic horizons in 
widely scattered parts of the map-area, are believed to be fairly representa
tive of the main varieties of carbonate-rich rocks found in the Ingenika 
group. It will be noted that despite great variations in physical appear
ance, the chemical composition of the different rocks is markedly similar, 
the oD'ly significant difference being in the amount of insoluble matter-a 
difference that may be accounted for by admixed detrital material, chiefly 
quartz and sericite. All of the rocks have a low magnesia content and 
most of them a small to moderate amount of iron and alumina. The 
samples from the thick limestone belts (23R, 289R, 2160, 2210) are all 
remarkably high in lime; the average of these analyses, reca'1culated to a 
total of 100 per cent, is 54 · 05 per cent CaO (pure calcite has a lime content 
of 56·00 per cent). 

No dolomite rock was recognized among the Ingenika group sedimen
tary strata, and the foregoing analyses, although too few to warrant a 
general conclusion, show no tendency for the thick massive limestones, rthe 
bedded slaty limestones, or the buff-coloured, impure, micaceous limestones 
to have a significant magnesia (MgO) content. 

Effl,orescent Salts 

At several locaiities within the map-·area, grey to blue-grey, impure 
slaty or schistose limestones, and sericitic phyllites and schists of the 
Ingenika group produce upon weathering a characteristic encrustation 
of soluble salts. 

In the Tenakihi Range south of Mesilinka River, 'a 5-foot section of 
impure, dark grey, fine-grained, slaty limestone and blue-grey, very friable, 
sericitic phyllite is coated along its outcrop on ·a cliff face for 300 feet with 
a white soluble salt. The salt apparently forms rapidly, and is as rapidly 
removed by rainwash; when visited during a period of fine weather in 
1945, it coated most of the vertical faces of the beds on which it was formed, 
so that a white band across the cliff was conspicuous from a distance, and 
accumulated on small ledges to a depth of 2 inches or more; during a 
period of wet weather, shortly after the spring snow run-off in 1947, no 
salt was visible; in the spring of 1948, in the last stages of the snow run-off, 
the sa1lt was found as a thin coating on the outcrop of the beds from which 
it is formed. A sample of this material, collected in 1945, was examined 
by Eugene Poitevin of the Division of Mineralogy, Geological Survey of 
Canada, who reported as follows: 

"This sample is composed of water soluble and insoluble portions. The insoluble 
portion, which is small, is mitinly calcil: (lime carbonate). The soluble portion is 
composed mainly of nitre (nitrate of iPOtl ) and appreciable amounts of lime sulphate. 
The glassy nitrate of potash grains were examined under the microscope, and have ill 
the optical properties of nitre." 
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Furt'her collections from this deposit, made in 1948, were tested by 
R. J. C. Fabry of the Geological Survey, who also found ·the salt to consist 
mainly of potassium nitrate, with lesser amounts of ,calcium sulphate. Mr. 
Fabry noted that the source rock, coated with the salt, contains considerable 
free ammonia. 

The origin of the nitrate in these salts is an enigma. The beds on 
which the nitre is forming, although too fine grained to allow accurate 
mineralogical and textural determination, do not appear to be superficially 
different from other impure limestones and sericite phyllites bofu higher 
and lower in the section, and fresh specimens of the nitre-bearing rocks 
cannot be distinguished (except by taste) from many similar beds that do 
not form nitre. The most obvious origin, namely, by the reaction of the 
partly decomposed feldspars in the rocks with nitric acid produced by the 
decomposition of recent animal deposits, is difficult to accept in view of 
the location of the salt on an exposed cliff face, the position and topography 
of the ·cliff itself, the restriction of the salt to a single thin series of beds, 
the uniqueness of the deposit in the entire area studied, its persistence 
through varying -Olimatic conditions, and the apparent lack of any animal 
deposits. Marmot burrows and one large eagle nest were found on the slope 
above the cliff, but there is no evidence of nitre forming from the rocks near 
these, and the present animal population would appear totally inadequate to 
accumulate deposits that could supply sufficient nitric acid to produce the 
.efHorescence. Nor do the salt-encrusted beds appear to mark the outcrop of 
a local water-table, and there is no obvious relation between the distribution 
of the salt and the numerous shears and fractures that must serve as 
channels for the movement of ground water. 

The restriction of the effiorescence to a single thin series of beds, the 
release of the salt by weathering over an extended period, and its tendency 
to be removed, rather than formed, near fractures controlling water move
ment, may suggest that the nitrate is an original constituent of the beds. 
The beds do not appear to be part of a normal evaporite sequence, for no 
halite or gypsum, which would invariably be present in much larger amounts 
than nitre, have been identified in the underlying beds, and the selective 
leaching of these salts and not of nitre does not seem possible. However, 
certain beds in several parts of the Ingenika group release calcium sulphate 
(gypsum or anhydrite) upon weathering (See below); and general condi
tions of aridity at the time of deposition may be indicated by the abundance 
of clean quartz-pebble conglomerate, the purity and perfection of rounding 
and ,sorting of some quartzites, the prdbable mud-creeks in impure lime
stone on Forres Mountain, and the paucity of fossils. A further possibility 
is that the overlying graphitic schists and phyllites, which were probably 
originally carbonaceous shales, and which may have accumulated under 
putrescent conditions, contained animal nitrate. But there is no indication 
of the manner in which the highly soluble nitre could be preserved from 
early Palreozoic time to the present. 

In a canyon of a creek flowing into Mesilinka River from the north 
about 7 miles east Qf Blackpine Lake, a white crystalline salt has formed 
to a depth of about 2 inches on vertical surfaces of sericitic phyllites and 
schists, and has accumulated on a few protected ledges to a depth of nearly 
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2 feet. Samples of these salts and their source rocks were analysed by 
R. J. C. Fabry of the Section of Mineralogy, Geological Survey, who 
reported as follows: 

"Sample 32R (salt from silver-brown weathered schist). 
MgSO, and CaSQ, with some water. In acid solution shows some iron. 

"Sample 34R (salt from blue-grey phyllitic schist). 
Similar to 32R, but calcium is more abundant than magnesium. 

"Sample 36R (from exposed points of grey-brown schist). 
Mainly basic ferric sulphate. 

"Sample 37R (bulk sample, chiefly from rocks similar to spec. 33R). A qualitative 
analysis shows this to be a sulphate of magnesium and lime when in aqueous 
solution. However, in acid solution iron can also be detected. 
A quantitative analysis gave the following results: 

Per cent 
Cao.. .. ... .... .. . . .... .. .... . ....... . .. .. .. . . . . 1·78 
MgO.... .. . . . . ... . . ......... ... .. . . ... . . ....... 6·90 
Fe20s. . ..... ...... . .... . ............. . . . ..... . . . 4·90 
H20....... . . . . .. .. .... .. ..... .. .... ... ..... ... . 20·18 
SOa . .. . . . . . . .. . .. . . ... ....... .. ..... .... . ... .. . 12·22 
Insol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 · 23 

99·91" 

The source rocks were analysed by Mr. Fabry with the following results 
(a composite analysis of 'average shale' ("B") is included for comparison): 

Si02 . ... ........ .. ....... ... .... .. ....... .. .. . 
AI.Oa ... ........ . ........... . ..... . .. . . ·. · · .. · 
Fe201 . .. ....................... . ........ . .... . 
FeO . . . ......... . ......... . ................... . 
CaO .. .. ..... . . .. . . ..... . ........ . ........... . 
MgO .... . . ..... .... ...... . ....... .. . .. .... . .. . 
KaO . ..... ..... .. ....... ... .................. . 
NasO . . . ........................... . ......... . 
HsO (+) ....... . .............. . ........ . .. . . .. 
HsO (-) ....... . ...... . ... . ........ . · ·· ····· · · 
TiOa ...... ...... . . . ... .. . . ....... ... ....... . . . 
MnO .... ........ . ... . ........ .. ......... . ... . . 
PsOs . ... .... · ·· .... ··· ··· ···· · · · ····· ······ ··· co ......... ... ................. ......... ..... . 
so •..... ........ ....... ..... .... .. .. ...... .... 
8 ...... . ....... .. ........... . ................ . 
Organic ... ..... . ......... . ..... . .. . ..... . .... . 

Tota.l .... . . ... .. ........ ... . . ..... .. ........ . . 
Less 0/8 .... . ........ . . . .................. . .. . 

33R 

Per cent 

59·46 
14·15 
4.44 
3·58 
0·66 
3.54 
2·24 
1·88 
2·37 
0·38 
0·68 
0·02 

6·79 
0·26 

0·29 

35R 

Per cent 

44.45 
30·15 
3·27 
3·66 
0·42 
2·98 
6·12 
1·06 
4.93 
0·79 
0·84 

Trace 

None 
0·89 

0·12 

"B" 

Percent 

58·10 
15·40 
4·02 
2·45 
3·11 
2·44 
3·24 
1·30 

5·00 
0·65 

0·17 
2·63 
0·64 

1~~~~~-1-~~~~~1-~~~~-

100·74 
0·11 

100·63 

99·68 
0·04 

99·64 99.95 

33R. Grey-brown to silvery, fine-grained, very flaky quartz-sericite schist and 
phyllite, in beds about 6 feet thick, separated by bands of micaceous quartzite 
up to 12 inches thick. This rock is the source for the salt of sample 32R, and 
seems to be representative of the rock type yielding the most copious supply 
of salts. 

35R. 

"B". 

Blue-grey sericitic phyllite, very soft and friable, in beds up to 25 feet thick. 
This is the source rock for the salt of sample 34R. 
'Average shale'-composite of many average analyses--F. W. Clarke, U.S. 
Geol. Surv., Bull. 770, p. 34. 
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Sample 33R is seen to conform very closely to the chemical composi
tion of average shale as compiled by Clarke. Sample 35R is unusua'1 in 
possessing a very high content of alumina, with correspondingly decreased 
silica and relatively high potash content. Neither rock shows any unusual 
features in its minor constituents, and the reasons why these rocks should 
produce a copious efflorescence are not apparent. Both calcium and 
magnesium sulphates, as well ·as iron sulphates, ·are, of course, frequently 
formed in weathered schists and other rocks of similar nature by the action 
of waters bearing sulphuric acid, usually supplied by the decomposition of 
iron sulphides in the rock; thin encrustations of this sort are too common to 
deserve special notice. Whether the salts here described are merely an 
extraordinarily abundant accumulation of effiorescences of this nature, or 
whether they may be in part gypsum or anhydrite and epsomite represent
ing a remnant of an evaporite sequence, as discussed for the nitre-bearing 
salts, is not known. 

A similar encrustation is abundant on the walls of a canyon in blue
grey phyllites and slates near the mouth of a small creek entering Mesilinka 
River from the south, near the eastern border of the map-area. Small 
cliffs of fine-grained chlorite-sericite schist and chloritic quartzite in 
Swannell River Valley west of Orion Creek are likewise coated with a 
white salt. In each occurrence of abundant efflorescence, whether of 
nitrate or sulphates, the presence of the salt is easily recognized by the 
conspicuous effect on nearby vegetation; the talus slopes ·below the salt
encrusted cliffs are sparsely covered with sagebrush (Artemisia longi
pedunculata ?) , which contrasts sharply with the sphagnum moss-Labrador 
tea-dwarf birch undergrowth of the surrounding areas. 

STRUCTURAL RELATIONS 

INTERNAL STRUCTURAL RELATIONS 

The position of the Ingenika group on the flanks of the major anti
clinoria that expose Tenakihi group strata at their cores has been noted. 
From the northeastern limb of the anticlinorium passing through Chase 
Mountain, .the Ingenika group can be traced northeastward into a major 
syncline whose axis passes through Tomias Lake Valley and whose north
east limb is overturned (See structure-section E-F). The overturned 
structures may be traced northward along the east side of Pelly Creek 
Valley, where they may be seen to represent the southwest limb of another 
major anticlinorium whose crest passes through Barrier Peak and a:long 
the Russel Range west of Ed Bird Creek (structure-sections A-B, C-D). 
The large-scale structural features of the Ingenika group are thus seen to 
be a series of northwest-trending compound folds, 10 to 15 miles from 
crest to crest, with, in general, undulating, gently dipping northeast limbs 
and simple to isoclinally folded, steeply dipping or overturned southwest 
•limbs. The axes of the folds are undulating, and in general plunge gently 
north west. These relations have been considerably complicated by faulting 
on a large and small scale; they are discussed further in Chapter V. 

Within these larger structures, the Ingenika group rocks exhibit a 
great variety of minor structures. The intercalation of thick, lenticular 
bands of massive limestone; strong, brittle quartzite and conglomerate 
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beds; competent but flexible assemblages of thin beds of <limestone and 
phyllite, schist, or slate; and thick assemblages of weak, incompetent 
·argillites and phyllites has resulted in a great diversity of structural forms, 
produced in response .to what may have been originally simple deforming 
stresses. On the whole, however, in aH rocks south of Ingenika River, and 
in Tucha Range, the small-scale deformation has been quite gentle, involv
ing deviations of usually less than 30 degr·ees from the general plane of 
bedding in any one area, and the deformed beds show little evidence of 
faulting or rupturing. The entire assemblage -0f Ingenika group rocks on 
the north flank of the Mount Lay-Wrede Creek anticlinorium, and in Wrede 
and Tucha Ranges, is relatively free from small folds, and is only gently 
flexed into wave-like anticlines and synclines, 500 to 5,000 feet from crest to 
crest and with closures of from 50 to 600 feet, P.l!orallel with the major 
anticlinorial structure. In places, intercalated medium-bedded micace-0us 
limestones, slates, and phyllitic schists have developed regular parallel 
folds, and adjacent slates and phyllites have accommodated themselv:es to 
the deformation by shearing. The most extreme examples of deformation 
are shown by the limestone beds. Near the axis of the major syncline that 
crosses Swann.ell River near the Swann.ell mineral claims, impure limestones, 
together with interbedded calcareous and carbonaceous slates and phyllites, 
have been bent into isoclinal folds in which single beds up to 2 feet thick 
have been folded back on themselves for as much as 20 feet, and slightly 
more open structures have developed a multitude of drag-folds. The 
relatively pure, thin-bedded, grey limestones exposed on the north face of 
Forres Mountain show a large number -0f superimposed folded structures 
of different scales; on the major folds, about a mile across, are secondary 
folds 100 to 500 feet across; on these, in turn, are drag-folds up to 25 feet 
from crest to crest; and these drag-folds carry smaller folds, 1 foot to 3 
feet across, which are themselves minutely corrugated. The axial planes 
of all of these series of folds are essentially parallel with that of the large 
structures; and it would appear that the entire composite structure was 
produced simultaneously. It was estimated in the field that the minor folds 
alone, seen in the cliffs on the south ridge of Forres Mountain, must have 
required a shortening of beds to 1less than half their length, exclusive of the 
shortening occasioned by the development of the large anticlines and 
synclines. On other parts of Forres Mountain the folds are large and 
mainly simple. 

The thick belt of limestones east of Pelly Cree!c shows numerous 
regular isoclinal folds up to 500 feet from limb to !limb and more than 
1,000 feet from erest to trough. In general, these folds appear to be 
regular and smooth, free from small-scale drag-folds, although such struc
tures, if present, would be hard to recognize in the massively bedded, 
uniform limestones. On what appears to be the southern prolongation of 
this ibelt, however, in Ingenika River Valley near Lookout Hill and 
Ferguson and Onward mineral claims, the limestones have been deformed 
into structures of extreme <iomplexity. Detailed mapping of outcrops, 
surface strippings, and underground workings in this area has revealed 
that, around what appears to be the nose of a large, northwest-plunging 
drag-fold, the limestone has been plastically deformed into in.folded, 
digitate, and fan-shaped structures. 
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Russel Range shows the greatest complexity of structure of any of the 
mountain ranges in Aiken Lake map-area. The large, overturned and 
fan-shaped folds, whose dimensions are measured in miles or fractions of 
miles, are complicated by numerous local domes, basins, or noses, tens or 
hundreds of feet in diameter, accompanied in places by drag-folds and 
minor ·Crenulations whose axial planes, commonly sharply warped, exhibit 
a wide variety of strikes, with dips ranging from horizontal to vertical and 
overturned. In places, where the strong, competent quartzite beds outline 
smooth folds, the interbedded, chloritic, slaty material has been mylonitized 
and rendered relatively mobile. The mobilized chloritic material is now 
found as thin 'injected' layers filling joints in the quartzite, or as irregular 
lens-like bodies that pinch out unevenly along the strike and down the dip, 
and give the appearance of irregular 'blisters' of chloritic mylonite between 
beds of quartzite. The origin of these complex structures is not readily 
apparent, :but it appears to be associated with the superposition of the 
present northwest-trending folds on earlier, nearly west-trending structures. 
The problem is discussed further in Chapter V. 

DE1I'AILED SECTIONS 

Sections South of lngenika River 

The following sections are, in a general way, representative of the 
fogenika group rocks south of Ingenika River. It was not found possible to 
correlate individual beds from one mountain massif to another, and the 
sections given are from fortuitous areas where the strata are most 
continuously exposed, rather than from areas chosen because of their repre
sentative stratigraphic assemblages. 

I. Section on Ridge East of Tenakihi Creek, North of 
Osilinka River, Tenakihi Range 

Top of section not observed 
Sericite schist, dairk grey .............. . ... . ... . ... ........... .... . 
Unexposed .•••.•......•..... .. .. . ............... ..... .. . ........... 
Limestone, blue-grey, medium-grained, crysballine, massive to well-

bedded; with a few buff-coloured recrystallized beds ••••••.••••• 
Poorly exposed; mainly chlorite-sericite phyllite ••...••••......•...• 
Limestone, blue-grey, well-bedded, crystalline ....••••••••....•.••.• 
Poorly exposed; scattered outcrops and much float of white to pale 

<purple quartzite, golden brown micaceous quartzite, and lustraus 
brownish green chloritic phyllite .......................•....•... 

Limestone, ivory-buff, sugary, sericitic ...............•...••........• 
Phyllite, grey-;green, fissile, interbedded with quar·tz-sericite-chl-Orite 

schist; with lenses of blue-grey crystalline limestone; archaeocyatha 
zone (FlR 1946; 15229) ...................................... . 

Schists, silvery, red, and brownish green, micaceous, in part slaty and 
phyllitic, in part minutely crump}ed; oontains a few thln beds of 

. irviory-buff, sugary, sericitic limestone .......................... . 
Limestone, blue-grey, partly massive, partly sheared; mfoaceous lime

stone, ivory-buff, su~ry (.analysed specimen No. 33W); thin 
beds of silver-green~brown sericitic phyllite and fine-grained 
chl()q"itic q'llJartzite .......................•.............. . ....... 

Thickness 
Feet 

30 
50 

310 
100 
110 

±500 
40 

45 

70 

110 
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Limestone, ivory-buff 'to pale rose, miC1&Ceous, mainly sugary, non
achistose, in beds up to 5 feet thick; ra few beds up to 10 feet 
thick of brownish green chloritic phyllite ••...•.••.•.•..•....•... 

Phyllite, lustmus green, ·ch1oritic; and schist, very :fine-grained, in 
part minutely crumpled; a few thin bands of dark wey, calcareous, 
sericitic slate ........•.......•..........••..•..............•... 

Limestone, light grey to medium blue-grey, fine to coarsely crystalline, 
in places sheared, slaty, or crumpled, in plaoes massive (anruysed 
specimen No. 23R) ; part may be removed, or duplicated, by an 
oblique fault ..........•......................•..•...... (1,100) 

Limes~one, blu~grey, massiwe; with initerbedded buff-coloured, sugacy, 
m1caceous liIIlleSlJone .......................................... . 

Limestone, blue-grey to dark grey, massive to sliaty ................ . 
Limestone, blue-grey, massive to slaty, 'in par.t highly contorted; with 

abund®Ilt buff-coloured coarsely crystalline beds up to 5 feet thick 
Limestone, blue-grey, highly sheared, slaty ..........•.............. 
Slate, grey-brown, chloritic; phyllite; chliorirte schist; quartzite, fine-

gm.irued, schistose, chloritic; slate, blue-grey, calcareous .......... . 
Unexposed ..................................•...•...........••..... 
Slate, dark green to grey-brown, chloriitic; quartz-sericite-chlorite 

schist, medium-gmined to sugary, pyritiferous ............•...... 
Base unexposed. 

220 

70 

1,700 

40 
130 

110 
150 

130 
±560 

540 

Total • .. .. . .. . .. .. . . .. . . . (4,415) 5,015 

II. Section in Tenakihi Range, South of Mesilink.a 
River, North of Jim May Creek 

Limestone, blrue-grey and buff-coloured, well-bedded, crystalline, in 
part stylolitic; thin partings of ca.rbonaceous material between 
some blue and buff beds ....................................... . 

Limestone, blue-grey, medium-graiined, crystalline, mainly well-bedded, 
with beds io inch to 15 feet thick outlined by concentrations of 
oarboI11aCeous IIllB.terial; irregular bodies of buff-coloured, coarsely 
crystalli'IJ.e limestone ....................•...................... 

Limestone, buff-coloured to white, coarsely crystalline, poorly bedded; 
minor blue-grey bedded limestone ............................. . 

Limestone, blue-grey, fine- to meddum-grained, beds 0· 1 to 1 foot thick; 
some beds near the base are highly sheared .................... . 

Limestone, grey ·rund grey-brown, sheared or slaty, mainly micaceous, 
chloritic, or srundy; a few beds !U'Jl to 20 feet thick of poorly bedded, 
unshea.red, blue-grey limestone; partings of chlorite-aericite schist 
up to 1 foo·t thick ............................................ . 

Unexposed .......................................................•. 
Limestone, grey to grey-brown, sheared or s1a'ty, impure, with up to 20 

per cent seJ.1icite and chlcrlte; thin partings of chlorite-sericite 
schist ..................................................... . .. . 

Unexposed ........................................................ . 
Qwartzite, light grey to buff-coloured, impure, consisting of quartz and 

feldspar grains up to -ft inch in diameter in a fine-grained schist
ose quartz-sericite-chlorite matrix; intterbedded quartz-ael1icite-
chlorite schist, in part oaJoareous ............................. . 

Conglomerate, grey, recrystallized, composed of colourless and light 
grey quartz and buff-coloured feldspar pebbles U;P to ! inch in dia
meter in a ruSty, grey, med~um-grained, schistose, chloritic quartz
ite matrix; some pebbles are coated with a thin layer of chloritic 
material; minor interbedded quartzite ......................... . 

Unexposed ........................................................ . 
Quartz-sericite-chlorite schist, light grey-green, fine-grained; inter

bedded quartzite, grey-green to brown, medium-grained, schistose, 
i.mpure •....................................................... 

Thickness 
Feet 

130 

290 

170 

190 

500 
±420 

370 
±2,280 

130 

190 
±120 

120 



76 

Quartzite, speckled grey-brown, medium- to fine-grained, schistose, 
impure, in beds 6 inches to 4 feet thick separated by 1' inch to 6 
inches of quartz-sericite-chlorite schist ......•.....•••.•••......• 

Quartz-sericite-chlorite schist, rusty brown to grey-green, slaty ..... . 
Quartzite, grey-brown, medium-grained, schistose, impure, composed 

of grains lll'P to io inch in diameter of quartz, feldspar, chlorite, 
and an unidentified ferromagnesian mineral now changed to earthy 
limonite, in a very fine-grained sheared matrix ................ . 

Slate, dark grey and bl"own; with interbedded quartz-sericite-chlorite 
schist ......................................................... . 

QUJattzite, grey-brown, medium-grained, achistose, feldspathlc, with a 
speckled appearance due to scattered grains of quartz, p1agiodase, 
and chlorite, about Irr inch in ma.meter m a slightly schistose 
quartz-sericite m'atrix ......................................... . 

Unexposed; float of blue-grey limestone and quartz-sericite schist ... . 
Conglomerate, sheared, composed of quartz and feldspar pebbles up to 

t inch in diameter in a slightly schistose quartz-sericite matrix .. 
Quartzite, very fine-grained, sheared, sericitic and calcareous; inter

bedded quartz-sericite-cmlcite schist .......................••... 
Unexposed; float of qua.rtz-sericite schist ........................ . 
Quartz-sericite-chlol"ite schist, light grey-brown, s1aty, in part cialoare

,ous; about 10 per cent conglomerate, sheared; ,thin layers of phyl-
lite, d&-k silvery grey, carbonaceous ........................... . 

Conglomerate, recrystallized, schistose, containing rounded grains of 
quartz, oJrigoclase-andesine, alkali plagioclase, and perthite, up to i 
inch long in a quartz-sericite..chloritte matrix ................... . 

Slate, grey-green to dark brown; minor quartz-serici>te-chlorite schist 
Quartz-sericite-chlorite schiist, light grey and dark grey, uniformly fine. 

grained, with banded a,ppearance due to thin layers of increased 
ch!Oll'ite content ............................................... . 

Quartzite, light grey, schistose, chloritic and seridtic; interbedded 
quartz-chlorite schist, dark grey, fine-grained, partly slaty; minor 
calcareous beds ............................................... . 

Unexposed, except for one 15-foot bed of sheared cooglomerate, com
posed of pebbles of quartz up to t in.eh and of quartz and feldspar 
up to t inch in a schistose chloritic quartzite matrix ...•.•••.. 

Que.rtz-chlocite schist, light grey to grey-green, very fine-grained ... . 
Unexposed; float of schistoee quartzite and quartz-sericite schist ... . 
Limestone, blue-grey to dark grey, slaty to phyllitic, sedcitiic, in beds 

1 inch to 3 feet thick, separated by about an equal amount of 
quartz-sericite-chlorite schist .................................. . 

Limestone, blue-grey, slaty to schistose, sericitic, interbedded with slate 
and phyl1ite; dark grey, in beds t inch to 2 inches thick; qUl8.l"tzlite, 
impure, well-bedded, partly as partings up to 2 inches thick ,be
tween slate beds; metamorphosed grit and quartzitic conglomerate, 
partly calcareous, in beds up to 2 feet thick; two distinct beds of 
sheared, sericitic, calcareO'lls material produce efflorescences of nitre 

Conglomerate, grey to rusty brown, sheared, composed of rounded 
quartz and qua1'1tzite grains up to t inch in diameter, and p1agio
clase and perthite grains up to t inch in diameter in a rusty aerici
tic matrix, beds up to 12 feet thick aepam.ted by partings of s.laite 
up to 6 inches thick .......................................... . 

Slrute, dark and medium grey; sheared a.rgillite; a few beds up to 2 
feet thlick of quartzite, light grey, medium-grained, schistose .... 

Quartzite, light grey-brown, slightly schiatose, composed of rounded 
elastic grruins and recrystallized 'eyes' of quartz up to i inch dn 
diameter, and rounded masses of limoniltic matter that a,pparently 
represent decomposed ferrom1agnesian minera.ls •................ 

Limestone, dark blue-grey to black, impure, slaty, poorly bedded; 
slate, dark brown and grey, calcSJreous; chlorite-sericite schist, 
calcareous; minor quartzite, sheared, dn rpart croesbedded ....... . 

Thickness 
Feet 

100 
80 

190 

70 

210 
±180 

40 

60 
±330 

390 

100 
75 

160 

280 

±100 
280 

±350 

110 

40 

35 

60 

80 

130 
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Schist, grey-green, medium-gmtlned, containing grains up to n inch of 
transparelllt quartz, light grey feldspM', and amphibole pe.rtly con-
verted to chlorite, in a quartz-sericite-chlorite matrix .......... . 

Unexposed; float principally qoortz-sericiite schist ................. . 
'Augen' quartzite, grey-green, fine-grained, with quartz 'eyes' up to 

n iinch in diameter in a schistose quartz-sericite-chlorite matrix; 
minor quartz-sericite-chlorite schist, medium- to fine-grained .... 

Sericite schist, dark grey, fine-grained, finely wrinkled, carboniaceous .. 
Quartz-sericite-chlorite schist, grey-green, fine-grained; phyllite, dark 

silver-grey to black, lustrous, finely wrinkled; minor quartzitic con-
g1omemte, sericitic, in beds up to 15 feet thick ................. . 

Quartzitic conglomerate, composed of rounded to seillli-angu1a.r grains 
up to t inch in diameter of quantz am.d perthitic feldsp!l4", with 
minor p1agioc1ase feldspar, in a schistose matrix of qruartz, mus
covite, biabite, and chlorite; a.bout 10 per cent quartz-sericite-
chlorite schist, very fine-gralined .............................. . 

'Augen' quartzite; interbedded quartz-muscovite-chlorite schist, grey
green, uniformly fine-grained; a:bout 10 per cent quartzite, medium 
coarse, schistose, with scalttered flakes of biotite ................ . 

Quartzitic conglomerate and 'augen' quartzite, containing rounded 
ll.nd lenticu1ar fragments of feldspar and quartz, most of which 
1ook detritial, but some of which are recrystallized and m:ay repre
sent porphyroblasts or po.rphyroclasts, in a light grey-green matrix 
oonsisting of 70 to 90 per cent quartz, 0 to 15 per cent feldspar, 
0 to 10 per cent sericitic muscovite and chlorite, and accessory 
tourmaline, m.agnetite, calcite ................................. . 

Quartzitic conglomerate and quartz-mica schist, in about equal propor
ti-Ons; conglomerate matrix and schist contain 50 to 80 per cent 
quartz, 0 rto 10 per cent feldspar, 0 to 20 per cent muscovite, 0 to 
10 per cent chlorite, and 0 to 5 per cent carbonaceous material; 
minor phyllite, black, carboniaceous, in thin bands .............. . 

Phyllite, black, soft, finely wrinkled, contruining about 50 per celllt 
quartz, up to 10 per cent musoovite, and the remainder obscured 
by carbonaceous matter; a few beds are graphitic schists .•...... 

Quartzitic conglomerate, with pebbles of white feldspar (perthite and 
albite-oligoclase) u.p to t inch in diameter closeh,y packed in a 
slightly schistose matrix oonrtaining 80 to 90 per cent quartz, 5 per 
cent feldspair, 5 per cent musoovite, minor chloriite, carbonaceous 
m111tter, and calcite, and scatJtered grains of magnetite up to n 
inch in diameter; minor interbedded qwa.rtz-sericite-chlorite schist 

Quartz-musc01Vite-chlorite schist, silver-grey-green, with a few beds 
containing rudimen'1:iary garnet porphyroblasts; interbedded quarlz
serieirte schist and phyllite; quartzite, grey-green and brown, 
chloritic and sericitic, grading into grit rund fine conglomerate, in 
beds up to 20 feet thick, with a matrix containing 60 to 90 per cent 
quartz, and 'IJd> to 10 per cent each of feldspar, biotite, muscovite, 
and chlorite ..........................•......................... 

Quartzite and fine conglomerate, light grey, slightly scllistose, eontain
illg lenticular foagmenJts of buff and white alkoali p1agiociase and 
purplish tra.nsluscelllt quartz up to t inch in di111meter in a schist
ose groundmass containing 85 to 90 per cent quartz, 5 to 10 per 
cent feldsp·ar, 2 to 5 per cent muscovite, and minor bi()lf;ite ..... . 

Base of lngenika group-lies eonfommbly on Tenalcihi group 
(See section, page 45). 

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

Thickness 
Feet 

150 
±200 

300 
100 

600 

840 

1,300 

510 

180 

40 

190 

580 

100 

13,470 

III. Section in Swannell River Valley West of Orion Creek 
Limestone, light grey to buff, firue-grained, crystalline; in part sericitic 60 
Sl>ate, pale green, slightly crumpled, ehloritic . . . . . . . . . . . . . . . . . . . . . . . 40 
Quartzite, light grey, sericitic; minor quartz-chlorite schist . . . . . . . . . . . . 60 
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Thickness 
Feet 

Limestone, blue-grey, greenish, and silver-buff, crystalline; in part fine
grained and massive; in part sugary, schistose, and highly sericitic 
(analysed spe.cimen No. 203R) •...•••••••.•••••••••••••••••••••••• 

Slate, pale green, oon.talining qullll'tz, chloriite, oamd biotite; thin beds of 
iV'ory-coloured sericitic limestCJIIle ...••••....................... 

Quartzite, white, schistose, slightly sericitic •..•..•..........•....... 
Chlorite-sericite slate, brownish grey; interbedded quartz-chloriite-

sericite schist, grey-green ................••..................•. 
Quartzite, grey-brown, schistose, griltty, containing grains of clear quartz 

up to t inch in diameter in a. schistose, medium-grained, sericitic 
qU1artzite m•atrix ..........•...............••.............•.... 

Quartzite, grey-bmwn, corrugated, banded, serici'tic and chloritic, with 
layers rich in biotite ................. . ........................ . 

Unexposed ......•..............•................................... 
Sl'81te, pale grey-green, chloritic ............•.••.••....••.•••....•... 
LimestOlllle, ivory-buff to rose-yellow, sericitic., in p.act slaty, with part-

ings .of chlori<te-serfoite slwte (analysed specimen No. 204R) ..... . 
Sericite-ch1orite schist, silvery; s1ate, pale green, chloritic .......... . 
Limestone, iivory-'buff to rose-yellow, sugary, sericitic .............. . 
S!Jate, grey-.g;reen, chloritic; thin beds of sericite schist ••............• 
Limestone, blue-grey to pale grey or buff, crystalline, mainly massive, 

iin. part well bedded, iin. part sla.ty •••..••••••.••.•..•••.•••••.••...• 
Quartzitic conglomerate, grey--green, schistoee, containing elcmga,ted 

p~bibles of white quartzite up to ! inch in diameter in a quartz-
chlorite-sericite matrix ........................................ . 

Unexposed .........•..•........•.•.............•............•...... 
Quartz-sericite schist, speckled grey-"h11own, fine-grained ............. . 
Quartzite, fine•grained, schistose, chloritic, with thin partings of 

chlorite-senicite slate .........•......•...........•.............. 
CMonite-sericite slate oa.nd slaty schist, pale grey-green; grit, grey

green, schistoae; a few beds up to 5 feet thick of schistose quartz
itio congl01IDemte, composed of rounded quartz pebbles up to t inch 
in diameter, c1osely packed in a ooorse-grained quartz-senicite-
chlorite matrix ... . •......•.......•............................ 

Quartzite, grey, fine-grained, schistose, sericitic .................... . 
Slate, grey-green and grey-brown, chloritic 81Ild sericitic ........••... 
Quartzite, grey-bmwn, schistose, sericitic, with scattered small pebbles 

of quwrtz and feldspwr .............•.......•... ... .....•........ 
Interbedded quartz-chlorite-sericite sl.a.te, schist, and quartzite ...... . 
Quartz-chlorite lilchist, grey-green ; minor qUJartzite, very fine-gr.ainied, 

schistose ...............•..•••••...••..•.•....•.......••......•• 
Quartzite, banded grey-brown, schistose, micooeous, with layers rich fa 

limolllitic material; chlori<te-sericite schist, silvery grey-green, 
crumpled, porphyirob1astic, with scattered biotite flakes and rough 
garnets up to i inch in diameter .............................. ~ 

Grit, grey-green, schistose, with pebbles or porphyroblastic 'eyes' of 
clear quartz and grey feldsp·ar in a schistoae chloritic-sericitic 
qUJar'tzite maltrix; interbedded quartz-chlorite-sericite schist 

Base of Ingelllika group-li€S oonform11;bly on Tenakihi group 
(See section page 46). 

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

IV. Section East of Cutbank Creek 
Qwwtz-ch'lonite schist, grey-green; quiartz-sericite-chlorite schist, brown

ish green; quartzite, schistose, composed of subangul!ar, well-sorted 
particles of clewr quartz, oriented laths of chlorite, and a few 

200 

100 
110 

200 

370 (max.) 

40 
±240 

80 

100 
80 
60 

170 

680 

180 
±200 

60 

110 

150 
60 
80 

130 
530 

350 

960 

240 

5,640 

grains of plagioc1ase; a total of about 1,500 feet is not exposed • • 7,000 
Quoartzite, grey-green, nodular, chloriibic; interbedded ch1orite schist, 

soft, medium-grained . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 
Chlorite schist, fine-grained, slaty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
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Thickness 
Feet 

Limestone, blue-grey, crystalline, thin-bedded, with partings of chlorite 
schist . . . . . . • . . . . . . . . . . . • • . • . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . • 1,800 

Quartzite, grey to grey-green, fure-grailned, schistose, chloritic . . . . . . . 2,500 
Quartz-oh1orite-sericite schist; interbedded quartzite, schistose, chlori-

tic, oontaining a few grains of plagiocLase • . . . . . . . . . . . . . . . . . . . . • 1,200 
Quartz--ch1orite-sericite schist, grey-green to silver-grey, in small part 

containing biotite and rudimentary garnets; minor quartzite • . . • 2,100 
Quiartzitic oongloanerate, light grey, contJa:ining round quartz pebbles 

up to t inch in a fine-graaned qu:artzite matrix . . . . . . . . . . . . . . . . . . 200 
Quartzite, grey-green, chloritic ; Illlinor qu:artz-chlorite schist ; a few 

beds of quartzitic conglomerate up to 10 feet thick . . . . • . • • . • . . . 900 
Qui111rtzitic conglomera.te, oomposed chiefly of rounded pebbles of quartz 

and qUllll"tzirte up to :i inch in diameter, with some beds coo<tain:ing 
mainy pebbles up to i inch in diameter of a rock c<omposed miainly 
of andesine pl:agioc<lase; most beds are less than 10 feet thick, 
separaited by partings of chlorite schist and chloritic quartzite, in 
part contwining a few rough grains of grurnert . . . . . . . . . . . . . . . . • . . . 200 

Quartz-sericite-ch1orite schist; q'llJlllrtz-chlorite schist; minor quiartzite 1,000 
Quiartzite, consisting of poorly sorted, angular to subangular quartz, 

and about 10 per cent chlorite, wh'.ich in some specimens has been 
almost completely converted to bfotite; milllor quantz-biotirte-
chlorite schist; a few thin beds ·of qururtmtic oonglomerate, oonr-
sisting of rounded quartzite pebbles up to t inch in diameter in a 
chloritic quartzite mat11ix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550 

Base of Ingenilm group-conformably(?) overlies Tenakihi group. 

Total . . • . . . . . . . . . . . . . . . . . . . . . . 17,700 

Sections North of lngenika River 

North of Ingenika River, deformation has thickened some beds, thin
ned others, and in the thick limestone sections caused an unknown degree 
of repetition of beds by isoclinal folding. Cons€quently, any €stimate of 
stratigraphic thickness has little meaning in thes€ 'areas, and, owing to the 
lenticular nature of some of the deformed beds, the stratigraphic sequence 
in any single measured section is only representative for a very limited area. 

In the following sections, the stratigraphic thicknesses listed are those 
observ€d in the field without special regard as to whether any particular 
bed was measured at a place where it was thinned on the limb _of a fold 
or thickened J:>y drag-folding. They are presented merely to show the 
relative abundance of the various rock types, and the thickness given may 
differ consid€rably from the average thickness of the beds to which they 
refer. 

I. Generalized Section through Russel Range f.rom Mount Tsaydizkun 
to West of Ravenal Peak (See Structure-section C-D) 

Thickness 
(Top of Section) Feet 

Limestone, creamy white to pale grey, blue-grey weathering, massive 
to poorly bedded, crystalline; much limestone breccia ...••...•. 1,200 to 3,000( ?) 

Unexposed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . ±1,800 
Interbedded series comprising a:bout 50 per cent quartzitic oongloane

rate, consisting of white and light grey, rounded pebbles of 
quartzite up to ! inch in diameter, and 1ess abundant, smaJler, 
feldspathic pebbles, all slightly elongated, in a silver to green, 
phyllitic to schistose, quartz-sericite matrix; !libout 30 per cent 



80 

quaJrtzite, gritty, feldspathic, containing angular grains of light 
grey feldspar and quartz in about equal proportions in a schistose, 
slightly chloritic, quartz-sericite matrix; !libout 20 per cenit quart-
zite, pale buff <to greenish grey, slightly micaceous; a few beds 
of conglomerate up to 25 feet thick .......................... . 

Quartz-chlorite schist; quartzite, chloritfo, well bedded, in part 
crossbedded .................................................. . 

Quartzitic conglomerate, :fine-grained, containing rounded quartzite 
and feldspar-rich pebbles in a micaceous, schistose, quartzite 
matrix; quartzite, well-bedded, schistose, chloritic and sericitic; 

Thickness 
Feet 

1,500 

100 

quia.rtz-chlorite-sericite schist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,000 
Quartzitic conglomerate, fine-grained; qu.a.rtz-seTicite schist; phyllite, 

silviery, crumpled .......................... . .................. . 
Limestone, grey and white, highly contorted, in pa.rt sla.ty; inter

bedded massive limestone in very lenticular bodies; some beds 

500 

near top of this unit contain much !l'elatively coarse, rounded, 
detrital quartz ................................................ 200 to 700 (?) 

Quartzitic conglomerate, :fine-grained, schistose, containing rounded 
pebbles up to t inch in diameter of quartz, quartzite, and feld
spar, in a :fine-grained, schistose, micaceous quartzite matrix .... 120 

Interbedded quartz-sericite schist and phyllite, sla.ty; quartzite, 
grey-green, medium-grained, in pa.rt calcareous; a few thin beds 
of limestone, pa.le brown, :fine-grained, sugary to sla.ty. . . . . . . . . . 700 to 1,200 (?) 

Unexposed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ±700 
Quiartz-sericite schist, fine-grained, crumpled . . . . . . . . . . . . . . . . . . . . . . . . 500 
Limestone, pa.le brown, coarsely crystalline to sla.ty; inteJJbedded 

qua.rtz-sericite schist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 to 500 ( ?) 
Limestone, dark grey and buff-coloured, sugary to slaty . . . . . . . . . . . . 150 
Quartziie, pale brown to buff, medium- to fine-grained, mica.ceous; 

slate, pale green, dense, chloritro; minor phyllite, dark blue-grey, 
ea.lca.reous; a few ol:mnds up to 50 feeit thick of limestone, pale 
brc;iwn-~rey and sugary, or mottled blue-gN'!y and massive ..... . 

Quartzite, light grey to buff-coloured, sugary; mnnor slate ........... . 
Qua.rtzite

1 
light grey, sugary, fairly pure . . . . . . . . . . . . . . . . . . . . . . . . . 

Interbedaed series of v-a.ried composition; quartzite, grey, banded, in 
pa.rt crossbedded; slate1 chforitic and siliceous; limestone, buff
hrown, sandy texiturea, crystalline; va.rious types repeatedly 
alternate in beds ma.inly less than 2 feet thick ................ . 

Slate, soft, chloritiic; inteI1bedded quartzite, fine-grained, banded, 
slightly micaceous; limestone, reddish brown weathering, ooarsely 
crystalline, in beds up to 5 feet thick ......................... . 

Initel'lbedded !eries comprising a.bout 40 per cent slate, chloritic; 20 
per cent quartzite, fine-gr.a.ined, chloritic; 20 per cent quartzite, 
slaty; 10 per cent chlorite-sericite slate, brownish grey, pyri-

500 
150 
50 

1,000 

50 

tifo11ous; 10 per cent que.rtzite, buff, pure, fine-grained; and a 
few thin ibeds of quartz-pebble conglomerate . . . . . . . . . . . . . . . . . 1,500to 2,000 

Slate, blue-grey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Quartzite, 1rnff, sugary; rubout 10 per cent interbedded phyllite and 

slate, blue-grey; minor slate and schist, light green, chloritic .. 
Quartzite, buff and grey, in part containing flakes of muscovite; 

minor slate ............ .. ...................................... . 
Quartz-chlorite-sericite slate, light green, soft, lustrous ............... . 
Quartzite, buff-co1oured, light buff-brown weathering, granular, in 

large part highly sheared; minor chloritic slate . .. ............. . 
About 40 per cent ·quartzite, orange-buff to light grey, white weather

ing, relatively pure, .composed in part of clear, rounded grains up 
to ,ft; inch in cli-a.meter in a fine-grained, sugary, tan-coloured 
matrix, and in part wholly sugary, fine-gra~11:ed; about 20 pe~ cent 

800(?) 

120 to 200 
40 

200 

slate 'blue-black· 10 per cent slate, chlorrt1c; 30 per cent inter-
mediate types ;£ impure, banded, slaty quartzite ... : .. · · · · · · · · 800 to 1,200 

Quartzite, white, very pure, finely crystalli~e, mostly without any 
·megascopically vis~ble impurities or stam, but a few beds are 
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in places pale buff or green from disseminated chlorite or sericite, 
visible only under the microscope; a few partings of siliceous 
chloritic material, mostly less than 1 inch thiick and spaced at 

Thickness 
Feet 

intervals of from 10 to 500 feet . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . 600 to 1,600 
Interbedded quartzite, schist, and slate: about 80 per cent quartzite, 

light grey :to pale orange-buff, very fine- to medium-grained, in 
beds up to 10 feet thick; about 15 per cent chlorite s1ate and 
quartz-chlorite-sericite schist, pea-green, in part mylonitized, in 
many places distorted into lens-like bodies and 'injected' into 
joints in the quartzite; minor slate, blue-grey, hard, siliceous; all 
gradations to impure quartzite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,000 

Bottom of group not exposed. 

Total thickness (approx.) . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . 17,000 

II. Section in Espee Range, near North Border of Map-area 
Slate or mylonite, dark blue-grey; interbedded greywacke, dark green 
Limestone, blue-grey, crystalline, non-bedded, slightly sheared ..... 
Quartzite, white, translucent, medium..grained, well~bedded, very 

pure except fur spots of limonitic material; quartzite, purplish, 
mottled, slightly feldspathic, possessing only a fair degree of 
sorting, slightly schistose due to the orientation of the larger 
gra}ns; inter~edded with, and apparently gradational into, pure 
white quartzite ............................................... . 

Quartzite, brown, fine-grained, very well sorted, slightly feldspathic, 
so slightly recrystallized that it is little more than highly indur
ated sandstone; interbedded greywacke and subgreywacke, 
greenish brown, heterogeneous ................................ . 

Suibgreywacke, green, mainly of sand to silt grade; quartzite, felds-
pathic; limestone, brown, crystalline, ii.n thin beds ............... . 

Conglomerate, containing rounded quartz and quartzite pebbles up 
to ! inch in diaJ1I1eter in a matrix of feldspathic quartzite; quartz
ite, grey-brown, 'Very well sorted, slightly feldspathic ; subgrey
wacke, green, banded, mainly with silty to fine sandy texture, in 
ibeds up to 15 feet thick ... ........................... ........ . 

Subgreywacke, green to dark grey, very fine-grained to ooarse, sandy 
textured; minor conglomerate, brown, with quartz pebbles, in 
beds up to 10 feet thick .................................. .... . 

Quartzite, pale grey to grey-brown, finely crystalline to sugary, 
feldspathic ........... ......... ............................... . 

Slate, chloritic; su:bgreywacke, bright green, banded ............... . 
Mylonite, blue-grey to purplish, soft, calcareous .................. . 
Limestone, light green, partly sloaty, highly contorted, beds about 

1 foot thick containmg up to 15 per cent detrital quartz and 
feldspar; interbedded calcareous rock, silty to cherty; intei<bedded 
limestone, buff-coloured, coarsely crysta,lline; includes pods and 
lenses of compact, green, chlorite-aerpentine-leucoxene (rutile?) 
rock .......................................................... . 

Limestone, ivory-buff, coarsely crystalline, sericitic; thin partings of 
chlorite slate ......................................... . . . ..... . 

Slate, greenish grey to purplish, in part calcareous ................ . 
Slate, bright green, with minor purplish calcareous bands ......... . 
Limestone, pale purple, sheared to slaty, in part oontaining detrital 

quartz and feldspar; a few partings of oehloritic material ..... . 
Limestone, blue-grey to dark grey, massive to finely crystllllline; in 

part oolitic; in part sheared or slaty; in part highly eontorted 
Limestone and calcareous slate, light grey-ibrown ................. . 
Limestone, iblue-grey to dark grey, massive, crystalline, medium- to 

coarse-grained ..................................... ... ........ . 
Base of group not observed 

Total thickness (approx.) ................................ . 

200 
75 

700 

250 

300 

300 

400 

100 
300 
200 

280 

20 
50 
35 

15 

400 
150 

600 

4,400 
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EXTERNAL STRUCTURAL RELATIONS 

The general structural conformity between the Ingenika group and 
the underlying Tenakihi group has been noted. This relationship holds 
for all exposed contacts between tne two groups in the map-area except 
on the south flank of Tenakihi Range north of Osilinka River near the 
east border of the map-area, and west of Swannell River, east of Mount 
Lay, where in each place ·the Ingenika group strata have been faulted 
against Tenakihi group rocks of different structural orientation. The belt 
of limestones southwest of Chase Mountain may possibly be down-faulted 
against the Tenakihi group, but the actual contact is nowhere exposed, 
and outcrops of each respective group, separated by )ess than 100 feet, 
show approximately the same bedding plane attitude. The possibility of 
such a fault is suggested mainly by the lack of conglomerates and quartz
ites, which form the lower Ingenika group northeast of Chase Mountain, 
at an equiva'1ent stratigraphic position (with regard to the Tenakihi group) 
on the southwest side of the anticlinorium, indicating, if faulting does not 
occur, a pronounced lenticularity of the Ingenika group beds; and by the 
fact that the contact at this place is marked by an alined series of 
topographically low areas, in contrast with the known conforma,ble con
tacts that have no topographic expression. 

The upper contact of the Ingenika group is exposed at only one place 
within the map-area; ·at its extreme western border, betwee_n the two main 
branches of the south fork of Wrede Creek (See Structure-section C-D). 
At this locality the Ingenika group and the overlying late Palreozoic rocks 
are strongly sheared, somewhat pyritized, and the bedding relations are 
obscure. The actual contact is a shear zone about 75 feet wide, striking 
north 45 to 50 degrees west, and dipping vertically. No evidence indicating 
the direction of movement along this break was found, but subsidiary 
parallel shears on the Ingenika group side in chlorite-sericite slate have 
bent and dragged the beds, suggesting that in these shears the northeast 
side has moved up and apparently to the west relative to the southwest 
side. 

In an attempt to obtain further information on the relations between 
the Ingenika group and the overlying rocks, the contact was followed north
westerly to where a good exposure was found. On the crest of the_ Wrede 
Range, 7 miles west of the west border of the map-area, and about 13 
mHes along the contact from the aforementioned exposure, black, calcareous 
slates, with interbedded blue-grey phyllites and light gr~y limestones of 
tpe Ingenika group, are in definite fault contact against fresh, bedded, 
andesitic tuffs, included in the lower division of the Takla group, of pre
Lower Jurassic age (Lord, 1948, p. 27). The bedding in the Ingenikp group 
here strikes north 45 degrees west, dips 85 to 90 degrees northeast, and is 
minutely contorted into folds whose axial planes strike north 30 to 50 
degrees east and dip 25 to 45 degrees southeast, and whose axes dip about 
60 degrees southeast. The fault plane strikes north 35 degrees west, and 
dips 80 degrees southwest, and it appears that the northeast side has moved 
up and to the northwest with respect to the southwest side. This exposure 
would appear to indicate that, at 1least on the crest of the Wrede Range, 
the younger rocks have been faulted against the Ingenika group strata, and 
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also that the lngenika group rocks have undergone at least one deformation 
that has not affected the Takla group strata, and has been independent of, 
oriented differently from, and thus, presumably, older than, the deformation 
that has produced the present major structures in both groups. 

In the southeastern part of the map-area, the contact between the 
Ingenika and Cache Creek groups lies in the drift-covered valleys of 
Tenakihi Creek, Osilinka River, and possibly the small creek west of the 
Beveley group of mineral claims. In each place the rocks of the two 
groups strike directly toward each other, and in the lack of any indication 
of sharp folding or nosing, the two groups would appear to be most probably 
separated by a steeply dipping fault. 

MFJrAMORPHISM 

:MINERALOGICAL AND TEXTURAL CHANGES 

General Sequence of Metamorphic Changes 

All the Ingenika group rocks have suffered regional metamorphism. 
As with the underlying Tenakihi group rocks, the range of metamorphic 
grade is relatively uniform over all parts of th·e map-area where these rocks 
are exposed, and in any one area where the stratigraphic sequence within 
the group can be established, the grade of metamorphism increases with 
successiv~ly lower stratigraphic horizons. The increase of metamorphic 
grade with stratigraphic depth is entirely conformable with, and a direct 
projection of, that observed in the Tenakihi group rocks, and it is at once 
apparent that the two groups were metamorphosed together. 

The metamorphism of the Ingenika group rocks, with the exception 
of those forming part of the Wolverine complex, is all of low grade. 
Chlorite, usually accompanied by sericite, is the characteristic metamorphic 
mineral of the entire assemblage. The degree of metamorphic recrysta:lliza
tion is very slight in the subgreywackes of the uppermost beds exposed in 
the Espee Range, where the original tenure is essentiaHy unchanged and 
the only authigenic minerals are chlorite and sericite, which are probably 
a product of diagenetic rather than metamorphic reconstitution. It is 
highest in the completely crystalloblastic quartzites and quartz-chlorite
biotite-garnet schists near the contact with the Tenakihi group rocks. The 
Ingenika group rocks present, on the whole, a fairly wide diversity in 
chemical and mechanical composition; and thus an increase of temperature, 
hydrostatic pressure, and shearing stress have had different effects on 
different beds. The metamorphic changes are most pronounced and easily 
traced in the finer grained, impure subgreywackes. 

The least metamorphosed rocks have, for the most part, a sheared, 
slaty texture. The finest grained pelitic varieties consist of ·a uniform 
aggregate of chlorite, sericite, calcite, siliceous material, and indefinite 
cloudy clay-like matter. In places the whole has a cataclastic appearance. 
Scattered quartz and feldspar grains are completely unaltered, except for 
a small .amount of replacement by sericite. This fine-grained, partly 
mylonitic aggregate forms the matrix of the impure siltstones, quartzites, 
and conglomerate, which differ only in the propontion and size of detrital 
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quartz and feldspar. The purer siliceous sediments interbedded with these 
rocks are little more than highly indurated sandstones. The limestones 
show in places a sheared, cataclastic texture, and all those examined have 
been recrysta;llized. Many of the rocks conitain carboillaceous material. 
Some carry considerable plrite, probably of diagenetric origin. 

With slightly higher metamorphic grade, the main changes observed 
are the disappearance of the cloudy clay-like material from the grotmd
mass, and a corresponding increase in size and coherence 'Of the flakes of 
chlorite and sericite. The beginning of recrystallization of the detrital 
quartz may be observed in these rocks, manifested by the development of 
sutured borders on the larger grains and a ·crystalloblastic texture of some 
parts of the groundmass. A few lenticles of quartz, lying parallel with 
the poorly developed schistosity, may be entirely crystalloblastic. At this 
stage the detrital plagioclase feldspar grains appear to remain completely 
unaffected. Among the minor detrital constituents, grains of garnet may 
be observed at varfous stages in the process of alteration to an aggregate 
of chlorite, sericite, quartz, and magnetite; originally relatively large 
grains are in places represented by an outer ring of chlorite grading inward 
to a core of sericite and quartz, with only a few fragments of the original 
garnet. In many of the rocks of this and all higher metamorphic grades, 
tourmaline is conspicuous in well-developed, euhedral, prismatic crystals; 
although many of the grains themselves seem to have ·been originally 
detrital, tourmaline may have 'begun to undergo recrystallization at this 
early stage. At this stage, also, carbonaceous matter has disappeared, 
and the pyrite has apparently been oompletely converted to magnetite or, 
in some cases, to limonitic material. The rocks of this stage represent true 
slates, phyllites, quartzites, and quartzitic conglozoorates. The require
ments for the development of smooth platy slates, ·as contrasted with 
minutely crenulated phyllites, are not ·clear, for the two rock types, although 
very fine grained, appear in thin section to be alike in mineral composition. 
In the field, slate and phyllite are intimately inlterbedded, so that some 
sedimentary beds have produced slate and others have developed into 
corrugated phyllites in the same structural and deformational environment. 
In such cases the ·controlling factors were probably the grain size and 
porosity of the original sediment, with the slate representing denser and 
more compact beda, in which ·circulation of recrystallizing solutions would 
be impeded. 

The metamorphic changes throughout the middle and most of the 
lower stratigraphic levels of the Ingenika group consist chiefly of an 
enlargement of chlorite and sericite grains, and further recrystallization 
of detrital quartz and feldspar. Few good slates or phyllites are found 
in the stratigraphically lower half of the group; their place, in beds of 
equivalent bulk composition, has been taken by chlorite-sericite schist.s. 
The schistosity of these rocks is due primarily to the sericite, which has 
in a few specimens grown into discrete flakes of muscovite; from an early 
stage in its development this mica occurs in individual lath-like grains, 
commonly smaller but much more perfectly oriented than the radiating 
crystals and irregular strings and patches of chlorite. The chlorite grains 
large enough to 1be optically identified are the variety clinochlore. The 
detrital quartz grains are more completely recrystalliz.ed, and in the lower 
horizons the purer quartzites have a uniform crystalloblastic texture. The 
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detrital feldspar grains show much less tendency to recrystallize, and only 
in the lowermost beds do they enter appreciably into the crystalloblastic 
texture of the surrounding rock. Thus, in many of the feldspathic 
quartzites and quartzitic conglomerates, the feldspar occurs as rounded 
detrital grains or granules interspersed with lenticular masses of quartz 
that represent recrystallized quartz fragments. 

At the lowermost stratigraphic levels of the group, a gradual transition 
of chlorite into hiotite occurs, apparently accompanied lby a reaction 
between chlorite and muscovite. Irregular patches of chlorite, commonly 
surrounding small grains of quartz, show vague areas of higher birefringence; 
the fine grain.s of sericite, which elsewhere permeate the entire rock, are 
in some cases noticeably lacking in such areas. In some rocks, in which 
the conversion of chlorite to biotite is well advanced, rudimentary grains 
of garnet may he observed forming from the remaining patches of chlorite. 
The first garnets to be seen, as one passes to successively higher meta
morphic grades, are very irregular stringy masses, pseudomorphous ·after 
chlorite, and completely interstitial to the recrystallized quartz; the 
schistosity of the rock, as shown by flakes of musoovite and lenticies of 
quartz, passes uninterruptedly through the skeletal garnet grains. At tbhe 
lowest levels the feldspars have in many cases become more or less crystal
loblastic, but in almost all rocks they retain some trace of their original 
elastic origin. The degree of recrystallization in the mck as a whole is 
rarely sufficient to obliterate minor textural differences between adjacent 
stratification, laminre, etc. Even the limestones, which are completely 
recrystallized at an early stage, in places show original bedding by bands 
of difftlrent grain size. 

A few departures from this relatively simple mineralogical and textural 
sequence have been observed. The elliptical bodies of extremely fine
grained, hard, black slate in schistose chloritic quartzite north of Mount 
Melvin have sharp borders against the well-recrystallized, medium-grained 
matrix. A black quartzite in the Butler Range contains zoisite and clin
ozoisite porphyroblasts in an apparently carbonaceous groundmass, so fine
grained that it appears cherty. The very fine texture of carbonaceous 
rocks compared with associated rocks of low •carbon content has been attrib
uted to a direct hindrance to chemica;l reaction and crystal growth by 
chemically inert graphite that collects on the surface of growing crystals. 
Schists and slates containing appreciable or even dominant proportions of 
tourmaline, zoisite, clinozoisite, epidote, chloritoid, or actinolite occur east 
of Tomias Lake, near Ingenika Cone, on the lower Swannell River, on 
Ingenika Crag, and northeast and northwest of Goldeneye Lake. · Some, 
at aeast, of these minerals may represent mated-al introduced to the rocks 
during a recrystallization distinct from the regional metamorphism of the 
Ingenika and Tenakihi groups as a whole; for it may be noted that all of 
the above mentioned localities, except Goldeneye Lake, are close to the 
area of the Wolverine complex or to a region of abundant hydrothermal 
mineralization, and two of the very few dykes observed in t_he Ingenika 
group outside of the Wolverine complex area cut the slates and tlimestones 
north of Goldeneye Lake. 

Large barren quartz veins, similar to those in the Tenakihi group, 
occur in the Ingenika group strata, but are much less abundant. The 
veins are commonly colourless or slightly smoky, in contrast with the 
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opaque milky white veins typical of the Tenakihi rocks. Most of them are 
lenticular, less than 200 feet long, and follow bedding planes in rocks of the 
more brittle types. Veins less than 2 feet thick are uncommon. As in the 
Tenakihi group, these veins are thought to be mainly a by-product of 
regional metamorphism, rather than the result of later hydrothermal proc
esses. Some of the quartz in the veins cutting Ingenika. group beds may 
have been derived from Tenakihi rocks. 

RELATION OF MEil'A'.MORPHISM TO DEFORMATION 

That the metamorphism of the Ingenika group rocks occurred mainly 
prior to the development of the present folded structures is ·apparent from 
the general correspondence between the metamorphic grade and strati
graphic horizons, independent of the present attitude of the rocks. If the 
increase of metamorphic grade is acknowledged to be dependent upon an 
increase of temperature and pressure determined in part by depth of burial, 
combined with high shearing stress, then clearly the metamorphism could 
not have taken place during the time the rocks were being folded to their 
present positions, nor at any time since they had attained these positions. 
To cite an extreme example, in the overturned beds on the west flank of 
the Butler Range, the garnetiferous schists of the Tenakihi group and the 
quartz-biotite schists of the Ingenika group on the crest of the range lie 
structurally on top of the chloritic phyllites and slates that are more 
intensely deformed, but of lower metamorphic grade, at the base of the slope. 

The relation between schistosity and bedding in the Ingenika group is 
similar to that in the Tenakihi group; the general plane of schistosity is 
parallel with both the limbs and crests of the major and most of the minor 
folds, but cuts across some of the minor folds. The planes of schistosity 
and cleavage are for the most part rigorously parallel with the bedding in 
rocks free from intense local contortion, but where the beds are strongly 
drag-folded on a small scale, shear and platy cleavage planes parallel the 
axial planes of the small folds. In some such instances the attitude of the 
plane of shearing changes as much as 90 degrees within 500 feet. In ·a few 
places, where the axial planes of the drag-folds are sharply bent, or where 
the minor structures are domes and basins superimposed on more regular 
folds, the rock possesses two sets of shear planes about equally developed-
one paraillel with the bedding and one parallel with the axial plane of the 
fold-and the disintegrated rock is an aggregate of pencil-like fragments. 

Further evidence that metamorphism ·and development of schistosity 
had occurred to some degree before the last major folding of the rocks is 
afforded by the limestones east of Pelly Creek, which have been folded 
into isoclinal, digitate folds more than 2,000 feet from crest to trough. Near 
timber-line on the southwest shoulder of the mountain south of Pelly Lake, 
a series of such iiimestones is well bedded, slightly micaceous, with a faint 
but unmistakable schistosity parallel or nearly parallel with :the bedding. 
The rock is cut by subparallel, nearly plane, calcite veins, mainly less 
than 6 inches but in places up to 10 feet thick, that are so numerous that 
on some exposures vein materi~l comprises an estimated 20 per cent of the 
rock volume. The veins occupy simple fissures, which lie at an average 
angle of about 10 degrees to the bedding plane (bedding and schistosity 
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strike north 40 degrees west and dip 54 degrees northeast; veins have an 
average strike of north 15 degrees west and dip 60 degrees northeast); there 
has been little replacement of the wall-rocks by the veins, and beds can be 
matched across the veins to show no appreciable displacement paraHel 
with the plane of the vein. There seems no reason to doubt that the veins 
fill tension cracks developed during the large-scale drag-folding of the lime
stone; and it is obvious that the schistosity of the recrystallized micaceous 
limestone antedated the development of the fractures. It would seem 
inconceivable that non-schistose '1imestone containing up to 20 per cent vein 
material could be metamorphosed in such a way that the limestone between 
the veins was recrystallized to a muscovite-bearing schistose rock with 
sharp boundaries against the veins while the vein material remained free 
from muscovite and retained its coarse 'vein' texture; and it is equally 
hard to visualize a system of stresses that would open the vein fissures at 
the same time as the schistosity was developed. 

Although the main metamorphism of the Ingenika group is thus seen 
to precede the development of the large folds, there was enough recrysta•l
lization during folding to prevent cataclasis and to relieve most internal 
stresses. Thus crystalloblastic quartz grains, though strained, are c!Jear 
and unfractured. The dolomite ( ?) porphyroblasts in some of the chloritoid 
schists on Swannell River, near the axis of a major syncline, appear to have 
grown in a sheared rock; during growth they were rotated slightly, and 
after growth were further moved, allowing quartz to be deposite.d in spaces 
formed and protected by the displaced porphyroblasts. The development 
of these porphyroblasts, and of the nearby zoisite schists, may well be 
connected with the formation of the syncline, and thus later than the 
regional metamorphism. 

The processes by which schistosity could develop paraUel with bedding 
have been discussed in the description of the Tenakihi group (See pages 51 
to 54) . The conclusion that most of the metamorphism occurred during a 
period of relatively gentle deformation earlier than, and independent from, 
that which produced the present major folds-under directed stresses 
probably occasioned by large rising or laterally invading intrusive masses, 
or by forces from a widespread irregular zone of anatexis and migmatic 
action, accompanied by an increase of temperature gradient due probably 
to the same intrusive or anatectic sources-applies equaHy to the Ingenika 
group. The greater local irregularity of the planes of schistosity in the 
Ingenika group than in the Tenakihi group is probably due to the greater 
inhomogeneity of the strata, with lenticular beds of differing competency 
and varying degrees of ease of recrystallization producing local differences 
in resistance to stress. 

ORIGIN 

The Ingenika group is characterized throughout lby four dominant 
sedimentary rock typee and their metamorphic derivatives: greywackes 
and subgreywackes, altered to slates, phyllites, chloritic schists, and chlorilfie 
quartzites; sandstones-impure, angular, and poorly sorted, to extremely 
pure, well rounded and sorted-now represented by the quartzites; con
glomerates, whie'h are for the most part fine grained ·and merely a coarser 
phase of the sU:bgr·eywackes and sandstones; and limestones, which in 
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their less-crystalline phases are partly oolitic, and possibly partly algal, 
and which in many places contain considerable detrital non-carbonate 
material. All of these sediments suggest shallow-water conditions of 
deposition throughout the entire sequence of the group. Near-shore condi
tions are required by the poorly sorted subgreywackes, by the conglomerates 
and the relatively coarse sandstones, and by the detrital limestones. 
The crossbedded quartzite, and the possibly mud-cracked limestone 
indicate shoreline conditions of deposition. If the nitre in Tenakihi Range 
and the calcium sulphate (gypsum or anhydrite) found in many localities 
are original constituents of the rocks, their source beds may be the result of 
isolation and dessication of local basins in an arid climate. The remarkable 
purity and high degree of rounding and sorting shown !by some of the 
quartzites suggest that they may be reworked wind-blown material. Except 
for the rare, fossiliferous limestones, which are marine, there is little 
evidence as to whether the assemblage was laid down in salt or fresh 
water; but the thickness of the deposit and its uniformity over a large 
area suggest a sea-coast rather than an inland-basin environment. 

The nature of the sediments indicates a greater diversity of conditions 
of source area than of deposition. Greywackes and subgreywackes 
are characteristically products of Tapid mechanical erosion and short 
transportation. These sediments, therefore, suggest a near-shore proven
ance of high relief in which mechrunical erosion is dominant; perhaps a 
rugged archipelago or mountainous coast. The well-rounded, well-sorted, 
fine cong1omerates may have travelled far, but probably require transporta
tion by streams with a relativly high gradient, as from a highland area. 
The pure quartzites, on the other hand, if not of desert origin, are probably 
indicative of prolonged erosion in ·an area of moderate to 'low relief, with 
long transpo:rttation resulting in reworking, resor.ting, 1and rounding of 
particles. The pure, massive limestones must have been formed during a 
temporary cessation of elastic deposition over considerable areas. 

The intimate intercaiation of the various rock types indicates a 
repetitive ·alternation of character and quantity of supplied material and 
of conditions of deposition. It is probable that, in a heterogenous sedi
mentary sequence like the Ingenika group, there are many intervals of 
norn-deposition in any one section; but no instances of erosion of one 
bed before the overlying one was deposited were recognized, with the 
possible exception of 'slump' structures and fillings of contorted argillite 
in irregularities in some conglomerate beds m the Tenakihi Range near the 
n[tre-bearing beds. 

Thus, on the whole, the Ingenika group rocks were laid down under 
typical geosyindinal conditions of deposition, in which the 'sinking of the 
sedimentary basin approximately kept pace with its filling by sediments, 
through the deposition of an aggregate of up to 18,000 feet of material. 

Evidence regarding ·the litho'logical chara1:lter of the source area for 
the Ingenika group rocks is meagre. On the whole, the rocks are consider
ably less siliceous than those of the Tenakihi group. The only sedimentary 
rocks whose bulk composition can be considered at all representative of 
their pa.rent rocks are the greywackes and subgreywaekes. These show, 
along with the ubiquitous quartz, a relatively high proportion of ferromag
nesian material, an abundance of intermediaite to slightly sodic plagioclase, 
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and a relative scarcity of potash feldspar. Such material would appear to be 
possibly indicative of rocks of intermediate compositi10n; if igneous, about 
in the andesite-diorite-grandodiorite range. 

AGE 

Metamorphism has ob'literated most of any fossiliferous material the 
Ingenika group rocks may have contained, ·aind most of the few structures 
that are reco~zable as the remains of organisms are too recrystallized to 
be identified. One small lens of limestone surrounded by chloritic phyll1tes 
north of Osilinka River, about 4,000 feet above the lowest exposed beds in 
this section (See page 74), and probably much more above the base of 
the Ingenika group, contains recognizable archaeocyatha. These fossils 
(Collection FIR (1946) and 15229 (1947) were submitted to Dr. V. J. 
Okulitch of the University of British Columbia, who reported (Okulitch 
an:d Roots, 1947; and personal communication, 1948) 1on them as follows: 

"Fauna! Hst: 
Ajacicyathus purcellensis Okulitch 
A. clarus Vologdin 
A. osilinka n.sp. 
Coscinocyathus ap. 
Dendrocyathus inexpectans n.sp. 
Protopharetra rootai n.sp. 
Archaeocyathus cf. A. atlanticus Billings 
Cambrocyathua sp. 

Age: Lower Cambrian, equivalent to the Donald formation of the Dogtooth 
Mountains, British Columbia." 

No other collections containing definitely diagnostic fossils have been 
obtained to date. Dr. Okulitch reported1 on some of the other collections 
as follows: 
"Coll. 15237 (from blue-grey crystalline limestone near the base of the large lime

stone bluff ! mile west of the Beveley mineral claims) : white patches, possibly 
archaeooyatha, uncert..win. 

"Coll. 15238 {from mid-section of limestone bluff west of Beveley mineral claims, 
·about 100 feet stratigraphioolly 81bave Coll. 15237) : iarchaeocyatha, not identifiable 
as to genus. 

"Coll. 15240 (from top of limestone bluff west of Beveley mineral claims, about 
600( ?) feet stratigraphica!ly above horizon of Coll. 15238) : most likely a coral 
and not a archaeocyatha; p'06sibly a Caninia or a Cyatho-phyllum, but not certain; 
has ·a Silurian-Devonian aspect. 

"Coll. F6R (1946) (from the summit of a limestone hihl 4 miles southeast of Chase 
Mountain) : oontains algal remains, similar in appearanee to those common with 
fossils from the Donald formation. 
Age: Lower Palreozoic, probably Lower Cambrian." (Similar-appearing algal 

structures are abundant 3 miles northeast of Mount Lay.) 
"Cohl. F7R (1946) and Coll. 15222 (1947} (from an open-pit on No. 3 vein, Ferguson 

property, lngenika Mines, Limited) : contains poorly preserved tubes resembling 
Salterella or H yolithes. 
Age : ,possibly Lower Cambrian. 

"Coll. 15242 (from north end of the Espee Range) : rounded structures containing 
what may have been originally sponge spicules, but rock is too strongly recrystal· 
lized to allow identification. 

"Coll. 15218 (from north end of the Espee Range): not diagnostic, poorly preserved 
algre." 

1 Personal communicatioDB, 1947, 1948, 1Dt9. 
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The available evidence thus indicates that the Ingelllika group is m 
part, possibly in large part, of Lower Cambrian age. There is no further 
evidence to indicate whether all of the rocks mapped in the group are of 
the same age, or what range of age is represented. If the coral-like fossils · 
found west of the Beveley. mineral claims are of Silurian or Devonian 
age, ·as tentatively suggested by Dr. Okulitch, the rocks from which they 
come should not be i•ncluded in the Ingenika group. 

As previously described, the Ingenika group rocks lie with ·angular 
conformity on the Temkihi group rocks·, the contact between tthe two 
groups being drawn below the stratigraphically lowest unit containing the 
distinctive conglomerates characteristic of the Ingenika group. The top 
of the group is nowhere exposed, and the overlying unmetamorphosed 
rocks of late Palreozoic and younger age are faulted against the Ingenika 
group beds. 

CORRELATION 

The Ingenika group rocks can be traced southeast from Aiken Lake 
map-area to the valley of Ominec•a River, where McConnell (1896, p. 24) 
correlated the conglomerate, quartzites, and slates with the Bow River 
series of Lower Cambrian and Precambrian ·age, .and the limestones with 
the Castle Mountain group of Middle Cambrian to Cambra-Silurian 
(Ordovician) age. McConnell found no fossils, and based his correlation 
with the type area, some 450 miles to the southeast, on lithological 
similaritty alone. 

The archaeocyatha in Tenakihi Range indicate a correlation with the 
Donald formation, the uppermost Lower Cambrian formation of the 
PurceH Mountains (Evans, 1933, p. 122), and the equivalent of beds in the 
lower part of the series of formations now considered to correspond with 
the Castle Mountain group of McConnell. Okulitch (1949) has summar
ized the relations between lithological equivalence and fossil correlation 
of the Precambrian and Cambrian rocks of that part of the Cordillera 300 
miles southeast of Aiken Lake map-area, and his suggestion of an east
ward-migrating geosyncline in Late Precambrian and Cambrian time, 
supplied mainly by sediments from a retreating eastern shore of fairly 
high relief, is compatible with the meagre evidence regarding the origin 
of the Tenakihi and Ingenika groups. 

In the Cariboo Mountains, about 250 miles southeast of Aiken Lake 
map-area and in much the same regional geological setting, beds of 
quartzite and limestone contain a Lower Cambrian trilobite fauna (Lang, 
1938, p. 14) .1 These beds may be correlative with the Ingenika group 
beds, and they overlie with apparent conformity the Cariboo series, which 
may correspond with the Tenakihi group, and which like it is, presumably, 
of Precambrian age. 

In the Toad River-Muncho Lake area along the Alaska Highway, 
130 miles due north of Aiken Lake map-area, Williams (1944) and 
Laudon and Chronic (1949) found a thin series of tan quartzites and sand-

1In 1953, archaeocyatha similar to those found in the In11:enika group were collected from similar 
beds in the Carl.boo Mountains by A. Sutherland-Brown of the British Columbia Department of 
Min.s {V. J. Okulitch, personal communication, 1953). 
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stones, with lesser unmetamorphosed limestones, lying unconformably 
beneath Silurian beds, and unconformably above a series of quartzites, 
schists, slates, and basic igneous rocks of probable Precambrian age. This 
area is within the Rocky Mountains, and the rocks in it show no direct 
affinities with those of the Western Cordilleran region (Lord, 1947, p. 230), 
in which the Aiken Lake map-area is included. The tan quartzites have 
been correlated with the Cambrian Macdougal group of the Mackenzie 
Plain. The relation of these beds to the Ingenika group is not known; 
the two assemblages may be in part equivalent, a•lthough the Macdougal 
group is obviously part of a much thinner, possibly foreland facies. The 
crustal movement that produced the pronounced unconformity below the 
Silurian beds in this area must also have affected the Aiken Lake region, 
and evidence of it should be preserved if sedimentary deposition occurred 
both before and after the disturbance. The lack of any such unconformity 
in the Ingenika group suggests that all beds assigned to the group are at 
least pre-Silurian in age. 

WOLVERINE COMPLEX 

NAME AND DISTRIBUTION 

The name "Wolverine complex" was given by Armstrong and Thurber 
(1945, p. 5) to an assemblage of gneisses and schists, with intimately 
associated granitic rocks and pegmatites, in Wolverine Range of Manson 
Creek map-area. In Wolverine Range, the rocks are so altered by 
metamorphism and granitization that it was not found possible to divide 
the complex into stratigraphic units. These rocks may be traced north
westward into Aiken Lake map-area, where it has been found that they 
correspond mainly, and probably entirely, to those of the Tenakihi and 
Ingenika group~. In Aiken Lake map-area the name Wolverine complex 
has been retained for those rocks of the Tenakihi and Ingenika groups 
that have been profoundly and distinctly altered by processes of metamor
phism and granitization additional to the regional metamorphism suffered 
by all the rocks of these groups, and for the intrusive and meta-igneous 
rocks intimately associated with the intensely metamorphosed sediments. 

Such rocks occupy an area of about 150 square miles, in a belt 5 to 8 
miles wide, running transverse to the strike of the formations, and ex.tend
ing northeast from Blackpine Lake to Tomias Lake and Ingenika Cone. 
Along its southeast side, where exposed, the belt adjoins typical Ingenika 
group rocks at a fault contact. The northwest side of the belt grades 
into Tenakihi and Ingenika group rocks of lower metamorphic rank. 

LITHOLOGY 

The rocks in Aiken Lake map-area assigned to the Wolverine complex 
consist mainly of feldspathic quartzite, quartz-mica-feldspar schist, gneiss, 
and migmatite, with lesser amounts of silicated marble, skarn, amphibolite, 
and amphibolite-grieiss. These meta-sedimentary rocks are invaded by a 
variety of acidic rocks ranging from granodiorite stocks to narrow 
pegmatite and aplite dykes and lit-par-lit injections. The amount of 
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igneous-appearing material is greatest at the southwest end of the belt of 
exposed Wolverine complex rocks, where two stocks of granodiorite, about 
t square mile and 5 square miles in area, respectively, are surrounded by a 
swarm of sills, dykes, and irregular bodies of leucogranite, pegmatite, ap'1ite, 
graphic granite, and alaskite. Dykes and stocks are smaller and fewer 
toward the northeast, and are rare between Ravenal Creek and Tomias 
Lake; still farther east, and on the crest of Butler Range, they are more 
abundant. 

Feldspathic Quartzite 

The common, generally well-bedded, slightly impure quartzites of 
the Ingenika and Tenakihi group rocks are represented in the Wolverine 
complex by light grey to golden brown, granular rocks composed of various 
proportions of quartz, feldspar, biotite, and, rarely, muscovite. The 
weathered surface of these rocks has a distinct speckled appearance due to 
the white, opaque coating on weathered feldspars . This type_ of weathering 
appears to be more or less unique to the rocks of the Wolverine complex 
in the area, and was not observed on the 1less metamorphosed feldspathic 
sediments of the Tenakihi and Ingenika groups. All such rocks are 
schistose or gneissic, with the plane of schistosity or gneissosity in all 
observed cases rigorously parallel with the bedding planes, which are for 
the most part conspiou-0usly outlined by bands of different biotite content. 

In general, these rocks are of somewhat coarser texture than their 
equivalent beds in the normal Ingenika and Tenakihi groups; most of them 
are even-granular, with grains up to 1 mm. in average diameter. A few 
rocks are markedly porphyroblastic, with irregular porphyroblasts of either 
quartz, feldspar, or biotite up to 5 mm. in diameter. 

The quartzites have a wide range of composition, both from bed to 
bed and within the same bed, due mainly to a varying amount of material 
added from extraneous sources, and to a reciprocal transfer of matter from 
bed to bed. In some beds, original differences in the chemical and min_era
logical makeup have been emphasized, in others, nearly obliterated. Almost 
all of the quartzites observed within the Wolverine complex are feldspathic. 
It is not known whether any of these rocks were origina·lly representatives 
of the extremely pure quartzites found in the Ingenika group. In several 
places the conglomeratic phases of the Ingenika group can be recognized 
within the Wolverine complex, with the original pebbles represented by 
clots of quartz or quartz and feldspar. The rocks grade, by decreasing 
quartz content, into quartz-mica-feldspar schists. The feldspar content 
varies considerably, being generally between 10 and 60 per cent of the 
rock volume. A rough relation is apparent between the degree of recrysta1l
lization and the amount of feldspar; in general the most highly metamor
phosed rocks are the most feldspathic. There is much change of feldspar 
content within distances of several hundred feet in the same bed. With 
increasing intensity of recrystallization and reconstitution, the feldspathic 
quartzites grade into quartz-mica-feldspar gneisses and migmatites. · 

In thin section all the feldspathic quartzites have a completely crystal
loblastic texture. Some of the quartzites reveal the effects of crushing, 
with consequent granulation and recrystallization of fine fragments 
between larger grains, producing 'mortar structure'. 
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The feldspar varies greatly in habit, occurring in some rocks as 
interstitial, stringy masses, and in others as rounded grains with sutured 
borders, or as small subhedral crystaUoblasts. Two distinct kinds of feld
spar are represented; albite-oligoclase, and potash feldspar-both or!tho
clase and microcline. In the less metamorphosed quartzites, which usually 
contain less than 30 per cent total feldspar, nearly all the feldspar recog
nized was found ·to be plagioclase, much of which shows polysynthetic 
albite twinning. Many of the plagioclase crystals are zoned, and are 
commonly clouded by fine dust-like inclusions. In more highly feldspathic 
rocks, which seem to be also coarser and better crystallized, grains of 
orthoclase appear, and in some sections comprise an estimated 10 per cent 
of the rock. At higher metamorphic grades, where the rock passes into a 
quartz-mica-feldspar gneiss, a few crystalloblasts of microcline were 
observed, but microcline and orthoclase were not both noted in the same rthin 
section of any of the rocks classed as quartzites. 

The foliation of the quartzites is due primarily to the flakes of biotite, 
which in some sections appear to have a nearly perfect planar arrange
ment. In general, there is no sign of linear structure, and thin sections 
parallel with the foliation plane show a haphazard pattern of grains. The 
muscovite shows much less tendency toward a common planar orientation 
than the biotite, and some relatively large grains have grown with their 
long axes across the foliation. In many specimens the quartz and feldspar 
grains are elongated and share in the general foliation. 

Needles of sillimanite, commonly grouped in radiating clusters, were 
observed in about half the thin sections examined, the largest noted about 
a millimetre long. Most of them are in the biotitte flakes; ·a1lthough a 
.few crystals of what appears to ·be the same mineral occur in quartz. 

Quartz-mica-feldspar Schist 

The quartz-mica-feldspar schists of the Wolverine complex differ in no 
essential respect, except in the proportion of quartz, from the feldspathic 
quartzites with which they are interbedded, and which themselves are 
either schistose or gneissic. Rocks in which quartz is not a dominant 
mineral are quite minor, and in the main are restricted to beds, usually 
less than 3 feet thick, that are correspondingly richer in biotite. Although 
most of them probably represent beds that were origin~Jly among the 
most fine-grained beds in the assemblage, many are now slightly coarser 
in texture than the quartzites with which they are interbedded, indicating 
that they recrystallize with greater ease t_han the quartz-rich rocks. 

Garnetif erous Schist and Quartzite 

Garnet-bearing rocks are of relatively restricted occurrence in the 
Wolverine complex. The abundant quartz-mica-garnet schists of the 
Tenakihi group apparently suffer a complete breakdown of garnet during 
alteration to quartz-mica-feldspar schists and gneisses. 

The Ingenika group rocks exposed in the syncline passing through 
Tomias Lake Valley have been metamorphosed to quartz-muscovite
garnet schists and quartzites, and garnet-bearing quartzitic conglomerates, 
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in places feldspathic, in a belt about 8 miles wide trending across the 
strike of the rocks. Strata 5 miles to the northwest and 2 miles southeast 
of this belt, which almost certainly represent the same beds as the 
garnetiferous rocks, are the normal sericitic slates and phyllites, quartz
chlorite schists, and quartz-pebble conglomerates of the Ingenika group. 
With increasing grade of metamorphism, the garnets apparently disappear, 
the quartzite pebbles in the conglomerates recrystallize into long lenses 
of crystaUoblastic quartz, the proportion of feldspar increases, and the 
rocks grade into quartz-mica-feldspar schists and gneisses. Such a 
sequence of changes is revealed on the ridge due north of Tomias Lake, 
and on the flank of the mountain southwest of the outlet of the lake. 

Quartz-mica-feldspar Gneiss 

The beds of feldspathic quartzite and quartz-mica-feldspar schist grade, 
along their strike, into more coarsely granular rocks in which the individual 
beds lose their identity, but which possess a pronounced banded structure 
due to segregated layers rich in biotite or in quartz and feldspar. Most 
of these rocks are composed mainly of grains 1 mm. or more in size. The 
tendency toward development of the oriented, elongate grains of quartz and 
feldspar is much '1ess pronounced in these rocks than in the schistose quartz
ites from which they were derived, and the foliation of the gneiss is due 
mainly to the ragged but fairly well oriented flakes of biotite, and to a 
segregation of the minerals into layers relatively richer in quartz or in 
biotite. 

Most of the gneisses contain about 50 per cent feldspar, apparently 
mainly albite-oligoclase or microcline. The proportions of these two types 
vary widely in different specimens. Some rocks are composed almost 
entirely of biotite and microcline. In one section, an untwinned, optically 
negative feldspar, probably orthoclase, is associated with the microcline. 
A few of the gneisses contain conspicuous porphyroblasts of albite-oligo
clase, usually zoned, with well-developed a•lbite and Carlsbad twinning, and 
clouded with inclusions, up to 6 mm. long. The potash feldspar was not 
observed to be porphyroblastic in habit, but in at least one specimen 
several smaller grains are collected into irregular, lenticular augen up to 
10 mm. long. 

Migmatite 

There is no sharp distinction between the quartz-mica-feldspar gneisses 
of the Wolverine complex and those rocks to which the term migmaJtite has 
been applied. However, it has been found useful in the field to distinguish 
those gneisses that 0ontain bands, or, more rarely, irregular patches with 
vague, gradational borders, of granular crystalline maJterial in which the 
various constituents are evenly distributed, and which, in ha1nd ·specimen, 
have a markedly 'igneous' ·a.spect; such rocks have been called migmatites. 
They are best developed ·around the granodiorite stocks southeast of Black
pine Lake, where they may be it.raced along the foliation through less 
metamorphosed gneisses into schistose quarlzites. A small area of similar 
rocks is exposed on the ridge east of Tomias Lake. 
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The migmatites possess the same simple mineralogicral composition as 
the gneisses, quartzites, and schists. Typical specimens consist of quartz, 
potash feldspar (commonly microcline), sodfo plagioclase, and biotite, in 
about the same proportions as in granite or granodiorite, ·alltemating in an 
proportions with bands much richer in biotite or quarrtz or both. Ln some 
thin sections it is apparent that the quartz-rich bands, which commonly 
make up about half the rock, have been the most mobile, and have flowed 
inrbo S'Ubparallel fractures in the f eldspaJthic material; in other cases the 
outcrop relations seem to indicate that the highly feldspathic bands were 
actively intrusive, either fi'lling fractures or replacing the original .rock; 
but in most places there is no evidenoe 'Of rock disturbance or bodily move
ment of material, and the recrystallization and change of composition 
seem most easily explained by a quiet pervasion of fluids •along the foliation 
(bedding?) planes. 

Accessory minerals are quite minor in the migmatites, ·as in the gneisses 
generally, and include sillimanite, apaJtite, tourma:line, zircon, and mag
netite. Some thin sections were observed to conltain euhedral grains of 
scapolite. 

Lit-par-lit Gneiss 

In places the quartz-mica-feldspar gnei'Sses contain bands or sill-like 
bodi$, oommon1y between 1 inQh and 1 foot thick, of relatively massive, 
igneous-appearing material of granitic compositiion. These rocks differ 
only in degree from the rocks here referred to as migmatites, but the gneisses 
are commonly finer grained and less well -0rysballized, the borders of the 
granitic bands •are sharper, and in pla-0es the granitic bands cut ·abruptly 
across the foliation as seams of quartz and feldspar, suggesting that they 
have been bodily injected a·Jiong fractures and planes of weakness. Lit-par
lit gneisses of this type are less abundant than the migmatites irn the highly 
metamorphosed rocks northeast of Blackpine Lake, but are more wide
spread. They aTe well developed in places near the pass at the head of 
Ravenal Creek and in the ButleT Range east of Tomh11s Lake. 

Silicated Marble and Skarn 

Interbedded with the feldspathic quartzites and quartz-mica-feldspar 
schists .are highly metamorphosed calcareous rocks, which range in com
position from slightly altered marble'S to lime-silicate rocks 'Mld amphibolites 
containing no carbonate material. The rocks to which there has been the 
least addition of mateTial consist mainly of whiite, coars~ly crystalline 
calcite, with scattered tan to resin-brown andraclite garnet porphyroblasts, 
and irregular, usually interstiti•al, grains of clinozoiaite. Wirth increasing 
silicate content the ca1ldtte is replaced by plagioclase feldspar and amphibole. 
A typical rock found on the south slope of the mountain due north of the 
mouth of Tuitizika River is conspicuously banded, with irregular layers 
up to t inch thick ·alte:r:nately rich in brown garnet, green actinolitic 
amphibole, white tremolite in radiating clusters of needle-like crystals, 
and grey-green calcite-plagioc}ase-clinozoisite rock. The development of 
silicaite minerals in these rocks is very iTregular; in places the ba.nds end 
abruptly against patches composed largely of recrystallized calcite, yet 
nearby almost the whole of the same bed is an aggregate of silicate minerals. 
In many places, what appear to be the original bedding planes are marked 
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by layers rich in garnet, which either form a fine-gr·ained aggregate of 
subhedml, rounded grains (garn~ite), or, 'less commonly, individual por
phyroblasts up to 10 mm, in diameter with almost perfect dodec•ahedral 
forms, and smooth shiny faces. Adjacent to the garnet-rich layer there is 
in many places an irregular green fayer that is seen in thin section to be 
composed largely of a faintly pleochroic pale green amphibole whose extinc
tion angle of 20 to 26 degrees suggests• that it i:s a form intermediate between 
actinolite and hornblende; with the amphibole are, nearly everywhere, 
irregular, poikilitic grains of clinozoisite, and ·scattered masses of ·anhedral 
garnet. This layer, and the still more irregular bands and patches of 
radiating tremolite, and plagioclase-clinoz.o~site materia:l, do not appear to 
be related directly to the bedding planes or visible fractures in the rocks. 
Their patchy occurrence suggests that ithey were formed by the action 
of solutions that travelled mainly along the bedding planes or bed contacts 
now converlied to garnetite, and diffused through the garnet layer without 
reaction, to the unaltered limestone in the interior of the bed, where they 
developed crude bands representing approximate planes of equa.l ease of 
diffusion. 

Where ithe original limestone has become so replaced by silicate 
minerals that carbonate is only a minor constituent of the rock, the sHic·ated 
marbles grade into typical skarns. Severrul amphibole-garn.et-pJ.agiocJ.ase
clinozoisite-cafoite beds northeast of Blackpi'llle Lake are of thi·s type. 
Most of them are less than 20 feet thick. 

Amphibolite 

Several beds interca'lated with the quartz-mica-feldspar gneisses and 
migmatiites in the most highly metamorphosed ·a11ea of Wolverine complex 
rocks northeast of Blackpine Lake ·are composed maiillly of amphibole and 
plagioclase, with more or less biotite. Most of them have ·a strongly 
developed gneissic texture, •allid there are all gradations between beds about 
10 feet thick of uniform amphiboliite and banded quartz-mica-feldspar 
gneisses with thin layers rich in ·amphibole ·and plagiociase. · 

The dominant mineral of the amphibolites is a dark green 1lo greenish 
black amphibole, occurring typically in elongated crystals up to 3 mm. 
long. In thin section, it exhibits bright green 1to olive pleochroism, and has 
a maximum extinction •angle of ·about 25 degrees. The mean refractive 
index appears 1:Jo be about 1 ·672. 

The plagioclase of the amphibolite occurs mainly as clear, rounded 
or irregular grains, commonly showing albite and more complex twinning, 
usually smaUer than the hornblende crystals, and within which some grains 
are poikilitically enclosed. The mean refractive index is close to 1 ·544; 
several grains have an optic angle of about 90 degrees, but are apparently 
optically negative; the composition would thus appear to be in the oligoclase 
range, about An15-20 • Though too few grains were accu:rately determined 
to warrant drawing a general conclusion, there seems to be some evidence 
that the amphibolites contain plagioclase that is slightly more calcic than 
that in the siliceous gneisses with which they are interbedded. The 
plagioclase grains in the amphibolite are almost completely free of the 
many dusty inclusions that cloud the feldspars of the gneisses. Plagioclase 
is most abundant in the relatively fine-grained amphibolites; bands richer 
in hornblende are also usually coarser in texture. One thin section contains 
many grains of what appears to be orthoclase. 
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Most of the amphiboli'tes· contain some biotite, and a few rocks are 
composed almost entirely of hornblende and biotite. The biotite occurs in 
elongate, deeply coloured, pleochroic grains that are in part interstitial to, 
and in part transect, the hornblende crystals, suggesting that it may, in 
part, have crystallized later than the amphibole. Minor minerals in the 
amphibolites include quartz, which is relatively rare but occasionally 
found as very large, poikilitic masses; apatite, whi·ch is relatively abundant 
as spindle-shaped to prismatic grains up to -! mm. long; and accessory 
zircon, magnetite, and pyrrhotite. 

Quartz-mica-feldspar gneiss, schist, feldspathic quartzite 

Pegmatite, aplite, quartz veins 
Talus '! l 

,, 
\1\ I 

/\ (' 
I \ 

Elev . .5600' 
Talus 

Approximate scale along crest of ridge, I inch to 90 feet 

G. S. C. 

Figure 5. Sketch, looking northwest, of parl of the roof of the granotliorite stock 
exposed on the southwest shoulder of the mountain east of Blackpine Lake. 

Like the skarns and silicated marbles, the amphibolites are considered 
to have resulted from the alteration of limestone beds of the Ingenika 
group. The development of hornblende-feldspar gneiss and amphibolite 
from limestone by the action of granitic intrusions is a well-known pheno
menon (Adams, 1909; Barth, 1930). The process involves the supply of 
silica, alumina, iron and magnesium oxides, and alkalis to the limestone by 
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emanations from a 'granitic' fluid, with corresponding abstraction of lime. 
No example of a transition within a single bed from itremolite-actinolite
clinozoisite-garnet skarn into hornblende-plagioclase amphibolite was found 
in the Wolverine complex, though such a gradation seems probable and 
has been suggested (Barth, 1928). North of Blackpine Lake, skarn and 
amphibolite are both interbedded with quartz-mica-feldspar gneiss, and 
exist side by side for several hundred feet without noticeable change of 
composition (See Figure 5). It is apparent that the amphibolite is not 
merely a more highly metamorphosed phase of the skarn; the two rock 
types seem to represent somewhat different trends of alteration under 
similar physico-chemical conditions. 

Glimmerite 

Near the edge of the south west shoulder of the mountain overlooking 
Blackpine Lake, and on a serrated arete 3 miles north of this locality, 
beds up to 3 feet thick composed almost entirely of biotite are intercalated 
with the quartz-mica-feldspar gneisses. The biotite is in glistening black 
scales up to 4 mm. in diameter, entirely similar to that found in the biotite
bearing amphibolites. Accessory minerals are those found in the amphibo
lites: hornblende, quartz, plagioclase, apatite, and sphene. 

The glimmerite appears to be merely a phase of the amphibolite 
extremely rich in biotite. 

Pyrrhotite Skarn 

In several places the skarns and amphibolites northeast of Blackpine 
Lake are accompanied by deposits of iron sulphides, dominantly pyrrhotite, 
with variable amounts of pyrite, chalcopyrite, and arsenopyrite. The 
deposits range from thin seams of coarsely crystalline sulphides intercalated 
with the skarns and amphibolites, to bodies up to 25 feet wide and 500 feet 
long consisting of at '1east 40 per cent sulphide material. The largest of 
these bodies, on which the Hope group of mineral claims was staked, is 
described breifl.y on page 222. The characteristic association of iron 
sulphide deposits with contact metamorphosed limestone, in relations that 
appear directly related to metamorphism rather than to later hydrothermal 
mineralization, has been noted by many workers (Knopf, 1933, p. 538). 
Goldschmidt (1911, p. 211) found that in such deposits the iron sulphides 
were usually partly older and partly younger than the skarn silicate 
minerals. In the Wolverine complex rocks, the pyrrhotite appears to have 
formed essentially contemporaneously with the silicate minerals, before the 
conclusion of intrusive action, for dykes of alaskite crossing bands of 
pyrrhotite-rich skarn show no evidence of mineralization. 

Granodiorite 

The most conspicuous feature of the Wolverine complex rocks north
east of Blackpine Lake is a body of granodiorite about 5 square miles in 
area exposed on the slopes overlooking the lake. Another body about :f 
square mile in area outcrops on the north side of the north peak of the 
massif northeast of the lake, and smaller bodies of similar material are 
found on the crest of a ridge 7! miles south of Chase Mountain. For the 
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most part these bodies are relatively fresh, uniformly coarse grained, slightly 
gneissic, light grey rocks, the grain size of most specimens averaging from 
2 to 5 mm.; a few rocks are composed chiefly of grains about 8 mm. in 
diameter. Thin sections of representaJtive specimens show the rock to con
tain :about 30 per cent quartz; 45 per cent oligoclase-andesine (Anlli-35 ), 
commonly twinned ruid zoned; 0 to 20 per cent potash feldspar, mainly 
microcline, but some sections show many grains of orthoclase; and 
up to 10 per cent dark minerals, mainly biotite or, occasionally, hornblende. 
Accessory minerals are magnetite, sphene, and apatite. No systematic 
difference in composition or texture between the centre and borders of the 
various bodies could be discerned. 

The granodiorite bodies have relatively smooth, sharp contacts against 
the schist they intrude, and in general have the shape of steep-walled stocks, 
fairly regular in plan outline, with irregular but relatively flat roofs. The 
prominent southwest shoulder of the massif northeast of Blackpine Lake 
appears to consist of a relatively thin roof or capping of gneiss, much 
intruded by pegmatite, resting on the granodiorite, which is exposed on 
three sides almost up to the top of the shoulder. In the entire, excellently 
exposed upper contact of the '1argest body northeast of Blackpine Lake, 
which was examined in detail, no apophyses of granodiorite into the gneiss 
were found. In many places the contact between the granodiorite body 
and the gneiss is occupied by a quartz-feldspar-muscovite pegmatite dyke, 
which shows intrusive or replacement relations against both rocks. Else
where, the contact is invariably sharp, but not everywhere knife-edged; in 
places the distinctive layers of strongly banded gneiss lose thei:r individual
ity and give way to uniform granodiorite within about half a centimetre. 
No difference could be noted between the granodiorite truncating bands of 
·amphibolite and that intruding quartz-mica-feldspar gneiss; and the folia
tion of the granodiorite is not oriented in any apparent relation to the 
bedding foliation of the schist, gneiss, and migmatite. Inclusions of gneiss 
within the granodiorite appear to be lacking, with the possible exception 
of a few relatively large bodies near the margins of the stocks, which could 
be interpreted as roof pendants. 

The foliation of the larger granodiorite body northeast of Black
pine Lake is in most places inconspicuous, ·amid is not uniformly developed; 
many exposures appear massive. In genera;! the planes of foliation are 
relatively flat-lying, though quite variable, near the roof, and somewhat 
more steeply dipping ait levels 3,000 feet 1ower. In plan, the foliation 
appears to form broad sweeping curves that roughly parallel the face 
of the rounded mountain spur on which the mck is exposed, and curve 
into the mountain •at the east and north contacts. The conltact relations 
suggest that the granodiorite body is a more or less regular dome-shaped 
body, of which somewhat more thain half the upper part is exposed, am.d 
which is nowhere deeply eroded. Within the dome the planes of foliation 
appear to be crudely concentric, forming shells roughly paralleling the 
contact. 

Leucogranite 

A medium-gr.ained, light brown, granitic rock occurs as numerous 
sills, dykes, ·and irregular bodies in the f eldspaJthic quartzites amd quartz
mica-feldspar gneisses between Blackpinie Lake and the headwaters of 
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R·avena:l Creek. Similar material forms irregular bodies and small dykes 
in the upper part of the g11anodiorite stocks near the lake. The rock 
is mostly massive, with a smooth porcellaneous appearance, impar~ed 
by the pale brown feldspar, in which rounded Ito 11agged elongated grams 
of colourless quartz are oonspicuous. In thin section, the rock has a 
prcmo001ced crystJal1lobloastic texture, ·and a confused arrangement of grains 
suggestive of many norma~l metamorphic rocks. It contains a'bout 25 
per cent quartz, 40 per cent orthoclase (much may be microperthite) 
in large, anhedral, partly interstitial grains, 30 per cent plagioclase (about 
An20 ), a few grains of microdine, and usua1ly not more than 5 per ce~t 
dark minerals, mainly b~otite, with •a few ragged grains of amphibole. It is 
thus a typical leucogranite. 

The rock has sharp contacts •against the granodiorite. In the gneisses 
it is found partly as distinclt dykes and sms up to 20 feet thick, parl:ily 
as bands in some of the lit-par-lit rocks, and partly as irregular masses 
within the migmatites. 

In places it is possible to t11ace ·an apparent gradation aloog a 
single bed from feldspathic qua.I1tzite through gneiss ·and migmatite into 
leucogranitic ma.teri·ll!l, which appears in every respect similar to that in 
the distinoet sills am.d dykes, except for the presence of biotite-rich patches·. 
Beds showing this transition were examimied C'arefully in th:riee Iocaiities. 
Near the Hope group of mineral claims, on the ridge between the norlh 
and south peaks of the massif northeast of Blackpine Lake, the change 
from slightly schistose feldsipathic quarlzite, in beds abowt 6 inches thick 
separlllted by qua.rlz-mica-feldspar schist, to 'leu~ograal!itic rock takes place 
within ·about 150 feet. No sharp boll!Illd•aries can be drawn between the 
v·arious rock types. On the west side of the shoulder overlooking Black
pine Lake, distant 1about 100 feet from the upper contact ·of the main 
stock of grey graniodi:orite, a similar change takes place in a single bed 
within 4 feet. On the euuth side of this shoulder, ·a'bowt 7,000 feet direclly 
up the slope from the Mesi'linka River crossing on the Aiken Lake winter 
road, the transition from gneiss to rock ·apparently identical with nearby 
leuC'ogram.ite dykes is achieved in about 50 feet. The changes involved in 
such transitions are chiefly textural and structural, •and are much more 
conspicuous in outcrop or hand specimen than in thin section. Microscopic 
study of specimens from the s·ame bed shows that the first change eDJtaiis 
the breaking down of elongated, sutUTed grains of quartz into bamds of small 
irregular grains. Coincident with this process is an increase in feldspar 
content, at first in elongated grains, commonly arranged in strings or bands, 
and then, as the rock passes from a gneiss to a migmatite, in irregular 
grains whose haphazard distribution destroys the heretofore welil-developed 
foliation of the rock. The biotite appears to play a passive role in these 
changes, ·although it is the mineral primarily respc>nsib1'e for the outward 
appearrunce of foliation; it seems to be recrystaHized to accommodate the 
changes of ·terlure 1of quartz and feldspar. FinaHy, the rock has· no 
noticeable ban:ding or preferred or.ientation of individual minerals, and 
is a confused hypidiomorphic granular :aggregate, of about the same grain 
size, ·am.d ·containing perhaps twice ·as much feldspar, ·as the original felds
pathic quartmte. 
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Such leucogranitic material comprises nearly one-third of the rock 
volume over 'areas of :several acres around the sma'll gra.nodiorite stock 
exposed on the north peak of the massif immediately northeast of Black
pine Lake, and between this peak 1and the shoulder ·overlooking the lake. 
About half •occurs in definite dykes ·amd sills; the remainder grades into 
migmatites. No instance was noted of 1a ·continuously exposed body of 
leucogranite grading into migmatite at {me place and forming dean-cut 
dykes •and silils at ooother. However, the ltwo types ·appear identioaJ except 
for their field occurrence. It seems reasionable to conclude that they ·are 
of the same ultimate origin, and that in one case the granitic· material 
oonwlidated m situ, whereas in the other it 'became mobilized 1aind travelled 
along fractures •and foliation planes before solidifying. Some dykes of 
leucogranite cut across bodies of pegmatite and graphic granite; others are 
cut by pegmatite. 

Alas kite 

Many dykes ·and irregular bodies in the gneisses 1ood migmatites •sur
rounding the granodiorite stocks east of B'Jackpine Lake ·are composed of 
cream-coloured, moderately coarse-graJned ·a1askite. Typicail specimens· 
contain 25 to 45 per cent quartz, 10 to 40 per cerut potash feldspar, in about 
equal proportions of microcline and what 1appears to be microperthite and 
orthoolase, ·and the remainder albite-oligocl-ase feldspar, much .of it un
twinned. Some thin sections show no dark minerals except scattered g:mins 
of magnetite; .others contain a few flakes of biotite. Accessory minera;ls 
inolude muscovite and ·sillimaniJte. The rock has an irregul·ar texture, wiith 
much intergrowth of the various minerals. Mortar :structure, and strain 
fractures irn feldspar healed by quartz suggest that the alaskite consolidated 
duriing ·a time of pronownced rock movemenlt. 

At least some of the alaskite dykes appear to be the youngest of all 
the Wolverine complex rocks exposed, for they cut across pegmatite and 
aplite dykes, and quartz veins. 

'Graphic Granite 

Cream-coloured, coarse-grained, graphic granite occurs in irregular bodies 
up to 100 feet in diameter among the gneiss-migmatite roof rocks above 
the grey granodiorite exposed on the southwest shoulder of the massif north
east of Blackpine Lake. The feldspar of this granite is in large, irregular 
crystals, some of which are several inches long. The quartz is colourless, 
arranged in characteristic cuneiform structures up to ! inch long. The rock 
contains about 70 per cent microperthite (?), 5 per cent twinned sodic 
plagioclase, and 25 per cent quartz. The only accessory minerals noted 
in thin section were fine, powdery, iron oxides. The graphic granite grades 
into quartz-feldspar pegmatite. 

Pegmatite 

Small bodies of pegmatite are abundant above and around the stocks 
of grey granodiorite northeast of Blackpine Lake. Swarms of dykes are 
found at intervals along the ridges between these stocks and Chase 
Mountain. Elsewhere they are very scarce, but appear in some abundance 
on the crest of Butler Range, at the extreme east border of the map-area. 
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The pegmatite is found only as dykes and sills, commonly sharply curved, 
usually less than 10 feet thick and 500 feet long. In places the pegmatites 
form a reticulate network, which may occupy nearly 50 per cent of the 
rock volume over an area -! mile square. 

The pegmatites are of simple mineralogicail composition; almost all 
are composed principally of quartz, in both opaque white and smoky trans
parent forms, microcline microperthite, and muscovite. Other minerals, 
rarely observed to comprise more than 5 per cent of the rock volume, are 
sodic plagioclase, biotite, actinolite, garnet (almandine ?) , magnetite, 
sphene, sillimanite, and zircon. The pegmatites have the variable texture 
characteristic of bodies of this type, showing much mutual replacement and 
intergrowth. Muscovite, which is the only quantitatively important 
minera•l possessing a tendency to euhedral form, occurs in pseudo-hexagonal 
books as much as 5 inches in diameter and 3 inches thick. Pockets in the 
dykes up to 10 feet across, in which nearly half the rock is composed of 
muscovite crystals more than 2 inches in diameter, have been found. A 
few dykes contain biotite crystals up to 2 inches in diameter and 1 inch 
thick. 

Most of the pegmatite bodies have obviously replaced the rock in 
which they lie. Inclusions within the pegmatite bodies retain .the same 
orientation as the wall-rock, and large, regular and irregular bodies cut 
the quartzite and banded gneiss without producing any offset of contorted 
structures (See Figure 5). One of the most remarlmble features of the 
pattern so produced is the apparent disregard for the banded structure 
of the host rock; true sills are much less common than irregular, curving 
bodies crossing the foliation at all angles. The contact between the pegma
tite and the wall-rocks is in most places gradational across widths of about 
-! inch. An exception to the common replacement pattern is shown by a 
few pegmatites in the grey granodiorite stock; here they occur as narrow, 
straight-walled dykes with knife-edged contacts, and appear to fill fractures. 

The areas containing much pegmatitic material common'ly also contain 
many quartz veins, and the two rock types are probably genetically related, 
although no gradational phases were observed. There are two distinct 
types of quartz veins in the highly metamorphosed rocks northeast of 
Blackpine Lake: one of white, milky, opaque quartz, almost completely 
devoid of any other minerals, and one of bluish to smoky transparent 
quartz, commonly rusty weathering and containing scattered grains of 
arsenopyrite and chalcopyrite. The white quartz veins are the more 
numerous, and '1arger, though bodies more than 3 feet thick and 200 feet 
long are rare; they both cut and are cut by the pegmatites. The bluish 
transparent veins are rarely more than a foot thick, and were only 
observed to cut the pegmatites. Within the pegmatite bodies themselves, 
the smoky, transparent quartz is found mainly as isolated pockets. 

The pegmatites are associated with, and in places grade into, bodies 
of aplite. 

Aplite 

Bodies of aplite are much fewer than bodies of pegmatite in the 
Wolverine complex rocks. They are restricted to areas where pegmatites 
are abundant, and occur as narrow, fairly regular dykes, or as vaguely 
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defined, fine-grained bodies. They have essentiaHy the same mineral 
composition as the pegmatites, from which they appear to differ only by 
reason of their fine-grained, sugary, interlocking texture, and, in many 
places, by their regular, apparently chiefly fracture-filling form. Some 
of the aplites are composed almost entirely of quartz and potash feldspar, 
with little or no mica. A few contain scattered grains of pyrite, arseno
pyrite, and pyrrhotite. 

Granophyre Porphyry 

The largest stock of grey granodiorite near Blackpine Lake is ·cut by 
numerous dykes, and irregular bodies, up to 600 feet in diameter, of light 
buff-grey fine-grained porphyry. The rock contains about 20 per cent 
oligoclase phenocrysts up to 3 mm. long, much altered to sericite, an<j about 
5 per cent ragged green hornblende, commonly accompanied by clinozoisite, 
in a quartz-feldspar groundmass, with well-developed granophyric texture. 
Accessory minerals are mainly magnetite and zircon. There is much 
evidence of repeated corrosion and recrystallization of feldspar, and clots 
of non-granophyric feldspar, in semi-polygonal outline surrounded by a 
rim of clinozoisite grains and containing a core of corroded euhedral horn
blende, are common; these may be the result of alteration and replacement 
of original pyroxene phenocrysts. 

Granophyric porphyries were not found in the gneisses and migmatites 
surrounding the granodiorite stock. Their presence in the granodiorite may 
be purely fortuitous, as they appear to be identical with the small grano
phyre intrusions in the Tenakihi and Ingenika group rocks in the Tenakihi 
Range and on Chase Mountain (See page 108). 

Andesite Dykes 

A few thin dykes of fine-grained andesite porphyry cut the granodiorite 
stocks and the quartz-mica-feldspar gneisses north east of Blackpine Lake. 
All observed are less than 5 feet wide, of uniform width, and are remark
ably straight for lengths up to 500 feet. The rock contains scattered 
altered hornblende phenocrysts about 2 mm. long in a groundmass composed 
principally of chlorite, clinozoisite-epidote, and cloudy decomposed feldspar. 
The dykes have chilled contacts and a well-developed foliation paraHel 
with the walls. In detail the dyke walls are irregular, and show numerous 
apophyses into the adjoining rocks; xenoliths of the wall-rocks are found 
in the dyke margins. 

AH andesite dykes observed are steeply dipping, and most of them 
strike northeasterly. In one place, the hornblende phenocrysts show a fair 
lineation trending directly down the dip. The dykes cut granodiorite, 
leucogranite, and pegmatite. 

ORIGIN 

It is readily apparent that the term 'Wolverine complex' as here used 
applies primarily to the produds of a condition of metamorphism and rock 
replacement rather than to an assemblage of rocks of any particular age 
range or lithologic character. In Aiken Lake map-area the sedimentary 
rocks involved belong to the Tenakihi and Ingenika groups, and all grada-
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tions are represented, from recogniza:ble sedimentary strata that have 
suffered low- to medium-grade regional metamorphism, to high-grade 
gneisses, migmatites, and rocks of granitic aspect. It is also apparent that 
the intensity of the "additional" metamorphism and replacement increases 
progressively toward a centre now represented by the grey granodiorite 
bodies northeast of Blackpine Lake, and toward a less well-defined, less 
intensely altered centre in the Butler Range at the east border of the map
area. Thus the processes that produced the Wolverine complex bear no 
direct relation to the regional metamorphism Qf the surrounding rocks. 

The changes involved in the development of the Wolverine complex 
are essentially those by which quartzites, schists (originally subgreywackes 
and greywackes), and limestones are converted into a rock that ~s identical, 
mineralogically and texturally, with a normal igneous granitic rock; the 
process is Qne of granitization (Read, 1943). The granitization has been 
accomplished by high-temperature solutions, which circulated mainly along 
foliation planes, from which they have intimately pervaded the pores of 
the rock itself, have selectively added Qr subtracted various chemical 
constituents, and have facilitated recrystallization and reconstitution of 
the material already in the rock. The nature of these solutions, their 
ultimate origin, and method of reaction, are fundamental questions in the 
entire problem of granitization and the origin of granites, and have given 
rise to much eontroversy and a voluminous literature (Gilluly, 1948, and 
numerous references therein). Reynolds (1946) has discussed the sequence 
of chemical changes that take place during such a process of granitization; 
the changes producing the "Wolverine complex" rocks appear to follow 
this sequence quite closely. According to this sequence, the quartzites are 
progressively feldspathized, with a marked increase in the alkali content 
of the rock, and a somewhat less pronounced enrichment in lime, magnesia, 
and iron oxides. The schists are first desilicated, with concomitant increase 
of alka.Ji and lime, magnesia, and iron content; at a later stage, when 
f eldspathization is more advanced, silica is added, and lime, magnesia, 
and iron oxides are removed. The limestones are likewise altered in two 
-stages: first, toward a rock of ultrabasic composition (i.e., amphibolite), 
by addition of iron oxide, magnesia, alkalis, and alumina, together with 
a subtraction of lime and carbon dioxide; and then the ultrabasic rock 
is granitized by addition of silica -and alkalis. .A!ll of these changes can 
1be observed in the rocks northeast of Blackpine Lake. It is difficult to 
escape the conclusion that the leucogranite is an end product of the 
granitization of the Ingenika group sediments, and it.hat, farther northeast, 
Tenakihi group rocks are trending toward the same end product. 

The grey granodiorite appears to be of a different immediate origin. 
Its contact with the sediments, and with the leucogranite supposedly 
derived from the sediments, is invariably sharp; and it shows no difference 
in eharacter against rocks of different chemical composition. The outward 
form of the bodies, and the internal structure as revealed by planes of 
foliation, are apparently independent of the structure of the surrounding 
rocks. The stocks of grey granodiorite thus appear to have the charac
teristics of actively intrusive bodies, but there is no evidence that the 
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margins of the bodies have been ·chilled, and there is a puzzling lack of 
dykes of granodiorite into the surrounding rocks, or of inclusions of these 
rocks within the granodiorite. 

The general pattern of occurrence of migmatite and leucogranite, ·and, 
especially, the distribution of the pegmatite and aplite dykes, would seem 
to indicate strongly that much of the alleged granitizing solutions and the 
pegmatite-forming fluid was distributed from the space now occupied hy 
the grey granodiorite. It would seem to follow that the granitizing solu
tions, the material that formed the pegmatite and aplite bodies, and the 
'magma' that consolidated into grey granodiorite are genetically con
nected, and are all products of a common syntectic (or igneous) activity 
that developed in a relatively narrow zone trending northeast through the 
Tenakihi and lngenika group rocks. This activity has taken place at 
relatively higher levels at each end of the zone, so that erosion has revealed 
more highly granitized rocks near Blackpine Lake and in the Butler Range. 

A tentative sequence of events resulting in the production of the 
Wolverine complex rocks might be summarized as follows: 

(I) The first stage of the processes unique to the Wolverine complex 
involved the emplacement and consolidation of the grey granodiorite. The 
material forming the stocks was apparently actively intrusive into the 
Ingenika and Tenakihi group sediments, which were probably already 
regionally metamorphosed. The intrusion probably caused severe local 
deformation of the rocks, resulting in the confused structures found within 
the Wolverine complex rocks, but no pronounced regional stresses were 
active during the time of intrusion and consolidation, and the granodiorite 
solidified with an internal structure controlled mainly by its external form 
and method of intrusion. The contact action of this intrusion on the 
surrounding rock is not known, but there was apparently very limited 
mutual reaction or gradational assimilation between the granodiorite and 
the intruded rocks. 

(2) After, or perhaps partly contemporaneous with the later stages of, 
consolidation of at least the upper part of the granodiorite stocks, fractures 
within the granodiorite and along its contact admitted solutions of great 
chemical activity, which travelled distances of several thousand feet, and 
perhaps miles, into the adjacent older formations. The solutions selectively 
attacked the regionally metamorphosed sediments and made them over 
toward granitic material. Only near the granodiorite bodies, in and 
around which were located the feeding channels, were the solutions abund
ant enough or potent enough to complete the process of granitization; there 
they formed leucogranites, some of which consolidated in situ, others of 
which were mobilized and travelled along foliation planes and fractures in 
the partly granitized sediments to form sills and dykes. 

At · greater distances from the feeding channels, the intermediate rock 
types represented by the migmatites, quartz-mica-feldspar gneisses, feld
spathic quartzites, and schists formed from the c'1astic sediments, and 
amphibolites, skarns, and silicated marbles, formed from the limestones, 
were produced. The solutions carrying magnesiia, iron, alkalis, and lime 
travelled farthest; they were followed by less mobile, or perhaps less 
plentiful, solutions that introduced alumina, more alkalis, and redistributed 
silica. There is no evidence of appreciable deformation due to local or 
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regional stresses during· at least the latter part of the period of granitiza
tion; the leucogranite sills and dykes, which apparently fill fractures and 
thus imply rock movement in the earlier stages, but which a•lso should 
have recorded the effects of any deforming stresses active during their 
consolidation, are mostly structureless. 

(3) In the wake of the highly selective granitizing solutions came 
others which, by contrast, were capable of wholesale, indiscriminate replace
ment of rocks of various compositions and textures. These solutions, 
apparently, had only limited power to replace the grey granodiorite, and 
large quantities may have passed through narrow fractures now represented 
by thin seams; but they were able to dissolve the granitized rocks to a 
remarkable extent. They did not permeate the pores and foliation planes 
of these rocks, which were, apparently, more or less sealed by granitization, 
but they appear to have followed a multitude of fractures, perhaps con
traction joints, in the relatively brittle migmatites and gneisses. These 
fractures seem to have been enlarged by simultaneous, indiscriminate 
replacement of the wa'11-rocks, the material of which was, apparently, 
completely removed, and substituted by a variable, generally coarsely 
crystalline aggregate of quartz, microcline microperthite, and muscovite. 
In places, possibly because of a local loss of volatile content accompanying 
the sudden opening of a fracture the coarse, variable crystallization did 
not obtain, and a fine, sugary aplite resulted; in other places, typically in 
irregular 'pockets' formed by the intersection of several sets of fractures, 
a 'pool' of the pegmatitic fluid seems to have been able to crystallize 
quietly, or the growing crystals to have suffered uniform, crystallographi
caHy controlled replacement (Spencer, 1945), to form patches of graphic 
granite. The net result has been the development of an intersecting 
system of pegmatite and aplite dykes, bodies of graphic granite, and high
temperature quartz veins, which occupy as much as 50 per cent of the 
exposed rock over large areas lying within a shell 1,000 feet or so thick 
surrounding the granodiorite stocks (See Figure 5). The pegmatites have 
apparently been emplaced by removing, in solution, the rock whose space 
they occupy, without effecting any appreciable over-all increase in the 
volume of the rock. 

The pegmatite-forming solutions were obviously highly siliceous, and 
rich in potash. At irregular intervals they carried small quantities of 
iron and magnesium, forming irregular clusters of biotite and other minor 
minerals. There is much evidence of deposition, solution, and redeposi
tion of material within the dykes. The final solutions in many places 
carried little but silica and a smaH amount of iron and copper; these 
formed pockets of clear quartz within the dykes, and veins of transparent 
to smoky quartz containing a few metallic sulphides transecting the dykes. 
What peculiarities of the solutions or conditions of the invaded rock 
caused the solutions to follow lines of mechanical weakness, such as 
fractures, rather than enter the foliation planes and whatever pore 
spaces remaoined in the granitized rocks, and yet enabled them to com
pletely replace those rocks more or less independently of their composition 
and texture, ·are unsolved problems. 

( 4) After the cessation of pegmatite-forming activities, the intruded, 
granitized, pegmatite-bearing rocks suffered three periods of normal dyke 
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intrusion along regular fractures. In these periods the al:askite, andesite, 
and granophyre dykes were formed. The relation of the alaskite to the 
andesite and granophyre was not observed, but on the basis of its chemical 
and mineralogical similarity to the '1eucogranite, pegmatite, and graphic 
granite, the alaskite is believed to be closely connected with the sequence 
of granitization and pegmatite formation. The alaskite could represent 
a late-stage up-welling of granitic material similar to that which had 
given rise to, or perhaps which had been produced at depth by, the 
granitizing and pegmatite-forming solutions. 

(5) The andesite dykes were emplaced. These rocks have been 
observed to cut aH of the rock types of the Wolverine complex except 
the alaskite, and are themselves cut by the granophyre porphyry. The 
andesite dykes observed are found in long straight fractures that appear 
to be due to regional, rather than local, deformation. Somewhat similar 
dykes are found in much younger, less metamorphosed rocks in several 
places within the map-area; consequently, they are not considered as 
products of the peculiar processes that produced the 'Wolverine complex'. 

(6) The stocks and dykes of granophyre porphyry were formed. These 
rocks are younger than the andesite dykes, and like them, their presence 
within the area of Wolverine complex rocks appears to be fortuitous. 

AGE OF THE GRANITIZING ACTIVITY 

There is little definite evidence regarding the time of operation of the 
processes producing the Wolverine complex rocks. The process has affected 
Ingenika group strata, and. is thus post-Lo~er Cambrian. Apparently, it 
occurred later than the reg10nal metamorph1sm, and almost certainly later 
than at least one episode of folding (post-Lower Cambrian, pre-Mississip
pian) of the Ingenika group rocks. 

The dominant period of igneous activity in north-central British 
Columbia is represented by the Omineca intrusions, which are associated 
with orogenic activity extending from late Jurassic through most of 
Cretaceous time. However, in no place are these intrusions known to 
have produced metamorphic effects simHar to the effects of the processes 
that produced. the Wolverine complex, and there does not seem to be any 
evidence on which this complex and the Omineca intrusions could be 
inferred to be genetically connected (Armstrong, in Gilluly, 1948, p. 123; 
and Armstrong, 1949, p. 28). The fact that the processes producing the 
Wolverine complex are not known to have affected Mississippian and 
younger rocks suggests that they may have ceased operation before 
the Mississippian rocks were laid down. A bed of conglomerate in the 
rock assemblage containing strata of Mississippian to probably Permian 
age, exposed in the Lay Range 24 miles northwest of Blackpine Lake, 
contains boulders of grey granodiorite mineralogically and texturally 
similar to the granodiorite of the Wolverine complex, in a matrix made 
up largely of fragments of quartzite, some of which are feldspathic, 
micaceous, and gneissic (See page 115). This conglomerate suggests 
that granitic and high-grade metamorphic rocks had formed, and had been 
exposed by erosion, by late Palreozoic time. The granitizing activit 
producing the Wolverine complex rocks thus seemingly occurre m post
Lower Camb_Eian, probably pre-Mississippian, time. 
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POST-LOWER CAMBRIAN PORPHYRY INTRUSIONS 

Granophyre and Quartz-feldspar Porphyry 

Small distinctive bodies of g:r.anophyre and feldspar-quartz porphyry of 
dacitic ·and ·rhyolit.ic composition cut the Tenakihi and Ingenika group 
stl'at·a in several places. They are most abundant in Teniakihi Range, where 
they form an iNegular stock about 2,000 feet in diameter south of Jim 
May Creek, and many sills and dykes, mostly less than 50 feet thick, in the 
surrounding rocks. North of Mesilinka River rocks of this type 00cur ias 
dykes ·and small irregu1'air masses in the grey .granodiorite stock northeast 
of Blackpine Lake, and as sills up to 30 feet thick and small mocks leBSi than 
10 a<ires in e:icposed area in the Tenakihi ~roup rocks on Ohiase Mountain. 

All of these rocks are very similar in appearance and composi.tion. They 
are medium grey, weathering a light pinkish grey to grey-brown, almost ·all 
porphyritic, with grey ito buff-coloured feldspar phenocrysts up to 2 mm. 
long. The proportion of feldspar, phenocrysts ranges from about 10 to 
nearly 100 per cent. About half of these Tocks contain scattered grains of 
quartz up to 1 mm. in diameter. Some rocks contain up to 15 per cent 
of smaller phenocryste -0f a ferromagnesian mineral, whiC'h in some speci
mens is hornblende, and in others ibiotite, partly to completely 1altered to 
chlorite. The groundmass is· light grey, with ·a dull, earthenware-like 
appearance, •and is seen in thin section to be ·a fine-grained aggregate of 
quartz and feldepar, much of it in a granophyric intergrowth. All the rocks 
are somewhat •altered, despite their fresh appearance in outcrop; the feld
spars .are so clouded with sericitic •and kaolinitic material that it is difficult 
to detemnine their composition. All the feldspars eX!amined have ·a mean 
refractive index of less than 1·544; many exhibit good polysynthetic twin
ning, and a few appear to show perthitic intergrowths. The phenocrysts 
are prdbably oligoclase, orthoclase or microe'line, and perthi·te. The 
granophyric intergrowths in the groundmass are commonly exceedingly fine 
gl'ained, and where best developed form more or less spherical shells with 
a semi-iradiating structure ·around rounded gl'ains of quartz. Ferromag
nesian minerals, represented by hornblende ·and b~otite, make up less than 
10 per •cent of any of the specimens eX'amined, and are generally found only 

.as small phenocrysts; the groundmass of most. specimens appears to be 
free of diark minerals, except for a little magnetite and' secondary chlorite. 
Secondary minerals include sericite, chlorite, clinozoisite, and unidentified 
cloudy clay-:like maiterial in the feldsp·ars. 

None of it.he rocks examined showed any preferred orientation or 
flowage textures. All exhibit sharp, commonly chilled borders against the 
rock-s they intrude. 

The feldspar-quartz porphyiries and granophyres ·cut the grey grano
~odte northeasit of Blackpine Lake, and were, therefore, intruded later than 
the period of formaition of the Wolverine ·complex roc~s. Though altered, 
they sihow no evidence of metamorphic recrystallization, and iare thus pre
sumably later than the metamorphism of the Tenakihi •and Ingenika group 
rocks. They are younger than :some of the shear zones that cut the meta
morphosed rocks. The rocks resem:ble some of the early Tertiary, E,jastiberg 
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intrusiooo of M(JOonnell Creek map-area to the west (Loro, 1948), and may 
be related fo them; somewhat similar intrusions· in Fort St. James map-area 
to the south are probably of Eocene or Oligocene age (Armstrong, 1949). 

Diorite(?) Porphyry 

Two dykes, 400 rand 100 feet wide, respectively, of highly ,altered green 
porphyry cut impure Ingenika group limestones on the lower slopes of the 
mountain east of Pel'ly Creek, S'outh of Zygadine Creek. The present 
rock is a ,confused ag.g.regate of ·chlorite, sericite, altered feldspar, and 
(J1arbonate. It originally ·consisted of phenocrysts of plagioclase feldspar 
up to 5 mm. long iru ·a fine-griained matrix that was prrobabiy of intermediate 
to relatively baisic composition. Clots of rehlorite in this groundmass may 
represent altered ferromagnesian phenocrysts. The rock contained as much 
as 2 pe.r •cent ilmenite or titaniferous magnetit,e, in euhedral grains up to 
2 mm. in diameter, which is now largely altered to leucoxene. The original 
rock may have had a composition close to that of a diorite. 

The dykes are steeply dipping. The contact relations ·are obscured by 
shearing. There has been no noticeable contact metamorphic ,effect on the 
1!1djoaicent limeS!tone, but some rocks in the immediate vicinity are unusually 
rich in tourmaline. 

These large, isolated dykes are of interest chiefly because they are 
the only igneous bodies known in the entire one-third of the map-area 
north of Chase Mountain. No dykes quite comparable to these have been 
found elsewhere in the map-area, with the possible exception of some 
coarse, feldspar porphyry bodies close to the Hogem batholith, and the 
small andesite dykes described cutting the granodiorite northeast of 
Blackpine Lake. 

LATE PAL.lEOZOIC SEDIMENTARY AND VOLCANIC ROCKS 

GENERAL STATEMENT 

A thick assemblage of interbedded volcanic and sedimentary rocks 
outcrops in a belt 6 to 10 miles wide stretching northwesterly across the 
map-area from east of Uslika Lake to the headwaters of Lay Creek. This 
belt includes two distinct mountain groups separated by about 20 miles 
of relatively low country where outcrops are confined to isolated ridges and 
stream canyons. The apparently conformable rock assemblage, grouped 
into one map-unit, consists of andesitic and basaltic flows intercalated 
with tuff, greywacke, limestone, sandstone, conglomerate, and chert. 

LITHOLOGY AND STRATIGRAPHIC SECTIONS 

ROCKS IN THE SOUTHERN MOUNTAIN GROUP 

The southern mountain group composed of these rocks lies east of 
Osilinka River, east and northeast of Uslika Lake, and west of Osilinka 
River between Vega and Tenakihi Creeks. The succession in these 
mountains consists of at least 11,000 feet of strata. The characteristic 
rocks ·are fine- to very fine-grained, well-bedded, grey-green to green tuffs 
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. that weather various sha<les of light grey, yellow-green, green, and reddish 
brown, with a conspicuous banded appearance on outcrops. These tuft's, 
which can be seen under the microscope to be composed principaUy of 
chlorite, epidote-clinozoisite, saussuritized plagioclase, and pyroxene 
largely or completely altered to amphibole, were probably originally of 
andesitic or perhaps in part of basaltic composition. The flows inter
bedded with the tuffs are grey-green, massive to porphyritic rocks, and are 
composed of about the same minerals altered to about the same degree 
as in the tuff s. The porphyritic varieties contain phenocrysts of altered 
andesine plagioclase, amphibole, or pyroxene, up to -! inch long. A 
relatively few rocks, found as flows and as fragments of flow rocks in the 
tuft's, are amygdaloidal, with quartz, chalcedony, chlorite, and carbonate 
amygdules up to i inch in diameter. Some layers that appear to be flows, 
intercalated with the tuffs, are less than 10 feet thick. One exposure of 
andesite north of Vega Creek shows excellent pillow structure. 

In about the middle of this assemblage, a series of tuff beds with a 
stratigraphic thickness of about 100 feet is sharply cut by bodies of 
fossiiiferous arkosic grit and conglomerate up to 40 feet wide and 200 · 
feet long. The bodies strike almost at right angles to the bedding of the 
tuff, against which they have knife-edged, undulating contacts. The 
conglomerate is composed of well-rounded to angular fragments up to 
1 inch diameter of red and green tuff and andesite, grey-green porphyritic 
andesite, blue-grey limestone, and white quartz in a gritty matrix composed 
principally of ·angular white feldspar grains up to n inch long, in a fine, 
sandy groundmass of quartzite grains cemented by limonite. The arkosic 
grit is similar to the matrix of the conglomerate, and like it contains many 
fragments of crinoids and bryozoa. These bodies appear to represent some 
sort of marine canyon or crack fillings in the tuff s. The overlying tuffs 
are not disturbed. Two such bodies are exposed north of Vega Creek on 
the east side of Osilinka River Valley, and a similar, smaller body is 
found on the east side of Conglomerate Mountain, west of W asi Lake. 

Uniformly banded tuft's constitute the lowermost ·600 feet of the section 
exposed north of lower Vega Creek. Overlying them are about 400 feet of 
uniformly banded tuft's with minor black slaty argiUite; and these in turn 
are overlain by at least 6,000 feet of banded tuffs, with minor, intercalated, 
grey-green, massive to porphyritic andesitic flows and a few small bodies 
of gritty arkose ·and greywacke. Above the highest recognized flow are 
about 3,500 feet of uniform, very fine-grained, banded tuffs. One continuous 
exposure shows no bed more than 6 inches thick in a stratigraphic section 
of 300 feet. The youngest rocks exposed in this section consist of about 
800 feet of argillite, grit, greywacke, and banded tuft's. 

An isolated bluff of conglomerate on the bank of Vega Creek, about 
1 ! miles below the Vega mineral claims, may belong to this assem:blage 
and may represent a considera1bly higher horizon in the section. The 
conglomerate consists of rounded pebbles of light and dark grey chert, 
quartz, micaceous and feldspathic quartzite, brown, fine-grained sandstone, 
grey-green and reddish andesites, banded tuff, red jasper, and black cherty 
argillite up to 6 inches diameter, in a strong, sandy to gritty matrix 
composed mainly of grains of quartzite cemented by limonite. The con
glomerate is fairly weH sorted, with beds ranging from a pea-conglomerate 
to a ccm.rse rock with most pebbles more than 2 inches in diameter. 
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ROCKS IN TUTIZIKA RIVER VALLEY 

In the relatively low area extending northwest from the southern 
mountain group to the southeast end of Lay Range, most outcrops show 
banded tuft's and intercalated flows. Probably more than twice as much 
tuff as flow rock is exposed. The section exposed in the valley of Tutizika 
River reveals a relatively large proportion of argillaceous rocks. An 
observed section on the north bank of the river and a'1ong one of its 
small tributaries is as follows: 

(Top of Section) Approximate thickness 
Feet 

Andesite, sheared, serpentinized, carbonBJted ......••....•....•..•.•. 
Handed tuff; minor agglomerate; a few bands of highly altered 

flow breccia .•.••....................•...••.........•..........• 
Argillite, diark grey to black, slaty, .in part graiphitic, PY'l"iitiforous, 

calcareous •..............•.........•....••.•....••...........•.. 
Argillite; intimately intercalated greywac~e; altered tuff; andesitic 

flows ..........•................•• · •• ·• · · · •• • · • •·• •• • · •• • • · • · • • 
Chert(?), pale grey; minor tuff; argillite ........................... . 
Sl:aite and ll>rgiillite, blue-grey to black, in part ea.lcaireous, in part 

tuffiaceous; minor chert .............................•..•....... 
Banded tuff; ll>bout equal amounts of andesite flows, in units 25 ·to 

100 feet thick .....•••..............•................••........ 

100 

1,200 

400 

500 
100 

1,200 

1,000 

Total thickness • • • • • • • • • • • • • • • • • • • • • 4,500 

The highest members in this section are sheared, and local alteration 
has developed much serpentine in the andesitic rocks and graphitic or 
ankeritic material in the argillaceous or calcareous sedimentary rocks. 

ROCKS IN THE NORTHERN '.MOUNTAIN GROUP 

The most complete exposures of this map-unit are found in the northern 
mountain group, which ·includes the entire Lay Range except for an area 
of about 25 square miles near its southeastern end, occupied by an ultra
mafic stock. Here, as elsewhere to the southeast, the strata of this map
unit are ·characterized throughout by conspicuous•ly banded tuft's. In the 
Lay Range, however, they contain in addition a greater variety of non
banded tuft's, greywacke, and non-volcanic sedimentary material. Two 
typical sections, one in the southeastern and one in the northwestern part 
of the range, are about as follows: 

Section at Polaris Creek 
(Top of Section) Approximaite thickness 

Banded tuff; interbedded argillite, blll>ck, slaty •..•••••.•.••...••••.. 
Banded tuff; miinor andesitic flows •..••.•••..•••...•.•••...•.•••••• 
Banded tuff; minor argillite ..•....••....•.•••••••••••••••••••••..•.•• 
Handed tuff; minor ll>Ildesitic and basaltic fiows ...........•......... 
Limestone, blue-grey; tuff, red, massive; banded tuff; oonglomerate; 

sandstone; grit; greywacke (inclrudes Lithostrotion horizon) •.•••• 
BllJilded tuff ...........•...•..............•............•..•..•.•... 
Banded tuff; interbedded agglomerate; miruor andesiitic and ba.saltic 

breccia; greyw.acke ..••.......•••..•......••.••••••..•••.••..•. 
Banded tuff;. intercalated porphyritic andesitic flows ................ . 

Feet 
500 

2,000 
600 

4,500 

1,200 
1,600 

2,500 
4,000 

Total thickness . • • • • • • . . . . • 16,900 
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Section North of Lay Creek, Near West Border of Map-area 
(Top of Section) Approximate thickness 

Andesite; inte1100.lwted banded tuff (upper 2,000 feet poorly exposed) 
Banded tuff; grit; limestone ; conglomerate ....•.•...........•..... 
Basalt and andesite flows and brecciias; banded tuff; oong1omerwte 
Conglom1erate .........................................•............ 
Sandstone; grit; banded tuff; a.ndesite; limestone; impure greywacke 
Banded tuff; minor limestone, chel'ty, relatively pure, in thin lenticular 

beds; greywacke ..................•.....•.....•................ 
Limestone ......................................... ·· · ·•· · ·· ·· · · ·· · 
Banded tuff; intercalated ruidesite flows; greywacke •.............. 
Banded tuff; very fine-grained, uniform; minor an.desite flows ••••.• 
Banded tuff, fine-grained; andesite flows •..•...•................... 

Feet 
5,000 
1,500 
1,200 

340 
550 

1,200 
200 

2,000 
1,000 

400 

Total thickness . . . . . . . . . . . . . . . . . . 13,500 

Volcanic Rocks 

Few of the rocks of volcanic origin are fresh enough to enable their 
-0riginal composition to be determined. Most of them, whether flows, 
breccias, or fragments in agglomerate or tuff, are finely porphyritic, with 
phenocrysts of altered feldspar from 0·25 to 5 mm. long, showing evidence 
of having been zoned and polysynthetically twinned. Determination of the 
mean refractive index and extinction angles of fragments of phenocrysts 
from three of the fresher specimens indicated an average composition in 
the andesine range. The original occurrence of phenocrysts of feldspar is 
represented in some specimens by rectangular patches of sericite, epidote
clinozoisite, and chlorite. Many flows contain phenocrysts of dark minerals: 
orthopyroxene (hypersthene), clinopyroxene (diopside), and amphibole 
have been recognized. The pyroxene phenocrysts are in a few places 
replaced by a single pseudomorphic grain of chlorite or serpentine. It is 
difficult to determine how much am phi bole is a primary mineral; almost 
aH rocks contain fresh needles of secondary amphibole. In general, the 
total amount of dark minerals among the larger grains is not more than 
20 per cent. The groundmass of these rocks is, like the phenocrysts, com
posed of plagioclase and ferromagnesian minerals, altered to an aggregate 
of 1amphibole, chlorite, epidote~clinozoisite, sericite, iand calcite. Some rocks 
contain much leucoxene, presumably the result of alteration of sphene or 
Hmenite. Amygdules are quartz, calcite, chlorite, and occasionally calcite 
and biotite. The high proportion of feldspar, and the observation that the 
plagioclase of the phenocrysts, which is commonly the most calcic plagio
clase in the rock, is andesine in some specimens, suggest that most of the 
rocks are andesites rather than basalts. 

In contrast with the widespread, green, highly altered andesites, a .few 
flows have a bright purple-brown colour and a fresh appearance in hand 
specimens and in thin section. These flows were seen on!y in the north
western part of the Lay Range, where there are at least six bodies, 50 to 
250 feet thick, separated by stratigraphic intervals of 200 to 3,000 feet. 
All are more or less amygdaloidal, with quartz, calcite, and chlorite amyg
dules up to t inch in diameter. In most of these rocks the plagioclase 
phenocrysts are relatively fresh, and occur as well-developed prismatic 
crystals of andesine up to t inch long, whereas the phenocrysts of dark 
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minerals (probaibly mainly pyroxene) are completely altered to antigorite. 
The groundmass is very fresh, with minute laths of feldspar arranged in 
conspicuous flow lines, curving around the phenocrysts. 

Tuffs 

Most of the rocks here called tuffs are undoubtedly water-lain and 
some of the material may be a product of erosion of nearly contempo'rane
ous volcanic flows, rather than of strictly pyroclastic origin. - They are 
composed of angular but well-sorted fragments and broken crystals 
representative of all the types of flows with which they are 1nterbedded. 
In many rocks the degree of heterogeneity within a single bed is consider
able; fragm~mts of various rock textures and mineralogical combinations 
(all apparently within the andesite range) are intimately mixed in the 
finest laminre. Other rocks are composed almost entirely of individual 
crystals and fragments of crystals of feldspar in a very fine-grained, 
uniform matrix. Some may be true crystal tuffs, formed predominantly of 
crystals blown out from volcanic vents as separate individuals. Unless 
they are well bedded, some of these rocks cannot be distinguished in hand 
specimens or under the microscope from porphyritic flows. One distinctive 
rock of this type is buff to greenish grey, with a curious spotted appear
ance due to an abundance of fresh, idiomorphic, doubly terminated prisms 
of oligoclase-andesine, about the size and shape of grains of rice, in a 
uniform, very fine-grained, chlorite-sericite-feldspar matrix. In a few 
places, immediately underneath beds of limestone, highly hematitic, siliceous 
material forms the matrix and coats the fragments of the tuff, producing 
a brilliant red jasper-like rock. 

The individual layers of the banded tuff range from a fraction of an 
inch to a foot or more in thickness. Most layers show a pronounced 
gradation from coarse to fine grain. At one carefully checked locality on 
the ridges west of Swannell River, this gradation is repeated about ten 
times per foot through a stratigraphic thickness of more than 450 feet. 

Greywackes 

With the appearance of fragments of non-volcanic or1gm, and the 
development of a recognizable sedimentary groundmass, the tuffs grade 
into greywackes. Except for a few beds rich in carbonate of organic 
origin, the proportion of non-volcanic material in these rocks rarely 
exceeds 25 per cent, and there does not appear to be a gradation from the 
predominantly volcanic greywackes into the arkosic sandstones and grits. 
Most of the greywackes are somewhat coarser in texture, and much less 
well sorted, than the tuffs. In many beds, fragments up to t inch iii 
diameter are abundant, and subangular pieces of rock up to 1 inch long 
are not uncommon. The non-volcanic material consists of fragments of 
black argillite, rounded grains of quartz, flakes of muscovite and quartz
mica rock, and carbonate material, much of which is in the form of disks 
of crinoid stems and fragments of bryozoa. The groundmass of some 
greywackes is largely crystalline carbonate; of others, it is a pasty, partly 
opaque, exceedingly fine-grained aggregate of indeterminate composition. 
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A few beds, up to 15 feet thick, contain as much as 50 per cent 
carbonate, largely in the form of organic remains, intimately mixed with, 
and mainly forming a matrix to, the subangular fragments of volcanic 
rock. In many specimens, the carbonate is' dark brown or green, and so 
impure with finely disseminated volcanic matter that it is difficult to 
recognize in hand specimen. The carbonate matter consists mainly of 
recrystallized fragments of crinoids, bryozoa, brachiopods, cora•ls, and other 
animal remains. 

Limestones 

The limestones vary from brown to green, impure rocks containing 
up to 50 per cent non-carbonate elastic material, to light grey, massive 
beds composed almost entirely of calcite. Most of the limestone beds are 
markedly lenticular, and pinch out between conformable beds of greywacke 
and banded tufi. The largest body exposed is 400 feet thick in the centre 
and 8 miles long; others, up to 100 feet thick, are less than 1 mile in 
length. All of the larger bodies of Iimestone contain many cherty layers 
or patches, and most of them carry relatively abundant, poorly preserved, 
organic remains; · 

Shales and Argillites 

The shales and argillites in the Lay Range vary from chocolate-brown 
to blue-grey, massive to finely bedded rocks, to jet-black, graphitic slates. 
With increasing grain size they grade into siltstones, some of which may be 
seen in thin section to consist mainly of semirounded quartz and quartzite 
fragments in a very fine-grained highly carbonaceous quartz-sericite-chlorite 
matrix. 

Sandstones and Grits 

Sandstones and grits form distinctive, though minor, units in the 
Lay Range, and comprise a total thickness of about 2,500 feet, mainly 
·in assemblages less than 100 feet thick, interbedded with the tuffs and 
andesites in the upper part of the assemblage west of the headwaters of 
SwanneH River. The typical fine-grained sandstone is light brown, with 
a very clean, porous appearance. It is composed of about 75 per cent 
semiangular well-sorted grains of quartz, with minor fragments of crystallo
blastic quartzite, calcite, carbonaceous material, and flakes of mica, in a 
limonitic matrix. Coars.er varieties of this rock are less well sorted, and 
grade into a grit composed of angular fragments up to k inch in diameter 
in a highly hematitic, clayey matrix. It is noteworthy that in the pre
dominantly volcanic assemblage exposed in the Lay Range, there are many 
sandstones and grits containing no obviously volcanic material. In these 
rocks, all the grains, except fragments of vein quartz and a few cleavage 
rhombs of calcite, are of recrystallized metamorphic rocks. A typical 
grit exposed west of the headwaters of Swannell River comprises at least 
95 per -cent granules of quartzite. Some of the granules are of relatively 
pure quartzite; others are strongly feldspathic; still others are rich in 
muscovite and approach quartz-mica schists; and a few contain some 
graphitic material. 
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Conglomerate 

Conglomerate is relatively rare in the Lay Range. The largest body 
is exposed on the highest peak between the headwaters of Swannell River 
and Lay Creek. Here a body at least 340 .feet thick consists entirely of 
conglomerate, with rounded pebbles and boulders up to 14 inches in 
diameter, in a hematitic, gritty matrix. The conglomerate is well bedded, 
with several bands up to 2 feet thick of pea-conglomerate and coarse grit. 
The pebbles and boulders are all well rounded; most of the matrix is 
relatively angular and poorly sorted. For the whole ·body the following 
types and approximate proportions of pebbles are represented: 

25 per cent coa<rse-grained, massive to slightly gneissic, grey, buff, 811ld weathered 
grel:'.-brown granodiorite, with minor graniteiP· in well-rounded stones up to 
1 £oof:1h dtll.fneter, and cavemging 2 to 4 me es (a represente:tive specimen of 
the granodiorite contains: 25 per cent quartz .in crystaHobliaatic, patchy grains; 
35 per cent pl>agioclase feldspar in twillllled, pal'tly poikiliitic griaiDB zoned from 
about Ans5 to An11, 15 per cent micvopel'thite or orthoclase, in liarge, very 
irregula.r gra:ins, 811ld a;bout 20 per cent homblende) ; 

30 per cent white, buff, or pa.le grey quartzite, pa.rtly miC'SICeous .and feldspathi-c, 
m boulders up 00 14 inches in d1ameter and e.veraging 2 to 3 inches; 

10 per cent dark grey to nearly black quartzite, quartz-mica schist, and chert(?); 
.aveimge diameter about 2 inches; 

15 per cent green, grey-green, and chocola.te .. brown run.deeite, massirve e.nd porphyri
tic; some lllD.desite brecciia; average size t inch to 2 inches; 

10 per cent dark grey ·to nearly black, deeply weathered, schdstose rock; looks 
like decomposed gneiss; mostly less .than 1 inch in diameter; 

5 per cent banded ,grey-green tuffs; much altered to epidote-rich material; 
e.verage 1 inch to 3 inches in diameter; and 

Minor, splintery fragments of black s1!1Jty airgillite. 

The matrix of this conglomerate constitutes about 20 per cent of the 
ro~k volume, and is a semiangular grit composed mainly of fragments of 
quartzite in a hematitic groundmass. 

This conglomerate body is overlain by at least 700 feet of sheared, 
shattered rock, intensely epidotized and very heavily coated with reddish 
purple hematite. The original composition of this rock is doubtful, but 
some parts at least were conglomerate bearing granitic pebbles. The 
outcrop of conglomerate is 2! miles long. Exposures at apparently equiva
lent stratigraphic horizons 1 mHe to the northwest and 2 miles to the 
southeast show no conglomerate, and what may be the same band of 
shattering, rich in hematite, lies in normal andesite breccia and tuff. 

Smaller bodies of conglomerate are found at higher horizons in this 
section. None is known to contain granitic pebbles. Many of these beds 
are similar to the conglomerate exposed on Vega Creek at the west edge 
of the southern mountain group of this map-unit. 

Chert 

A few beds of chert are intercalated with the tuffs and sandstones. 
Some are dull grey to nearly white; others are bright red jasper. All 
beds observed are less than 10 feet thick. Some of these rocks, which 
may be seen in thin section to be composed of very fine-grained sHiceous 
material and chloritic matter, may be siliceous volcanic rocks. 

I 
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STRUCTURE 

With the exception of small faulted blocks east of Osilinka River and 
west of Uslika Lake, all of these late Palreozoic rocks strike northwest and 
dip to the southwest at angles ranging from 30 to 90 degrees and averaging 
about 60 degrees. The tops of beds, as shown by grain gradation in almost 
aH exposures of banded tuffs, consistently face southwest. At the west 
edge of the map-area, a few banded tuffs strike north to north 15 degrees 
east, with a vertical dip. Local folds and drag-folds are rare, and are 
best developed in beds of argillite such as those exposed on Tutizika River 
(See Plate VIII A). Some of the tuffs show small, local slump structures. 
The minor variations of strike and dip are due principally to the lenticular 
nature of the beds. 

A series of northwest trending, steeply dipping faults has divided the 
rocks of this group, in their southern mountain area, into slices about 2 
miles wide; the slice northeast of each fault appears to have been lowered 
relative to its neighbour to the southwest. The Uslika formation has 
apparently been emplaced along two of these faults, which in places nearly 
coincide with the bedding planes (See page 188). All of these rocks and 
structures have been offset by a transverse fault along Osilinka River 
Valley. The west side of this fault moved northward about 1-! miles 
relative to the east side. As a result of these fault movements, a block 
about 2 square miles in area northeast of Uslika Lake has been tilted to 
the east, with dips ranging from 25 to 70 degrees; and another, consider
ably shattered part of the map-unit, exposed on Thane Creek, has a 
westerly strike with dips of 10 to 60 degrees south. 

The upper part of the map-unit exposed on Tutizika River is highly 
sheared parallel with the bedding, and some shears may represent south
west dipping faults of considerable displacement (See Plate VIII A). These 
faults all indicate that the rocks on the southwest side have dropped and 
moved to the south with respect to those on the northeast side, and they 
may be subsidiary breaks of a large compound fault zone forming the 
contact between this map-unit and the overlying Takla group rocks. 

Apparently, few faults occur in these rocks in the Lay Range, and 
no appreciable displacement was observed on any that cross the bedding. 
About forty carbonatized shear zones were noted in the entire range. Most 
of these are less than 5 foet wide, and parallel the bedding. The largest 
carbonatized zone is about 100 feet wide and at least 3 miles 'long, and 
cuts obliquely across the beds, striking about north 10 degrees east, near 
the west border of the map-area. Beds are, apparently, not offset along 
this zone. The hematite-impregnated shatter zone above the large conglo
merate body between the headwaters of Swannell River and Lay Creek does 
not seem to have been the locus of significant net movement. Shear zones 
up to 100 feet wide, generally parallel with the bedding and heavily 
impregnated with pyrite and pyrrhotite, were observed at the northwest 
end of Lay Range and in the canyon on Polaris Creek. 

The rocks of this late Palreozoic map-unit are adjoined to the south
west by volcanic flows and intercalated sedimentary rocks of the Takla 
group, which is Upper Triassic and Jurassic in age. The division between 
the two map-units is based mainly on structural considerations, for 
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individual outcrops of each group are in many instances lithologically 
similar. In the southern part of the map-area the contact has been placed 
below a band of conglomerate exposed west of Uslika Lake and on Thane 
and Vega Creeks, and containing pebbles of banded tuff and of intrusive 
rock not unlike that composing some of the pebbles in one of the bodies 
of conglomerate in the Lay Range. In other respects these conglomerates 
are not at all similar. The conglomerate west of Uslika Lake lies above 
a fault or a pronounced angular unconformity. On Tutizika River, and 
down almost the entire length of Lay Creek Valley, a weH-exposed fault 
zone is believed to mark the contact. 

METAMORPHISM 

Almost all these late Palreozoic rocks are composed in part or entirely 
of volcanic material; the andesitic flows, breccias, tuffs, and greywackes 
have been altered by the processes of chloritization, propylitization, and 

· saussuritization to aggregates of cMorite, sericite, epidote-clinozoisite, clay
like matter, and minor calcite and pyrite. The change appears to have been 
essentially one of introduction of water, with some sulphur and carbon 
dioxide, to the rocks. The dark minerals have been most severely altered; 
in nearly all rocks the pyroxenes have been almost completely changed 
to amphibole, or chlorite, or both, and in many specimens the original 
presence of phenocrysts of pyroxene or amphibale can only be recognized 
by the occurrence of crudely polygonal clusters of chlorite, needle-like 
amphibole, and grains of clinozoisite. The feldspar crystals are more 
resistant to alteration in these rocks, and in a few specimens are quite 
fresh; most of them, however, are partly to completely saussuritized. In 
most rocks phenocrysts and groundmass appear to have been about equally 
a'1tered. 

The intensity of this alteration does not appear to be related to any 
of the recognized shear and fault zones, or to the numerous bodies of 
intrusive rocks, but is mainly restricted to volcanic material, and seems 
to be a normal autometamorphic process (propylitization) consequent on 
consolidation and cooling of the volcanic matter. The presence of pro
pylitized fragments of andesite and tuff in greywackes containing recog
nizable organic remains suggests that the alteration took place in each 
flow and tuff bed individually, as it consO'lidated, before its fragmentation 
and transportation to the greywacke bed. That the alteration was facili
tated by solutions that circulated along joints in the rock is indicated by 
the abundant coating of serpentine-like material, some of which is typical 
antigorite, on fracture surfaces. The larger fractures apparently did not 
serve as channelways for widespread movement of the solutions; very 
few shear zones are serpentinized. 

The rocks of non-volcanic origin are fresh. All the 1limestones are 
partly recrystallized. The sandstones and grits are composed mainly of 
metamorphic materials, and have been unaffected by any processes to 
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which the rock in which they are now found has been subjected. In the 
highly sheared areas, some of the argillaceous rocks have been metamor
phosed into slates, with the development of considerable graphitic material. 

ORIGIN 

The late Palreozoic rocks are predominantJly of volcanic origin, 
characterized throughout by a high proportion and even distribution of 
pyroclastic rocks of remarkably uniform character. Most of the tuft's were 
laid down in marine waters, and are fine grained, and well sorted. Thus, 
the assemblage is also predominantly elastic. During most of its period 
of accumulation, a large part of what is now the Aiken Lake map-area 
was a marine basin, situated relatively near a volcanic centre from which 
immense quantities of pyroclastic materia·I of uniform composition were 
supplied. At irregular intervals minor eruptions of andesitic lava took 
place within the Aiken Lake map-area itself. 

During lapses in volcanic activity, the .basin continued to sink, thereby 
allowing the deposition of detritus from the recently deposited, easily 
eroded surrounding rocks to form greywacke. In restricted areas, and for 
relatively short periods, elastic deposition stopped or became very slow, 
permitting the formation of local deposifa of relatively pure limestone. 
At intervals, particularly in the latter half of the period of formation of 
this map-unit, volcanic activity ceased entirely, and medium- to coarse
grained detritus of crystalline and metamorphosed rock (most probably 
from the lngenika or Tenakini group or their equivalents) was the only 
material supplied to the basin, forming beds of sandstone, grit, and 
conglomerate. All of the.. varjeties of granitic rock noted in the con
glomerate body between the headwatl!'l'B of ~wannen-R1ver and Lay 
Creek can be matched by the grauitic rocks of the Wolverine complex. 

AGE 

Organic remains, including sections of crinoid stems, bryozoa, sponge 
spicules and casts, brachiopod and gastropod shells, cirriped plates, and 
corals, are abundant in many of the greywackes of this map-unit. Almost 
all are so fragmentary, or so crushed by compaction of the relatively 
coarse-grained sediments in which they are most numerous, that they are 
of no use for stratigraphic identification. The lowest horizon in which 
identifiable fossils were found is a bed of 'limestone 200 feet thick exposed 
on the ridges of Lay Range between the headwaters of Polaris Creek and 
Swannell River, at least 5,000 feet stratigraphically above the lowest 
exposed beds in this section. Fossils from this bed were examined by 
Dr. E. C. Stumm of the University of Michigan, who kindly reported as 
follows: 
Collootioo. 15221. "One of the species presenrt in liarge numbers is e. species of 

Lithostrotion very close to or possibly coapecific with Lithostrotion whitneyi Meek 
from the Carboniferous. The L. whitneyi type iB known from the upper 
Mississippian Brazer limestone in Idaho, f.rom Upper Mississippian or Lower 
Pennsyl'V'aniian strata in the We.satch Mountains (Colorado), and fmm Carbonifer
ous (Rundle) strata in the Ban£f region." 



119 

Many collections of fossiliferous material from the 3,000 feet immedi
ately overlying this bed have been made. None contains diagnostic fossils 
well enough preserved to be identified 1 . Professor B. F. Howell of Prince
ton University has summed up the evidence from some of the collections 
as follows: 
Oollectioni 152215: "Most of the fossils in this greenish £ragmen1Jal rock iare segment.a 

of crinoid stems. Some of these segments rure very large, like some of those .£rom 
collecti-on 15219. There iis also a small BDJail, <:oiled alimoot in a single p1am.e, 
a few impressions of bry,oooans and one impresskm of a small bra.ch~opod that 
is probably a Rhyncospirid (possible Eumetria, which is a Mississippian genus) ; 
and there is one speoimen that may be an Archimedes-like bryozoo.n. Archi
medes is a Mississippian· and Peill!lSylvania.n genus; and these beds must be 
Oarboniforous, I think, perhaps more probably Mississippi'an than PennsylvaniJan." 

Collection 15223 : "As far as I oan determine from a study of these crinoids the rock 
is probably Carboniferous or Pennian. Noo·e of the crinoid stems is as large 
as are some of those in the limestone f.rom locality 15219, so it is probable that 
bed 15223 is Mississippian rather than Pennsylwanian OT Pel1lll!iia.n." 

Collection 15219 (grey crystalline limestone containing detrital quiartz sand) : "Most 
o.f the fo&"Sils are crinoids, but there is a small snail, coi'led almost in a single 
plane (but not a Bellerophontid), a phosphatic wo·rm itiube, traces of two types 
of articulate brachiopods (one of which may be a Productid), and what may be a 
small in.articulate br.achiopod. There is one fossil that may be a wide hinged 
spiriferid brachiopod (which would Jndicate a probably Mississippian age if it 

. were really such)." 
Collection · 15224 (grey limestone containing pebbles of voloanic rock) : "Possibly 

PenniJan. One large, Y'!l.Se-ehaped fossil is almost oortainly a sponge. So is a 
small, tubular fossil. Other smaller spherical bodies may be sponges. The 
presence ·Of pebbles, and sponges, p!'obably indicate shallow water deposition of 
the limesto·ne. As sponges are abundant in the shallow water limestones of 
PermJan age in the southwestern United States, su<:h evidenoe as the sponges from 
this looality afford indioates a pmbably Permian age for these beds. The crinoidal 
material might well be the remains of a Permian crinoid." 

Thus the evidence available indicates that this map-unit includes 
beds from Mississippian to possibly Permian age. 

CORRELATION 

Correlation of these late Palreozoic rocks with formations elsewhere 
on the basis of palreontological evidence is unsatisfactory. The only fossil 
identified with any assurance indicates a correlation of the enclosing strata 
with the late Mississippian Brazer formation of Idaho, and the Rundle 
formation of · the Lake Minnewanka area, Alberta (Shimer, 1926; Kelly, 
1942). 

On the basis of genernl lithology and structural and stratigraphic 
position, much of this map-unit probably corresponds with parts of the 
Asitka group of Permian and (?) earlier age, exposed in the McConnell 
Creek map-area to the west (Lord, 1948). However, a8 the stratigraphic 
limits of neither map-unit are precisely defined, and as there are, in places, 
marked dissimilarities in lithology and faunal communities, it is thought 

1 The writer is indebted to Dr. A. E. Wilson, Mr. L. D. Burling, and Dr. P. Harker of the 
3eological Survey; Dr. B. F. Howell and Dr. S. K. Fox of Princeton University; Dr. E. C. Stumm of 
the University of Michigan; Dr. V. J. Okulitch of the University of British Columbia; Dr. M. A. 
Fritz of the University of Toronto; and Dr. T. H. Withers of the British Museum for their kindness 
in examining this material. 
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best, on the basis of present knowledge, not to include this map-unit in the 
Asitka group, although it is recognized that in part the two units are 
probably correlative. 

Similarly, the meagre palreontological data provide evidence for 
correlating at least part of this map-unit with the Cache Creek group of 
Permian and partly Pennsylvanian age. The relations between the Cache 
Creek group and either the Asitka group or the map-unit here under 
discussion are not known; the Cache Creek group is probably mainly 
younger, but the ages of all three units may overlap considerably. 

On the basis of their geographic position and general lithology the 
banded tuffs of the southern mountain group appear to be in part a 
continuation of some of the volcanic and sedimentary rocks that have been 
mapped as the lower part of the Tak-la group of Upper Triassic and later 
age in the Takla and Manson Creek map-area (Armstrong and Thurber, 
1945; Armstrong, 1946b). However, the rocks of this unit in Aiken Lake 
map-area contain abundant fragments of corals, which are p.ot known in 
the definitely Upper Triassic rocks of the map-area to the south, and do 
not contain the molluscs typical of the Takla beds. 

In summary, this map-unit is thought to be entirely or almost entirely 
of late Palreozoic, probably mainly or entirely Carboniferous, age, and to 
include beds that correspond with beds of the Asitka group, and possibly 
also with beds of part of the Cache Creek group. 

CACHE CREEK GROUP 

DISTRIBUTION 

Rocks assigned to the Cache Creek group are exposed in the south
eastern part of the map-area, south of Osilinka River, east and west of 
W asi Lake. A few outcrops, part of a large body of Cache Creek rocks 
exposed in the adjoining McConnell Creek and Takla map-areas, are 
found in the extreme southwest corner of the map-area, southwest of 
Omineca River. 

LITHOLOGY 

ROCKS IN THE SOUTHEASTERN PART OF THE AREA 

The Cache Creek group rocks in the southeastern part of the map-area 
fall into three main divisions: one predominantly massive limestone, one 
composed mainly of volcanic rocks, and one consisting mainly of argillite, 
with slate, chert, minor vo'lcanic rocks, and limestone. The divisions are 
arranged from east to west in the order named. 

Limestone Division 

The dominant rock in this division is massively bedded, blue-grey 
weathering, light grey and dark grey limestone. Most of it is free from 
elastic material, finely crystalline, and of a compact uniform texture, 
with a smooth conchoidal fracture. In places, units up to 100 feet thick 
are creamy to white, buff weathering, and relatively coarsely crystalline .. 
Some beds, best exposed on the slopes of Osilinka River Valley just east 
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of the east border of the map-area, are dull black to dark brownish grey, 
with a white or yellowish weathered coating, and emit a sulphurous, fetid 
odour when pulverized. A sample from one of these beds produced a 
yellow precipitate, indicating the presence of phosphatic material, when 
dissolved in nitric acid and added to an ammonium molybdate solution. 
A few beds contain considerable argillaceous matter. 

Greenstone Division 
Green and grey-green flows, with minor pyroc'lastic rocks comprise 

about three-quarters of this division. The most common rock' is a fine
grained, slightly porphyritic, propylitized andesite composed of zoned 
plagioclase feldspar and pyroxene phenocrysts rarely more than 1 millimetre 
long, more or less altered to chlorite, sericite, amphibole, and clinozoisite, 
in a matrix of the same material. A few of the flows are remarkably fresh. 
Some flows, up to 50 feet thick, appear to be completely aphanitic; a few 
have a porcellaneous or slaty appearance. Chilled, partly vesicular and 
amygdaloidal contacts show that some flows are less than 20 feet thick. 
Some exhibit excellent ellipsoidal or pillow structures, with the piUows 
outlined by darker, aphanitic rock, or by concentric layers of amygdules. 
Breccias are common. Dark grey-purple and dark brown flows are found 
near the extreme southeast corner of the map-area. The rocks in areas up 
to ! mile wide are highly sheared, and are altered to fine-grained, chloritic 
and amphibolitic gneiss and schist. They have 'been referred to in general 
as greenstone. 

Pyroclastic rocks include massive to well-bedded tuff, and a few beds 
up to 10 feet thick of agglomerate. In most places the pyroclastic rocks are 
in units 200 feet or less thick, interbedded with the flows and non-volcanic 
sedimentary material. 

The non-volcanic rocks of this division are mainly chert, argillite, and 
limestone. 

Argillite Division 

The most abundant rocks of the argillite division are thin-bedded, 
dark grey to black, rusty weathering, <iarbonaceous argillites. These rocks 
range from soft, intensely fractured, shaly beds to hard black slates and 
lustrous phyllites, but most of them are duH, 'soft but relatively strong 
rocks, sheared into plates it,, to i- inch thick. Inter bedded with these 
rocks, and composing about one-quarter of this division, are blue-grey 
to cream-coloured cherts. Some of the chert occurs as thin-bedded, 
crumpled 'ribbon chert' consisting of contorted beds of chert t inch to 
2 inches thick, separated by fine partings of argillite. A few strong, 
massive beds of chert up to 8 feet thick are found in the upper part of the 
division. Other rock types include relatively coarse, poorly sorted grey
wacke, consisting of fragments of volcanic rock, argillite, and chert; beds 
of white, crystalline limestone up to 300 feet thick; and volcanic rocks, 
almost all highly sheared and altered to greenstone. 

ROCKS IN THE SOUTHWESTERN PART OF THE ARFJ:\ 

The Cache Creek group rocks exposed in Omineca River Valley are 
argillites and sheared greenstones. 

78609-9i 
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STRUCTURE 

The three divisions of the Cache Creek group in the southeastern 
corner of the map-area are separated by well-exposed faults. The eastern
most, or limestone, division, has a thickness within the map-area of about 
1,500 feet, and dips gently to the southwest. Investigation of the geology 
immediately east of the map-area has shown that the limestone overlies 
a unit, apparently about 9,000 feet thick, composed largely of argillaceous 
rocks and chert in the upper part, and volcanic rocks, chert, and argillites 
in the lower part, which in turn overlies another limestone member at least 
800 feet thick. The greenstone division in the map-area appears to be 
about 6,000 feet thick, unless there has been repetition of strata by faulting. 
In general, the rocks of this division strike about north 15 degrees west 
and dip steeply southwest, but several large- and small-scale irregular 
folds give individual outcrops a wide variety of attitudes. The structures 
of the greenstone division are about parallel with those of the argillite 
division to the west. This feature, together with the observation that the 
upper members of the greenstone division become progressively richer in 
sedimentary material, and that most of the volcanic material of the 
argillite division is in its lower members, suggests that there may not 
have been much stratigraphic displacement along the fault separating the 
two divisions, which may, therefore, be parts of an essentially continuous 
section. However, the boundary fault is not quite parallel with the bedding 
planes of either division; strata on both sides appea·r to have been trun
cated; and there has been some, and possibly much, omission or duplication 
of beds by the fault movement. 

The argillite division is more intensely deformed than the limestone 
or greenstone divisions, and drag-folds and local folds up to 500 feet 
across are common. In most places the shears and slaty cleavage traverse 
the contorted argillites and ribbon cherts without producing noticeable 
offset of the beds. A section of this division measured south of W asi Lake 
has an apparent thickness of about 4,000 feet. 

The lower east slopes of Conglomerate Mountain, west of W asi Lake, 
are int•ersected by innumel'lable faults and shear zones, with ·a wide range of 
atti·tudes. A sliudy of the direction of slickensides and order of movement 
of these breaks, the pattern of the associated systems of joint$ and quartz 
veins, and the position ·and form of drag-folds, suggests thiat the structures 
could have been produced by compression aicting along an axis thait now 
strikes northeast .and plunges to the 'Southwest at an angle of ·about 50 
dlegrees. 

On the basis of the lithology and general .structure of the Cache Creek 
group rock!s exposed within and -east of the map-·area, it is suggested, 
tentatively, that the greenstone division is the oldest unit; that it is overlain 
by the ·argillite and limestone divisions respectively; and that it is under
lain by another belt of limestone, which is not exposed in the map-area, but 
which is widespread in the unmapped region to the east. The total thick
ness of the group is postulated .to be not less than 10,000 feet. It should be 
noted, however, that in the St.u:art Lake belt of Cache Creek rocks of Fort 
St. James map-area to the south, to which the rocks in the south west 
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corner of Aiken Lake map~area belong, a lithological division comprised 
mainly of greensitone appears to be the youngest of the group (Armstrong, 
1949). 

The Cac'he CTeek grou'P rocks ,are not known to be in exposed confaot 
with any other rock unit in Aiken Lake map-area. They strike directly 
toward the Ingenika group rocks on the north side of Osilinka River V.alley, 
and 1are ~obably separated from them by a fau1t. They .are in places 
parallel with, and in places in marked discordance with, the banded tuffs 
and andesite flows of the late P·alreowic map-unit fo the west. In part these 
two map-units are almost certainly separated by a fault, but it is possible 
thait they may be in part conformable, or even parts of the same Ca'Che 
Creek group assemblage, in spite of a lithological dissimilarity. The struc
tures wi1thiri the Oaiche Creek group rocks west of Wasi Lake, near the 
contact of the group, are ·consistent with the possibility that the banded 
tuffs ·and other rocks to the we.st could have been thrust up relative to the 
Oache Creek beds, into their pres·ent position ·along an essentiailly ·dip-slip 
fault etriking north 15 degrees west and: dipping about 50 degrees 
southwest. 

AGE 

Fossils have been collected from the mass~ve blue-grey limestones east 
of the Weber group of mineral c1aims, on the east boundary of the map
area, and from the lower limestone belt exposed 5 miles east of the map
area. These fossils 'have been examined by P. Harker of the Geological 
Survey, who states that the precise identification ·and assigrument of definite 
stratigraphic horizons must await further •st.11dies of the Iate Palreozoic fauna 
of northwestern Canada ·as a whole, but thait the collections include pro
ductid brachiopods of undmrbted Pennsylvani·an or Permian iage. 

The ;rocks routhwest of Omineca River are part of ·an assemblage that, 
in the Fort St. J.ames map-area to the south, includes foraminifera of 
Middle Permiail! 1age (Armstrong, 1949). 

CORRELATION 

The Cache Creek group, named by Selwyn (1873, pp. 60-62) from its 
typical occurrence around Cache Creek, near Ashcroft, in southern British 
Oolumbi·a, iand1 to which Selwyn (1877, p. 78) and Dawson (1878, p. 55) 
assigned the limestones near Stuairt Lake in the Fmf. St. James map-area, 
has been redefined by Armstrong (1949, p. 50) ·as: "a very thick assemblage 
of in<terbedded sedimentary and volcanic rocks, mainly of Permi·an age, 
but ialso probaibly in part of Piennsylvanian age. The whole of the Permian 
period may be represented. Foraminiferal limestones and ribbon cherts 
are chamcteristi·c of the group". 

The rocks in the southeastern corner of Aiken Lake map-area are the 
northwesterly continuation of strata that, in the Manson Creek map-area 
to the southeast, have been ·correlated. by Armstrong and Thurber (1945) 
with the Caiche Creek group on the basis of lithology and stratigraphy. The 
beds and flows in the southwest corner of the map-area belong to an assem
blage that contains typical Pennsylvanian(?) and Permian foraminifera. 
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The rocks mapped ·as Oache Creek group in Aiken Lake map-·area ·are 
believed to ibe mainly younger than those of t.he map-unit, characterized 
by handed tuffs, and also of late Palreozoic age, that adjoins them on 
Conglomerate Mountain and in Osilinka River Valley. It is possible, how
ever, that parts of this map-unit correspond with parts of the greens.tone 
division of the Cache Creek group east of W aisi Lake. 

ULTRAMAFIC AND RELATED ROCKS 
(TREMBLEUR INTRUSIONS ?) 

GENERAL STATEMENT 

Several bodies of ultramafic rock intrude late Palreozoic sedimentary 
and volcanic strata east of W asi Lake and in the Lay Range. These 
bodies are provisionally correlated with the Trembleur intrusions of Fort 
St. James map-area to the south (Armstrong, 1949). They consist of 
sills and stocks of peridotite, dunite, and pyroxenite, and their serpentinized 
and uralitized equivalents. Associated with these bodies are masses of 
hornblendite, and rocks of gabbroic and dioritic composition that are 
believed to be, at least in part, hybrid rocks. 

Rocks of basic and ultrabasic composition are also found at many 
places within and near the Hogem batholith. These rocks appear to 
differ in several respects from the ulitramafic rocks <Jutting the late 
Palreozoic formations, and in this report they are considered to be basic 
and ultrabasic phases of the Omineca intrusions, unrelated to the strictly 
ultramafic Trembleur intrusions (See page 164-174). 

The largest body of ultramafic rocks in the map-area is a stock 
about 25 square miles in area exposed in the south end of Lay Range, east 
and south of Polaris Creek. This stock is composed predominantly of 
serpentinized peridotite, with lesser amounts of dunite, pyroxenite, and 
possibly hornblendite, and is bordered by relatively extensive areas of 
hornblende-rich hybrid rock. The ultramafic mass apparently extends 
under relatively shallow cover to the northwest, where an additional area of 
about 20 square miles contains several sills and bosses of ultramafic rock, 
and much hybrid material. 

A sill-like body of serpentine about 200 feet thick lies along what may 
be a fault zone in the north end of the Ingenika Range. Four bands of 
serpentinized peridotite, with minor associated material of gabbroic com
position, cut highly sheared Cache Creek sedimentary strata along and 
near a fault south east of W asi Lake. 

U.LTRAMAFIC ROCKS 

MEGASCOPIC DESCRIPTION 

By far the most common ultramafic rock is a serpentinized peridotite 
that was originally composed essentially of olivine and pyroxene, with small 
amounts of chromite. This rock grades into nearly pure dunite, by 
decrease of pyroxene, and into pyroxenite by decrease of the olivine 
content. Many of the peridotites are so highly serpentinized that few 
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textural or mineralogical features can be observed in hand specimens, but 
the less altered parts show a wide variety of grain sizes and textures. 
Almost all are relatively coarse grained, with crystals from :x\r inch up 
to 2 inches or more long. Most of the rocks are composed mainly of 
rounded, anhedral grains with a seriate texture; but in parts of the stock 
east of Polaris Creek where textural differences have not been obliterated 
by serpentinization, there is a distinct variety consisting largely of crystals 
of pyroxene 2 to 5 inches long. The large crystals are markedly poikilitic, 
including numerous rounded individual grains and reticulated networks 
of grains of olivine up to t inch in diameter. On outcrops and in hand 
specimens these coarse peridotites may be recognized by the reflection 
of light from similarly oriented cleavage surfaces, which show the presence 
of skeletal pyroxene grains that are otherwise very difficult to distinguish. 
Some of the rocks of this type appear to have very little groundmass; the 

· whole rock seems to be an aggregate of coarse, poikilitic pyroxene crystals, 
and essentiaHy all the olivine, which may comprise much more than half 
the rock volume, occurs as inclusions in the pyroxene. In other varieties, 
the large poikilitic pyroxene grains are scattered through a finer grained 
matrix; in places, clusters of olivine grains in the matrix have been com
pletely serpentinized and, on exposed surfaces, largely removed by erosion, 
so that outcrops of this rock have a distinctive pock-marked appearance, 
with more or less equidimensional pits up to 2 inches in diameter and 
2 inches deep, spaced two or three to the square foot. 

In general the olivine-rich peridotites are finer grained than the rocks 
containing more abundant pyroxene. Many of these rocks show a type 
of glomeroporphyritic texture, with dusters of relatively large pyroxene 
grains in a granular, pyroxene-free olivine matrix. In some rocks of this 
type the texture seems to be porphyroclastic, with the more easily crushed 
olivine suffering a greater degree of granulation than the pyroxene. 

Rocks that appear in hand specimen to contain only granular olivine 
have the equigranular, sugary texture and, when fresh, the pale olive-green 
colour common to dunites. Dunites (peridotites containing more than 
95 per cent olivine) are probably rare in these rocks, at least in those 
sufficiently fresh to enable their minerals to be determined; but peridotites 
containing more than 85 per cent olivine are widely distributed, and 
constitute perhaps one-fifth of the area of the relatively fresh ultramafic 
rocks exposed east of Polaris Creek. A typical variety of this rock con
sists of elliptical clusters up to 3 inches in diameter of relatively coarse 
pyroxene grains scattered at intervals of 1 foot to 3 feet in a granular 
matrix consisting almost entirely of olivine. It may be that dunite was 
relatively more abundant in those parts of the stock now more completely 
serpentinized for, in general, the olivine-rich peridotites are more altered 
than those containing less olivine. The dunite and olivine-rich peridotite 
occur characteristically in irregular bodies a few tens or at most a few 
hundreds of feet in greatest dimension. No systematic form of the bodies 
or pattern of their distribution could be recognized. In many individual 
outcrops the olivine-rich bodies seem to be roughly tabular, but when the 
contacts were carefully followed the bodies were invariably found to be 
completely irregular and haphazard in outline. 
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Pyroxene-rich peridotite and pyroxenite (peridotite containing more 
than 95 per cent pyroxene) are likewise of very irregular distribution, but 
appear to be relatively less abundant in the interior than at the edges of 
the stock east of Polaris Creek, and if, as is possible, some of the horn
blendites are in part ura:litized pyroxenite, there is evidence of a definite 
zone of originally pyroxene-rich material along the margins of the stock. 
In these places the pyroxene-rich rocks exhibit a great variety of textures, 
modes of occurrence, andi mineralogical re1ations, which are probably 
related to, and are described with the 'hybrid' rocks (page 136). One 
distinctive type of pyroxene-rich peridotite is highly brecciated, and the 
original aggregate of coarse pyroxene crystals now contains a network 
of seams and veinlets of fine-grained pyroxene, pyroxene and olivine, or 
hornblende, which transect and surround the '1arger grains. The coarse 
grains and the network of finer grains have in many places reacted 
differently to serpentinization; in some places the fragments, in other 
places the veinlets, have been more intensely altered. In the coarsest 
pyroxene-rich rocks, the pyroxene crystals, up to 14 inches long, commonly 
show good prismatic form and appear to be quite free of any inclusions 
except a few grains of magnetite (or chromite?) . Such rocks are limited 
to the margins of the ultramafic body; in the central parts of the body 
the pyroxene grains are, as previously noted, strongly poikHitic. 

Many of the peridotites contain a little biotite, and near the borders 
of the larger masses, and throughout some of the smaller bodies, biotite 
may comprise as much as 30 per cent of the rock. Even in th_e interior 
of the larger ultramafic ·bodies, where direct contamination by the wall
rocks is not likely, flakes of biotite are scattered sparsely through many 
~f the peridotites, and some of the rocks that approach dunite in composi
tion contain biotite associated with scattered grains of pyroxene. Where 
abundant, the biotite is in large book-like grains of about the same size as 
the pyroxene, and, '1ike the pyroxene, is poikilitic, enclosing olivine and 
magnetite. 

The contacts between rocks of the various types are all sharp, or at 
most gradational across a few inches. Any one rock composition, and in 
most places any one texture, is remarkably constant, and changes between 
the various rock types and textures take place across intrusive contacts 
between units that are uniform in themselves, rather than by a regular 
gradation of rock composition and texture. There appears to be a complete 
lack of system to the intrusive relations between the various rock types; 
in places olivine-rich rocks cut olivine-poor rocks, o:r: fine-grained peridotite 
cuts coarser peridotite; in other places the reverse is true. 

As in most bodies of ultramafic rocks, chromium-iron oxides are abund
ant, but no '1arge concentrations were found in the map-area. Chromite 
was noted chiefly in the serpentinized peridotites, where it occurs as indi
vidual, subhedra·l grains ,about ~ inch in diameter, both evenly distri
buted through the rock and as layers that vary from a string of single 
grains to lacy networks covering a square yard or more, and to dense 
masses 6 inches or more thick and several feet long. The largest single 
mass of chromium-iron oxides observed is abo_gj;_l~ lon_g,_ with ~i
mum thickness of 5 .in.ches.. In addition, much chromite occurs as irregular, 
interstitial masses forming an integral part of the fabric of the olivine• 
rich peridotites. 
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The most striking feature about the chromite layers is their unsystem
atic arrangement over any Iarge area. Individual layers are almost always 
curved, and festoon- or garland-like patterns are common. In the south
east part of the stock many layers were seen to be arranged in concentric, 
canoe-shaped or basin-shaped shells; in other places the layers appear to 
form a series of small basins, a few inches to 5 feet or more deep, whose 
upper rims, over an area 100 feet or more square, lie in a roughly horizontal 
plane. In all such structures the lowest layers of a series are the most 
irregular and have the sharpest curvature; the layers are farthest apart 
and, in general, thickest in the bottom of the 'basins' or 'festoons', and 
close together or in places missing at the rims or nodes (See Figure 6). 

Approximately 18 feet 

.... ,_ .. 
\ .- -- ,.,_. 

G. S. C. 

Figure 6. Festoons of chromite-rich layers in serpentiniized peridotite near south 
end of ultramafic stock east of Polaris Creek, as seen on a vertical face. 

Almost all the layers of chromite terminate abruptly. In several 
places they stop at a serpentine-filled seam that probably represents a 
small fault or slip joint, but in many other places no fracture can be 
observed, and relatively large layers end abruptly, in some cases leaving 
a faint 'tail' of grains to suggest ·that they have been truncated by shearing 
(See Figure 7). 

Some lenses and vein-like bodies of granular chromite change in 
thickness abruptly upon a sharp change of direction, in such a way as to 
suggest that they frll openings created by slight movement along irregular 
fraictures (See Figure 6). In a few places irregular masses occur at inter
vals in a network of fine, lacy bands. 

PEl'ROGRAPHIC DESCRIPTION 

The ultramafic rocks are for the most part coarse textured, and except 
in the highly serpentinized varieties textures and mutual relations between 
rocks can be seen to best advantage on outcrops and in hand specimens. 
Thin section study is of value mainly in ·determining the composition, 
range of composition, minor textural features, and relative proportions 
of the individual minerals. 

78609-10 
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Figure 7. Pattern of chromite-rich bands in peridotite. 
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Constituent Minerals 

The following minerals have been observed in the ultramafi.c rocks 
tentatively assigned to the Trembleur intrusions in Aiken Lake map-area. 

Olivine. This mineral, which comprises nearly 100 per cent of the 
dunite and which is, or was originally, present in all the other ultramafic 
rock types except the rare, purest pyroxenites, occurs mainly in smooth, 
anhedral grains 1 to 4 mm. in diameter. In a few rocks the grains range 
to 10 mm. Most specimens show a seriate texture, but at least one slide 
contains olivine grains of two distinct sizes, with the smaller grains 
clustered into aggregates whose over-all dimensions are approximately 
equal to those of the larger grains. The grain boundaries are mainly 
smoothly interlocking but not sutured, although eeveral specimens of dunite 
and olivine-rich peridotite were observed to contain amoeboid grains of 
olivine that lie interstitial to, and poikiliticaUy surround, crystals of 
pyroxene and rounded grains of olivine of different optical orientation. 
Euhedral grains are rare. The optical properties indicate a composition 
ranging from 87 to 96 per cent of the Mg2Si04 (fosterite) molecule. No 
difference c·ould be detected in either the range of composition or the average 
composition of the olivines in the olivine-rich rocks as compared with those 
of the olivine-poor rocks. In addition to the common alteration to serpen
tine, which proceeds from the rim of the grains and fro_ll} a network of 
random fractures, the olivine has in many thin sections been partly con
verted to iddingsite, which appears as a brown, foliated ring outlining the 
original grain. 

Pyroxene. The pyroxene of the ultramafic rocks varies widely in grain 
size and texture. In the dunites and many of the peridotites it occurs as 
rounded anhedral grains of about the same dimensions as the olivine grains. 
Other peridotites, as has been described, have irregular but usually elon
gated poikilitic pyroxene grains up to 5 inches long, which enclose olivine 
and, less commonly, other pyroxene grains. Many grains have an amoeboid 
habit, with irregular projections into the surrounding pyroxene and into 
olivine, in such a manner as to suggest that the pyroxene replaced the 
olivine. The rocks richer in pyroxene show a general tendency toward 
more regular grain shape, and euhedral crystals are found in many of the 
pyroxenites. Some of these crystals are more than a foot long. 

Nearly all the pyroxene in these rocks is monoclinic, uniformly colour
less to very pale green in thin section, and essentially non-pleochroic. 
They are optically positive with an optic angle of 50 to 60 degrees, and a 
maximum extinction angle ranging, in different slides, from 38 to 50 
degrees. These clinopyroxenes are thus mainly augite, of a variety inter
mediate between normal augite and diopside. In general the pyroxenites, 
particularly the coarser varieties, contain pyroxenes with a smaller extinc
tion angle and larger optic angle, and thus presumably a more diopsidic 
composition, than the peridotites. In some peridotites, large, irregular, 
poikilitic grains of non-pleochroic pyroxene surround rounded grains of 
faintly pleochroic pyroxene; this may suggest that the earlier formed 
mineral is augite, and the later, interstitial and poikilitic grains are nearer 
to diopside in composition. 

78609-101 
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Several thin sections, all from peri<lotites containing 40 per cent or 
more olivine, contain grains of orthorhombic pyroxene. This mineral com
prises more than 10 per cent of a small sill in the northwestern part -0f the 
Lay Range, and of a simiiar body near W asi Lake, but in all other ultra
mafic rocks examined it appears to be rare. The grains are colourless, 
non-pleochroic, anhedral, and similar in size to the associated clinopyroxene. 
The optical properties are those of relatively pure enstatite. 

In most of the olivine-rich bodies, the pyroxenes show various stages of 
alteration to serpentine, with -cha:ria-cteristic numerous thin pla,tesi -0f magne
tite oriented ·along deavage planes" In the non-serpentinized rocks, many 
of the pyroxene grains cont.a.in a multitude of small amphi'bole grains, whieh 
represent the products of indpient uralitization. Specimens showing suc
cessive steps in the transformation of pyroxene into 1a·ctinolitic amphibole 
can be found, but in most of the non-s1erpentinized! pyroxene grains the 
process has not gone beyond the initial stages, and highly uralitiz.ed 
pyroxenites appear to be uncommon. 

Biotite. Biotite occurs in many of the ultramafic rocks in the Lay 
Range. It is particularly iabundant, and is lo·cally the principal mineral, 
at the southeast border of the stock east of Polaris Creek, where book-like 
crystals up to 2 inches a-cross were.seen. Inr these places, its presence may 
probably 'be .ascribed l1ar.gely to ·contamination of the consolidating ultra
mafic body iby the intruded rocks; but .a few flakes of biotite occur well 
within and throughout the ultramafic mass in ·quite pure, almost mono
mineralic dunite, where posisibility of direct contamination by fragments of 
the wall-rocks seems remote. Such biotite, which was observed in only about 
5 per cent of the peridotites and even there rarely comprises as much 1as 
1 per cent of the rock, is ·commonly in irregular tabul1ar grains, about the 
same size as the a88ociated pyroxene grains 1and commonly interstitial to 
them; but a few peridotites contain skeletal or poikilitic crystals with a 
crude pseudoheX'agonal outline. 

It does not eeem probable that this biotite is 1an alteration product 
connected with serpentinization -0r urarlitization of the olivine or pyroxene, 
for gradational phases .are lacking, and biotite is no more abundant in the 
highly ·altered than in the freshest peridotites. The biotite is of the normal 
brown, pleochroic v·ariety. It does not 1appear to be affected by serpen
tinization, ·and is <Con.spicuous on both the weathered! ·a:nd the fresh surfaces 
of serpentinized perid1otite. A few flakes of chlorite have been recognized in 
some of the ura1itized peridotites; these may be the result of alteration of 
biotite. The biotiite of the hybrid: and ·contaminated rocks near the margin 
of .the stock eas.t of PoLaris Creek has been in part •altered to a bronze
co1oured material; some small masses have the properties of vermiculite. 

Amphibole. Only the larger bodies of the ultramafic rocks contain 
amphibole, ·and in tihem it is restrioc.ed to a marginal zone ·a few thousand 
feet thick. The occurrence of a-ctinolitic amphibole resulting from the 
uralitization of peri<lotite and! pyroxenite has been alluded to above. Such 
alteration, usually Tesulting in irregular felted masses of dark ·green bladed 
crystals, is, however, re}a.tively minor, and of eroatic diistribut.ion; on the 
whole it appears that the amount of amphibole <lreveloped by alteration from 
pyroxene is small. More abundant, and muoh more widespread, is· black 
hornblende, which has all the appearances ·of having •crystallized as a 
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primary mineral in ·the peridotite. Some fresh-appearing rocks are com
P~St'.di almost entirely of hornblende and olivine; others contain hornblende, 
ohvme, and pyroxene. In most of these rodre the hornblende occurs in 
rounded to irregular, in some instanc·es interstitial, graioo, with smooth, 
sharp contacts al?iainst the .adjacent minerals. One distinct rock type has a 
pronounced porphyritic texture, with subhedral, black hornblende crystals 

·up to 15 mm. long evenly distributed through a pale olive-green fine-grained 
matrix of fresh pyroxene and minor olivine. Other rocks, best described as 
hornblende-bearing pyroxenite, consist of fresh, anhedral pyroxene grains 
among liarge, irregular hornblende grains. The 'primary' hornblende is 
strongly ·coloul'ed, pleochroic brown to green in thin section. No unusual 
optioal properties have been observed. The fresh 'hornblende peridotites' in 
the eastern part ·of the stock east of Polaris Creek contain hornblende grains 
with a maximum extinction angle of 17 degrees, an optic angle of about -80 
degrees, and 1a mean index of refraction (·average of only four grains) of 
1 "670. These properti·es suggest a relatively high Mg/Fe ratio and an 
average Ca/Na ratio as compared with most of the c-0mmon hornblendes. 

Chrom1:te. Chromite occurs in two distinct forms in the ultramafic 
rocks. Most common, but inconspicuous, are irregular, cuspoidal or shard
shaped masses interstitial to olivine and pyroxene. These masses are 
distributed throughout almost all the dunites and peridotites, ·and show a 
tendency to he concentrated in bands less than a foot thick. In the richest 
of such bands; c·hromite comprises .about 5 per ·cent of the rock. Chromite 
also occurs in rounded to octahedral grains up to 3 mm. in diameter, either 
as individual inclusions within olivine and pyroxene crystals, or grouped 
into the layers, lenses, and .Jacy networks that are ·conspicuous on outcrops 
and in hand specimens (See Figures 6 ·and 7). The composition or range of 
composition of the chromite is not known. Most grains show a brown streak, 
and many are ooffee-brown in thin section. Those tested with the blow
pipe showed the presence of chromium. Some of the layers rich in chromite 
strongly affect a ·compass ne·edle, but whether this is due to the chromite 
alone or to magnetite developed in the rock as ·a result of serpentinimtion 
is difficult to determine; specimens of the chromite lenses do not .appear 
to be •appreciably magnetic. It may be that oome of the material here called 
chromite has such a low Cr2 0 3 content that it would be more ia·ccurately I ( 
termed •s.Q!nel (picotite) or even magnetite; but in order to avoid canfusion 
with the magnetite that is formed in the ·same rocks during serpentinization, 
all the primary metallic oxides, many of which oontain chromium, -0f these 
ultramafic mcks are here referred to 1as chromite. 

Serpentine. Like most bodies of similar composition, the ultramafic 
rocks in the Lay Range and near W asi Lake have been partly to completely 
serpentinized. About one-tenth of the outcrop .area of these rocks is 
underlain by material so completely converted to serpentiine, with accessory 
magnetite, iddingsite, pi-0otite, and chromite, that no evidence of the original 
rock type remains; fully half is underlain by rocks so highly serpentinized 
that almost no original minerals· ·are preserved, though the original rock type 
can be inferred from the various forms and structures of serpentine present; 
the remainder of the ultramafic rocks show varying degrees of serpentiniza
tion. Unserpentinized ultramafic rocks, although widely distributed and 
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useful in determining the nature of the serpenitinized material, are insig
nificant in amount; they probably do not occupy a total of more than about 
200 acres in the 25-square mile stock east of Polaris Creek. 

No generally acceptable classification of the different viarieties of 
serpentine has yet come into generail use. The terms used in this report 
are es•senti·ally :those proposed by Lodochnikow (1933), modified by Leech 
(1953), ·and are used in a descriptive sense only. They include chrysotile, 
the microscopically fine fi'brous variety of serpenrtine, with fibres, of either 
positive or negative elongation, usually oriented perpendicul·ar to the walls 
of the vein•let or lens (See Plate VIII B) ; •aintigorite, in bladed or lamellar 
grains, with positive elongation, commonly arranged in three mutually 
perpendicular planes and presenting a reticuliated •appearance in thiin section; 
serpophite, the ·apparently structureless rounded masses thaJt form the cores 
in an interlacing network of chrysotile or antigorite; and bastite, the 
product of pseudomorphous serpentinization of pyroxene. All of tthese 
types are represented in the serpentinized ultramafic rocks of the Lay 
Range. Their occurrence and distribution is described in connection with 
the discussion of the process of serpentinization (See pages 140-144). 

Sepiolite (Meerschaum). Several of the fractures in the serpentine 
and joint surfaces in the serpenitinized peridotite contain fillings of a pale 
greyish white or green, very compact, smooth textured, light, soft materi·al, 
which is probably mainly sepiolite. Much of this material shows a delicaJte, 
scroH-like banding. The largest pieces seen in place were plate-like masses 
about 1 inch thick and up to 3 feet long, but masses more than 1 foot thick 
have been reported by prospectors, and the writer was shown a trimmed 
fragment, about 3 inches cube, of pure white meerschaum from the stock 
east of Polaris Creek. 

Magnetite. Magnetite is a by-product of the process of serpentinization 
of ·olivine and pyroxene, and as such occurs in all ultramafic rocks in the 
Lay Range •and near W asi Lake, •as minute grains along the grain boundaries 
of olivine and pyroxene, and in the cleavage· plane cracks and fractures of 
the altered minerals. In the completely serpenttinized rock rthe persistence 
of trains of magnetite grains in such positions affords an mdiciation of the 
nature of the original minerals. In some otherwise fresh-appearing pyroxene 
the first conspicuous indic·ation of serpenitinizaJtion is the development of 
plates of magnetite along ·cleavage planes in the interior of the crystal. 

Corundum. Corundum is the principal constituent of some white 
dykes cutlting the pyroxenite and peridotite. It occurs as an ·aggregate of 
fine, rounded masses, and as elongated grains with hexagonal cross-section, 
up to 0·4 mm. in greatest dimension, which in places show a tendency to 
form radiaJting groups. The grains are colourless, ·and almost isotropic, 
with the high refractive index and length-frust ohar:actter typical of corundum. 
They are embedded in a serpentinous or clayey matrix and, as is common 
with this mineral, •appear deceptively soft; but a fragment of the corundum
bearing rock will scrntch qua:rtz crystals. 

Talc, Brucite. Some shear zones contain white, palpable material that 
may be talc or brucite. It is noteworthy that, unlike many ultramafic 
bodies, and unlike the type bodies ·of the Trembleur il11trusions to the south 
(Armstrong, 1949, p. 89), no known masses of ultramafic rock in Aiken 
Lake map-area have altered to talc. 
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Nomenclature 

The different varieties of ultramafic rocks in Aiken Lake map-area 
originally represented aggregates of the primary minerals described above, 
mixed in apparently continuous series. Different rock types are recognized 
merely as proportions, variable within certain limits, that are relatively 
more abundant than other proportions of the same minerals. All are feld
spar-free rocks; most of them are olivine-bearing, and they are, thus, 
peridotites (Johannsen, 1938); and the remainder are olivine-free and, 
therefore, perknites. With the possible exception of hornblende-bearing 
varieties found near the borders of the stock east of Polaris Creek, all the 
·known rocks are believed to have originally been essentially mixtures of 
olivine, monoclinic pyroxene, and lesser orthorhombic pyroxene. These 
rocks range from the pure olivine peridotite, dunite, at one extreme to pure 
pyroxenite at the other. Nearly all are of intermediate composition; most of 
them are olivine-augite or olivine-diopside rocks, probably best described as 
wherlites. A few contain both orthopyroxene and clinopyroxene, and so 
come under the definition of the variety lherzolite. The distinctive olivine
hornblende peridotites found east of Polaris Creek probably correspond 
with the rocks generally called cortlandtite. 

These different varieties of original rock have been subjected to various 
degrees of serpentin.ization, and at ·leas·t half of the exposed ulitramafic rocks 
in the map-area ·are serpentinized to •such an extenit that the original com
position is indeterminable, or must be inferred from the varieties and 
textures of the serpentine minerals. The term serpentinite (Lodochnikow, 
1933; Selfridge, 1936) is used in this report for rocks, now composed domin
antly of serpentine minerals, whose original composition is obscure. 

CONTACT ROCKS 

The ultramafic rocks in the Lay Range and near W asi Lake are 
emplaced into andesitic flows ood tuffs, medium- .t6 fine-grained grey
wacke, and minor argiUite and limestone of the fate Pailreozoic •sedimentary
volcanic assemblage believed to be of Cache Creek ·and earlier -age. The 
smaller sill-like or <lenticular bodies have in most cases had no noticeable 
effect on their wall-rocks, and any effect of these rocks on the ultramafic 
material has been masked by intense 1Serpenitinization. Around rthe large 
stock in the Lay Range east of Polaris Creek, however, there has been 
extensive reciprocal reaction •between the ultramafic body and the intruded 
rock, and the stock is rimmed by a large variety of oontaminated, hybrid, 
and contact-metamorphic rocks, which in places represent all gradations 
from normal ultramafic intrusive maiterial to una;ltered volcanic or sedi
mentary rocke. 

The contact zone of the ultramafic stock east of Polaris Creek varies 
in width from less than 1,000 to 8,000 or more feet around .the southeast 
lobe, where, as seen from its trace ·across topographic .irregularities, the 
contact is neal"ly vertical. At the northwest end ·of the •stock, where the 
upper contact is observed to be gently dipping, contaminated, hybrid, and 
contact-metamorphic rocks are found abundantly but erratically distri
buted over an area •of about 20 square miles, including •a few small sill-like 
masses of ultramafic material, and lead to rthe inference that an extension 
of the large stock underlies this area aJt relatively shallow depth. 
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CONTACT WITH ARGILLITES AND SILTSTONES 

The type of contact-metamorphic product appears to be controlled 
mainly by the type of rock into which the ultramafic body has been 
intruded. Where serpentinized peridotite lies against dark grey to black, 
sheared, slaty argillite, contact-metamorphic action has been least con
spicuous. At such contacts, which are well exposed at several places along 
the northeast border of the stock east of Polaris Creek, the argillite has 
been recrystallized to a coarser porphyroblastic texture, with prismatic 
porphyroblasts of andalusite (chiastolite) up to ! inch long. Some of the 
rock has a waxy 'lustre due to microscopic seams of serpentine. Slightly 
coarser sedimentary strata, which 2,000 feet or more from the contact are 
normal carbonaceous siltstones or fine sandstones, are in places intimately 
veined and permeated with serpentine, but show no conspicuous d'Elvelop
ment of new minerals . . If these rocks are viewed ·in thin section, it appears 
that the contact-metamorphic action has resulted mainly in a 'cleansing' of 
the originally heterogeneous siltstone or subgreywacke, leaving fresh det~tal 
quartz grains in a uniform, carbonaceous matrix containing much serpentme. 
Where rocks of this .type are close to but not directly in contact with the 
exposed ultrarnafic mass, being separated from it in plan by tuffaceous or 
volcanic material, some of the 1argillites have been recrystallized into 
slightly sugary hornfels, without 1any apparent significant mineralogical 
change, and the siltstones do not appear to have been altered at aU. The 
ultramafic body at ithe contacts with argillite, ·siltstone, and subgreywacke 
is in all p1aces represented by a band, 120 to 400 feet wide, composed 
entirely of waxy green, black, or glossy chocolate-coloured serpentine. 
Little 'structure' can be recognized in these bands of serpentinite; although 
in many places they resemble dyke-like bodies intercalated between the 
intruded rocks and the main ultramafic mass, their invariable oc·currence 
adjacent to elastic sedimentary beds suggests that they ·are probably a 
distinctive reaction product of this type of contact. Like other totally 
serpentinized bodies in the area, they contain numerous irregular patches, 
vein-like masses, and fracture-surface coatings of straw-coloured, bright 
green, blue, and bluish white serpentine minerals and sepiolite. In several 
places, brecciated veins of white, coarse-grained calcite, ·containing angular 
fragments of, and cut by veins of, serpentine were observed in the band. In 
most cases this belt of serpentinite abuts sharply against the dull orange
brown weathering, dark greenish brown to black serpentinized peridotite 
that comprises most of the stock; but in several places 100 feet or more of 
hornbl;ende-rich rock, which gr&des (?) into pyroxenite, intervene. 

CONTACT WITH VOLCANIC AND PYROCLASTIC ROCKS 

'Pseudo-diorite' and Injected Feldspathic Material 

The most common rock types into which the ultramafic rocks have 
been intruded are well-bedded, very fine- to medium-grained tuffs, thin 
porphyritic flows, and minor agglomerates, of andesitic composition. 
Between such rocks and the ultramafic body there has been interchange of 
material across several thousand feet. The intruded rocks, which away 
from the influence of the ultramafic bodies consist mainlv of saussuritized 
plagioclase and chlorite, are, in the outer zone of contact metamorphism, 
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recrystallized and selectively reconstituted to a strong, hard, gneissic rock 
composed largely of biotite and feldspar. The bedding of the tuffs is made 
more conspicuous by a relative coarsening of the coarser beds, and minor 
features such as graded bedding and crossbedding are emphasized. Nearer 
the contact, this process becomes more pronounced, and although the 
bedding is still weH preserved, individual beds approach the composition 
and texture of a biotite diorite. In all cases it is the coarsest tuffs that 
are the most profoundly affected; some of the very fine-grained tuffs and 
porphyritic flows are not noticeably altered. Where selective reconstitu
tion is well advanced thin seams and sill-like bodies of white feldspar 
appear here and there between bedding planes; most pf these are nodular 
but very persistent, and seams averaging Iess than ! inch thick may be 
followed along the same bedding plane for more than 100 feet. These 
sill-like bodies become more numerous nearer the ultramafic body, to 
where they may constitute as much as one-quarter the rock volume. In 
many of the highly recrystallized tuff.s it is difficult tto distinguish some 
'pseudo-diorite' recrystallized tuff beds from the injected feldspathic 
material, but the fatter do not show graded bedding, and numerous dyke 
'feeders' that connect the sill-like masses appear to demonst:riate conclu
sively that the tabular feldspathic bodies are injected, eveu though they 
are of nearly the same composition as the beds between which they lie. 
Where they crosscut the bedding, the dykes have in places produced a zone 
of finer grain size, in appearance much like a chilled zone, but with reverse 
structural relations, in the 'pseudo-diorite' recrystallized intruded rocks. 
The dykes themselves appear to be unchanged at their contacts. The 
feldspar of many of these bodies is coarse grained, and remarkably resistant 
to weathering, so that on many outcrops the interstitial material has been 
etched away, leaving a crust of coars.e anhedral grains standing in relief. 

This feldspar, together with that of the 'pseudo-diorite' and recrystal
lized tuffs, is, despite its fresh outward appearance, so highly ·altered that 
its composition is not determinable. Most of the feldspathic material has 
been changed to a white, nearly opaque, clay-like aggregate in which the 
originaI feldspar grains cannot be distinguished in thin secttion. Accom
panying the clay-like material is much clinozoisite and epidote, mostly 
very fine grained and more or less evenly disseminated, but some rocks 
contain irregular masses 1 mm. or more in diameter. A few thin sections 
of this material contain zoisite. The fragments of feldspar grains tested 
have a relatively low refractive index (about 1·540 to 1·542) suggesting, 
along with the general mineralogical association, a sodium-rich plagio
clase, but all feldspars are so altered that the measurements are not 
reliable. It is not known whether albitization of an originally more calcic 
feldspar has been part of the alteration process. 

The injected feldspathic material is relatively mobile, and not entirely 
confined to the tuffs; a few small bodies are found in the metamorphosed 
siltstones, where, however, it does not form regular sill-like masses, but 
thin irregular bodies that wander erratically across the bedding in a manner 
suggestive of replacement. Similar material is found ·sparingly in the 
serpentinized ultramafic rock as much as a mile from the exposed contact 
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of the body (although possibly close to the original roof). These rocks, 
which constitute one of the varieties of 'white dykes', are for the most 
part less than 10 feet wide, and are flanked by bands of massive serpentinite. 

Where the injected feldspathic material becomes most abundant, 
tabular and lenticular bodies of relatively coarse hornblende make their 
appearance. Farthest from the ultramafic contact, the hornblende bodies 
have much the same habit as the feldspar, appearing first as seams between 
bedding planes and as replacement bodies in the injected feldspathic 
material or in favourable beds in the tuff; but closer to the contact, where 
the proportion of feldspathic material decreases sharply, the hornblende 
rapidly becomes more abundant, and appears as irregular masses or uniform 
disseminations, in places with sharp, and in places with gradational, con
tacts. No dyke-like 'feedere' of hornblende, similar to those of feldspathic 
materi!al, were found. Finally, the highly metamorphosed 'pseucJio-diorite' 
tuff passes inrto or abUJts sharply against rocks in which no eviruenc·e of the 
original structures is preserved, and the z·one of hybrid rocks is reached. 

Hybrid Rocks 

The hybrid rocks of this contaict zone include all the rocks situated 
between the ultmmafic body and the intruded, older formations that are 
neither parts of the normal ultriamafic series ·and its alteraition products nor 
recognizable ·al·tered older rock. Such rocks occur alongside the ultramafic 
bodies eam of W asi Lake and are well developed: iaround the stock east of 
Polaris Creek, where they occupy an .area half as Iarge as the st.oek itself. 
Mosrt of these rocks are relatively resi·stant to ·erosion, and form many of the 
prominent peaks ·and ridges surrounding the stock. Many rock types are 
!1erpresented. Almosrt all have textures similar to normal igneous rocks and 
typi·cial intrusive structural relations. In general the various hyibrid rocks 
belong to two main da·sses: those in whi~h ·hornbiende i,s an essential 
mineral, and thooe c:har-aoterized by biortite. 

Hornblende-bearing Hybrid Rocks. These range in mineral composition 
from slightly hornblendic pyroxenites and peridotites to hornblendi.te, 'horn
blende meladiorite, and hornblende diorite. 1 A foirly abundant rock type, 
found adj1acent to normal serpentinized peridotite, is a medium-grained, 
highly pyroxenic peridJOtite containing stout prismatic crystals of black horn
blendle up to 1 inch long. Where best developed in this rock the hornblende 
makes up about one-third of the rock volume in individual crystals of 
reJat.ively uniform size evenly spaiced through a medium-grained, light 
green, diopside-olivine matrix, resulting in a rock of conspicuous spotted 
appearance. In sevenal plaoos a breccia-'1ike rook consists of fragments o'f 
very coarse-grained pyroxenite in 1a matrix of finer grained ( i inch long) 
hornblendite. Examples were found both of small dyke-like bodies of 

1 It may be debatahle whether these terms, which commonly carry the implication of ori11:in by 
direct crystallization of an igneous magma, should be used for the hybrid rocks in question. They are 
here applied in a descriptive sense only, with no intended genetic connotation, although on the grounds 
that the rocks have aH the appearances of having crystallized from a high temperature, mobile, 
intrusive medium, the terms may perha.ps be justified in a genetic as well as descriptive sense. The 

degree of impurity allowed before a contaminated magma, if contamination te.k€S place while it is 
essentiaHy mobile, ceases to be a ''magma", and the roek formed from it ceases to be "iitleous", is 
largely a matter of arbitrary definition. 
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hornblendite cutting pyroxenite and peridotite, ,and of fine-grained, granu
lar, diopsidic pyroxenite cutting hornblendite. In general the hornblende
bearing ult.rabasic rocks iare not strongly eerpentinized. 

The mo\St widespread types of horn:blende-bearing hybrid rocks consti
tute a series ranging from pure hornblenclite to a rock composed mainly of 
piagiool•ase with minor hornblende, ·characteriz>ed by prismatic, ·commonly 
elongated! hornblende crysitals and ·saussuritiz·ed plagioclase foldspar. In 
thin section, the homblendites may be seen to be oompoe.ed ·almost entirely 
of very fresh, green-brown, pleoelhroic hornblende. Many cry1Sitals enclose 
numerous octahedral crystals of magnetite, some of which are surrounded by 
and contain irrngular 'coreai' of what appears to be a calcite-clinozoi1Site
ampihi!bole 1aggregiate. Minor and 1accessory minerals, almost entirely con
fined to interstices, are penninite chlorite, calcite, clinozoisite, hematite, 
garnet, ancl possibly corundum. Pure hornblendites are relatively rare, 
although patches •an •a·cre or more in extent contain essentially no feldspar; 
but there are e:ict.ensive 1areias of feldspathic hornblendite oontaining 10 to 20 
per cent feldspar. The most remarkable feature of these hornblende-rich 
rocks is their extremely coarse average grain size. Most of the crystals in 
many of the rocks composed dominantly of hornblende are more than 2 
inches in length; crystals 6 inches long are common; and one 70-foot cliff 
west of the boundary of the stock east of Polaris Creek appears to be com
posed almost entirely of crystals more than 1 foot long. The largest crystal 
seen measured 38 by 18 inches in the .cliff face; euhedral •cryistals, with 
well-developed terminal faces, more than 2 feet long and 1 foot mean 
diameter are not uncommon, and are in places grouped in clusters. 

The more !highly feld~pathic hornblende-bearing rocks include a dis
tinctive type in which elongated prisms of hornblende form a reticulated 
network, t.o which white to pale rose-grey or greenish sauSS'llritized feldspar, 
rarely in distinct grains, is interstitial. One of the characteristic features of 
many of the coarser varieties of these rocks is the presence of one or 
more tri1angular or polygonal prisms of feldspar within, and paraHel with the 
long axis of, the prismati·c hornblende crystals. SO'ffie of the finer grained 
varieties of this rock type have much the •S·ame appearance as norm·al 
intrusive diorite, but most of them have a distinctive •bextme of acicular 
hornblendie crystals and interstitial plagioclase. Diopside, treinolite, 
epidote, and biotite are locally abundant in these rocks. 

Veinlets· of epidote, usually less than 1 inch wide, are fairly common 
in some of these rocks. Most of them have sharp borders, and they appear 
to occupy fractures. Most of the epidote (some may be clinozoisite) is a 
fine-grained network of elongated crystals, producing a rock that is massive 
in hand .specimen; but coarsely •crystalline, vuggy veins are not rare. 
Prismatic, striated •crystals of epidote up to 2 inches long have been col
lected from these. 

Biotite-bearing Hybrid Rocks. These are nearly all of basic or ultra
basic composition, and most of them seem to be normal peridotites and 
pyroxenites that have become contaminated with sufficient extraneous 
material to develop abundant biotite, in many places accompanied by 
hornblende. A few small bodies composed almost entirely of biotite were 
observed, but most rocks of this type consist of an aggregate of serpentin-
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izeJ olivine and pyroxene, and fresh hornblende and biotite. The horn
blende and biotite are in most cases by far the coarsest components of 
such rocks. Some of the 'biotite' in these rocks may be phlogopite 
(Johannsen, 1938, p. 410). 

CONTACT WITH LIMESTONES 

A distinctive series of metamorphic rocks has developed where the 
ultramafic stock contacts massive late Palreozoic 'limestones of the Lay 
Range. It was not found possible to trace a gradation from unaltered 
into altered limestone. However, a body of what was originally limestone 
outcrops over an area about 1,000 feet by 500 feet on the west side of the 
stock east of Polaris Creek, lying between serpentinized peridotite to the 
southeast and hornblendite and 'pseudo-diorite' to the west and north, 
and thus forming the wall and part of the roof of the ultramafic body. 
About half of the aitered limestone is a dull white, pale bluish green and 
yellow-grey rock containing irregular patches up to several feet across of 
darker yellow-grey material. Both the patches and the rock surrounding 
them vary greatly in appearance; both show relict bedding, outlined by 
colour bands and by texture. The texture of this rock varies within 
wide limits, from very fine grained, almost cryptocrystalline, to coarse 
and sugary, and to a felted mass of prismatic crystais up to 0·5 mm. long. 
In several places it can be seen that the boundaries between areas of 
unlike texture are independent of, and cut across, the boundaries of the 
colour patches. Microscopic study shows parts of this rock to be recrystal
lized limestone, composed almost entirely of irregular interlocking grains 
of calcite with a few grains of detrital quartz, and other parts to be 
composed entirely of white or pale grey diopsidic pyroxene. No thin 
sections showed a transition phase between these two rock types. Both 
types apparently vary widely in grain size, and as both are more or less 
serpentinized, with the development of pale yellow-green massive serpentine 
(serpophite), the difference in physical properties between the two is not 
always evident. It proved very difficult to distinguish between the marble 
and the diopside-rock in the field, and the structural relations between 
them are not known. The irregular colour patches in this rock appear to 
be the result of development of serpentine, and are to some extent independ
ent of the rock composition and texture. 

Much of the rest of the metamorphosed limestone has been a'1tered 
to serpentine. Some of the serpentine forms seams of fibrous chrysotile, 
but most of it occurs as irregular bands or patches of massive toffee-yellow 
serpentine in a pale yellow, serpentinized, limestone matrix. Microscopi
cally, the yellow serpentine is seen to be mainly finely fibrous chrysotile, 
in part embedded in a massive serpophite matrix. Some of the yeHow 
rock contains porphyroblasts of olivine, apparently quite pure forsterite, 
which have been highly. serpentinized and are visible in thin section as 
remnants with an optically positive character and an optic angle close to 
86 degrees. Where most uniform, the partly serpentinized limestone has a 
crystalloblastic texture, and consists of about 70 per cent calcite in masses 
of smaH grains (0·10 to 0·05 mm. in diameter), cut by rude bands of 
fairly clean, regular grains up to 2 mm. in diameter. The larger grains 
of calcite in the groundmass are poikilitic, and enclose smaller grains of 
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calcite and masses of serpentine. The remainder of this rock is composed 
of rounded grains of apparently massive serpentine, mostly in blebs 0·01-
0· 05 mm. in diameter within and between the calcite grains. A few flakes 
of talc are present. 

About one-fifth of the altered 'limestone is conspicuously porphyro
blastic, with pale honey-yellow dodecahedral crystals of grossular garnet 
up to 3 mm. in diameter. In addition, a few specimens contain rounded, in 
part skeletal, porphyroblasts of a garnet that is probably close to andradite 
in composition. In thin section, both types of garnet are seen to be packed 
with inclusions of calcite and clinozoisite. Many of the grossularite crystals 
are zoned. The remainder of the rocks is .mainly recrystallized calcite and 
massive or fine fibrous serpentine, with much clinozoisite, many minute 
rounded grains of garnet, and, in some sections, masses of forsterite. Small 
irregular masses of this rock are relatively rich in clinozaj_site-epidote, 
resulting in an apple-green and bright ibluish green, fine, sugary rock 
containing yellow and pink-brown garnet porphyroblasts. Some of this 
rock contains a few crystalloblasts of what may be diopside. 

'WHITE DYKES' (PLu;MASITES) 

The pyroxenite and peridotites ·are cut by a few dyke-like bodies of 
pale creamy grey or almost pure white material, which stands out in con
spicuous contrast with the orange-brown or olive-green surface of the sur
rounding rocks. These bodies are quite distinct from, and apparently in 
no way connected with, the dyke-like bodies of feldspathic material and 
the ·apophyses of hybrid rock that cut the contaminated borders of the 
ultramafic body. The feldspathic bodies are restricted to the margins of 
the ultramafic mass, from which many can be traeed into the surrounding 
hybrid rocks and reconstituted older formations, and they exhibit a wide 
variety of textures and proportions of their constituent feldspar and horn
blende; whereas the 'white dykes' referred to in this section were only 
observed within the interior of the ultramafic body in apparently normal 
(though commonly highly serpentinized) pyroxenites and peridotites, and, 
where observed, they are of apparently uniform composition, with no 
minerals except a little serpentine material identifiable in the hand specimen. 

Five such bodies were found cutting the stock east of Polaris Creek. 
kll are between 3 ·and 10 feet wide; the longest can be followed in outcrop 
and on felsenmeer for about 600 feet. Those best exposed are curved 
and 'wandering', and do not seem to bear any obvious relation to the 
joint patterns of the surrounding rock. All those observed dip fairly 
steeply. Some of the shear planes in the wall-rocks cut through the 
bodies, but in no place was the body itself seen to be offset. The different 
bodies, and different parts of the same body, are uniform in outward 
appearance. All are very fine grained, and contain minute needle-like 
crystals of high lustre. They have a peculiar brecciated appearance, due 
in part to irregular masses, with concentrically banded borders, of material 
of different serpentine content and commonly of different texture, and in 
part to the presence of many very thin, open, irregular fractures and seams, 
which do not follow any particular pattern and are commonly not connected. 
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Microscopic examination shows that these bodies are composed almost 
entirely of corundum. The only other material, occurring as a patchy 
groundmass or as vein-like bands surrounding masses of a:lmost pure 
corundum, is a semi-opaque, almost isotropic, white material that probably 
contains serpentine, clinozoisite, and perhaps clay-like matter resulting 
from the hydrothermal alteration of feldspar. 

The corundum-bearing rocks have been found cutting both the serpen
tinite and the slightly serpentinized pyroxenite and peridotite. No change 
in composition or texture of the bodies could be discerned at their borders. 
The walls are in all observed places lined by a thin selvedge of dark brown 
mic1a. In one plaice this selvedge is backed by 'a zone of coarse black horn
blende crystals. The wall-rocks of the other bodies either consist of 
serpentinized peridotite or grade through a foot or more of grey-green, 
very fine-grained, altered material that may be an aggregate of amphiboie, 
talc (?), and serpentine minerals. The total width of this 'reaction zone' 
in the wall-rock varies from about 1 inch to 3 feet, and was observed to 
be almost the same on eaoh side of the body. However, there appears to 
be an increase in intensity of serpentiniz·ation of the ultramafic rock in a 
band 5 to 20 feet wide on each side of the bodies. 

Corundum-bearing dyke-like bodies have been found in ultramafic 
rocks in many localities, and have given rise to much speculation regarding 
their origin. Most of them consist essentially of oligociase and corundum, 
a combination to which the name plumasite has been given. Most of the 
plumasites described are associated with, or grade into, rocks consisting 
mainly of oligoclase. Larsen (1928) has summarized the descriptions of 
many of these occurrences and the hypotheses regarding their origin. He 
emphasizes the similarity of the 'reaction zones', usually consisting of 
concentric layers of dark mica, amphibole, and talc, which frequently bear 
no relation to the width of the dykes, and postulates that the corundum
bearing bodies are not true dykes but deposits formed by aiumina-rich 
hydrothermal solutions. Du Toit (1918, 1928) and many other workers 
have considered that the plumasites represent normal aplitic and pegmatitic 
dykes that have been desilicated by the surrounding ultrabasic rock, with 
the reaction zones resulting from the progressive transfer of silica, potash, 
and fluorine from the dyke to the serpentinized wall-rock. The corundum
rich 'white dvkes' of the stock east of Polaris Creek mav not be normal 
plumasites; their 'reaction zones' are more poorly developed than those 
described by Larsen and du Toit. The specimens collected are much 
richer in corundum than those described from other loc·alities, but the 
samples taken may not be representative of the dykes as a whole. Their 
narrow (in places lacking) 'reaction zones', relatively uniform width and 
tabular shape, and restricted occurrence suggest that these bodies are most 
probably altered dykes rather than hydrothermal deposits. They may be 
similar to some of the 'white rock' of the Coquihalla serpentine belt 
(Cairnes, 1930), but are more regular in form. 

ALTERATION TO SERPENTINE 

In common with almost all ultramafic bodies, the peridotites, dunites, 
and pyroxenites in the map-area are partly to completely altered to serpen
tine. The sill-like bodies east of Wasi Lake and in the northwest part of 
Lay Range are so completely serpentinized that their original composition 
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is obscure. At least 80 per cent of the large stock east of Polaris Creek 
is highly serpentinized. The most abundant serpentine, which uniformly 
pervades most of the peridotites, is a very dark bluish green to black, 
dull to waxy lustred material that weathers a bright orange-brown to a. 
depth of -!- inch or more. In thin section, this material is seen to consist 
mainly of bladed, lamellar antigorite, in an irregular, very fine-grained 
aggregate. Many sections contain fine fibrous chrysotile, which forms 
networks in massive serpentine (serpophite) or surrounding masses pseudo
morphous after pyroxene (bastite). In common with most serpentinized 
bodies, this bright orange-brown weathering serpentine is exceedingly infer
tile, owing to traces of chromium and nickel in the derived soHs (Robinson, 
et al., 1935), so that ·the main part of the ultramafic stocks are almost 
completely devoid of plant life, either in the form of sub-alpine forest and 
meadowland at lower elevations or of lichen above timber-line; because of 
its barrenness and distinctive weathering colour the outlines of the stocks 
are conspicuous from a distance. 

The successive steps in the process of progressive aiteration of fresh 
ultramafic rock into serpentinite can be observed in thin section. As is 
usually the case, the olivine crystals are more susceptible to serpentiniza
tion than the pyroxene, and a thin band of what appears to be lamellar 
antigorite appears along crystal and fracture faces of olivine in rocks that 
otherwise appear fresh. In some rocks iddingsite (or bowlingite) develops 
around the olivine at this stage. When the process is farther advanced, 
the bands of antigorite ( ?) around and within the olivine crystals are in 
many cases seen to be flanked by zones of bladed and fibrous serpentine; 
and at the same time layers of. exsolyed magnetite in the cleavage planes 
of the pyroxene grains indicate the beginning of a gradual replacement of 
that mineral by bastite. The alteration of the pyroxene, although com
mencing somewhat later than that of the olivine, is apparently a relatively 
rapid process. Some sections show that the pyroxene has, apparently, 
been completely replaced by bastite, whereas the adjacent olivine crystals 
have been merely divided into a number of fra.gments separated by a 
network of serpentine and fine-grained magnetite. The magnetite is 
commonly expelled to the centre of each widening vein, marking the posi
tion of the original fracture or crystal boundary. In several sections it 
appears that the olivine alters to chrysotile, which is in turn replaced by 
antigorite, and that the zone of fibrous serpentine migrates toward the 
centre of the grain or fragment as serpentinization proceeds. The last 
remnants of the olivine grains seem to be replaced by a massive, structure-
less, nearly isotropic serpentine (serpophite). · 

Bastite and chrysotile are not common in the serpentinites. This is no 
doubt partly because the rocks originally containing relatively more pyro
xene and thus capable of developing relatively more bastite are uncommon, 
and less susceptible to serpentinization than other peridotites, and it may 
also indicate a general tendency for antigorite to replace bastite and 
chrysotile. 1 

In addition to the pervasive, black, orange weathering serpentine, a 
great variety of serpentines and related minerals occur in smaller amounts. 
Bands up to 120 feet wide composed almost entirely of dark green to black, 
very glossy serpentine are found along some contacts between ultramafic 
and sedimentary rocks, and flanking the rare corundum-bearing 'white 
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dykes' in the peridotites. In part this material is a reticulated aggregate 
o~ bladed antigorite; in part it has a mesh structure, with areas that 
appear massive in thin section (serpophite) surrounded by minute fibres 
(chrysotile). Irregular areas up to 25 feet in diameter of chocolate-brown 
serpentine, with a compact glassy appearance, are found at several places 
within the mass, not obviously related to any compositional or structural 
features. Most of the joints are filled or coated with pale grey-green to 
dark green, fibrous and long columnar chrysotile. The columnar crystals 
commonly grow at an acute angle to the faces of the joints in which they 
lie, so that fracture faces have a 'shingled' appearance. The serpentine 
of the joints is commonly more resistant to erosion than the surrounding 
rock, so that the joints stand out on weathered surfaces as a network of 
serpentine veinlets. In places, highly serpentinized peridotite, consisting 
mainly of greenish black, massive serpentine, contains dyke-like bodies 
up to 3 feet wide of straw-yellow, bladed to fibrous serpentine. The fibres 
are oriented directly across the dykes, which .contain lenses of black 
massive serpentine. In thin section, the long parallel fibres of these bodies 
show an over-all lamellar structure perpendicular to their length, caused 
by small variations in orientation and irregularities of growth of parts 
of the fibres. This 'lamination' is nearly always parallel with the walls 
of the major fissure occupied by the chrysotile body; in places it branches 
around, and in other places abuts, inclusions within the body and waHs 
of subsidiary fissures. The pattern of this lamination within the masses of 
fibres indicates that the chrysotile fills fractures whose walls were spread 
apart, and does not represent replaced bands in the serpentinite; that the 
fibrous chrysotile developed almost simultaneously with the spreading 
apart of the walls; and that the fibres grew outward, in P'laces from both 
walls and in places from only one wall (See Plate VIII B). A few thin 
bands of grey, flexible, asbestiform 0hrysotile were found in the west
central and southeastern parts of the stock east of Polaris Creek. Much 
of the serpentine east of W asi Lake is bright yellow-green, apple-green, 
and pale green-grey in colour. It does not weather brown. Bodies of this 
type of serpentine are found near the peripheral parts of the stock east 
of Polaris Creek. In a few cases they contain isolated, ball-like masses 
of chromite up to 2 inches in diameter. 

Bright blue, pale leaf-green, ·and pure white serpentine minerals Me 
widely distributed in small amounts. A porcellaneous, nearly white mate
ri•al, commonly with a contorted, delicate colour banding, is quite common 
as seams up to I inch thick. Some of this is probably sepiolite 
(meerschaum). 

The areal distribution of serpentinization, and the variation of its 
inJtensity within any one area, is in general haphazard. Many of the 
small ultramafic bodies <are almost •completely, uniformly, serpentinized (to 
serpentinite) . There is a general tendency toward a uniform, pervasive 
serpentinization within the interior of the large bodies, with a corresponding 
greater variation in type and inttensty of serpentinization near the borders, 
but the intensity of over-all serpentinfaation is no greater in the interior 
than at the borders of the bodies, and small unserpentinized masses occur 
at random. The contacrt with sedimentary rocks is generally a zone of 
intense serpentinization in both large and small bodies. Dykes, and f.ault, 
shear, and major joint planes within the ultramafic bodies are likewise loci 
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of locally intense alteration. Around the stock east of Polaris Creek, 
serpentine has developed sparingly within the ·adjacent greywacke and 
limestone for several hundred feet from the contact, but no serpentine 
minerals occur in the 'pseudo-diorite' tuffs or in the hornblende-bearing 
hybrid rocks. 

The process of serpentinization is essentially a ·conversion of magnesium 
silicates stable at high temperatures (olivine, pyroxene) into forms stable 
at low temperature (serpentine) in ·a system containing excess water 
(Turner, 1948, p. 130). There hBIS been controversy as to whether this 
conversion is essentially an autometamorphic or deuteric process, effected 
by solutions that were largely contained within the rock-forming material 

· at the time of crystallization, or whether ·the process is hydrothermal, with 
the serpentinizing solutions derived from outside the ultramafic mass (Bowen 
and Tuttle, 1949). In Aiken Lake map-area, all of the small ultramafic 
bodies mapped lie along observed or possible faults or shear zones, and 
all are intensely serpentinized. Within the large stock east of Polaris 
Creek, which is not emplaced along or bordered by a known fault or shear, 
the most complete serpentinization is found along the contact with argillite 
and greywacke and along minor fracture zones •and dyke borders within 
the mass. In these places it seems difficult to entertain the hypothesis of 
serpentiniz-ation by means of solutions within the ultrama:fic body. Con
tacts, fractures, and other lines of tectonic weakness would be expected to 
form channels of circulation of solutions within the mass; and although 
these might be expected to facilitate the process of serpentinization in some 
places, they should also serve as lines of escape of serpentinizing solutions 
if these originated within the ultrama:fic body, and the rock near. them 
should in places be less altered than the unfractured rock. On the other 
hand, if the serpentinization was effected by watel'S from an extraneous 
source, the greatest intensity of alteration would be expected adjacent to 
such channels ·of circulation. 

A 'pervasive' type of serpentinization, however, seems to have reached 
an approximately uniform intensity over relatively large areas, apparently 
independent of the main joints and shear zones of almost pure serpentine. 
This type of alteration has resulted from atta.ck on each individual grain 
by an interstitial liquid, which in the initial stages of serpentinization 
corrodes uniformly from crystal faces, fractures, and cleavage planes. If 
the solutions are postulated to have come from an outside source, it is 
difficult to explain how they become so evenly distributed through the pores 
of the rock, in part unrelated to any visible fracture. On the other hand, 
if serpentinization is held to be an •autometamorphic process, brought about 
by solutions contained within the medium from which the rock eonsolidated, 
it is equally difficult to explain how small areas, haphazardly distributed 
within the main ultramafic mass, and with no ·apparent peculiarities of 
composition, could have remained fresh ·and unserpentinized. 

Thus the evidence recognized in the ultramafic bodies in Aiken Lake 
map-area suggests that both autf:iometamorphic •and hydrothermal processes 
have played a part in the ·alteration to serpentine. The former process 
seems to explain best the relatively uniform 'pervasive' serpentinization of 
at least 60 per cent of rthe ultramafic masses, whereas the joint :fillings 
and veins of pure serpentinite that branch into veinlets and ·capillary-like 
networks of seams of serpentine in less pure serpentinite and serpentinized 
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peridotite suggest that hydroithermal serpentinizing s'Cllutions travelling along 
joints and cracks achieved a very intimaite penetration of ·the ultramafic 
bodies. 

The relative lack of ·intense serpentinization in. the contaminated 
ulttramafic rocks near the border of the stock east of Polaris Creek, and 
rarity of serpentine in the ultrabasic hybrid rocks of the border z.one itself, 
and the absence of any large-scale alteration to talc, suggest that in these 
places the water contained within the crystallizing ultramafic mass may 
have entered into hornblende, biotite, ·and other high-temperature hydrous 
silicates, leaving little water available for either deuteric or hydrothermal 
alteration when the relatively lower temperature range of serpentine forma
tion was reached, and virtually none for the subsequent development of 
talc (Turner, 1948, p. 132). 

ALTERATION TO QUARTZ-CARBONATE MATERIAL 

In places, along bands that are apparently steeply dipping shear zones, 
the ultramafic rock has been altered to an aggregate of quartz and ankeritic 
or dolomitic carbonate, with lesser amounts of mariposite and pale grey
green serpentine. Most of the bands are .about 100 feet wide, although 
some as much as 600 feet wide were encountered in the stock east of 
Polaris Creek. Bands less than 10 feet wide have been found in the 
smaller ultramafic bodies and, rarely, in the roof rocks. They show both 
sharp and gradational contacts against serpentinized ultramafic rock. 

The principal mineral in most of ithis maJterial is cream-coloured 
carbonate, which usually weathers •a conspicuous 'buff or orange. Associ
ated with the carbonate is a siliceous mineral, usually of a crypto-crystal
line, chalcedonic habit, but in some instances in well-formed, transparent, 
pyramidal quartz crystals. Some specimens contain much opaque, white, 
clay-like matter, part of which is brucite and talc. Minor minerals, each 
locally abundant, include serpentine, bright green mariposite, red, earthy, 
and silvery specular hematite, and flat rhombohed11al crystails of white 
oalcite. The texture is variable in the extreme. ·Most of the rock has a 
massive, stony appearance, and in thin section is seen to be a very confused 
aggregate of extremely fine-grained material, in which few individual grains 
can be discerned. Other parts of the quartz-carbonate zones are relatively 
coarsely crystal<line, with cleavage faces of a carbonate up to 1 mm. across; 
some ·are delicately banded, with very contorted, concenltric, and volute 
patterns of carbonate and silica; still others are vuggy, with well-developed 
carbonate and quartz crystals. 

The microscope is of little assistance in identifying the minerals in 
the quartz-carbonate rocks. The most common carbonate mineral, probably 
ankerite or ferrodolomite, does not effervesce in cold dilute acid, and an 
iron content is indicated by the uniform development of a limonite coating 
upon weathering. Similar, but white weathering, pale buff, porcellaneous 
material is thought to be mainly magnesite. The mariposite was not 
checked for optic properties. Green micaceous minerals are found in many 
quartz-carbonate zones in ultramafic rocks; not all are mariposite. The 
quartz-carbonate zones associated with the major faults and the Trembleur 
intrusions in the adjacent Fort St. James map-area, however, contain 
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mariposite; and, in particular, X-ray studies have shown the conspicuous 
green mineral found in a quartz-carbonate zone associated with a belt of 
serpentine on Ominicetla Creek, 10 miles south of the southwest corner of 
Aiken Lake map-area, to be maripositel. 

ALTERATION TO AMPHIBOLE 

The abundance of hornblende in the contact zone -0f the ultramafic 
bodies and in the hybrid rocks surrounding the contact has been noted. 
This hornblende appears to be an 'original' mineral formed during the 
crystallization of the completely reconstituted rock. Within the ultramafic 
bodies themselves, some of the hornblende is likewise probably a primary 
constituent of the rock, in that it appears to have developed, mainly in 
the contaminated border zone, at the time of the consolidation of the 
original rock-forming medium, but part may have had a secondary origin 
and may have resulted from the uralitization of pyroxene. In a few places, 
rims of fresh hornblende surround cores of what appears to be altered 
pyroxene. Various stages of the process of uralitization can be observed in 
thin section. In most of the sections showing this transformation a single 
crystal of pyroxene has been replaced by several bladed or lath-like crystals 
of amphibol€, whose orientation bears no relation to the original crystal. 
No true pseudomorphs of amphibole ·after pyroxene were noted. The 
process of uralitization, however, appears to be more or less confined to 
the 'border (including the roof) areas of the ultramafic bodies, and is only 
developed in the highly pyroxenic rocks, which are relatively less suscepti
ble to serpentinization. 

Minor ·amounts of tremolite and actinolite are found near the contact 
of the ultramafic rocks east of Wasi Lake ·and east of Polaris Creek. These 
minerals appear to have resulted maill'ly from the alt€ration of hornblend
ites related to the hybrid rocks, but some may have developed by altera
tion from pyroxenites of the ultramafic bodies. 

STRUCTURAL RELATIONS 

EXTERNAL STRUCTURAL RELATIONS 

All of the bodies of ultramafic rock in the map-area except the large 
stock east of Polaris Creek are essentially single units emplaced along 
lines of apparent tectonic movement more or 'less parallel with the sur
rounding rocks. 

The stock east of Polaris Creek is, like the other ultramafic bodies, 
elongated parallel with the strike of the -0lder rocks in which it lies. 
However, it definitely transects these rocks; the tilted, late Palreozoic sedi
mentary strata and volcanic flows trend directly into the ends of the stock 
for 3 miles, measured across the strike, and ·a•long the flanks of the stock 
preserve their general regional orientation without regard to the attitude 
of the contact cutting obliquely across them. The hybrid rocks ·also have 
discordant contacts, and occur as dyke-like forms, small irregular bosses, 
or large lenticular masses with irregular projections; basic and ultra basic 
varieties intrude each other in a very confusing manner. Sills, dykes, and 

l Annstrong, J. E.: personal c1>mrnunication, 1947. Unpublished inveRtigations by J. E. Armstrong 
and J. B. Thurber, Geological Survey of Canada, 1944-45. Materiel collected by E. F. Roots, 1944. 
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irregular apophyses of the hybrid and remobilized contact-metamorphic 
rocks have worked their way as much as a mile into relatively unaltered 
rocks, and show sharp, intrusive, crosscutting contacts against the sedi
mentary strata. Inclusions, ranging in size from a few inches to several 
hundred feet across, of relatively unmetamorphosed rocks have been found 
in the hybrid zone close to the main ultramafic body, but a.re rare, although 
some anomalous pockets of dioritic material in hornblendite may represent 
altered inclusions. 

The contact zone of the main ultramafic mass is well exposed around 
all parts of the stock except the north boundary, where serpentinized 
peridotite passes under glacial drift on the floor of Swannell River Valley. 
Topographic relief is sufficient to indicate the dip of the contact over a 
vertical interval of 500 to 2,500 feet. At many places on the northeast 
and southwest flanks the contact dips outward at observed angles of 50 
to 90 degrees. Around the south and east borders the contact of the main 
ultramafic mass appears to dip nearly vertically, as exposed by 600 feet 
of relief, but a broad area of metamorphosed rocks containing hybrid and 
'pseudo-dioritic' material and scattered outcrops of serpentinized ultra
basic rock suggests that the contact flattens abruptly, and that the 
ultramafic mass extends to the southeast at a comparatively shallow depth. 

~he inclination of the northwest contact of the ultramafic stock is well 
shown on the parallel ridges separating a series of hanging vialleys draining 
into Swannell River. As may be seen from the map, the entire ridge south
east _of the third creek entering Swannell River from the southwest below 
the mouth of Orion Creek is composed of ultramafic rock. The ridge 
between the second and third creeks is composed, for the middle two-thirds 
of its length, of ultramafic material continuous with the main stock to 
the southeast. At both the northeast and southwest ends of this ridge, 
the ultramafic mass is overlain by ultrabasic and dioritic hybrid rock, 
succeeded in turn by relatively una'1tered, older, sedimentary and volcanic 
rocks. The next ridge to the nurthwest-ithe ridge between the first and 
second creeks entering Swannell River from the southwest below the mouth 
of Orion Creek-exposes a mixture of unaltered late Palreozoic sedimentary 
and volcanic rocks, intrusive 'pseudo-diorite', hornblende-plagioclase 
hybrid rock, hornblendite and related ultrabasic rocks, and minor serpen
tinites along its crest. On both flanks of the ridge, however, at elevations 
of 800 to 1,600 feet below the crest, a band of cliffs exposes normal serpen
tinized peridotite and dunite for a distance of nearly 1-!- miles. The relations 
can be clearly seen on the southeast flank of this ridge, as viewed from the 
next ridge to the southeast. The ultramafic rock exposed on the lower 
slopes of the flank of the ridge is almost certainly a part of the main 
ultramafic mass that outcrops to the southeast, and its upper surface is 
seen to be a fairly regular arch at leaf?t 2 miles wide (See Figure 8) dipping 
about 10 degrees to the northwest. The hybrid and contact-metamorphic 
rocks inV'ariablv found enveloping the uitramafic body outcrop over an 
area of about 20 square miles to the northwest of the main stock. and 
suggest that an extension of the stock underlies the area at a relatively 
slight depth. Over all this ·area the roof rocks appear to be essentially 
undisturbed; on both flanks of the ridge shown in Figure 8 they are 
preserved in the regional southwest-dipping attitude to where they are 
obliterated by hybrid rock within 500 feet of the contact with peridotite. 
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INTERNAL STRUCTURAL RELATIONS 

The internal structural relations of .the stock ea;st of Poiari·s Creek ·are 
obSJcure. No order to the position of the different varieties of peridotite, 
dtunite, ·and pyroxenite, suggeeting a structural ·arrangement of different 
rock types, ·could be recognized. A regular banding was noted in the peri
dotite in only one pl1a·ce. Nell!r rt;he south summit of the mountain forming 
the north lobe of the stock, fresh, coarse-gl'ained peridtotite •OOntaining 
about 10 to 20 per cent pyroxene alternates in bands 1 inch to 8 inches thick 
with medium-grained peridotit.e containing 30 to 40 per cent pyroxene. The 
bands are straight and nearly horizontal, ·ancli the finer, relative1y pyroxene
rich layers have sharp lower conrtacts but their upper surfaces grade 
acrose t inc:h or more into the coarser, relatively dtunitic bands. About ten 
pairs of coa;rse and fine bands were observed, one above the other; the 
bands were tr-ac·ed 70 feet 1along strike. The banded rock is underlain and 
overlain iby heavily serpentinized, apparently uniform peridotite. 

The tendency for festoons and basin--shaped layers of -ohromite to lie 
in a more or l.ess flat plane suggests that p-avts of the stock have not been 
greatly disturbed since consolidiation of the rock; but the ·curved and twisted 
shape and sharp truncation of other chromite layers, the multiplicity of 
serperutine-lined breaks, whi·ch ·bring different rock types into juxtaposition, 
and the apparent protoclastic structure of some rocks suggest that much 
of the mass has suffered considerable disloc·ation while in 1a semi-solid state. 

The main 'body of the ultramafic mass east of Polaris Creek is fractured 
into semi-equidimensionial or s1a•b-like blncks, which in any one area exhibit 
a rel1ative1y uniform size. In most places the joints usually lined with 
chrysotile serpentine form one or two conspi·cuous systeIDB. The rock breaks 
to an even cover of felsenrmeer on all S1mooth ridges and gentle slopes; the 
range of size of talus an<l! rock-glacier blocks from serpentinized peridotite 
is shown in Figu111e 2. Almost 1all of the main joints are lined with serpen
tine. It was not found possible to differenti.ate between shear and tension 
joints, except in a few individual cases, 1and it is quite probable that many 
fractures have experienced more than one period ·and direction of movement. 

The attitudes of the foactures and joint systems traversing the interior 
of the southeast lobe, the central part, and the northwest lobe of the stock 
east of Polaris Creek were analysed statistically 'by plotting on stereo
graphic projections. In each place, flat-lying or gently northwest dipping 
joints are overwhelmingly predlominrant. These jQints are roughly pamllel 
witih the observed or inferred upper contact or roof of ;(:;he stock; joint 
syetems in the interior of the Btock, paral1e1 with the steep or vertical side 
contacts, iare lacking or r-are. The <:ontact rocks are so diversely fractured 
that iattempts to r·ecord the joint sy.stems systematically were abandoned. 
Unlike the interior parts! of ·the stock, however, there is no preponderanoe of 
flat-lying joints. The general joint pattern thus seems to be roughly rel.ated 
to the outlines o:f the intrusive body, witih a steeply dipping zone of 
highly shattered, irregularly jointed rock near the flanks, 1and predomin
antly gently dipping fractures throughout the interior of the stock, approxi
mately par.a1lel with its nearly flat roof. There does not seem to be any 
recogniz,able relation b-etween the present tilted attitude of the older, 
intruded rocks, -0r the stresses that must ihave produced such tilting, 1and the 
fr.aoture pattern in the ultramafic stock. The fracture pattern would seem 
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to indic'ate that the stock has n-0t t;aken part in the rock movement that 
resulrted in the regional deformation ,of <tJhe older rocks; rather, it was mosrt 
proba'hl;y intruded when the surrounding rocks were in essentially their 
present positions. The fraciure pattern itself appears to be related primar
ily to the stresses within the ,stock accompanying its intrusi-OIJJ. 

ORIGIN AND MODE OF INTRUSION 

The ultramafic bodies in Aiken Lake map-area appear to posseSIS some 
features suggesting an origin directly from pa.rent material of ultramafic 
composition (Hess, 1938), and other features that ·are more compatible 
with an origin by differentiation from a normal basic magma (Bowen, 
1928). In common with the type bodies of the Trembleur intrusions in 
Forl St. J,ames map-area to the ,south (Armstrong, 194'9), the bodies. in 
Aiken Lake map-1airea are intruded only into late Palmozoic rocks, and are 
not found cutting the younger Takla group; whereas the wid~read acidic 
intrusive rocks of the Omineca intrusions, which 1are the only exposed: rocks 
that 'Could be supposed to represent the acidic ,complement of the ultramafic 
materia1, intrude the Takla group 1and thus ,appear to be younger than the 
Trembleur intrusions. The only acidic intrusive rocks cutting tihe late 
Palreozoic rocks in rtJhe Aiken Lake ·area are a fow porphyry dykes, totally 
inadiequate to ·a·ccount for the material that would be produced if the 
ultramafic rocks wel'e the product of differentiation -0.f an -0riginally basaltic 
magma. 'Dhe dykes 1are similar to many acidic rocks cutting the Takla 
group. No evidience of gradation in composition, within the ultramafic 
rocks thems,elves, toward a les'S basic material near ,the ,contacts could be 
found, except perhaps in pl•aces where the conta·ct zone has iapparently been 
contaminated :by older rocks. As is commonly the case with ultramafic 
bodies of this type, intense serpentinization •along the contacts has dbliter
ated any 'chilled z-0ne that, if present, might have served 1as an indication as 
to whether or 110t the body consolidated in its present positioo, ,and if so, 
from what type of material it crystallized. 'Dhe roof is still: in place over 
lar;ge parts of the stock east of P-0laris Creek. In :this hotly rthe peridotites 
and dunites persist without apparent change over a vertical range of ab-0ut 
2,500 feet, direcily up to the sharp ,conba,ct with the contaminated and 
hybrid rocks of the roof zone; and it seems certain that the ultr.amafic 
rocks cannot be, in their present position, accumulations of ,crystals that 
have settled out of a differentiating magma, whose higher, less basic products 
have been ,removed by erosion. The manner in whicih the regionally tilted 
but locaUy undeformed striata forming the roof are trunc·ated •by rthe ultra
mafic stock suggeste that the latter was actively intrusive, and 1e>apable of 
removing or replacing, rather than displa'Cing, material from the space it 
now occupies. 

These characteristics of the ultramafic bodies in Aiken Lake map-area 
indicate that the bodies cannot be simple accumulations of early formed 
crystals settled to their present position from a differentiating basaltic 
magma. The evidence seems convincing that the bodies have consolidated. 
from material that, when intruded into its present position, was essentially 
of the same composition as the present rock. 

On the other hand, these bodies possess some features not strictly in 
accordance with most bodies held to be formed directly by consolidation of 
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material of ultramafic composition. The most outstanding of these features 
is the envelope of altered and hybrid rocks. Ultramafic bodies not 
associated with basaltic magma typically have a very slight metamorphic 
effect on their wall-rocks; in general much less effect ,than the rocks 
formed from basaltic magma (Hess, 1938, p. 325). This seems to be 
the case with all of the smaller ultramafic bodies within the map-area, 
e:iocept possibly the westernmost band near W asi Lake, where coarse, 
recrystallized sedimentary rocks 1,000 feet from the contact may owe 
their altered condition to the intrusion of the ultra.mafic body. The large 
stock east of Polaris Creek, however, is, as described above, surrounded 
by a broad zone of altered rocks. The alteration has been especially 
profound in the volcanic and related pyroclastic rocks of approximately 
andesitic composition, and appears to consist for the most part of a 
recrystallization and a rheomorphic remobilization of the older rocks, 
rather than an appreciable addition of material of distinctive composition. 
These features suggest that the material from which the ultramafic rocks 
were formed was capable of producing metamorphism by virtue of its 
temperature and its control of mineralizing solutions in th~ adjacent rocks, 
rather than by any special chemical composition of the material itself. 

It is suggested that the smaller, almost completely serpentinized 
ultramafic bodies near W asi Lake and in the north west part of Lay 
Range may have been emplaced at a relatively low temperature, perhaps 
in a plastic or semi-solid state, alpng fault or shear zones. 

AGE AND CoRRIDLATION 

Bodies of ultramafic rock are widely distributed in northern British 
Columbia and southern Yukon (Armstrong, 1949; Hanson and 
McNaughton, 1936; Hedley and Holland, 1941; Lees, 1936; Lord, 1948). 
The most carefully studied bodies are those of Fort St. James map-area, 
where they have been named the Trembleur intrusions. The ultramafic 
rocks of Aiken Lake map-·area have been provisionally correlated with 
these intrusions on the basis of their lithology, geographic position, and 
structural setting. 

The type bodies of the Trembleur intrusions are confined to and cut 
Middle Permian and older rocks. On the north shore of Pinchi Lake, 
in Fort St. James map-area, Freeze (1942) found pebbles of serpentine 
and grains of chromite, together with pebbles of Cache Creek group rocks, 
in fossiliferous Upper Triassic (late Noric) strata of the Takla group. 
From such evidence, Freeze (1942) and Armstrong (1949) determined the 
Trembleur intrusions to he partly or wholly of post-Middle Permian, 
pre-Upper Triassic age. 

T·he observed contact relations of the ultramafic rocks in Aiken Lake 
map-area are in accord with these conclusions, but afford little supporting 
·evidence. The bodies near W asi Lake intrude strata that have been 
assigned to the Cache Creek group, ·and thus are post-Pennsylvanian," and 
probably post-Middle Permian, in age. The bodies in Lay Range can qnly 
be said with certainty to be of post-Upper Mississippian age. No definite 
indication of a younger age limit has been recognized, but ultramafic 
rocks have not been found cutting Takla group or younger formations, 
and the basal Takla group conglomerate west of Uslika Lake contains 
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serpentinized pebbles that may have come from the contaminated or 
hybrid rocks (See page 153). Thus, in the absence of definite evidence 
to the contrary, the ultramafic rocks of Aiken Lake map-area have all 
been assigned to the Trembleur intrusions. There is some evidence that 
the large stock east of Polaris Creek was intruded into previously strongly 
tilted strata. If such was the case, a period of crustal disturbance between 
the Middle Permian and Upper Triassic may be indicated. 

PRE-JURASSIC ACIDIC INTRUSIVE (?)ROCKS 

Fragments of orange-pink fine-grained f eldlfil_ar por,ph.Yr.Y are 
embedded in Takla group lavas exposed by the underground workmgs on 
the Vega mineral claims, and in carbonatized breccia or tuffs in trenches 
and outcrops in the vicinity. The fragments are subangular to rounded, 
up to 2 feet in diameter in the flow rocks and up to 4 inches in the breccia 
or tuff. 

All fragments ·are more or less altered. They consist of zoned and 
twinned plagiocl·ase phenocrysts, mostly less than 1 mm. but in some 
specimens up to 3 mm. long, now largely saussuritized, and less abundant 
augite phenocrysts, altered to amphiibole, biotite, chlorite, and magnetite, 
in a fine-grained feldspathic matrix. In part the matrix contains lath-like 
feldsp·ar crystals with an interwoven f elsitic texture. The rock is estimated 
to have a composition similar to monzonite. 

In the hand specimen and under the microscope, the rock appears to 
have an intrusive, rather than typically volcanic, texture. No flow rocks 
of similar composition or texture are known in the Takla group. This 
rock is, therefore, thought to be most probably part of a small intrusive 
body, although the possibility of its having had a volcanic origin cannot 
be entirely eliminated. 

A bed of argillite interbedded with the tuffs and lavas containing 
these fragments has supplied fossils of earp: Lower Jurassic age. The 
feldspar porphyries are, therefore, of pre- urassic age. They may be 
related to the post-Permian, pre-Jurassic Topley intrusions of Fort St. 
James map-area. Their relation to the post-Lower Cambrian granophyre 
and feldspar porphyry found elsewhere within the Aiken Lake map-area 
is not known (See Structure-section G-H) . 

Pebbles with a composition similar to these fragments, together with · 
pebbles of •a coarser fe'ldspar porphyry and of quartz syenite, are found in •a 
conglomel"ate bed, west of Uslika Lake, that is considered to be the 
basal bed of the Takla group, and thus of Upper Triassic age (See pages 
117, 153). 

A pink feldspar porphyry, similar in appearance to these rocks, forms 
three stocks, too small to be shown on the map, on the south fork of Thane 
Creek. The actual contact between these bodies and the adj·acent rock is 
nowhere exposed, but at least one stock is closely flanked and overlain by 
Takla group lav·as in what may well be an unconformable relation. It 
is possible that these stocks represent part of the pre-Jurassic bodies that 
supplied the fragments found in the Takla group lavas. Breccias and grey
wackes intercalated with the flows in the vicinity, however, do not contain 
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fragments of this porphyry; and microscopic study shows the stocks to be 
about granodiorite in composition, containing considerable quartz, and 
more ferromagnesian minerals than the fragments embedded in the Takla 
group rocks. These stocks may be related to the Ominec·a intmsions. 

TAKLA GROUP 

The Takla group consists of a thick assemblage of volcanic and inter
calated sedimentary rocks of Upper Triassic and Lower Jura~ic .,a.ge. It 
was named from its ·abundant occurrence in "TaIHa map-area, w ich adjoins 
Aiken Lake map-area on the south (Armstrong, 1946). 

DISTRIBUTION 

In the Aiken Lake area, formations of Takla group occupy a north
westerly trending belt, 3 to 10 miles wide, extending from U slika Lake 
to Aiken Lake and beyond. 

The stratigraphic limits of the group are nowhere accurately recog
nized. The rocks of the Takla group are in part lithologically similar to 
those of the underlying groups, and in many places it is difficult to deter
mine to which group the rocks of individual, isolated outcrops belong. 
Because of this lithologic similarity, together with the paucity of fossiis 
and general conformity of major structures, separation of the Takla group 
from underlying formations is indecisive. What is thought to be the base 
of the group is exposed on Thane Creek about a mile west of Osilinka 
River Valley at Uslika Lake. Elsewhere in the map-area, the lower limit 
of the Takla group is provisionally placed in highly sheared rocks exposed 
in the valley of Tutizika River 5 miles from its mouth, and along a 
prominent fault down the va1ley of Lay Creek. The upper limits of the 
group are not exposed in Aiken Lake map-area, being in all places 
obliterated by the Hogem batholith or its satellitic intrusive bodies. 

LITHOLOGY 

FIELD OCCURRENCES AND MEGASCOPIC DESCRIPTION 

The Takla group exposed in Aiken Lake map-area is J?redominantly 
a vo1canio a.ss_ey;Wlage. At least 60 per cent of the exposed rocks are 
grey, green, and black, porphyritic and non-porphyritic, andesitic and 
basaltic lavas. Intercalated with the lavas are coarse, angular breccias 
and black, grey, and green tuft's. Sedimentary rocks not of direct volcanic 
origin include argillite, greywacke, and small lenses and discontinuous 
beds of impure limestone, chert, and conglomerate. 

In the southern part of the map-area, the base of the Takla group 
has been drawn at a bed of conglomerate at least 100 feet thick exposed 
on Thane Creek about 3,300 feet upstream from the Aiken Lake winter 
road crossing. What appears to be the same conglomerate is exposed 
on two creeks on the west side of Osilinka River Valley above Uslika Lake, 
and in a ravine leading into. Vega Creek from the south, about a mile 
west of the Aiken Lake winter road. The conglomerate nowhere shows 
definite bedding, but the distribution of outcrops seems to indicate a 
nearly northerly trend; thus it appears to rest with angular discordance 
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against the older rocks to the east, which have a local easterly strike 
on Thane Creek near the contact: This contact may -be a fault. The 
basal conglomerate exposed on Thane Creek consists of well-rounded 
pebbles up to 8 inches in diameter of volcanic, intrusive, and sedimentary 
rock types in a grey-green, sandy to gritty, greywacke matrix containing 
considerable organic matter. About 35 per cent of the rock, by volume, 
is composed of pebbles larger than 3 inches in diameter. Of these, about 
half are coarse-grained or coarsely porphyritic igneous rock, 1consisting 
of a feldspar porphyry with white feldspar phenocrysts up to t inch 
long (seen in thin section to be altered albitized plagj.Qclase) in a grey
green medium-grained groundmass approaching diorite in com..I?osition, 
and light brown-grey quartz syenite or quartz diorite. Many of these 
pebbles resemble those in a late Pa.Treozoic conglomerate in Lay Range (See 
page 115). The remainder of the large pebbles are mainly grey-green, 
fine- to medium-grained, porphyritic and non-porphyritic andesite, now 
largely altered to an albite-chlorite-epidote-amphibole greenstone. The 
smaller pebbles are a mixture of the above-mentioned rock types w~th 
lesser amounts of: purple-brown porphyritic basalt, containing white 
feldspar phenocrysts; dark green, serpentinized, coarse-grained rock of 
gabbroic to ultrabasic composition, possibly recrystallized greenstone, but 
conceivably derived from some of the contaminated or hybrid rocks 
associated with the ultramafic intrusions; light to dark grey, uniform 
and finely banded, fine-grained quartzite; brilliant red cherty tuff; and 
many coaly fragments. The coaly material is hard, has a high lustre 
and conchoidal fracture, and is easily ignited. The largest lens of such 
material observed in this conglomerate is about 4 inches by 2 feet. 

Above the basal conglomerate in the southern part of the map-area, 
the Takla group is composed mainly of porphyritic andesites and andesite 
breccia, with intercalated tuffs and minor greywacke, limestone, and 
slate. Recognizable horizon markers are scarce, and different parts of 
the group, separated by wide stratigraphic intervals, show remarkable 
lithological similarity; these factors, together with abundant faults of 
bot'h large and small displacement, in many places too numerous to be 
shown on the present map, make it impossible, on the basis of the work 
done to date, to establish a general stratigraphic sequence or to estimate 
the over-all thickness of the Takla group in this region. In general it is 
estimated that about 60 per cent of the outcrop area in this vicinity 
consists of grey-green to dark green andesite and andesite breccia. Megas
copically, the andesite appears quite uniform in mineral composition and 
texture. Almost all is porphyritic, with relatively abundant, somewhat 
inconspicuous grey or greenish grey feldspar, and less numerous green
black hornblende or pyroxene phenocrysts 1 to 2 mm. long in a moderately 
fine-grained to aphanitic groundmass. The rock weathers light greenish 
grey to reddish grey. The characteristfo breccias associated with these 
porphyries consist of angular fragments averaging about 4 inches to 1 
foot in diameter, with exceptional blocks up to 18 feet long, of andesite 
generally similar to that of the non-brecciated flows, in a matrix of the 
same material. In many places the fragmental character of the breccias 
is visible only on the weathered faces of outcrops, fragments and matrix 
being almost indistinguishable on freshly broken surfaces. In a few 
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places a faint chilling of the matrix against the fragments is visible. Most 
of the breccias appear to be parts of normal flows. Some of the breccias 
exposed on the south fork of Thane Creek and on the ridges north of 
Vega Creek contain fragments considerably darker and coarser than the 
matrix in which they are embedded or than any of the normal flow rocks 
found in the vicinity. In hand specimens, these fragments appear to be 
coarse-grained basalts. Some are markedly amygdaloidal, with calcite 
amygdules up to t inch in diameter. The flows exposed at the Vega 
mineral prospect contain rounded boulders up to 2 feet long of feldspar 
porphyry (See page 151). 

Flow contacts are inconspicuous in many of the Takla group ande
sites. Large areas of outcrop, and cliff faces as much as 300 feet high, have, 
in places, been carefully examined in unsuccessful ·attempts to determine 
the thickness and attitude of the flow. However, bands of breccia, which 
are themselves 1as much as 120 feet thick, ,and intercalated tuffs indicate 
that in this area the flows range between 15 and 300 feet in thickness. 

The sub-parallel mountain ridges between Vega ·and Kliyul Creeks 
afford good rock exposures approximately normal to the regional strike 
of the Takla group. Between Vega Creek and Tutizika River, the rocks 
of this group consist of about equal proportions of porphyritic andesite 
and andesite breccia, and bedded tuff and greywacke. Numerous shear 
and fault zones, and lack of distinctive marker strata or assembl'ages of 
strata, have made it impossible to form a satisfactory concept of structures 
in this region or to establish ·a useful stratigraphic sequence. In a very 
general way the sequence east of Matetlo Creek contains, at the lowest 
limit of continuous exposure, a series of grey-green porphyritic andesites, 
for the most part consisting of phenocrysts, 1 to 3 mm. long, of hornblende 
or zoned plagioclase, or both, in an aphanitic matrix. A few layers in this 
series of flows are coarser in texture, ·and appear '1ess porphyritic, with an 
apparently holocrystalline matrix composed mainly of hornblende and 
plagioclase grains 0·5 to 1 mm. long. These coarser layers· are from 
6 inches to 10 feet thick, ·and in places are repeated at intervals of 3 to 50 
feet. They appear to grade abruptly into normal porphyritic andesite, 
.and may represent unusually well-developed flow banding. Otherwise, 
the andesites in general contain no obvious textures or structures that 
could be attributed to flowage. Overlying the andesites is an assemblage 
of very fine-grained to moderately coarse, well-bedded tuffs and grey
wackes, with minor amounts of argillaceous slate and porphyritic 
andesite. This assemblage has an apparent thickness of at least 3,000 
feet; however, it contains two shear zones ·along which there may have 
been enough movement to produce an omission or a repetition of a 
considerable number of the ibeds. The typica:I tuff is ·a dark green-grey 
to dark grey rock, weathering light grey-green or brownish grey, conspicu
ously banded on weathered surfaces. All gradations are represented 
between dense, dark beds that appear identical with the slightly metamor
phosed cherty ·argillite, and relatively coarse beds that are distinctly 
fragmental in hand specimens, with angu'1ar fragments up to 1 inch across. 
Most beds are composed principally of fragments about a millimetre in 
diameter. The uniformity of bedding and degree of sorting suggest that 
many of the rocks here called tuffs ·are water-lain, and no sharp distinction 
can be drawn between them and the greywackes. 
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Above the tuff-greywacke assemblage is a sequence of interbedded, 
banded, sedimentary beds and grey-green andesitic flows'. The flows or 
groups of flows are in units 50 to 150 feet thick, and comprise about 
one-third of this part of tihe section, which has a total thickneSIS of 1,000 
to 2,000 feet. Overlying the interbedded tuffs and flows is a thick series 
almost entirely composed of andesite, with minor breccia and very minor 
sedimentary rocks. The andesites are uniformly porphyritic, with pheno
crysts of hornblende or pyroxene, or occasionally both. Scattered, '1ight 
grey feldspar phenocrysts occur in most of the flows, and are in a few 
places the predominant mineral observed in hand specimens. Amygdaloidal 
texture was observed in only a few places, and is confined chiefly to the 
brecciated tops of flows. Flow banding or coarser layers are not conspicu
ous in these rocks. The thickness of this uppermost exposed unit of the 
Takla group in the Matetlo Creek area is estimated to be between 3,000 
and 7,000 feet. The upper members of this unit are intruded by the 
Hogem batholith. 

The mountains between Tutizika and Mesilinka River Va.Heys expose 
what may be a nearly complete section of the Takla group, but outcrops 
are not continuous, and several fault or shear zones, together with inter
ruptions and disturbances by numerous intrusive bodies, make it difficult 
to obtain a satisfactory picture of the sequence or structure. The eastern
most outcrops in this ·area, believed to represent the lowest part of the 
Takla group section, are chiefly porphyritic andesite and brecci-a, partly 
amygdaloidal, similar to the rocks found on Thane Creek and near the 
Vega mineral claims. Some of the breccias contain conspicuous, relatively 
dark-coloured, coarse-grained, amygdaloidal fragments. A few narrow 
bands of slate and small lenses of blue-black, argillaceous limestone are 
the only sedimentary rocks found in this area. The greater part of the 
mountains north of Tutizzi Lake is composed of porphyritic andesite, with 
comparatively little andesite breccia. Bedded tuffs are •almost 1-acking in 
the eastern and central parts of the main mountain massif between 
Tutizzi Lake and Abraham Creek, but become more abundant toward the 
west ·and northwest. Due west of the upper end of Tutizzi Lake, the 
Takla group rocks in contact with the Hogem batholith are mainly bedded 
tuffs and porphyritic andesite or ·andesite breccia with pyroxene pheno
crysts. In Abraham Creek Valley and in the mou:q.tains immediately to 
the south, tuff and greywacke and partly calcareous slaty argillite ·are 
interbedded with the porphyritic andesite, comprising perhaps one-third 
of the rock volume. 

Mount Elsie, due south of Aiken Lake, exposes a typical mixture of 
andesite, andesite breccia, and tuff, with minor interbedded argillite and 
limestone. About 70 per cent of the rock volume is bright grey-green, dull 
grey weathering, porphyritic andesite, with abundant black hornblende 
phenocrysts up to 2 mm. long, and less numerous white feldspar pheno
crysts up to 1 mm. in a fresh appearing, :fine-grained to aphanitic, grey
green matrix. The tuffs are for the most part confined to units of less 
than 100 feet, but, together with argillite and greywacke, comprise a sedi
mentary assemblage at least 1,500 feet thick near the middle of the 
sequence exposed on the north face of Mount Elsie. The tuffs are well 
sorted, and range from thick, dark grey and black beds composed of 
fragments averaging about 2 mm. in . diameter, to very fine-grained, 
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minutely 'laminated, diark grey 'and greenish grey rocks. The argillite is 
confined to beds rarely more than 1 foot thick; most of it is black and 
slaty, and in some places it is rich in plant material. The limeston~ is 
confined to lenses, mainly less than 10 feet thick and 50 feet '1ong, or to 
bands of brecciated greywacke. In some places, angular fragments of 
greywacke, which are themselves composed principally of angular frag
ments of andesite, are embedded in a dark grey, impure limestone matrix, 
forming Iayers that appear to be sedimentary beds up to 150 feet thick; 
in other places fragments of the limestone are embedded in the greywacke. 

An assemblage very similar to that on Mount Elsie is exposed about 
4 miles to it.he west, where the Tak1a group andesites, :tuffs, and argillites 
outcrop over an area of approximately 3 square miles in what appears to 
be -a large roof pendant in the border of the Hogem batholith. 

North of Mesilinka River, the Takla group contains, on the average, 
a somewhat higher proportion of sedimentary material than most of the 
rocks of this group in Aiken Lake map-area. The outcrops west of Aiken 
Lake, in the canyon on Kliyul Creek and on the mountain between 
Mesilinka River and Kliyul Creek, show an increasing amount of tuff, 
argillite, and limestone at progressively higher <levels in the section. 1\.t 
the highest stratigraphic levels exposed, close to the contact with intrusive 
bodies near the west boundary of the map-area, thick beds of impure, 
dark grey, buff-brown, and light green limestone are intercalated with 
porphyritic andesite and tuft'. The mountains between Kliyul Creek and 
Lay Creek are composed of about equal proportions of volcanic and sedi
mentary rocks. An assemblage at least 1,000 feet thick, extending north
ward from west of the Granite Basin mineral claims to Lay Creek Valley, 
is ·composed almost entirely of sedimentary rocks in the following estimated 
proportions: grey to black, very fine-grained argillite, grading to grey
green water-laid tuft' and blue-grey calcareous shale, 50 per cent; light to 
dark grey, brown weathering, slightly recrystallized limestone, in part 
crinoidal, 20 per cent; grey-brown compact siltstone, 15 per cent; blue-grey 
to greenish greywacke ·and calcareous breccia, 10 per cent; and minor pale 
brown arkosic sandstone. 

PETROGRAPHIC DESCRIPTION 

Volcanic Rocks 

The lithology of the volcanic rocks of the Takla group exposed in 
Aiken Lake map-area is remarkably uniform. Almost without exception, 
the rocks are porphyritic, with plagioclase, hornblende, or pyroxene 
plh~nocrysts in a very fine-grained holocrystalline groundmass. The 
plagioclase phenocrysts are for the most part well formed, euhedral, and 
mostly between 0·25 and 1 mm., exceptionally up to 4 mm. long. Broken 
crystals are common. The plagioclase is almost invariably zoned, usually 
in a simple gradation from a relatively calcic core to a more sodic rim, 
although a few crystals show reversals and interruptions of zoning. The 
extreme ran!!;e measured in the apparently fresh plagioclase phenocrysts 
is from a core of labradorite (An60 ) to a rim of oligoclase (Anu>). As 
the composition of only the larger phenocrysts is determinable, the 
average composition of the phenocrysts is not known, but it is probably 
in the oligoolase-andesine range, approximately An35 . An irregular rim of 
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clear, fresh-appearing albite is conspicuous on many crystJals; this material 
is generally easily distinguished from the original feldspar grain, which is 
almost invariably cloudy with clinozoisite or epidote. Both the albite 
rims and the clinozoisite-epidote material within the phenocrysts are 
thought to be products of the saussuritic alteration that has to some extent 
affected all the rocks of the Takla group. 

· Phenocrysts of f erromagnesian minerals may comprise as much as 
25 per cent of the rock. In some flows, hornblende crystals up to 6 mm. 
long are conspicuous, but the average size is between 0 · 5 and 2 millimetres. 
About two-thirds of the flow rocks examined contain what appear to be 
primary hornblende phenocrysts; in the remainder, diopside and augite are 
the primary dark mineral phenocrysts. In addition, most of the rocks 
contain grains of amphibole that are probably uralite, developed during 
alteration of the lava. The primary hornblende is for the most part 
in well-developed elongate crystals, usually bounded by regular prism 
fac·es relatively free from inclusions, and pleochroic from olive-green to 
green-brown. Some of the phenocrysts are fragments of broken crystals. 
No hornblende thought to be of primary origin was observed in the 
rocks bearing pyroxene phenocrysts. The latter are colourless, non
pleochroic crystals, in typical stout prismatic forms, and many are 
conspicuously wned. Most of them are probably close to diopside in -com
position, but nearly all are partly altered to secondary hornblende ( uralite) , 
with minor aggregates of chlorite, calcite, clinozoisite, and epidote. No 
orthopyroxenes were identified in :the thin sections studied. 

The groundmass of the typical Takla group andesites is holocrystalline, 
but in most specimens is too fine grained to permit accurate mineralogical 
determination. Much of the feldspar is in elongate or tabular grains 
0·005 to 0·02 mm. long, which in some thin sections show a trachytic, 
subparallel arrangement. Some of the ferromagnesian minerals in the 
groundmaas are up to 0·1 mm. long, distinctly larger than the feldspar 
grains. Almost all thin sections show some amphibole in the groundmass; 
most of it is probably secondary. Two varieties of pyroxene can be 
distinguished in many sections; one witJh a moderate to large optiic angle, 
probably augite or diopside, and one nearly uniaxial, probably pigeonite. 
Acceasory minerals include zircon in prismatic grains up to 0 · 5 mm. long, 
apatite, sphene, and magnetite; all of these occur as inclusions in the 
phenocrysts as well as in the groundmass. Irregular grains of quartz 
were observed in several sections. Some of these may represent original 
constituents of the flow, but it appears more probable that most, if not 
all, are of later origin. 

Flow. rocks with glassy matrix are apparently rare in the Takla 
group. The only rocks found to be of this nature are fragments in 
breccias from near Vega Creek and from north of Tutizika River, which 
can be seen in thin section to consist principally of lath-like feldspar 
crystals about 0·05 mm. long in a dark brown, glassy or cryptocrystalline 
mesosta·sis with fluidal texture. 

As with most volcanic rocks, the fine-grained nature of the ground
mass precludes accurate determination of the mineral composition of 
the rock. In all sections examined, however, the primary feldspar and 
auxiliary minerals are estimated to form between 50 and 95 per cent by 
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volume of the total components. The composition of the feldspar grains 
could be accurately determined only for the larger phenocrysts, but taking 
into consideration that in such rocks the phenocrysts, if they differ at all, 
are generally more calcic than the feldspar of the groundmass, the average 
composition of the plagioclase is probably in the range albite (An10 ) 

to oligoclase (An30 ). No significant amount of undisputedly primary 
quartz or potash feldspar was recognized in any of the thin sections studied. 
All the rocks thus appear to be normal andesites, and to represent varia
tions between pyroxene-bearing hornblende andesite .and hornblende
bearing pyroxene andesite. 

Amygdaloidal or vesicular rocks iconstitute only a small percentage 
of the Takla group andesites. . They are found mainly in breccias on 
Thane Creek, and north of Tutizika River, and in fairly fresh flows west 
of Lay Creek. In some of these rocks amygdules up to 4 mm. in diameter, 
composed of aggregates of chlorite, clinozoisite, calcite, and strained quartz, 
are fairly abundant. In general the amygdaloidal rocks are brown, in 
contrast with the normal grey-green colour, owing to finely disseminated 
ferric oxides in the groundmass. 

Sedimentary Rocks 

Most of the sedimentary Tocks of the Takla group are composed 
predominantly of vofoanic material. The most abundant type appears 
to be tuff, but there are all gradations to greywacke deposits composed 
mainly of fragments resulting from erosion of consolidated rocks. The 
typical tuffs are grey-green, very fine to medium grained, and well bedded, 
with layers ranging from about -h inch to 5 or more feet thick. Tuffs 
with fragments more than irf inch in diameter are rare. Most of the 
tuffs are altered, and show a smooth green surface due to the development 
of chlorite, epidote, and clinozoisite; some have a glossy, serpentine-like 
appearance. Others are partly carbonatized, and weather a light rusty 
orange, although on fresh surfaces the appearance of the rock is little 
changed. A few beds have been highly siliicified and have a cherty 
appearance. In thin sections, the tuffs are seen to consist of various 
proportions of broken crystals of feldspar, usually highly altered to 
clinozoisite, sericite, and kaolinitic material; pyroxene, probably both 
pigeonite and augite; hornblende, in places altered to epidote; and 
angular masses of fine-grained volcanic rock composed of the same 
minerals. In addition, masses or individual crystals of chlorite ' (pennine), 
clinozoisite, epidote, biotite, quartz, and ca1cite are abundant in some 
tuffs; these minerals are thought to be mainly or entirely secondary. 
Likewise, it is probable that some of the feldspar is an alteration product. 
The fragments of volcanic rock ·are typical of the various types of andesites 
observed as flows in the Takla group. No glassy fragments were observed 
in these tuffs, but several sections show irregular masses of very fine
grained or amorphous, partly isotropic, dark brown material that could 
represent partly devitrified glass. What might be small spherulitic struc
tures are abundant in one tuff bed near the Vega mineral claims. 

The greywackes consist, like the tuff s, almost entirely of fragments 
of volcaniic rocks and of individual crystals of plagioclase, hornblende, 
and pyroxene, with an average composition close to that of the andesite 
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flows. Most of the fragments of the greywackes are subangular to semi
rounded, embedded in an indeterminate paiste-like groundmass apparently 
consisting principally of finely comminuted particles of the same material 
as the larger fragments, with a fairly high proportion of sericite and calcite. 
On the whole, the greywackes are fresher in appearance than ·the tuffs. 
In thin section they can be seen to contain considerable clinozoisite
epidote and dhlorite, but they have undergone considerably less car
bonatization :than tll;e strictly pyroclastic rocks. 

Sedimentary rocks not composed predominantly of vofoanic material 
are relatively rare in the T'akla group. An assemblage of banded, light 
green to dark grey rocks west of Kliyul Creek, which might best be termed 
calcareous tuffs, is composed primarily of fragmental volcaniic material in 
a groundmass of granular calcite. Beds of apparently this composition 
have been metamorphosed near intrusive bodies to garnet-calcite-epidote 
rocks. The typical Takla group limestone is dark grey, impure, massive 
to poorly bedded, with a silty texture. In some places, small-scale slump 
structures are well developed. Thin sections from beds of this type west of 
Lay Creek contain 50 to 80 per cent cafoite in anhedral, equidimensional 
grains, 10 to 30 per cent plagioclase feldspar in subrounded to angular 
grains or broken crystals, and 10 to 30 per cent fragments up to 1·5 mm. 
long of very fine-grained volcanic rock, with minor amounts of biotite, 
muscovite, iron oxides, and iron sulphides. 

Other sedimentary rocks-black, slightly slaty carbonaceous argillites, 
and compact, poorly bedded, grey to brown siltstones-show no distinctive 
petrographic characteristics. · 

STRUCTURAL RELATIONS 

The maximum exposed thiclmess · of the Takla group within the 
map-area appears to be more than 10,000 feet. 

The formations of the group have been deformed in accordance with 
the general pattern of northwesterly trending structures developed chiefly 
during the period of orogeny with which the emplacement of the Omineca 
intrusions was associated. Deformation has been on a large scale, but has 
not been severe; dips at all angles from horizontal to 90 degrees have been 
recorded, but the folds are relatively broad and open, though in many 
places steeply plunging; and although faults and shear zones are abundant, 
there seems to be no evidence of great dislocations within the Takla group 
itself. South of Abraham Creek Valley, the exposed Takla group rocks 
have a general northwest strike and ·a dip of 30 to 70 degrees southwest; 
between Abraham Creek and Mesilinka River the entire group is deflected 
to a northerly trend around a series of plunging folds whose axes dip steeply 
west; north of Mesilinka River the folds are less regular, but a northeast 
to north strike, with a northwest to west dip, is common. The entire belt 
of Takla group rocks within the map-area appears to lie on the east limb 
of a major synclinal structure, whose axis, largely obliterated by the 
Hogem batbolith, is partly exposed in the McConnell Creek area to the west. 

There is relatively little small-scale deformation within the Takla 
group rocks. In places, exposures up to a mile in length exhibit quite 
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regular attitudes. Except within the closely faulted area south of Vega 
Creek, there is little angular discordance on each side of the various faults 
and shear zones. 

Faults and shear zones are numerous in the region between the south 
border of the map-area and Vega Creek-too numerous to be adequately 
shown on the present map. Most of them are steeply dipping, highly 
fractured zones 5 to 50 feet wide, along which both horizontal and vertical 
movements have occurred. The breaks trend in many directions, but three 
main sets can be recognized: strike north 10 to 30 degrees east, dip nearly 
vertical; strike north 30 to 50 degrees west, dip 45 degrees southwest to 
vertical; and strike approximately east, dip 60 degrees north to 70 degrees 
south. Some of the breaks, in particular those with a northeast trend, show 
evidence of at least two periods and directions of movement. All of them 
have served as channelways for the circulation of quartz-carbonate solu
tions, which have altered the adjacent rocks for distances up to 300 feet 
to a conspicuous light orange-brown colour, and have filled the fractures 
themselves with deposits of ankeritfo carbonate and banded chalcedonic 
quartz. In places the quartz-carbonate rocks contain much finely divided 
hematite. Similar qtiartz-oearbonate mineralization is found, but is much 
less abundant, in shear ones in the Takla group rocks in other parts of 
the map-area. 

ALTERATION AND METAMORPHISM 

Virtually all the Takla group rocks have been saussuritized, serieitized, 
or carbonatized to some degree. The origina·l rocks, which, whether as 
andesite flows, tuffs, or greywackes, were composed essentially of plagioclase 
feldspar, hornblende, and pyroxene, have been more or less completely 
altered to aggregates of clinozoisite, epidote, serieite, chlorite, and ankeritic 
carbonate, with some regeneration of relatively sodic feldspar and uralitic 
hornblende. In most rocks, the original textures, and many of the original 
minerals or larger fragments, can still be recognized, although the ground
mass and smaller fragments are almost completely changed. In some of the 
quartz-carbonate shear zones, as for example those exposed on Thane and 
Vega Creeks, the original rock may be totally unrecognizable, the original 
texture obliterated, and the whole rock converted to an indistinct iaggregate 
of shreds and irregular patches of carbonate, cryptocrystalline to granular 
quartz, with minor chlorite, altered feldspar fragments, etc. Except for 
these quartz-carbonate shear zones, the degree of alteration is relatively 
uniform over the entire exposed area of the Takla group, and does not seem 
to be related to the position in the stratigraphic section or to the proximity 
of intrusive bodies. The conclusion seems warranted that the whole group 
has been subjected to low-grade metamorphism involving some metasomatic 
change; a change that may be partly autometamorphic, connected with the 
consolidation of the original rock. 

Throughout the entire length of its exposure in Aiken Lake map-area, 
the Takla group is invaded by various bodies of the Omineca intrusions, 
chief among which is the Hogem batholit'h. Despite the intimate association 
with intrusive rocks, contact metamorphic effects traceable to these bodies 
are almost negligible. Careful field observation and study of thin sections 
has shown no change in any of the Takla group rocks to within 300 feet 
of the contact with the batholith, and in many places there is no discernible 
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change right up to the sharp contact. Undoubtedly, one of the factors 
that account for the general lack of contact metamorphism is the pre
dominantly volcanic nature of the Takla group, with an over-all chemical 
composition relatively similar to, though probably less siliceous than, that 
of the aver.age intrusive rock. 

The detailed contact relations of the Hogem batholith are described 
elsewhere in this report (See page 181). The most significant change noted 
in the Takla group andesites near the contact has been a recrystallization 
of the rock within 50 feet of the contact. This phenomenon is well 
illustrated on the ridge east of the east fork of Matetlo Creek, where the 
andesite, still retaining its normal porphyritic texture, has a slightly 
denser appearance in the hand specimen. In thin section this rock is seen 
to have a well-developed crystalloblastic texture of rounded grains with 
sutured interlocking contacts. About 60 per cent of this rock is fresh
looking hornblende, pleochroic olive-green to green-brown, in poikilitic 
grains up to 2 mm. in diameter. These grains are commonly clustered in 
masses, up to 5 mm. long, with more or less equidimensional outlines, 
which have the appearance of altered pyroxene phenocrysts. Approxi
mately 30 per cent of this rock is feldspar, present in two distinct varieties: 
(1) much altered, subhedral grains ·largely replaced by sericite ·and epidote, 
rarely showing good twinning but almost invariably zoned; and (2) fresh
.appearing, polysynthetically twinned, unzoned, poikilitic, but free of fine 
cloudy alteration products and minute inclusions. In addition, the rock 
contains considerably more magnetite than the average andesite of the 
area. In this case the contact metamorphism seems to have consisted of 
the alteration of an original pyroxene andesite through uralitization of the 
pyroxene, producing hornblende and magnetite, and through ciearing the 
feldspar by absorption of the sericite and epidote developed in previous 
( diagenetic ?) incipient alteration, accompanied by a partial re-combina
tion of the a}bitic feldspar and epidote, previously developed by saussuriti
zation, to form new albite-oligociase. The contact metamorphism observed 
east of Matetlo Creek has been just sufficient to reorganize the rock 
material into a rock with poikilitic crystalloblastic texture. This appears 
to be a straightforward instance of thermal metamorphism of a relatively 
basic rock. 

The impure calcareous tuffs west of Kliyul Creek have undergone a 
distinctive contact metamorphism against the intrusive bodies. The normal 
rock, to within about 300 feet of the contact, is a grey-green, bedded tuff 
containing up to 30 per cent granular calcite, which appears to be part 
of the original groundmass of the tuff, distinct from the shreds and irregul•ar 
patches of carbonate developed during later alteration. Adjacent to the 
contact, no change of colour is apparent, but the rock becomes harder, 
with a slightly more granular texture. In thin section, the rock at the 
contact is seen to consist almost entirely of calcite, garnet, and epidote. 
The bedding is well preserved, outlined in the contact metamorphosed 
rock ·by segregated bands of different mineral composition. Some bands 
consist primarily of anhedral, semi-equidimensional grains of calcite up to 
0·1 mm. in diameter, with mir~or quartz and much epidote and clinozoisite 
in very minute, rounded grains. Other bands contain up to 80 per cent 
garnet, in ragged elongate masses up to 2 by 4 mm., crowded with small, 
rounrded inclusions of calcite and epidote or clinozoisite. The masses of 
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. garnet are separated by elongated areas of granular quartz and calcite . 
. Still other bands are composed of at least 90 per cent epidote, in very 
irregular, poikilitic grains. Here again the contact metamorphic changes 
appear to have been the results of the normal response of an impure 
calcareous rock to increased temperature. 

The quartz-carbonate a:lteration along fault and shear zones in the 
southern part of the map-area, already referred to, is particularly well 
illustrated near the Vega mineral showings. There, the original plagioclase
pyroxene rock has been more or less completely altered to an aggregate 
of chlorite, sericite, and clinozoisite (or epidote), with recognizable relict 
crystals of feldspar but no remaining pyroxene. This :aggregate has been 
partly to ·completely permeated by carbonate-bearing iron-rich solutions, 
which replaced and veined the chlorite-clinozoisite aggregates with irregu
lar masses and shred-like patches of ankeritic (?) carbonate and fine, 
gram.ular hematite. After the deposition of carbonate andl hematite, the 
shear zones must have been traversed by siliceous solutions, for very small, 
irregular grains and sutured aggregates of quartz, in angular, stringy, or 
platy patches ·and clear cryptocrystalline masses, invade all the other 
minerals. The resulting rock is conspicuously variegated. In places it is 
spotted, with yellow-green ca!lcite-sericite-clinozoisite patches in a purplish 
grey matrix. In other places it is delicately banded in scroll-like and 
concentric layers; other specimens show numerous spindle-shaped crystals 
of feldspar(?) now altered to clinozoisite, and quite different in shape 
from the less conspicuous, larger, comple~ly twinned plagioclase in the 
same rock. All of these rocks weather, to a depth of nearly 1 inch, to a 
light orange-'brown, in which veins of crystalline calcite and chalcedonic 
quartz stand out sharply. 

AGE 

Fossils are relatively rare in the Takla group rocks. Poorly preserved 
belemnite casts were found in the tuffaceous greywackes in many places, 
and collections have been taken from near the camp buildings :at the Vega 
mineral prospect, on Mount Elsie, and west of Lay Creek. Several small 
lenses of limestone southwest of the Granite Basin mineral claims contain 
abundant crinoid remains. Fragments of wood and leafy matter have 
been noted on Thane Creek, Vega Creek, Mount Elsie, and west of Lay 
Creek;. None of these remains, however, has been found well enough 
preserved to be generically identified. 

Diagnostic fossils were collected from the Takla group rocks in two 
localities only, and were identified by F. H. McLearn of the Geological 
Survey as follows: 

"(1) Limy lens in andesite outcropping on south wall of drque at Granite Basin 
mineral cla&ms, cowbruins: 

H alobia or Daonella 
Pleuromya sp. 
Juvavites (Anatomites) sp. 
Juvavites ? sp. 

Age : Triassic, probably Upper Triassic 
"(2) FI'Olll! a ~ound-sluice e:xpOBUl!"e at Vega cMnp, a specimen of Arnioceras . 

sp. The age of the Arnioceras ris the Sinemurian of the Lower Lias of England, that 
is, early Lower Jurassic." 
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Little is known of the stratigraphic position within the Takla group 
of the beds from which these fossils were obtained. In the vicinity of 
Vega Creek, faulting is so prevalent that any reconstruction of the 
originail stratigraphic sequence is impossible on the basis of present informa
tion. The horizon from which the Upper Triassic fossils were obtained 
near the Granite Basin claims lies at least 5,000 feet from the base of a 
continuously exposed section more than 12,000 feet thick without any 
recognized duplication of beds. Thus, the only conclusion based on 
information gathered in Aiken Lake map-area that can be drawn regarding 
the age of the Takla group is that it includes Upper Triassic and early 
Lower Jurassic beds. 

CORRELATION 

In its type area in Takla map-area, the Takla group has been defined 
(Armstrong, 1946) ·as "an apparently conformable succession of interbedded 
volcanic and lesser sedimentary rocks, ranging in age from Upper Triassic 
to Upper Jurassic". The group has been found to be widely exposed in 
Manson Creek map-area (Armstrong and Thurber, 1945) to the east of 
Takla map-area, and in McConnell Creek map-area (Lord, 1948) adjoining 
Aiken Lake map-area on the west. In Takla map-area, rocks of the Takla 
group have provided marine fossils of Upper Triassic and Lower and Middle 
Jurassic age; in Manson Creek map-area, of Upper Triassic age; and in 
McConnell Creek map-area, the group can be separated into two divisions, 
of which the lower is unfossilif erous, and the upper contains fossils 
indicating Lower, Middle, •and mid-Upper Jurassic horizons. The belt of 
Takla group rocks exposed in Aiken Lake map-area connects the exposures 
in Takla and Manson Creek, and McConnell Creek map-areas. 

OMINECA INTRUSIONS 

GENERAL STATEMENT 

The name Omineca instrusions has been applied to the numerous bodies 
of intrusive rocks of Upper J'Ul'assic or Lower Cretaceous age that are 
exposed in the Omineca and Cassiar Mountains. These bodies range in 
size from sills and dykes to batholiths, and in composition fr.am pyroxenite 
and hornblendite to granite and syenite. Granodiorite, quartz diorite, and 
adamellite (quartz monzonite) are the most common rock types. 

The largest known body of these rocks is the batholith that extends 
from Nation Lakes northwest across Manson Creek, Takla, Aiken Lake, 
and McConnell Creek map-areas. This body, generally known as the 
Hogem batholith (Armstrong, 1949, p. 98), occupies about 400 square miles 
in the southwest corner of Aiken Lake map-area. It is a composite body 
comprising a wide range of rock types, and contains many minor intrusive 
bodies within the main mass. It probably represents a prolonged period 
of intrusion of a differentiating magma. 

Stocks, dykes, and sills, satellitic to the Hogem batholith, are abundant 
in the surrounding T·akla group and late Palreozoic rocks. All are relatively 
small. 

The various kinds of intrusive rocks composing the Omineca intrusions 
within Aiken Lake map-area fall, on the basis of their composition and 
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mode of occurrence, and thereby also their age, into two divisions. The 
oldest division, comprising about one-sixth of the exposed area of the 
Hogem batholith and related stocks, consists mainly of melanocratic rocks 
containing little or no quartz. Included in this division are hornblende 
syenite, syenodiorite, hornblende diorite and meladiorite, pyroxene diorite, 
appinite, hornblendite, pyroxenite, and biotite-pyroxenite.1 Hornblende 
diorite and meliadiorite, almost everywhere containing small masses of 
appinite or hornblendite, are the most common members of this series. 
The second and younger division includes rocks that rarely contain more 
than 30 per cent f erromagnesian minerals, and are thus predominantly light 
in colour, and in whi-ch quartz is a significant and usually conspicuous 
constituent. The predominant rock types in this division are granodiorite 
and adamellite-granite; true granite, quartz diorite, and diorite occur in 
lesser amounts. Associated with these rocks are numerous dykes and small 
irregular bodies of leucogranite, alaskite, quartz-microperthite pegmatite, 
and ·aplite. 

MELANOCRATIC, QUARTZ-FREE RocKs 
DISTRIBUTION 

Rocks of this divisi-0n are found chiefly in the northern part of the 
Hogem batholith exposed in Aiken Lake map-area. They form a belt 1 
mile to 3 miles wide along the eastern edge of the batholith from Tutizzi 
Lake to Mesilinka River, and north of the Mesilinka at the extreme west 
edge of the map-area. Similar rocks compose a stock about 10 square miles 
in area in the Takla group rocks east of Croydon and Kliyul Creeks, and 
two small bodies totalling 3 square miles in Kliyul Creek Valley; ·and they 
compose a 1complex body occupying about 20 square miles within the main 
body of the batholith, west of the headwaters of Abraham Creek. All of 
these bodies may be parts of a single unit of batholithic dimensions, 
extending from Tutizzi Lake to Croydon Creek (See Figure 9). Each of 
the exposed bodies, however, has somewhat unique characteristics. Many 
small masses of similar materia1, •a few square yards to ~ square mile in 
extent, ·are found as inclusions elsewhere within the batholiith. 

LITHOLOGY 

Constituent Minerals 
All of these rocks are of simple minel'lalogical composition. In most 

of them, plagioclase and amphibole appear to be the only 'original' essential 
minerals. Accessory minerals include magnetite (composing several per 
cent of the v-0lume of some specimens) and apatite, with very minor sphene. 
Other minerals, present in some areas in small amounts and locally con
spicuous, are pyroxene, biotite, microcline, and quartz. Epidote-clinozoisite, 
clay-like material, chlorite, and sericite are the common secondary minerals. 

In most of the melanocratic, quartz-free rocks, the plagioclase is too 
highly altered to enable its composition to be determined, and in many it 
is so completely converted to an aggregate of fine, dusty, nearly opaque, 
white material, with varying amounts of clinozoisite and epidote, that the 
original grains cannot be recognized. In a few places, structures that may 

1 See definitions on page 165. 
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be due to polysynthetic twinning or zoning suggest that the original material 
might have been relatively coarse in texture. Some specimens contain lath
like aggregates of saussuritic matter, that may once have been single 
feldspar crystals, as much as 2 inches long. The few fragments of 
recognizable feldspar that were tested have ·a refractive index of about 
1 ·538, indfoating albite; it is probable that ·albitization has been one of the 
processes of alteration of the plagioclase. Many of the altered feldspathic 
masses are a delicate pink colour, due to finely disseminated hematite. 

Most of the amphibole is fresh, green-black hornblende. The horn
blende is invariably the best crystallized mineral in the rock, and ranges 
in habit from slender needles to stubby prisms, from about itr inch to 
8 inches long. In any one rock, the shape and size of hornblende erystals 
are relatively constant, and in many places two rocks with apparently 
identical minerals or proportions of minerals, but differing in size and 
crystal habit of the hornblende, show definite intrusive relationships. 
In all observed instances the feldspars are interstitial to the crystals of 
hornblende. 

A few rocks contain a ragged green amphibole, in part of coarse, 
fibrous habit, and probably close to actinolite in composition. It is 
probably secondary, resulting from the alteration of both green-black 
hornblende and, in some rocks, pyroxene. Some rocks northwest of 
Tutizzi Lake contain •a little pale grey-green, ooarse, fibrous tremolite. 

Composition of "Various Rock Types 

The rocks composed of the above minerals Tange from highly 
feldspathic types, which appear to be hornblende monzonites or sodic 
hornblende diorites (although the feldspar is too altered to enable its 
composition to be accurately determined) to hornblendite. Most of the 
rocks contain more than 40 per cent hornblende, and in general the term 
appinite, a group name for melanocratic varieties of syenite, monzonite, 
and diorite, which are rich in hornblende (Holmes, 1928), is appropriate. 
In this report, rocks containing less than 60 per cent hornblende are 
called hornblende diorite or hornblende meladiorite 1 ; those with 60 to 
90 per cent hornblende are called appinite; with more tlhan 90 per cent 
hornblende, but some visible feldspar, feldspathic hornblendite; and the 
term hornblendite is reserved for rocks with no visible feldspar in hand 
specimens. 

DESCRIPTION OF INDIVIDUAL BODIES 

Croydon Creek Body 

The stock exposed in the Takla group andesites and sedimentary 
strata east of Croydon and Kliyul Creeks and on the lower part of 
Croydon Creek is composed of hornblende diorite of variable texture, 
with lesser hornblende-rich varieties and minor hornblende-pyroxene 
diorite. The most abundant rock is light grey-green and moderately 
coarse grained, and contains about equal amounts of fresh hornblende 

1 Meladiorite is the name given by Johannsen (1937, III, p. 159) to diorites cont.Uning more than 
liO per cent dark materials. The distinction between diorite and meladiorite is not made in this report 
except in the few instances where it seems advisable to refer to rocks that appear to have s.ffinities with 
the normal diorites rather than with the appinites, but which are rieh in dark mineralls. 
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and altered, pale green, creamy, or pink feldspar. In places the feldspar 
has been intensely epidotized, and some rocks are composed mainly of 
hornblende and epidote. The average length of hornblende grains is from 
n to t inch, although crystals up to 1 iD!ch are common and a few reach 
8 inches. The grain size is relatively uniform in any one specimen, but 
changes rapidly across distances of a few feet. No systematic pattern 
could be observed of the bodies of differenJt texture. 

The hornblende diorite contains numerous bodies up to 500 feet across 
of rocks much richer in dark minerals. The oldest of these rocks are of 
ultrabasic composition. The dominant mineral is hornblende, but some 
bodies contain considerable dark green, ragged actinolite, and a few 
specimens contain pyroxene, probably augite, which may be seen in thin 
sections to be in various stages of alteration to amphibole. 

Rocks of various textures and containing various proportions of 
feldspathic material intrude each other in a very intricate manner, and 
in a definite succession, so that much of the stock is a confusing mixture 
of dyke-like bodies and inclusions. The order of intrusion of the different 
rocks is definite and, in the outcrops studied, apparently invariable, with 
younger rocks progressively more feldspathic. The succession is as follows, 
beginning with the oldest rock: 

(1) Homblendite, with minor pyroxene-bearing hornblendite and actinolite-
11m1Phlbolite; :average size of larger grains 1 inch to 1 .inch. 

(2) Feldspa.thic homblendite and SJppinite, containing u:p to about 15 per cent 
feldspa.r; hornblende crystals average 1 iillch .to 2 inches, many up to 
4 inches. 

(3) Medium-grained appinite, containing 15 to 25 per cent feldspar; hornlblende 
crystals about i- inch long. 

(4) Pe~atitic SJppinite and hornblende diorite, containiing 15 to 40 per cent 
feldspar; hornblende crystals 'lJGJ to 8 inches, average more than 2 inches in 
length. 

(5) Fine-grained appiniite, containing about 20 per cent feldspar; hornblende 
crystals less than ~ inch long (relatively rare). 

(6) Medium-grained appinite and hornlblende diorite, containing about 40 to 
50 per cent feldspar, with hornblende crystals averaging 91bout i inch long. 

(7) Da.rk grey, fine-grained hornblende diorite, containing aibout 50 per cent 
feldspar; hornblende crystala less than i inch long; this rock contains 
much less epidote than any other feldspar-hornblende rock in the area, 
although, like the other rocks, its feldspar is almost oompletely a:l:tered. 

(8) Coarse-grained hornblende diorite containing about 50 per cent feldspar; 
hornblende crystals up to 6 inches, average about 1 inch long, commonly 
in clusters with a poorly developed radial structure. 

(9) Fine- to medium-grained hornblende diorite, containing 50 to 80 ,per cent 
feldspar, grruin size ~ to i- inch; this il'Ock COilliPOses about half the stock 

All of these rocks are cut by dykes of epidotized feldspar (some may 
be true veins of epidote), which in turn are cut by fresh feldspar porphyry 
dykes of dioritic, syenitic, and granitic composition. 

The various rock :types composing the stock are found in all parts of 
the body. It appears, however, that the lower, western part of the stock 
is more heterogeneous, and contains more ultrabasic material than the 
eastern part, which is some 3,800 feet higher. 

The •contacts of the stock with the surrounding sedimentary and vol
canic rocks of the T,ak1a group ·are sharp, •and 1are characterized in places 
by large numJbe11s of sho11t, thick, i·rregular dykes or 'apophyses of hornblende 
diorite, ·and by abundant inclusions of Takl1a group rocks within the margins 
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of the stock. The only (llhange noted in the intruded rock that might be 
attributed ito the iaction of the intrusion is the development of 1abundant 
epidote. In places, rocks :fJhat were probably andesite flows have been 
almost ·completely eonverted to epidote minerals. 

Kliyul Creek Bodies 

Two stocks of 'basic 1and ultrabasic !rock, with a total expos·ed area of 
about 3 square miles, lie respectively north and S-Outh of Kliyul Creek on 
the extreme west border of the map-area. P.arts of 1eae'h of ijjhese bodies 
ex:tend inrto the McConnell Oreek map-area to the west. The bodies are 
very simila!l' in appearance and 1oomposition, iand 1are chamcterized by a 
·biotite-rich peridotite with biotite-·amphibolite, hornblendite, ·appinite, and 
hornblende meladiorite. The biotite-peridotite occurs in irregular bodies 
up to 1,000 ·feet in diameter, cut by all ithe other rocks of tihe stock. It is 
a medium- to ·Coarse-g:riained (iaveJ.'lage d~ameter of larger grains, 1to4 mm.), 
dark brown to bluish black, slightly serpentinizec:I! rock of relatively uniform 
composition and texture. Micro.scopic study shows •average specimens to 
contain about 35 per cent olivine (Fo9 0 ), 10 per cent 1orthopyroxene 
(bronzite), 15 per cent cli:n-0pyroxene (augite ?) , and 35 per cent biotite, 
witJh which is 1associ1ated cons·iderable magnetite. The 'biotite occurs ·as 
rounded, amoeboid grains that apparently ,replace the olivine and to a less·er 
extent the pyroxene; 1as rectangular to ragged, tiabul1ar gr.ains, equal in size 
to the olivine and pyrox:ene, and apparently forming an integral part of the 
original rock fiabric; iand •as irregular, ragged grains interstitiial to olivine, 
pyroxene, and other grains of ibiotite. Some of the large grains of clin-0-
pyroxene ·contain irregular inclusions of biotite, aill of which hiave tlhe same 
optic orientaltion. It appears that much of the biotite is the I1aitest of the 
main minerals in tJhe rock, and has replaced pyroxene, and to a lesser extent 
olivine. An interesting feature of the bi-0tite is that the grains 1associated 
wi'th, and repl.adng, pyroxene 'are rimmed with magnetite griains, but are 
themselves free of magnetitet whereas the gr.a.ins intimately associated with 
olivine contain large, coherent masses of magnetite within their interiors, 
but none at their margins. 

Some of !the homblendites 1and 1appinites .from these stocks contain 
g:mins of altered monoclinic pyroxene; the hornblende has ·a ragged, con
fused tex:ture, is full of indusions of 1apatite ·and biotite, 1and is altered 
irregularly to clinoz.oisite-epidote and chlorite. It seems probable that much 
of this rock is a uralite amphibolite, developed by alteration of a pyroxenite 
or biotite pyroxenite. The feldspars of the rocks south of Kliyul Creek are 
somewhat less 1altered 1:Jhan those of most rocks of this series, 1and in one 
specimen, containing about 40 per cent feldspar, 30 per cent hornblende and 
pyroxene largely .altbered to ·chlorite and 15 ;per cent biotite, with abundant 
calcite, epidote-iclinozoisite, etc., the feldspar appears to be andesine-labra
dorite, about An55 • If this specimen is representative, many of the rocks 
are probably gabbros. 

Both of the stocks near Kliyul Creek 1are extensively intruded by the 
a'Cidlic, younger phases of the Omineca intrusions. 
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Abraham Creek Body 

General Description. An irregular 'body of extreme structural and 
lithological ·complexity outcrops over 1an area of about 20 square miles west 
of the headwaters of Abraham Creek. At its northeast side this 'body is in 
contact with andesites 1and ·andesitic tuffs of the Taldia group. The rest of 
the body lies within, and is intruded by, the V'arious acidic phases of the 
Hogem hattholith. 

Like several other bodies of tihis phase of the Omineca intrusions, the 
Abraham Creek body is ·composed 1almost ·entirely of hornbl:ende, plagio
c1aee, :and magnetite, with accessory 1apatite an<l muoh epi<lote-clinozoisite 
of aeoondBlfY' origin. The body is unique in ithe map-al1ea, however, in its 
emreme degree of differentiation into rocks of widely different <bextures 0and 
minerelogi·cal proportions, and in tJhe remarkaibly complfoated structural 
relations between these rock types. The rocks riange in composition: from 
hornblendite to hornbl;ende diorite containing only 1aibout 30 per ·cent 
hornblende (a f.ew dyke-like •bodies ·are composed entirely of feldspatJhic 
material), and in grain size from pegmatitic rocks in which most crystals 
are more than 3 inches long to material in which none of the ·grains can be 
dist.in.guished: with a hand lens. 

About 1haH the rock ·of this body ·oontains more ithan 60 per cent dark 
minerals. One of the most common rock varieties is 1an •appinite ·composed 
of gbout, prismatic cry&tals of black 1hornbiende t inch to 1 inch long, in a 
groun<lma:ss of light grey to pale pink, 0saussuritized andlesine feldspar. The 
feldspar, which comprises 1ahout 10 per cent of mnst of these rocks, is com
pletely interntitial to the ·euhedral hornblende. With deorease in the amount 
of fe1dspai:Jhic material, this type of appinite grades into feldspai:Jhic horn
blen<lite and hornblendite, in whi~h the hornblende crystals lose the highly 
developed ·euhedra1 :habit seen in the ·appinite. Most of the horn'blendite 
shows no preferred orientation of its constituent crystals, but in 1a few 
outcrops the elongated 0rystals ·are arraThged more or 1less pail'lallel with 
ea~h o'ther, forming 1bands or sheets 1 inch to ,5. inches wide lying perpen ... 
dicuiar to the long ,axes of the ·crystals. The ,sheets, which were onliy 
observed to be ventic·al or steeply dipping, lie .side by side, witih occasional 
bands ()f non-oriented crystals, aoross distances of as muoh ·as 6 feetr and 
can be traced 50 feet up a steep slope. A few of these sheets are composed 
of crystals not quite perpendicular to the general plane of layering, so that 
the :resulting rock has a 'herringbone' ·appearenoo. A·djacenti sheets differ 
slig1h!tly in of.e1dspar (or epidote) ·content, and in terlure. Some of the 
h<lmblendite contains isolated, straight bands up to 1 foot thick that are 
coaraer grained, and richer in feldsipathic materiial. 

' Another widespread type of appinite and feldspathic hornblendite is 
characterized by clusters and knots of feldspathic material in otherwise 
feldspar-free hornbtendite. This texture, called synneusis (swimming 
together) texture by Vogt (1921, p. 321), has developed to a remarkable 
degree in some of the appinites, which, consequently, have a conspicuous 
'starred' appearance, with clusters i to t inch in diameter of white or pale 
grey feldspathic material evenly distributed at intervals of t inch to 4 
inches in 'black hornblende rock containing almost no interstitial feldspar 
(See Plate IX A). In thin section the 'stars' are seen to be irregular 
aggregates of rounded grains of twinned .andesine, generaUy smaller than 



169 

the hornblende crystals, against which they show, in places, mutually 
interfering contacts. In the best-developed synneusis texture, segregation 
has been very complete, with no feldspar in the hornblende-rich rock and 
almost no hornblende within the feldspathic 'stars'. A few outcrops show 
the 'stars' arranged in lines or bands up to 3 inches thick, separated by 
bands of the same thickness containing fewer 'stars'. 

The remainder of the Abraham Creek body consists, so far as a 
generalization can be made, of about 30 to 60 per cent dark minerals. 
Most of the numerous varieties of rock within this composition range can be 
classed as hornblende diorite and hornblende meladiorite. One variety of 
the hornblende <liorite appears to be merely a feldspathic phase of the 
coarse appinite, ·and consists of euhedral prisms of hornblende up :to 4 inches 
long, scattered irregularly, or arranged in rude bands of more OT 1ess 
radiate clusters, in a saussuritized feldspar matrix. Some varieties of this 
rock are so confused and variable in texture and composition that they 
are best referred to as 'appinite-hornblende diorite mixed rocks'. Many 
of the diorites, however, are markedly different from the typical appinites 
·and their feldspathic equivalents, as shown in this and the Croydon Creek 
bodies. In these diorites the hornblende does not occur in the fresh, black, 
stout prisms characteristic of the appinites, but forms ragged grains, rarely 
more than -! inch long, of dull green hornblende, commonly considerably 
:altered to epidote minerals and serpentine material. Some specimens con
tain bundles of slender prisms of amphibole scattered through the whole 
rocks, included within and replacing the grains of feldspar. Other diorites 
contain fine needle-like crystals of fresh black hornblende up to ! inch 
long, in a groundmass of plagioclase and smaller, anhedral, rounded grains 
of black hornblende. A few dyke-like bodies contain phenocrysts of both 
slender needles and stubby prisms of fresh black hornblende in about 
equal proportions. In all the diorites examined, the feldspars fresh enough 
to be determined have a composition within the andesine range (An40 _48 ), 

about the same as those in the appinite. A few small bodies of diorite 
are extremely fine grained. 

Almost all the diorite has some degree of foliate or linear structure, 
due mainly to the orientation of elongate hornblende crystais and the 
innumerable inclusions of more basic material with which most of the 
rocks are charged. Some of the rocks are conspicuously and regularly 
banded, with layers -h inch to 1 inch or more thick alternately richer in 
hornblende :and feldspar. The best observed ·exposure of this structure 
contained forty pairs of bands, gently curved 'but almost flat-lying, , within 
a totaI thickness of about 15 feet. 

Small bodies of pegmatitic hornblende-feldspar material occur as veins 
or dykes, and as irregular pockets in diorite, appinite, and hornblendite. 
These bodies consist of prismatic, usually fresh green or black hornblende 
crystals up to 4 inches long in a light grey to pink matrix of coarse, altered 
feldspar. Many of these rocks resemble the 'appinite-hornblende diorite 
mixed rocks', but differ from them in their mode of occurrence and their 
commonly more feldspathic composition. A few of these bodies are almost 
pure feldspar. Most of tli.em do not show any foliation or flow structure, 
but some are ·concentrically banded, with l1ayel"s of different ·composition 
repeated symmetrically on each side of a central parting plane. 
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The hornblendite, appinite, most of the varieties of hornblende diorite, 
and the small bodies of pegmatitic diorite are cut by numerous dykes of 
strikingly banded rock consisting of fresh ~hornblende, and of feldspar 
that has been almost entirely altered to epidote. These dykes are quite 
distinct in appearance from the numerous appinite and diorite dykes 
common in the area, although there is probably a gradation between them 
and the normal diorite dykes. In some respects these bodies have the 
characteristics of veins rather than dykes. They form masses up to 25 
feet wide, usually straight or gently curving for distances of 300 feet or 
more. The most pronounced feature of these dykes is their remarkable 
banded character (See Plate IX A). The bands consist of layers of horn
blende and saussuritized feldspar (or, in some cases, nearly pure epidote) 
in almost every possible proportion and texture. The boundaries between 
the bands are generally sharp, and bands only one crystal thick may be 
traced more than 100 feet. In some places bands composed almost entirely 
of hornblende prisms lying in comb-like arrangement perpendicular to the 
plane of the band are adjacent to bands of hornblende crystals with their 
long axes parallel with the band. Layers of f eldspar-epidote material, 
with minute differences of co'lour and texture, preserve their identity for 
many tens of feet. One dyke about 4 feet wide was found to contain 
thirty-five recognizable bands. Eighty feet away, the same dyke contains 
thirty bands, of which at least twenty-four are considered to be the same 
bands, in the same .arrangement, as those examined at the original locality. 
The dykes do not show a symmetrical arrangement of bands, but in some 
places a series of sevel'al bands within a single dyke appears to have a 
symmetfi.cal arrangement ·about one or more planes. A few of the dykes 
contain inclusions of appinite and hornblende diorite, which can be 
matched with oldier rocks somewhere within the Abraham Creek body, 
but some of which are not of the same type of materi1al as the 
immediate walls of the dyke. The banding of the dykes flows smoothly 
around most of :these inclusions. In places the banding is confused and 
contorted by minor shear z.ones, and dragged by small faults. Some dykes 
are terminated abruptly at small, epidote-filled seams that do not appear to 
represent fault fractures. 

Many pegmatite •and aplite dykes of the younger, •acidic phase of the 
Omineca intrusions cut the Abraham Creek body near .jts borders, but 
virtually none was found in the interior of the body. The <ientral part 
of the body, however, ·contains several large quartz veins, mineralized 
with pyrite, chalcopyrite, and galena, which may be related to this later 
phase of igneous activity. 

Relations of Different Rock Types. The contacts between the various 
rock types of the Abraham Creek body are almost all sharp, with intrusive, 
crosscutting relations. The only examples of gradation of rock types within 
a single body are found between some of the appinites and horn.blendites. 
However, most of these rocks, ·and all the other ·compositional varieties, 
occur in relatively small bodies of apparently uniform composition and 
te:ieture, separaited by sharp contacts from other bodies of different (in some 
c1ases very slightly different) eomposition and texture. 

In a genera!l way the rocks have been intruded in the order from most 
basic to most feldspathic, and from coarsest rto finest grain. What appears 
to be the oldest rock in the body is a dark green, soft, apparently altered, 
coarse-grained •amphibole rock, composed entirely of amphibole close to 
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hornblende in optical properties but distinctly different from the black, 
fresh-appearing hornblende of the rocks that brecciate it. This rock, 
which may be uralite amphibolite, is found ·only as rounded, apparently 
partJly resorbed, fragments up to 10 feet in diameter in the hornblendite, 
appinite, and diorite (See Plate IX B). The next younger rocks are fresh 
horn:blendite, feldspathic hornblendite, and appinite. These occur mainly in 
irregular areas up to several acres in extent with intimate, interlocking, 
commonly sharp <iontacts, rather than as crosscutting dykes and stocks, 
although dykes of ooarse-grained appini:te are not uncommon. In general 
the appinite bodies are younger than the pUl'e hornblendiite, although a 
few exposures show hornblendite apparently cutting appinite. Most of 
these rocks are non-directional in texture, but some of the smaller appinite 
dykes show pronounced flow structure. · 

Atll of lthe rocks mentioned above ·are intruded by the diorites. In 
general, the coarse, hornblende-rich meladiorites are older than the medium
to :fine-grained, relatively feldspathic varieties. The oldest dJiorite intru
sions seem to have formed simple dykes in straight or zigzag fractures that 
have later been deformed by plastic flowage of the rock. The formation 
of these dykes was followed by ·at least two general periods of emplacement 
of irregular bodies that replaced all older rocks over areas ranging from a 
few square inches to several ·acres, separated by ·an episode of fracturing 
and dyke form·ation. The small bodies of pegmatitic diori.te were formed 
by replacement or recrystallization of diorilte, ·appinite, and hornblendite 
at some time during this stage. Following the cons·olida·tion of what appears 
to have been the youngest generation of major diorite 'bodies formed by 
rep1acemenlt ·of older diorite, appinite, and hornblendite, the banded d:Vkes 
were formed along relatively straight, steeply dipping fractures. Many of 
the dykes appear to be vein-like structures, formed mainly by replacement 
along a favourable fracture by solutions supplied through other fractures 
that were not favourable to reP'1acement, thus developing the dykes with 
abrupt terminations at inconspicuous fractures, but others must have been 
injected more or less bodily into simultaneously opened fissures, carrying 
inclusions of unassimHated older rock with them. The delicate handling, 
presence of layers of slender hornblende cry·stals oriented ·at right angles 
to the plane of the band, and remarkable persistence of bands of minor 
·textural and mineralogical differences, suggest that the present texture 
was achieved in •a non-flowing medium, and that uniform physical-chemical 
conditions were reached over a considerable length of dyke. It seems 
reasonable to. suggest that the banded! dykes were originally formed with 
•a texture different from that which they now possess, ·and that they have 
been recrystaUized, acquiring .their banded nature in response to particular 
conditions of diffusion, solution, or recrystalli~ation, which were re!liched 
simultaneously in a plane lying more or less parallel with tbhe walls of 
the dyke. 

Whatever their process of formation, these bodies had attained their 
banded character before the next recorded episode in the history 'Of the 
Abraham Creek body, which took the form of a slight deformation of the 
rocks. In part lf:;his movement was absorbed! by flowage of the ·apparently 
still plastic appinites and diorites. By such m'Ovements the banded dykes 
were contorted and pinched, with 1Jhe individual bands still partly recog
nizable in the deformed areas. !DJ part the movement occa;sioned definite 
faulte ·and shears along which the semi-plastic dykes were offset and dragged. 
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After complete consolidation of the banded dykes, they and all the 
older rocks were shattered, injected, and partly remobilized during the 
emplacement of gneissic, relatively feldspathic hornblende diorite of great 
mechanical activity. This diorite, which now composes nearly one-quarter 
of the Abraham Creek bod'Y, was •apparently injected as a relatively 
viscous material that had little power to absorb or react with the adjacent 
rocks. In plaices the a:mount of bodily motion of the injected material, 
af1ter it was viscous enough to 'carry' inclusions, was small; ·and in these 
places the adjacent rock was shattered, the -sma;ll fragments removed, and 
the resulting fractures filled with diorite. In other places, bodily movement 
of the pasty diorite magma must have been considerable; the di-Orite is 
charged with a mixture of inclusions of all the diff ereillt V'arieties of older 
diorites, appinites, and hornblendites through which it must have passed, 
some of which have been carried hundreds, and more probably thousands, 
of yards. In some places small bodies of this diorite are ailmost 'choked' 
with inclusions; one 10-inch dyke in diorite, :about 300 yards from the 
nearest outcrop of appinite or observed banded dlyke, contains· inclusions 
almost 10 inches in diameter of ·appinite, hornblendite, and fragments of 
banded dyke, which constitute more than half the volume of the dyke. 

Flowage structures are well developed in this diorite. The irregular
shaped inclusions are mostly well oriented and ·alined in short bands, and 
the homblen'Cfu crystals of the diorite itself are ·arranged in linear patterns 
that stream around inclusions and follow irregularities of the contacts 
of the bodies. In places, eonspfouous swirls and eddies have developed. 

The youngest of all the common rocks of the Abraham Creek body 
itself is a fine-grained to a'1most aphanitic, dark grey diorite containing 
about 50 per cent hornblende. This rock has been found only as dykes, 
less than 10 ·and ·commonly less than 3 feet wide, which •are simple fracture 
fillings. Most of these dykes dip steeply. Those near the east side of 
the Abraham Creek body were observed to strike north and northwest; 
those near the west side of the body commonly strike north and northeast. 
None of 'the dykes is strongly gneissic, but the margins of most show a 
slight foliation parallel with the contacts. Some of the dyke borders show 
swirls and 'drag-folds' as if there had been movement of the walls while 
the dyke was in a semi-plastic condition. On the southeast side of the 
Abraham Creek body, the west (hanging-wall) side of several of the dyke 
fractures apparently moved north relative to the east side. In addition, 
many dykes contain numerous oblique, subparallel layers richer in feldspar 
or hornblende; these are interpreted as fractures produced and healed at 
a late magmatic stage ( cf. Figure 12). Unlike any of the intrusive con
tacts of the other rock types of the Abraham Creek body, the contruct zones 
of these dykes have been chilled against the intruded rock. These fine
grained diorite dykes are apparently considerably younger than the main 
sequence of diorite intrusion of this body, and as they show evidence of 
having been intruded during a period of stress, they may be associated with 
the emplacement of the younger, acidic phases of the Hogem batholith. 

Body West of Mount Elsie 

Hornblende diorite, appinite, and hornblendite are exposed for about 
1 !- miles along the crest and flanks· of the ridge between Abraham Creek 
and Mesilinka River, 3 miles west of Mount Elsie. This body appears to 
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be very similar to the Abraham Creek body, of which it may 'be a part; 
and the intervening 3 square miles of Takla group rocks may be an isolated 
roof pendant. Compared with most of the Abraham Creek body, the body 
west of Mount Elsie is less comJilex, and eonsists essenti·ally of a central 
band of hornblendite and ·appinite, intruded by dykes of various types 
of hornblende diorite, flanked by areas up to t mile wide of relatively 
uniform, medium- to coarse-grained hornblende diorite. Some of the 
hornblende in these rocks occurs as ragged green crystals and felted net
works of elongated prisms; it may represent alteration in place from 
pyroxene. A bluff overlooking Abraham Creek Va1ley includes a rock 
containing about 30 per cent hornblende in 'hiaick, elongated, prismatic 
crystals up to 14 inehes long, distributed with apparent random orientation 
in an interstitial groundmass of saussuritized plagioclase. 

Tutizzi Lake Body 

A body about 5 square miles in area northwest of Tutizzi Lake 
is composed of highly altered pyroxenite and diorite, icut by numerous 
diorite and feldspar porphyry dykes. About half the mass is of very basic 
or ultrabasic composition, and seems to have originally been mainly 
pyroxenite. The remainder of the body is diorite containing 30 to 60 per 
cent dark minerals. 

The freshest pyroxenite is a dark olive-green to dull grey, mainly 
coarse, uniform-grained rock composed of augite crystals about i inch long. 
Small parts of this rock are relatively fine grained; and very coarse, 
pegmatitic varieties were not observed. The rock has been severely sheared 
and altered, and about half of it has been more or less completely changed 
to ragged, impure grains of uralitic amphibole. In other places the pyroxene 
has been reduce1l to an indefinite dark bluish grey material, which is seen 
in thin section to be a confused aggregate containing amphibole, carbonate, 
serpentine, epidote, magnetite, and much unidentifiable matter. Still other 
altered rocks appear to be mainly serpentine, with lesser· fine-grained 
amphibole. One distinctive alteration product, found in many shear zones 
up to 50 feet wide, is a light grey or green tremolite rock composed of 
uralite largely to completely converted to a felted mass of fibrous tremolite. 
Semi-flexible fibres of tremolite up to 1 inch long were encountered, aocom
panied in places by calcite, which also has a fibrous habit. Some of the 
pyroxenite has apparently suffered considerable movement during shearing, 
and fragments of subrounded, coherent, altered pyroxenite are embedded 
in wide bands of highly sheared altered pyroxenite. 

The most abundant diorite is a moderately coarse-grained pyroxene 
diorite, consisting of about equal proportions of saus.suritize<l feldspar ·and 
uralitized pyroxene. No rocks were found to contain feldspar sufficiently 
fresh to enable its composition to be determined. The diorite clearly 
intruded the altered pyroxenite, in which it is found as irregular fingers and 
dykes, with sharp contacts. Much of ithe diorite contains inclusions of 
uralitized pyroxenite and meladiorite. The diorite varies considerably in 
composition and texture from place to place within the body, but the 
different varieties grade irregularly into one another, and seem to be parts 
of a single, heterogeneous intrusion rather than representatives of a series 
of intrusions, each of slightly different composition. 
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Both the pyroxenite and the diorite are cut by numerous fresh diorite · 
and feldspar porphyry dykes up to 200 feet wide. One of these dykes lies 
in a shear in which the pyroxenite has been altered to serpentine and 
tremolite, but the porphyry dyke is not sheared; thus it is later than at 
least some of the shearing, and presumably later than some of the alteration 
of the pyroxene and diorite. The dykes are probably associated with the 
younger phases of the Omineca intrusions. 

The Tutizzi Lake body intrudes the Takla group andesites in many 
dykes and irregular tongues. It has altered the andesites to an epidote
amphibole rock for distances of several hundred feet from the exposed 
contact, and in highly sheared areas it is difficult to separate the intrusive 
rock from its host. In the best exposure observed, however, the contaict 
between the two rocks is sharp, and it appears that the pyroxenite-diorite 
stock was in part intruded forcibly, with much shattering of the Takla 
group strata. 

Although it is much more basi_c in average composition; the Tutizzi 
Lake body has many features that resemble the basic border phases of the 
Hogem batholith in Fort St. James map-area to the south, particularly the 
syenodiorites of the Duckling Creek district, and the gabbros and pyrox
enites near Indata and Tchentlo Lakes (Armstrong, 1949). 

ORIGIN 

The hornblendite-appinite-hornblende diorite series, together with 
biotite pyroxenil.e and related rocks, constitute a distinctive intrusive rock 
assemblage of wide distribution. Such assemblages, to which the melano
cratic, quartz-free rocks of the Omineca intrusions belong, are typically 
found in orogenic regions, and generally occur marginally to granitic 
batholiths or as inclusions within acidic rocks (Reynolds, 1935). Most 
workers have considered such rocks to be the product of an ultrabasic or 
basfo magma intruded at high temperature and with an abnormally high 
volatile content. Such a magma is capable of profound reaction with the 
intruded rocks, and with earlier formed phases of the intrusive rock, 
·resulting in the extreme and abrupt variation of texture and composition, 
with numerous pegmatitic phases and evidence of repeated "self-intrusion' 
characteristic of the entire ·series. There is eviden~e that many of these 
rocks may have resulted from 'hybrid' or strongly contaminated magmas 
(Reynolds, 1935). The biotite pyroxenite rocks appear to represent a 
more alkalic series than the hornblendite-appinite rocks. Rocks very 
similar to those found in and near the Hogem batholith occur within and 
close to many of the batholiths of the Coast intrusions in western British 
Columbia and southeastern Alaska. Buddington (Buddington and Chapin, 
1929) recalculated the hornblende from one of these rocks in terms of 
anhydrous minerals, and found it to be the equivalent of an olivine gab bro. 
He states (page 249): 

"hornblendri.tes may have resulted from the crystallization of a magma of a 
composition which would usually have produced an olivine gabbro, but which in the 
presence of a relatively high contenrt of volatile material, partfouloarly waiter, formed 
hornblendite." 
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SPECIMENS SELECTED FOR MODAL ANALYSIS 
I. Pinkish grey to lighl buff, coarse-grained leucogranodiorite 
2. Dark grey-green, coarse-grained syenodiorite 
3. Dark grey, medium-grained, slightly gneissic quartz diorite 
4. Dark green meladiorite 
5. Salmon-pink, coarse-grained adamelltte-granite 
6. Light grey to pink, coarse-grained adamelltte-granite 
7. Park 1renreen, sheared, sneissic diorite (melasyenodiorite) 
8. light grey, course-giained granodiortte (monzotonalite) 
9. Medium- to coarse-grained alaskae 

10. Grey, coarse-grained, gneissic quartz diorite 
ii. light grey to pink, porphyritic granodiorite (monzotonalile) 
12. Grey, medium-grained granodiorite (monzotonalile) 
13. Grey, gneissic quertz diortte 
14. Grey, coarse~rained diortte 
15. Grey, coarse, gneissic granodiorite (monzotonaltte) 
16. Dark greenish grey, medium-grained quartz diorite 
17. Grey, medium-grained granodiorite (monzotonaltte) 
18. Grey, bull-weathering adamellite 
19. Salmon-pink to orange, coarse-grained adamellile-granill 
20. Light arey, medium-grained adamellile 
21. Grey, moderately coarse-grained, sli&hUy porphyritic 

aranodiortte (monzotonalite) 
22. Grey, medium-grained, sli&htty aneissic 

granodiorite (monzotonalile) 
23. Light grey, toarsl!-illined adamellite-eranite 
24. Pale grey to pink ,coarse- to very coarse-grained, 

partly porphyrttic adamellite-grantte 
25. Grey, medium- to coarse-grained, slightly gneissic 

granodiortte (monzotonaltte) 
26. Dark grey quartz diorile (small bodies intruding granodiorite) 
27. Pink to light grey, coarse-grained adamellite-granite 
28. Grey.green, medium-grained syenodiorite 
29. Grey, medium-grained diortte 
30. Dark grey to greenish grey, medium-grained, parphyritic 

granodiortte (monzotonalite) 
31. Grey, coarse-grained granodiorite (monzotonalite) 
32. Pale grey to reddish, medium-grained granodiorite 

porphyry ( monzotonaltte porphyry) 
33. light grey, coarse-grained adamellite-grantte 
34. light grey to white, moderately coarse-grained 

granodiorite (monzotonalite) 
35. Light grey, gneissic adamellite-grantte 
36. light grey to orange-pink, moderately cqarse-grained 

adamellite-granite 
37. Light grey-green, coarse-grained granodiortte (monzotonalite) 
38. light grey, porphyritic quartz diorite 
39. light grey to buff, coarse-grained granodiortte 

<monzotonaltte) 
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Figure 9. Diagra m of Hogem batholith, showing position of the largest melanocratic bodies, and distribu t ion of specimens selected 

for modal analysis (See Table I) . 
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Koschmann (1935) has considered that most of the even-grained 
hornblendites in rocks of this type in Alaska crystallized first as pyroxene
rocks, and then were converted to hornblende by volatile-rich solutions that 
also precipitated the pegmatitic hornblendite directly. The evidence from 
the Aiken Lake area suggests that most of the coarser hornblende is a 
primary mineral, but that the magma from which it crystallized was 
strongly and variably contaminated by included and absorbed older 
(mainly Takla group ?) rocks. 

LEUCOCRATrc, MAINLY QUARTZ-BEARING RocKS 

DISTRIBUTION 

This division embraces all the rocks of the main mass of the Hogem 
batholith, with the exception of the Abraham Creek body and the Tutizzi 
Lake body described above. Most of the large number of dykes and the 
few small stocks in the Takla group and late Palreozoic rocks are also 
probably associated with this younger, major phase of the Omineca 
intrusions. 

LITHOLOGY 

General Statement 

The Hogem batholith is a composite 'body, composed of masses mainly 
uniform in themselves but differing from each other in composition and 
texture within moderately wide limits. In most places it is rare to find 
the composition or texture uniform over more than 3 square miles. 

The principal rock types range from granite to diorite. Most of the 
rocks are medium to coarse grained, and light grey, buff, pinkish, and pale 
salmon-brown. About two-thirds are even grained; the rest are more or 
less porphyritic, with orthoclase, or less commonly hornblende or actinolite, 
phenocrysts up to 2! inches long in a matrix of grains about -lo inch in 
diameter. A few uniformly coarse-grained varieties are composed mainly 
of grains more than t inch in diameter. Most of the rocks appear very 
fresh in the hand specimen, although in thin section many are seen to be 
more or less altered to sericite, saussurite, and chlorite. 

Petrographic Description 

The leucocratic, quartz-bearing rocks contain the following principal 
minerals: quartz (in part in myrmekitic intergrowths), orthoclase, micro
cline, perthite, plagioclase (generaHy zoned), hornblende, actinolite 
(probably in part secondary), augite, biotite, and muscovite. Accessory 
minerals include magnetite, apatite, rutile, sphene, leucoxene, zircon, and 
sillimanite. In almost all the rocks the feldspars have been more or -less 
saussuritized, with the production of epidote-clinozoisite, sericite, and 
ca'1cite. Some of the pyroxene has been converted to uralite, :and all of the 
f erromagnesian minerals have, in places, been altered to chlorite. 

Most of the various rocks may be divided into four main types, easily 
recognized in the :field. The most acidic and lightest coloured of these is a 
pale grey, buff, or pink rock containing 10 to 25 per cent colourless quartz 
dierliributed through a holocrystalline aggregate of white to sa:lmon-pink 
orthoclase and light grey plagioclase. The ferromagnesian minerals are 
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commonly fresh black hornblende and brown biotite. In hand specimens 
most of these rocks look like normal granites. Microscopic examination 
shows that few or none of the common varieties of this rock contain 
sufficient potash feldspar .to be classed as true granites, although most of 
them lie close to the granite.granodiorite boundary. All have the composi
tion of adamellite or quartz monzonite. 

QUARTZ 

\ 
\ ~ 

~ 
~ 

\ '% .\ ~ • (<" 

• • .T 

ID 
!o · \ .r 
I .o I GR~NODIORITE 

G RAN I r E 1 .~ • 1 .T .~ • 
I I 

I • I r. 

I
I ADAMELLITE !• "\ MONZOTONALITE \ • 

•r • • • "'" 
I I I • \ • ~ 
I I .T • \ • ~ 

To~T (<" 

- +- MoNfoNn-E - -tvEN0010RITT-.- ~.r:. 
POTASH FELDSPAR PLAGIOCLASE 

Specimens especially typical of large areas of the batholith . , . •. . T 

Dykes. , • . , .• , •••• , ..•......•••..•••.•....•.• o 

Divisions of triangle • .••........•... " ... .. ..... GRANITE 

G. S. C. 

Figure 10. Modes of thirty-nine specimens of the Hogen batholith and three 
typieal dyke rocks. 

Generally somewhat darker in colour, less quartzose, and more variable 
in texture and composition than the granite-like rocks are the normal 
granodiorites, which differ from the adamellites by reason of their lower 
potash feldspar content and correspondingly greater proportion of grey 
plagioclase. Most of these rocks have a mineral composition equivalent 
to an orthoclase-bearing quartz diorite, or monzotonalite. 



177 

Rocks with still less orthoclase and quartz pass into typica:l. quartz 
diorites, and finally into dark grey syenodiorites and true diorites. The 
typical diorite of this series consists of about 60 per cent dark grey or 
greenish plagioclase and 40 per cent augite or .amphibole: A few small 
bodies of pyroxenitic and amphibolitic material are associated with the 
diorites. These may represent remnants of engulfed older rock or parts 
of the earlier, melanocratic phase of the Omineca intrusions·. 

Approximately 234 miles of outcrop of these rocks in the Hogem 
batholith were traversed within the map-area. Along the lines so investi
gated, the adamellite-granite rocks occupy 35 per cent of the 'hatholith, 
in bodies with an average estimated diameter of 4,000 feet; the largest 
body encountered was 28,000 feet across. The granodiorite (monzoton.a
lite) constitutes 37 per cent of the rocks traversed, in bodies with an 
average intercept of about 3,000 feet; the largest single body recorded 
was 7,500 feet across. Rocks that appear to be best described as quartz 
diorite make up 22 per cent of the total within the main body of the 
hatholith; the average diameter of masses of this rock is about 3,400 ·feet, 
and the largest single body observed has a diameter of 12,600 feet. 
Diorite and syenodiorite, with very minor pyroxenitic and amphibolitic 
rocks, constitute 6 per cent of the rocks traversed, in bodies about 2,000 
feet across. 

The modal (mineral) composition of thirty-nine specimens of these 
rocks, distributed as shown in Figure 9, is presented in Table I and 
plotted on Figure 10. The rocks appear to represent all stages in a 
progression from diorite toward relatively quartz-rich, orthoclase-poor 
granite. 

Bodies of pegmatite composed mainly of quartz and microcline
microperthite are found as dykes and irregular masses up to 1,000 feet 
by 500 feet in all parts of the batholith, and in some of the Takla group 
rocks near the contact. Most of the pegmatites are salmon-pink or orange
brown, and contain about equal amounts of feldspar and quartz, commonly 
in graphic or myrmekitic intergrowth. They are associated with a smaller 
number of dykes of aplite, alaskite, and leucogranite. A few of these 
dykes are remarkably straight and persistent; one exceptional body of 
leucogranite about 150 feet thick may be traced from Detni Creek to the 
ridge south of Klakring Creek, a distance of 11 miles. 

STRUCTURAL RELATIONS 

MUTUAL RELATIONS OF THE VARIOUS INTRUSIVE BODIES 

The individual igneous bodies that compose the Hogem batholith 
and its satellites are almost all se~rated by sharp, intrusiv!Lcontacts. 
As has been describea,Th.e melanocratic, quartz-free, hornblendite-appinite
hornblende diorite series of rocks forms separate bodies within or adjacent 
to the batholith. Among the other rock types the sequence of intrusion 
is in most places fairly apparent, and although widely diverse in detail, 
was found to show a more or less constant trend in all parts of the 
batholith from which information was obtained. It is not meant to be 
inferred, however, that all bodies of similar-appearing rocks are directly 
related. The general trend of successively younger rocks is from diorite, 
through quartz diorite and granodiorite, to adamelliite-granite. Evidence 
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of a few minor but definite reversals in this sequence has been observed. 
A typical succession, exposed on the Horn Peak massif, is as follows, 
beginning with the oldest rock. 

(1) Medium-grained, dark grey, gneissiic diorite, containing inclusions of mela
diorite and amphibolite that l!Jrobably represent still older intrusive rocks 
ibut m11.y lbe ·metamorphosed fragments of pre-batholithic fol'llllations; 

(2) Grey, relatively co111rse-grained, gneissic quartz diorite, whose foliated structure 
parallels the contacts of the dykes and fingers transecting the planes of 
gneissosity of the older rock; 

(3) Fine-grained, dark grey quar.tz diorite, darker, finer grained, more uniform, 
and less gneissic than the rock it cuts; 

(4) Light grey, medium-grained granodiorite, showing no pronouDJCed foliation; 
rock of this type composes mbout half the Horn Peak massif; 

(5) Light grey, medium-grained granodiorite, in pa.rt containing biotite, and in 
part containing amphibole; mostly in relatively small (1,000 feet or less 
in di91meter), slightly gneissic bodies that differ from each other slightly 
in texture, and in kind and abundance of ferromagnesian constituents; 

(6) Light grey to pink, medium- to coarse-grained, strongly porphyritic grano
diorite; 

(7) Or.a.nge•buff rto pink, coar~ained adameUite-granite, in part porphyritic; 
(8) Pegmatite, aplite, and leucogranite dykes, some of which may grade into 

the adamellite-granite. 

Exceptions ;to the general trend toward rocks richer in silica and 
poorer in lime, magnesia, and iron are found on the massif between the 
two branches of Osilinka River. Here, large bodies of grey-green syeno
diorite intrude light grey granodiorite. Both rocks are cut by dykes of 
dark grey quartz diorite-porphyry, and the whole assemblage is cut by 
coarse, pink adamellite-granite. Similar, post-granodiorite dykes of dark, 
quartz diorite-porphyry are found south of Kliyul Creek, east of Ferriston 
Creek, and south of Detni Creek. 

The relations of all of these rocks to the melanocratic, quartz-free 
phase of the Omineca intrusions is not entirely clear. The only 
representative of the latter rocks whose contacts with the acidic rocks 
are well exposed is the Abraham Creek body. All of the quartz-free 
rocks of this body are intruded by light grey and orange-pink grano
diorite and adamellite-granite. Part of the youngest rock type of the 
Abraham Creek body proper (the gneissic diorite) is superficially similar 
to some of the diorite forming the oldest recognized unit exposed west 
of Etschitka Creek, on Horn Peak, and east of Detni Creek. Thus the 
two 'divisions' of the Omineca intrusions, as here separated on the basis 
of lithology, may overlap in age; or the Abraham Creek body may be 
composed of rocks that are all older than any of the series of acidic 
rocks. The fine-grained granodiorite dykes that cut 1and have chilled 
borders against the gneissic diorites of the Abraham Creek body are 
similar to many small dykes cutting the diorites and some of the quartz 
diorites elsewhere in the batholith. 

INTERNAL STRUCTURE OF THE HOGEM BATHOLITH 

About . half of the leucocratic rocks of the Hogem batholith possess 
a recognizable planar or linear structure. These structures are due 
primaTily to a subparallel orientation of the non-equidimensional ferro
magnesian minerals in the rock, and to a lesser extent to the arrangement 
of large crystals or phenocrysts of feldspar. A few of the rocks are 
excellent gneisses. 
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The gneissic structure of the various rock masses that comprise the 
Abraham Creek body shows no recognizable common orientation. It is 
apparent that the foliation of each separate intrusive mass in this body 
is mainly dependent on the local shape of the body, and bears little 
relation to the outlines of the body as a whole. The foliation planes of 
some of the rocks may have been plastically deformed during intrusion 
of younger rocks. 

In the younger, acidic rocks of the Hogem batholith, planar structure 
is best developed in the diorites and quartz diorites; almost every carefully 
examined outcrop shows rocks with some degree of foliation. Although 
a few of the granodiorites and adamellite-granites are strongly gneissic, 
most of them possess no recognizable foliation, and at first sight appear 
massive. However, close investigation of these rocks commonly reveals 
a vague but definite lineation, which is so obscure that much of the 
batholith was traversed before it was recognized. 

These planar and linear structures are not oriented uniformly for 
the different bodies in which they occur, and most of them bear no obvious 
relation to the structures of the rocks that cut them, although several 
'sills' of quartz diorite, parallel with the plane of gneissosity of the diorite 
in which they lie, are exposed west of Etschitka Creek. At most contacts 
the planar or linear structure of the older rock is sharply truncated by 
a younger rock with structures of different orientation. It appears that 
most of the oriented structures are more or less unique to each body in 
which they are found, and, therefore, that they were developed at the time 
of the original consolidation of the rock rather than by later intrusive 
or tectonic actionl. In a few cases the directions and patterns of these 
structures have been modified by subsequent intrusion and rock movement, 
as is seen, for example, in contorted inclusions of gneissiic quartz diorite 
embedded in nearby structureless adamellite-granite. 

The foliation planes of all the large gneissic bodies observed are 
steeply dipping, with commonly a broadly curving horizontal trace. In 
a few places, such as west of Etschitka Creek, the planar structure 
parallels the steeply dipping contact with older gneissic rocks. The 
lineation in the non-gneissic granodiorite and adamellite-granite appears 
to vary considerably in different parts of the same body. The only detailed 
information regarding the orientation of lineation was obtained from the 
region at the headwaters and to the east of Abraham Creek, where a mass 
of adamellite-granite about 3 miles by I mile shows a faint lineation in 
the shape of a segment of a dome; most of the lineation strikes north east 
or north, is fiat-lying in the southwest part of the body, and dips 20 to 40 
degrees to the northeast in the north and northeast parts. 

Thus, the evidence at present available suggests that the foliation 

~ 
and lineation are mainly related to the outlines of the individual bodies 
in which they occur. The structures sug~est that the material that 
consolidated to form the bodies of intrusive rock was, while partly 
crystalline, capable of bodily movement or of circulation within an 
enclosed chamber now represented by the space occupied by the foliate 
or linear-structured rock. 

1 This generalization seems to aipply to all the acidic rocks studied, but it does not hold for perl 
of the Abraham Creek body (See page 171). 
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The present joint pattern of the Abraham Creek body commonly 
bears no apparent relation ·to the local gneissic structures of the body or 
of the surrounding younger phases of the Hogem batholith, or to the 
attitudes of the myriad dykes, stringers, and healed fracture systems 
by means of which many of the different rock masses were emp'1aced. 
There is ample evidence that most of the rock has been through a condition 
of plasticity, which appears to have ·completely relieved stresses connected 
with the formation of the Abraham Creek hotly itself. The stresses 
producing most of the present fractures are clearly of later origin, and 
may be related to the intrusion of the acidic phases of the Hogem batholith. 
The attitudes of four hundred and sixty-six dominant joint sets from this 
body were plotted (See Figure 11). It can be seen that most of these 
joints dip very steeply to vertically with a southeast, east, and northeast 
trend. Analysis of the relation of the shear and tension joints in this 
pattern, assuming the easiest relief to be vertically upward, leads to the 
suggestion that the main fracturing has been in relief of forces that were 
directed to the northeast, upward at an angle of 5 to 25 degrees. 

CONTACT RELATIONS AND MANNER OF INTRUSION OF THE HOGEM BATHOLITH 

The only melanocratic, quartz-free 'body in the Hogem batholith whose 
contoot with the Takla group is well exposed is the Tutizzi Lake body, 
whose relations suggest a forcible invasion of •a heterogeneous, •apparently 
viscous magma into much shattered andesites and tuffs. The actual con
tact of the Abraham Creek body with the Takla group to-its northeast is 
nowhere exposed, but outcrops of each rock unit close to the contact show 
that the contact plane is relatively regular and steeply dipping for a 
vertical interval of at least 2,400 feet. 

The more widespread, light-coloured, younger rocks show a variety 
of types of contact, both against Takla group rocks and against the older 
phases of the Hogem batholith. Contacts with Takla group rocks are well 
exposed on the ridges between Thane and Kliyul Creeks, and are of three 
main types, two of which appear to be related in a general way to the 
composition of the intruding rock. 

Gradational Contacts 

The first type of conta·ct is that shown 'by a few, relatively dark 
granodiorites and quartz diorites, and is typically developed on the ridges 
on each side of the east branch of Matetlo Creek. In these places tbhe 
batholith has been emplaced in comparatively coarse-grained porphyritic 
andesite, against which there is no sharp contact with the lighter coloured 
coarse granodiorite. Across a distance of abouit 300 feet, the granodiofi.te 
becomes progressively finer grained and darker, and passes into •a slightly 
sheared, sugary, grey-green rock in which 'phenocrysts' of feldspar are 
V'aguely visible, and which in turn grades iruto saussuritized porphyritic 
andesite. All the observed contacts of this type are sheared, but no single 
fault, bringing rocks of noticeably different nature into contact, was found. 
East of Matetlo Creek, the planes of shearing strike parallel with the 
contact and diip ·about 45 degrees towards the batholith; the contacit itself, 
as show.n by its trace over a vertical interval of 2,500 feet, is nearly 
vertical. Slickensides on the shear planes trend directly down the dip •and 



182 

NORTH 

Percentage of joints per 1 per cent area 

D D . . ~ -0-0.5 0.5 -1 1-2 2-3 

~ - .. 
3-4 4-5 5+ 

G. S. C. 

Figure 11. Diagram illuatrwting attitudes of joint sets in the Abraham Creek body 
of <the Hogem batholith, prepared by plobting the perpendiculars to 466 joint 
faces on an equal-area stereographic projection. 
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show that in the last movement the northeast (Talda group) side moved 
up relative to the southwest side. This type of contact was observed only 
where the 'intrusive' rock and the rock it intrudes appear to be very 
similar in composition; and it may indicate a gradual assimilation and 
recrystallizaition of the andesite, fiacilitated by solutions or emanations 
from a magma in the interior of the batholith, until it has become an 
igneous-appearing quartz diorite or granodiorite. 

Sheared or Fault Contacts 

The second type of contact is illustrated no11th of Thane Creek, west of 
Tenakihi Creek, and west ·and northwest of Tutizzi Lake. In these places 
the contact is a single fault or shear zone, 3 to 100 feet wide, 'bringing 
medium-grained granodiorite against ·apparently unaltered or slightly 
recrystallized Taki.a group rocks. None of the observed contacts of this 
type appear to represent major faults along which large masses of rock 
have moved; instead, the breaks seem to be minor adjustments to a crowd
ing caused by the batholith. All of the known fault or shear contacts are 
curved. The best exposed contoot of this type, west of Tenakihi Creek, 
consists of .an S-shaped shear zone about 3 feet wide, which curves back 
upon itself so that its strike changes by approximately 120 degrees within 
100 feet. The shear pl;ane dips steeply ttoward the older rock, iand the 
shear movement has been directly along the line of dip. In this locality 
the granodiorite appears to have moved upward with respect to the Takla 
group rocks. At the conta'Ct northwest of Tutizzi Lake, the :l1ast movement 
on the shear has displaced the Takla group upward relative to the batholith. 

Contact Zones Characterized by Myriad Dykes 

The third, and apparently the most common, ttype of contact of the 
Hogem batholith is that shown by most of the leucocratic granodiorites 
and adamellite-granites, and to a lesser extent by representatives of iall 
the other rock types. Excellent exposures of this type of contact are 
found where adamellite-granite 1cuts Takla group andesites, tuffs, and 
argillites east of Tenakihi Creek, and east of Etschitka Creek. At such 
places the rocks surrounding the batholith are cut by numerous orange 
and huff granitic or granodioritic dykes. These 1are in sharp contact against 
the Takla group rocks, are very irregular in outline, and run in many 
directions. They crosscut one another in such a pattern as to indicate that 
at least some occupy fractures whose walls have spread apart, whereas 
others must occupy spaee from which the original rock has been removed. 
They occur in increasing abundance to where they comprise most of the 
rock volume, and the older rock is found! only as inclusions within a 
tangled network of mainly intrusive material. The number of inclusions 
diminishes ·rapidly on approaching the batholith, •and the transittion from 
T.akla group rocks containing only a few dykes to typical adamellite
granite of the Hogem batholith takes place within a horizontal distance 
of about 500 feet. In such ·conttiact zones, several of the ~arger dykes can 
be followed into the batholith proper for distances up to 1,000 feet. It 
is apparent that the dykes are not ·simple .apophyses from the outermost 
layer of the battholith, but intrusions from the interior of ·the igneous 
mass that have broken through an outer solidified shell. But this outer 

78609-13 
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shell itself appears to be n-0thing more than ia coalesced network of dykes 
and apophyses; ·and the precise contact between batholith and! Takla group 
can rarely be drawn. The whole arrangement suggests that in the final 
stages of intrusion there was little sideward advance of the magma, but 
r.ather repeated fracturing and minor intrusion, with little ·change in the 
position of the walls of the batholith. 

This same type of eonrtact, hut developed between an intrusive body 
and its roof rocks, rather than its walls, is spectacularly shown at the 
headwaters of Abraham Creek. There, coarse-grained pink adamellite 
intrudes overlying, older, dark grey, gneissic quartz diorite, and still older • 
dark ·green-grey hornblende diorite -0f the Abraham Creek body. The 
cliffs west of the tongue of the large glacier at the head of Abraham Creek 
present a vertical section about 1 mi'le long and 1as much as 2,300 feet high, 
aicross which the contact runs eibliquely. The process of stoping is well 
displayed. The contact between the adamellite and the diorite is knife
edged, and is irregular both in detail and on a large ·sciale. The plane of 
the ·contact commonly follows ·a zigzag pattern of epidote-filled fractures 
in the diorite. Most of these fractures do not cut the adamelliite. Many 
apophyses of coarse- to medium-grained adamellite, varying in size from 
fingers ! inch thick to cupolas 700 feet ,across, cut the diorite, and several 
inclusions of diorite ·are found in the adamellite near it.he contact. Most 
of the inclusions are between 1 foot and 20 feet in diameter, and are close 
enough to the contact that their original position in the diorite roof is 
evident; itt can be seen that many of them have dropped bodily, in some 
cases with slight rotation, into the adamellite mass. What appears to be 
an unusually large inclusion of this type forms a eonspicuous boss projecting 
into, •and forming a smaU icefall in, the west side of the glacier. The exposed 
boss is about 600 by 500 by 300 feet; iits upper surface lies about 400 
feet below the projected piane of the conta·ct in this locality; and the 
orientation of the gneissic structure of the boss differs from that of ithe roof 
rocks by about 40 degrees. The boss must be either a •contorted roof 
pendant or a large, detached, rotated! fragment. 

In this 1area ithe adamellite is gneissie at its contact with the quartz 
diorite •and hornblende diorite. In most places the gneissosity parallels 
the details of the contact and curves sharply to enter large and small 
apophyses. The gneissic structure of the diorite is unchanged up to, ·and 
is truncated by, the eontact. 

The adamellite exposed on the east side of Abraham Creek Valley 
about 2 miles from the nearest exposure of di~rite, contains many rounded 
inclusions of dark grey dioritic material. Most of the inclusions ·are 2 to 
10 inches in diameter, with gradational margins. 

Pegmatite Dykes . 

A plethora of pegmatite dykes cuts across the cont.act and through 
the roof rocks near the headwaters of Abraham Creek. It is estimated 
that in a carefully examined area of about 2 square miles about 15 per 
cent of the rock }s I?e~matite. A single serrated arete ! miie long exposes 
several hundred md1v1dual dykes. Most of the dykes are less than 5 feet 
thick, although bodies up to 100 feet thick and 700 feet long were observed. 
The dykes cut the adamellite near its contact with the diorite roof rocks 
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but several ·good examples of a gradation between a·da~ellite and pegma
tite were observed 700 feet inside the contact. None of the apophyses of 
adamellite was observed to pass into a pegmatite dyke. 

Although most of the pegmatite dykes appear to have been emplaced 
by replacement of the rock whose space they now occupy, they are mainly 
relatively smooth tabular bodies. They occur in three main sets, of which 
the youngest, ftat!..lying or gently southwest--dipping set is most prominent. 
The flat-lying dykes were evidently guided by subparallel fractures in 
consolidated roof rocks, which here consist of medium-grained quartz 
diorite, hornblende diorite, and numerous fine-grained diorite dykes that 
appear to be the youngest of the series of rock types connected with the 
Abraham Creek body (See page 172) ; but it is evident from the contorted 
attitude of small connecting dykes that the diorite was plastic and under
going deformation during or shortly after the period of dyke formation. 
Figure 12 shows the relations between these small pegmatite dykes and 
gneissic diorite (See Plate X A). lit appears that the entire rock mass Wal!! 
more or less plastic, and that stresses were relieved by shearing and flowage 
localized along the lines of fine-grained diorite dykes. The deformation 
has resulted in a local re-orientation of gneissosity in the diorite. The 
fine-grained diorite dykes have suffered considerable flowage, and in places 
where the amount of deformation has been too great to be accommodated 
by plastic movement have developed a series of en echelon shear fractures, 
along which aplitic quartz-feldspar material has been deposited (See Figure 
12). Most of the structures of this type in the Abraham Creek district 
show that the underlying side of the nearly flat to gently southwest dipping 
shear planes has moved to the northeast, with respect to the overlying, 
southwest side. 

Orientation of Deforming and Intruding Forces 

The general direction of relative movement indicated by the pegmatite 
dyke patterns in the Hogem batholith is compatible with that deduced 
from the joint pattern in the Abraham Creek body (See page 181). It 
seems probable that the roof rocks of the adamellite body were subjected 
to an outward, northeast-directed pressure that was resisted by a southwest
directed pressure acting at a somewhat higher level. Such a force couple 
would tend to produce movement between beds in the reverse direction 
to that which must have occurred during the development of the large 
syncline of Takla group rocks, along whose axis the Hogem batholith has 
been emplaced. It would seem to follow that the Takla group rocks were 
folded prior to the final intrusion of the granodiorite and adameHite rocks 
of the batholith, and that the intrusion itself, or at least the consolidation 
of the intrusions, was accompanied by forces of a different nature from 
those that produced the regional folding. 

AGE 

Rocks representing the oldest, melanocratic phases of the Omineca 
intrusions cut Takla group beds several thousand feet stratigraphically 
higher than the horizons from which Upper Triassic fossils were taken. 
They thus can scarcely be older than very late Triassic. The granodiorite 
of the Hogem batholith cuts beds containing fossils indicating a Lower 

78609-131 
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Jurassic horizon. In the McConnell Creek map-area to the west, the Takla 
group contains Upper Jurassic beds, which, however, were not observed to 
be cut by the Omineca intrusions. But as no imp-0rtant unconformity has 
been recognized within the Takla group, and as the whole group appears 
to have been deformed as a unit prior to the intrusion of the major part of 
the Hogem hatholith, it seems probable that all of the Omineca intrusions 
are younger than the entire Takla group; that is, not older than late 
Jurassic. 

Bodies of these intrusions were unroofed to supply abundant cobbles 
and pebbles to the Uslika formation and to the Sustut group strata. The 
Uslika formation is tentatively assigned a late Lower Cretaceous age. The 
Sustut group contains early Upper Cretaceous fossils. The Omineca 
intrusions were, therefore, emplaced between late Triassic and late Cretace
ous time, and probably between late Jurassic and early Cretaceous time. 

USLIKA FORMATION 

GENERAL STATEMENT 

The Uslika formation includes a single ·body of conglomerate exposed 
east and north of Uslika Lake, together with faulted, contiguous blocks 
south of Conglomerate Mountain and in the lower part of Vega Creek 
Valley. Beds of black argillite and chert-pebble conglomerate that out
crop on Vega Creek, just west of, and in apparent conformable relations 
with, the main mass of conglomerate, are also tentatively assigned to this 
formation. 

LITHOLOGY 

The main conglomerate mass consists of well-rounded pebbles and 
cobbles up to 10 inches in diameter in a heterogeneous, grey-green to brown, 
sandy to gritty, greywacke matrix. The most abundant stones are of 
volcanic rocks, mainly grey-green and green, finely porphyritic andesites, 
with lesser purple andesite or basalt, and andesite breccia. Somewhat 
less plentiful, but forming .almost all the cobbles, and the predominant 
material in zones whose aggregate thickness is about one-third of the total, 
are rounded fragments of a great variety of plutonic rocks. All of the types 
of tlutonic rocks found in this conglomerate are simHar to rocks of the 
var10us bodies of the Omineca intrusions, although, in general, diorites, 
_§.Yenodiorites, and quartz-poor porphyritic granodiorite are proportionally. 
more abundant in the conglomerate than in the Omineca intrnsionsnow 
exposed. Leucocratw, relatively quartz-rich granodiorite and adamellite- l~ 
granite, which are the most abundant rocks in the If ogem. batholith at the 
present level of erosion, are relatively rare as boulders in the Uslika · 
formation. 

Other rock types widely distributed as pebbles in the conglomerate 
include: fine-grained, well-bedd~d andesitic tuffs; pale grey, in part. micace
ous, quartzite; white vein quartz; and blue-grey chert. Less abundant 
rock types, found mainly in small (less than 1 inch) pebbles, include: 
black and grey argill.aceous limestone; blue-grey cherty limestone; red 
chert or jasper; quartz-mica schist and quartz-mica-feldspar gneissic rock; 
and fine-grained brown sandstone. Almost all of the fragments except 
those of flaky rocks, such as the argillaceous limestones and the schists, 
are well rounded. r 
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In many places the matrix of the conglomerate has been impregnated 
with hematite, which forms a smooth, shiny coating on pebbles that are 
otherwise mostly fresh and unweathered . 

. Much of the conglomerate is poorly sorted. In places, however, lenticu
lar units 10 to 200 or more feet thick and up to 1,000 feet long are of 
relatively uniform texture. These units range from rocks of which more 
than 70 per cent of the volume is composed of cobbles larger than 3 inches 
diameter, to rocks in which most fragments are less than t inch in diameter. 
The different units have both gradational and sharp, crosscutting and 
conformable contacts. The matrix of the conglomerate has an average 
grain size of about n inch, and constitutes about 20 per cent of the volume 
of the rock. The few small sandy and _gritty lenses are composed of 
material apparently identical with the matrix of the conglomerate. 

In some ·areas, a compositional 'sorting', most conspi0uous in the larger 
fragments, is evident. Beds in which most of the cobbles are of volcanic 
material alternate with those in· which plUtonic rocks predominate. Still 
other, less ·oommon, beds contain 1abundant pebbles of vein quartz. Beds 
containing much plutonic material are most common near the middle of the 
exposed stmtigrapihic section of the Uslika formation. 

The ·argillite exposed on Vega Creek consists of two bodies, about 
! mile apart, of black to dark blue-grey, crumbly to s1aty rook containing 
muoh woody material. A fine conglomerate, containing 911bangular frag
ments of black chert or sifrcified -argillite, white quartiz, jasper, and! ·altered 
green vo.foanic rock up to 1 ! inches in diameter in ·a daTk grey silty matrix 
is interbedded witJh the argillite. 

STRUCTURAL RELATIONS 

Bedding isi poor in most of the Uslika formation. It is' best shown by 
layers of grit and fine conglomerate interbedded with 1the normal, reiatively 
coarBe conglomerates. Such fine-grained liayers, however, ·are quite rare, 
and are lenticular, rarely more than 5 feet tJhick and 50 feet long. For the 
most part, the ·conglomerate is a uniform, massively jointed rock 
(See Plate X B), in whfoh the only suggestion of <bedding i"S given by the 
orientation of the inequidimensionali pebbles an<l boulders. fo a few places, 
crose-sedtions of eihannel fillings have been observed. By these various 
features it oon be seen that the ·composite of lenticular bodies forming the 
Uslika formation 'has a general northwest strike and southwest dip. The dip 
is moderate at tJhe west edge of the 'body and steep to verltical at the eastern 
margin, so that the main mass of ·conglomerate 1appears to r.epresent the 
east .Jimb of a large, curving, northwest-trending syncline. Faulted seg
ments of this 1body on the soutJh slope of Conglomerate Mountain and in 
Vega Creek Valley e:ichibit .a wide range of attitudes. No evidence of 
small-soole deformation within the body i'i:.se1f 'has been noted. 

The to'tal stratigraphic thickness of the main conglomerate mass is in 
ex-oess -Of 4,200 feet. The exposed thickness of the argilliie and Clhert
pebble conglomerate on Vega Creek is about 300 feet. 

Rocks of the late Palreozoic sedimentary and voloa.nic series outcrop 
on each side of the Uslika formation, •and their attitude is essentially con
formable with that of the adj.acent conglomerate body. The only extensiv~ 
exposure of the contact is on the norbheast side of the cong1omerate body, 
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due east of ilhe outlet of Uslik.a Lake, where outcrops distributed over more 
than ·a mile show the conta-0t to be a curving fault whose plane is neairly 
pal"allel with tJhe 'bedding of the oonglomerate. The conglomerate is 'highly 
sheaired along the fault, and pebbles •have been deformed into elliptical 
disks iand cigar-shaped bodi~, for widths -0f 3 to 20 feet from the eontoot. 
The deformation of the pebbles and the direction of slickensides on the 
fault planes show that the last important movement was one in which the 
U slika formation moved upward and to the east-south east relative to the 
older rocks to the northeast. 

Any postulated sequence of rock movements that would produce the 
structural relations shown by the Uslika formation appears to involve two 
sepairate fiault movements, with tihe pJ.ane of the later fault in'tersecting 
that of the earlier one. The following explanation is hypothetical, but is 
compaJtib1e with the geometry of the stmdtures 1and the observed evidence 
of faulting (See sltructure-section G-H). lt is suggested that the con
glomeratie, previously folded! into a syncli.nal structure,- was carried bodily 
eastward and stratigraphically lower ·aeross the tilted TakJ.a group strata. 
and onto the liaJte Palreozofo rocks 1by a fiat 1:Jhrus:t from the southwest. This 
t,hrust curved up more steeply at its ·eastern .end to form the present exposed 
east and northeast 1contact of the conglomerate, and placed the beds of 
both units in a roughly parallel position. After the movement on the first 
thrust fault :had ceased, a steeper fault, whose pliane crossed that of the 
older break, developedt. Motion on lthe later fault reJ.atively raised the 
entiTe !region west of Conglomerate Mountain, and moved the late Palre
ozoic 1strata onto the west side of the Uslik.a formation, whe11e agiain the beds 
are roughly paraHel. This J.ater, relatiively steeply dipping reverse fault 
may be related to the subparallel faults that separate the divisions of the 
Oache Creek group to the east. Aocording to this hypatihesis, the Uslika 
formation must represent an isolated mass, a klippe, under1ain by a spoon
shaped t!hrust pl1ane whose extension to the west, in a 'block now rel1atively 
uplifted, has nott been recognized or has :been removed by erosion. The 
klippe, if SU:c'h it is, has been complicated! by at least two later periods of 
faulting. 

Alternative hypotJheses, based on ·a normal movement on the eastern 
conta·ct of itihe conglomerate, bringing the Uslika formation down to its 
present position from the northeast, may ibe made to explain the observed 
structural relaitions of these rocks. Such •hypotheses, however, involve 
movement in a direction opposite to the observed evideMe of the direction 
of the last movement -0f the eastern contaci. The size and 1abundance of , 
granitic pebbles in the oonglomel"ate suggest thait the formation was 
deposited relatively dose to tihe Hogem baJthoiith, which must have been 
less widely ·exposed when the Uslika formation was laid dawn than it is at 
present. FOT these 1reasons it is considered more probable that the Us.Jika 
formation was brought to jts present position by a warped thrust from the 
southwest than by a normal fault .from the northeast. 



190 

AGE 

The main body of conglomerate is almost completely devoid of 
organic material. Plant fossils were collected from the argillites on Vega 
Creek, and were reported on by W. A. Bell of the Geologic.al Survey as 
follows: 

"Oolleetion F1R5: 
Cladophlebis virginiensis forma. acuta Fontaine 
Coniopteris brevifolia (Fontaine) 

Upper Jurassic or Lower Cretaceous; a Lower Cretaceous age is oonsidered 
more probable. 

Oollection 3695 : 
Sagenopteris ap. 
Nilssonia (?) sp. (.too poorly preserved tJo be cer,ta.in this is not 

Taeniopteris sp.) 
Pagiophyllum sp. (? Elatides curvifolia (Dunker)) 

This fiorule is dearly Mesoroic, and is tentatii'Vely considered more probably 
Aptia.n. or Albian (late Lower Cretooeous) than ea.rliier. 

Collection 3838: 
Cladophlebis virginiensis forma acuta Fontaine 
Cladophlebis parva ? Fontaine 
Nilssonia cf. densinervis (Fontaine) Berry 
E T.atwes n.sp. 

An Aptian. age, eqUJiV'a.lent 1Jo that of the Luscar formation of Alberta., is 
:indioated. 

Collection 3839: 
Cladophlebis virginiensis forma. acuta Fontaine 
CT.adophlebis parva (?) Fontaine 
Ruff ordia goepperti (Dunker) Seward 
Gleichenites gieseckiana (Heer) emend. SewaTd 
Gleichenites porsildi Sewa.rd 

An Apti.ain. age, equi'V'alent to that of the Lusoar formation or Alberta, is 
iindicated." 

The Uslika rmation con lomerate contains fra ents that hav 
clearly been derived from odies o t e Omineca m rus10ns and from almost 
aH older rocks w1thm the map-area. The- relations between the main body 
of conglomerate and the argillite beds of Aptian age on Vega Creek are not 
precisely known, but the close spatial association of the two rock masses 
in an area surrounded by rocks of markedly different type, and their 
apparent structural conformity, suggest that they may be of about the 
same age. The form.ation is, therefore, provisionally considered to be of 
late Lower Cretaceous age. 

SUSTUT GROUP 

SIFTON FORMATION 

Pale pinkish buff to grey, blue-grey weathering conglomerate outcrops 
in long parallel ridges in the floor of the Rocky Mountain Trench in the 
northeast corner of the map-area. The largest body, northeast of Ed Bird 
and Estella Lakes, is about 3 miles long and t mile wide. Other bodies 
are found south of Isola Creek, near the eastern boundary of the map-area, 
and east of Mount Tsaydizkun. 

The conglomerate consists of subangular to well-rounded pebbles, 
cobbles, and boulders, with an ,average diameter of a'bout lt inches, but 
in exceptional cases up to 14 inches, of 'limestone, sandstone, schist, slate, 
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and quartz, closely packed in an impure silty matrix. Water-worn, sub
angular· stones up to .14 inches in diameter of blue-grey or buff-coloured 
crystalline limestone, mostly well bedded, comprise about 70 per cent of 
the rock. About 15 per cent consists of pebbles of brownish grey to buff
coloured, medium- to fine-grained, well-bedded ca:lcareous sandstone. 
Minor constituents include pebbles of white quartz and quartzite, blue-grey 
chert or highly silicified limestone, and a bright red, soft, sheared rock that 
may be a ferruginous limestone or slate or a weathered volcanic rock. The 
matrix, commonly quite minor in amount, is shaly to silty, highly calcare
ous, and focally ferruginous. 

The conglomerate is moderately well sorted, but bedding attitudes 
could be obtained only locally. These are relatively uniform in all bodies 
examined, and indicate a strike of north 70 to 80 degrees west, trending 
diagonally across the Rocky Mountain Trench, and a moderate dip to the 
northeast. The long ridges, 50 to 450 feet high, formed by the conglomer
ate, strike paraUel with the axis of the trench. No information about the 
thickness of the conglomerate was obtained. 

The Sifton conglomerate appears to be part of the belt of elastic 
sedimentary rocks mapped by McConnell (1896, p. 35C) along the Rocky 
Mountain Trench from the mouth of Ingenika River to Sifton Pass and 
beyond. Plant remains collected from these rocks from D~serters Canyon, 
2 miles east of Aiken Lake map-area, were identified by Sir William 
Dawson as of upper Laramie age. Upon re-examination, W. A. Bell of 
the Geological Survey reports that these plants are of ]ate Cretaceous or 
Paleocene age. The northern continuation of this belt, in Kechika River 
Valley, was examined by M. S. Hedley and S. S. Holland (1941, p. 42) 
for the British Columbia Department of Mines. They gave the name 
'Sifton' to the formation, and collected plant fossils, which were identified 
by W. A. Bell as of late Cretaceous or possibly Paleocene or Eocene age. 
No fossils were found in these rocks in Aiken Lake map-area. The 
formation is regarded as a part, probably an upper part, of the Sustut 
group of areas to the west. The possibility that the Sifton formation has 
been downfaulted into its present position in the floor at the Rocky 
Mountain Trench is discussed on page 195. 

UNDIVIDED SusTUT GROUP Rocxs 

A body of conglomerate, sandstone, shale, and coal, about 1 mile 
long and 1,500 feet wide, is exposed on the west side of Osilinka River 
VaUey south of Uslika Lake. It is surrounded by andesitic flows, tuffs, 
and breccias. 

Conglomerate, consisting of well-rounded pebbles and cobbles up to 
5 inches in diameter, of light brown granitic rook, black chert, green 
andesite or :tuff, white quartz, brown sandstone, and minor shale, schist, 
and argillite, in a light brown sandy to gritty matrix, comprises the lowest 
unit of the assemblage. The conglomerate is overlain by beds of brown 
and grey massive shale, coarse micaceous sandstone, 1containing many 
woody fragments, and thin seams of coal and -coaly shale. A log of fossil 
wood, 22 inches in diameter at the butt and 7 fieet long, wais noted. The 
largest observed coal seam, free of shaly partings, is 18 inches thick. The 
total exposed thickness of this assemblage is of the order of 400 feet. 

78609-14 
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Plant remains from these beds were examined by W. A. Bell of the 
Geological Survey, who reported on them as follows: 

"Oollection 3841': 
Elatocladus (Taxodites ?) sp. 
Pagiophyllum sp. 
M enispermites ? sp. 

The piant remains are too few, fragmentary, and poorly preserved to indicalte 
a.ny partdcula.r age except late Lower Cretaceous (Albian) or later. 

Collection 3840: 
Podozamites lanceolatus (Lindley and lfutton) 
Pityophyllum sp. 

The age might be anywhere from Aptian (lalte Lower Cretaceous) to Upper 
Cretaceous inclusive. 

Collectri.-0n 3844: 
Sphenopteris stricta ? N ewbel'll'Y 

If actually stricta, the age is probably Upper Cretaeeous. 
Collection 3842: 

Sequoiites langsdorfii Bron:gnia-rt 
Unidentifiable dicotyledenous leaf 

The age mighrt be either Upper Cretaceoos or early Tertiary. 
Collection 3843: 

Equisetum sp. 
Trochodendroides arctica Heer 

An e84"ly Tertiary rather than an Upper Cretaiceious a.ge is favoured. 
Collecii'Oll 3845: 

Trochodendroides ? arctica ? Heer 
Viburnum ? sp. 

These leaves are too fragmentary and poorly preserved for identification, but 
&n early Texitiary age seems most likely. 

Oollection 3697: 
Equisetum sp. 
Sequoia langsdorjii (Brongnia.rt) Heer 
Alnus carpinoides ? Lesquereux 

This florule is too small for judgment as to precise age, but it is considered 
oo be Terti'8.l'Y and probably post-iPrueooene." 

This assemblage is tentatively correlated with the Sustut group of 
McConnell Creek map-area to the west. In the type area the Sustut group 
includes beds ranging in age from lower Upper Cretaceous to Upper 
Paleocene. 

This small block of Sustut group rocks must have been faulted into 
its present position. It is in contact with late Palreozoic rocks to the east 
across an intensely shattered zone, heavily impregnated with hematite. 
The shattered zone lies just east of the southern projection .of the steep, 
southwest-dipping contact between the late Palreozoic rocks and the Takla 
group. As stated on page 153, the contact may be a fault; if so, movement 
on the fault may have relatively lowered and preserved the block of 
Sustut group rocks. If the Uslika formation represents part of a klippe 
broken by later faulting, as suggested on page 189, it is possible that these 
Sustut group rocks on the west side of Uslika Lake Valley are part of the 
same structure, and are underlain by a fragment of the same once-extensive 
thrust plane (See Structure-section G-H). The west contact of these rocks 
truncates the beds of the block and is also probably a fault; such a fault 
may be roughly parallel with, and related to, the steeply dipping thrust 
postulated along the west side of the Uslika formation. According to this 
view, both the Uslika formation and this block of Sustut group rocks have 
reached their present infaulted positions among older rocks by a similar, 
and presumably related, sequence of thrusting. · 
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CHAPTER V 

STRUCTURAL GEOLOGY 

GENERAL STATEMENT 

The major structural features of the various formations in Aiken 
Lake map-area combine to give a general picture of long, relatively narrow, 
northwest-trending belts of folded rock, separated by mainly steeply 
dipping faults, along which the principal movement has been in the direc
tion of the dip. In places the structures are offset by large transverse 
faults that strike east, northeast, and north. The regiona:l structures are 
dominated by two, nearly parallel, northwest-trending features: the strong 
belt of rocks embracing the Ominec;a intrusions and the rocks reinforced 
by them, and the zone of weakness and dislocation represented by the 
Rocky Mountain Trench about 50 miles to the northeast. 

ORDER OF DEVELOPMENT OF THE MAIN STRUCTURAL 
FEATURES 

The relations between the various fault and fold structures are 
complex, and evidence regarding the development of the structures is in 
part contradictory. The following events in the structural history, however, 
are suggested by what appear to be reasonably well-established relations. 

(1) The Tenakihi and lngenika groups apparently suffered deforma
tion before the late Palreozoic formations were laid down. The evidence 
for this Palreozoic deformation is: the widespread lineation and crumpling 
independent of the present major structures of the Tenakihi and Ingenika 
groups; ithe 'trains' of anomalous structures in the present folds of the 
Tenakiihi group; the domes, noses, and 'blisters' in the fogenika group beds 
of the Russel Range; and the difference in orientation of minor folds on 
either side of the fault contact between Ingenika group and younger rocks 
in the Wrede Range. These early folds had a more northerly trend than 
the present major structures. 
· It seems probable that some or all of this deformation took place 

prior to, or coincident with, the intrusive and metamorphic activity that 
resulted in the Wolverine complex. The granodiorite stocks appear to 
have been emplaced, and the granitizing processes carried on, in rocks 
that were already folded to a broad arch between what are now the 
positions of Blackpine and Tomias Lakes. 

(2) The late Palreozoic rocks of the Lay Range may have been 
tilted before the intrusion of the pre-Upper Triassic ultramafic (Trem
bleur?) intrusions. The mapping to date shows that the ultramafic stock 
east of Polaris Creek, which intrudes rocks now dipping 50 to 70 degrees 
southwest, has a fairly symmetrical, steep-sided, flat-roofed cross-section 
in its present position. Small, chromite-rich segregations and bands of 
distinctive lithological composition in this stock are roughly horizontal. 
There is nothing in the joint pattern (See page 148) to suggest that the 
stock has been strained by regional stresses. It is difficult to see how 
the stock could have these characteristics if, subsequent to emplacement, 
it had been bodily tilted 50 to 70 degrees. 

78609-14! 
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(3) A major orogeny between Upper Jurassic and late Lower 
Cretaceous time resulted in severe rock deformation in response to regional 
compression from the northeast and southwest. The deformation found 
expression in large, compound, northwest-trending folds, with undulating 
but more or less horizontal axes. The axial plane of each fold in the 
series dips, in general, to the northeast, at a successively flatter angle 
than that of the neighbouring fold to the southwest (See Structure
sections C-D, E-F). Local deformation has been much more severe on 
the shorter, steeper, southwest limb of each compound fold. The shortening 
due to compression was greatest in the northern part of the area, and 
developed thrust faults and large, recumbent, digitate, overturned 
structures (See Structure-section A-B). The earlier folded structures 
of the Tenakihi 'and Ingenika group beds were overwhelmed by these 
asymmetrical anticlinoria and synclinoria. The late Palreozoic and Takla 
group rocks in the southwestern half of the area form the northeast limb 
of a large synclinal structure along whose axis the Hogem batholith was 
intruded. The fracture and dyke pattern within the batholith suggest 
that the younger, major part of the batholith was emplaced after the 
rocks had been folded and at a time of little or no regional compressive 
stress. 

( 4) A period of widespread fle:x'ure in response to -compression from 
the southwest followed the deposition of the Sustut group rocks. . This 
deformation is recorded in the synclinal structure of the Uslika formation 
and the oblique tilting of the beds of the Sifton formation. Evidence 
from the McConnell Creek map-area to the west, where the Sustut 
group has been more widely preserved (Lord, 1948, p. 33), suggests that 
this folding was, on the whole, comparatively gentle, with much variation 
in local intensity. The effect of this post-Paleocene folding on the 
previously folded Jurassic and older rocks was probably slight, and no 
structures produced by it, · superimposed upon earlier structures, have 
been Tecognized. 

(5) The major faults in the area probably formed at widely different 
times, but the main displacements on · all have post-dated the folding 
of the rocks in which they occur. In general it seems that the most 
important movements on nearly all the main faults took place in post
Paleocene time. The contacts between the Tenakihi and Ingenika group 
rocks east of Mount Lay and south .of Jim May Creek may be, in part, 
folded faults. As described on pages 189 and 192, the Uslika formation 
and the small block of Sustut group rocks south west of U slika Lake 
appear to have reached their present position among older rocks by two, 
separate, post-Paleocene thrusts. . 

CHARACTER AND INFLUENCE OF THE ROCKY MOUNTAIN 
TRENCH 

The Rocky Mountain Trench is almost certainly underlain by great 
faults that bring the formB:tions of the Rocky Mountains on the northeast 
into discordant contact with those of the Omineca and Cassiar Mountains 
on the southwest. The line of the trench has marked · the apparent 
westw~rd limit of sedimentation in the Rocky Mountain geosyncline at 
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intervals sirice early Palreozoic times, and at other times has been the 
locus of an abrupt change in lithological ·character and thickness of rocks 
deposited to the east compared with those deposited to the west. So 
far as known, it represents the northeast limit of the late Jurassic or 
early Cretaceous orogeny, of all earlier (post-Silurian) periods of deforma
tion, and of all post-Cambrian igneous activity in 1central and northern 
British Columbia. The trench was an ·active structural feature during 
the post-Paleocene deformation that affected most of northeastern 
British Columbia west of the Interior Plains. No direct connection has yet 
been established between the structures of the northern Rocky Mountains 
and the contemporaneous, much milder structures produced by post
Paleocene deformation west of the trench. The Rocky Mountain Trench 
thus appears to have been a major depositional, lithological, and structural 
boundary throughout much of the recorded history of the Cordillera. 

That part of the Rocky Mountain Trench in and near Aiken Lake 
map-area is apparently characterized by closely spaced, parallel, steeply 
dipping faults. The movement on these faults has been partly, and 
probably mainly, vertical, and has resulted in the lowering and preserving 
of long narrow slices of the Sustut group (SHton formation) in the 
present valley floor. The southwest wall of the trench, as represented by 
•a 1,500-foot shear face on Mount Ts·aydizkun and 1a line of lower cliffs 
preserved at intervals for 15 miles to the southeast, may well be a fault 
or a fault-line scarp. 

EMPLACEMENT OF THE SIFTON FORMATION AND OLDER 
ROCKS IN THE ROCKY MOUNTAIN TRENCH 

Fault movements within the Rocky Mountain Trench appear to 
have resulted in the down-dropping and preservation of long sl~ces of the 
Sifton formation, which now form narrow ridges striking parallel with 
the axis of the trench. The beds on several of these ridges have a uniform 
orientation, striking northwest, obliquely across the ridges, and tlipping 
northeast. It is difficult to conceive of movements by which nearly 
fiat-lying sediments laid down in the valley floor could have been tilted 
to the northeast and obliquely cut through by north-northwest-striking 
faults, and it appears more reasonable to suggest that the Sifton formation 
is a part of the Sustut group rocks, which were deposited at a level 
considerably above the present erosion surface. The formation is thought 
to have been involved in the post-Paleocene deformation that affected 
Sustut group rocks elsewhere, •and then faulted into long thin blocks·, 
some of which were lowered to their present position with an unknown, 
but probably small, amount of further tilting. 

The amount of downfaulting suffered by the rocks in the floor of 
the trench cannot be measured in Aiken Lake map-area, but 30 miles 
ito the northwest, relatively fiat-lying, apparently Sustut group, strata cap 
the massif known as Finlay Mountain, approximately 4,700 feet above 
similar appearing sediments in the valley floor at the foot of the mountainl. 

1 These rocks were examined, a.nd their relations brought to the writer's attention, by Mr. E. 
Bronlund of The Consolidated Mining and Smelting Company of Canada, Limited. Finlay Mountain 
may be seen from neighbouring peaks and from the air to poasesa the distinctive topography of 
mountains capped by ,sustut group strata ; rocks of the Sifton formation type are reported by 
McConnell (1896) to 'lie in the valley floor at this point. 
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As it is probable that only the lower part of the Sustut group is exposed 
on Finlay Mountain, and that the Sifton formation may be an upper part 
of · the group, the actual vertical displacement may be much in excess of 
the above figure. 

An island in Finlay River about 5 miles east of the map-area is reported 
to expose altered green volcanic rock over an area of about 5 acres. 1 If 
these outcrops represent 1a block of late Palreozoic or Takla group volcanic 
rocks downfou'lted to their present position, it follows that the Ingenika 
group rocks now :flanking the trench were overlain in this region by late 
Palreozoic or T·akla group strata 'tlhat were in turn overlain by the Sustut 
group. If such is the -case, the amount of downfaulting suffered by iihe 
rocks in the floor of the trench may be tens 'Of thousands of feet. 

TOMiIAS LAKE SYNCLINORIUM AND PELLY CREEK THRUST: 
THE 'PELLY CREEK LINEAMENT' 

The <>verturned synclinorium whose axis passes through Tomi1as Lake 
Valley (See Structure-section E-F), and is exposed on Swannell River, 
becomes progressively more compres'soo toward the north, ·and develops 
into a thrust fault in Pelly Creek Valley. North of the mouth of Tucha 
Creek the plane of this thrust may be seen to dip about 40 degrees to the 
northeast, passing under the overturned anticlinorium of the Russel Range 
(See Structure-sections C-D 1and A-B). The comparatively more sym
metrical series of folds of the Espee Range and Forres Mountain, them
selves separated by a fault that is probably a northeast-dipping branch 
of this thrusti:,, have been relatively lowered, and possibly rotated so that 
they strike northwesterly and abut against the more northerly striking 
folds of the Russ~l Range. 

The thrust along the line of Pelly Creek VaHey .appears to be the result 
of horizontal shorti:,ening, ·caused by northeast-southwest compression, that 
was greater in the north than in the south, and it must have formed during 
the same period of deformation as the folds along the same structure to 
the ·south. It, therefore, antedates all the known steeply dipping faults 
in the area. 

Pelly Creek and Tomias Lake Valleys form part of a straight, narrow, 
topographic depression, more than 300 miles long2 • This depression, which 
might be termed the 'Pelly Creek lineament', diverges from the Rocky 
Mountain Trench, in Parsnip River Valley, ,at the northern end of an 
irregular area thaJt separates the trench itself into distinct northern and 
southern parts. It continues, as a valley occupied successively by Omineca 
River, Mesilinka River, Carina Lake, Tomias Lake, Pelly Creek, Oho River 
and Lake, Frog River, Dall River and Lake, to Deadwood Lake, west of the 
north end of the Rocky Mountain Trench proper (Hedley and Holland, 
1941). In part, it marks the division between Finlay Ranges and Swannell 
Ranges (Bostock, 1948, p. 43). Throughout its entire len~h this depression 
maintains a strike of about north 34 degrees west. The Rocky Mountain 
Trench strikes· north 31 degrees west at this latitude, 1and the two linea
meDJtA3. are probably genetically related. The evidence from the Aiken 
Lake area suggests that, locally at least, the Pelly Creek lineament repre
sents an east-dipping plane of weakness, which has formed tihe axial plane 

1 Bronlund, E.: personal co=unication, 1948. 
2Well shown on National Topographic Series map, Sheet 94SW., Finlay River (8 miles to 1 inch). 
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of an overturned fold, or, where movement is greater, an underthrust 
f.ault that meets the major faults of the Rocky Mountain Trench at depth. 
Compression, acting mainly from the west, may have relatively lifted 
the Russel and Butler Ranges ·as a wedge, and produced their crumpled 
and overturned west borders (See Structure-sections A-B, C-D). Where 
movement was relatively greater, the structures west of the lineament 
are brought into discordant contact with those to the east, producing 
relationships of the type shown by Espee Range and Russel Range. 
Somewhat similar explanations have been ·advanced by EV'ans (1933, 
p. 167) •and Link (1935, p. 1466) for the development of the underthrust 
and 'Overturned structUTes on the east side of the Rocky Mountain 
Trench in •southeastern British Columbia. 

TRANSVERSE F.AiULTS 

The general fold structures and thrust blocks of the map-iarea are 
cut across by faults on which there has been important horizontal dis
placement. All of these transverse faults appear to be older than, and 
are truncated by, the large, through-going, longitudinal faults. The 
largest transverse faults are essentially tear faults, in which most of the 
movement has been parallel with the strike of the fault. 

A tear fault along Zygadine Creek V1alley has shifted the structures 
of the southern part of the Russel Range about 5 miles to the east, relative 
to those of the northern part. There has been no appreciable vertical 
displaeement. This fault may have been formed at the time of the 
development of the overturned synclinorium and the underthrust of the 
Pelly Creek lineament. It may be that Butler Range and :the southern part 
of Russel Range yielded to some extent to compression from the southwest 
and were moved bodily northeastward contemporaneously with the develop
ment of the synclinorium. In so doing the southern part of the Russel 
Range •appears to have been torn free, ·a'1ong lthe Zygadine Creek tear fault, 
from the northem part, which may have been a more rigid, resistant block. 
The deforming forces, incapable of displacing the northern part of the 
Russel Range, apparently broke under it in a thrust fault. The Zygadine 
Creek tear fault may, therefore, be tentatively considered the northern 
limit of the Tomias Lake synclinorium. North of this fault the synclinorium 
has been broken to form an underthrust. 

The western part of the anticlinorium of Ingenika and Tenakihi group 
rocks south of Ingenika River has been displaced a total of nearly 10 miles 
to the south, relative to the eastern part, within a north-trendring zone 
about 6 mHes wide along Swannell River Va:lley and near the Mount Lay 
massif. This zone contains three well-exposed transverse faults, and it is 
probable that a master tear fault underlies the floor of Swannell Valley. 
The possibility that the offset nature of the present structures is, in part, a 
feature inherited from an earlier deformaition of these rocks, rather than 
entirely the result of post-fo1ding faults, must, however, be ·considered. 
The faults in this part of Swiannell V•alley strike toward, and may be in 
part a •continuation of, branch faults from the Pelly Creek Hneament. 

. It is possible that the Tenakihi Range anlticlinorium and the Chase 
Mountain a:nticlinorium ·are parts of the s1ame struclture, displaced by a 
large fiault in Mesi'linka River Valley. An observed fault parallel with 
this valley, about 4 miles north of the river, brings normal Ingenika 
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group strata a~ainst rocks of the Wolverine complex, 1and Wolverine com
plex rocks derived from the Ingenika group against those dierived from the 
Tenakihi group. 

The late Palreozoic rocks and the Uslika formation in the southeast 
part of the map-area have been offset by a tear fault along Osilinka River 
Valley. This fault has carried the structures on the west side about a mile 
to the north relative to those on the eaist. The tear fault has offset the 
faults that have emplaced the Uslika formation and the diagonal ·and 
small longitudina'l faults in the late Palreozoic rocks, but has been itself 
truncated by the major longitudinal fault that forms the boundary between 
late Palooozoic 1and Ingenika group rocks. 

LONGITUDINAL FAULTS 

Steeply dipping, through-going, subparallel longitudinal faults, so 
·called because they trend parallel with the regional structure, !have 
recorded the last important deformational m-0vements in the map-area. 
The largest of these faults divide major rock units or older structures. It 
is probable that movement has occurred .along most -0r all of them at 
several different times, but a large part of the movement has post-dated 
one or more periods of earlier, though post-Paleocene and later than the 
last folding, faulting. The direction of movement on these faults has 
probably been •complex, and it is rarely poS'Sible to locate f.aulted extensions 
of older transverse faults or of folds. The net movement appears, however, 
to have been main'ly vertical, and although evidence is scanty, most 
faults appear to have the charaicteristics of high-angle thrusts rather than 
normal faults. 

Two of tbhese longitudinal faults form •contacts between major map
units. One brings Takla group rocks on the southwest against late Palreo
zofo rocks to the northeast. The crustal movements represented by this 
fault may be ~onnected, through t he subparallel faults in Jthe southeast 
corner of the map-area, with those of the Manson fault zone (Armstrong, 
1949, p. 118). The other, which may be an extension of the Wolverine 
fault to the southeast (Armstrong, 1949, p. 119), brings 'late P.alreozoic, 
including Olllche Creek group, rocks on the southwest against Ingenika 
·and Tenakihi group strata to the northea·st. Where exposed, these faults 
are sheared and schistose zones up to severail hundred feet wide, and are 
generally ·accompanied by subsidiary, more or less parallel faults, com
prising a disturbed zone as much as 1,500 feet ·across (See Plate VIII A). 

The Omineca fault (Lord, 1948, p. 50) or Pinchi f.ault zone (Armstrong, 
1949, p. 117), a major structure extending more than 200 miles from Carp 
Lake map-area (Armstrong, Tipper, and Hoadley, 1947) to McConnell 
Creek map-area, passes through Omineca River Valley in the southwest 
corner of Aiken Lake map-area. At this place it forms the contact between 
the Cache Creek group and the Hogem batholith. 

A fault of slightly different character appears to diverge from the 
thrust in Pelly Creek Vialley (part of the 'Pelly Oreek lineament'), down: 
the line of the canyon near the mouth of Pelly Creek. Shearing on the 
canyon walls suggests that the latest movement w.as one in which the west 
side moved down and to the south, with respect to the east side. This 
fault may join with the fault zone in Swannell River Va.Hey east of 
Mount Lay. 
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CHAPTER VI 

ECONOMIC GEOLOGY 

PLACER DEPOSITS 

Placer gold may be panned from many streams in the map-area, and 
in particular from the bars of the larger rivers, but has been found in 
workable quantities at only two l<>calities. Jim May Creek, a tributary of 
Osilinka River, has been worked intermittently since 1899, but recovery 
has never been large. The paystreak lies in giiavels 5 to 12 feet above 
bedrock, and appears to represent mainly re-sor.ted glacial debris, although 
some gold has been recovered from a buried preglacial channel, now being 
exposed at various points by the rapidly down-cutting stream. The gold 
is mainly fine and relatively rounded, although a nugget weighing 1·35 
ounces was recovered in 1939. Several bars on Ingenika River have been 
worked from time to time, but returns have not warranted continuous 
operations. The most productive stretch of the river has been tthat part 
between the m<>uths of Wrede and PeHy Creeks. In addition, small placer 
operations have been carried out on Vega and Wrede Creeks. 

It may be noteworthy that although the only significant amount of 
placer gold recovered to date in the map-area has come from streams 
eroding the highly metamorphosed Lower Cambrian and late Proterozoic 
rocks, no lode gold deposits of importance have been found in these rocks. 
The younger rocks exposed to the west, in which gold-bearing deposits have 
been discovered, have, on the other hand, produced no known local placer 
deposits within the map-area, except perhaps on Vega Creek, but have 
supplied much of the glacial material mantling the stream valleys now 
containing placer gold. 

LODE DEPOSITS 

The lode deposits in the map-area may be broadly classified on the 
basis of geological occurrence as foll<>ws: (1) deposits in the highly 
metamorphosed late Proterozoic and Lower Cambrian rocks, and in the 
Cambrian and I.ate Palreozoic (Cache Creek group) -limestones; (2) deposits 
in, or grouped around and apparently related to, the Omineca intrusions· 
and (3) deposits in post-Paleocene faults. ' 

DEPOSITS IN THE PROTEROZOIC AND LOWER CA'MBRIAN ROCKS, AND IN 
THE LATE p A.LlEOZOIC LIMESTONES 

Mineral deposits in the Lower Cambrian and late Proterozoic rocks, 
and in the late Palreozoic (Cache Creek group) limestones, are, with the 
exception of relatively unimportant pyrometasomatic pyrrhotite deposits 
at the contact of a small stock, typically of the sHver, silver-lead, and 
silver-lead-zinc types. 

As noted in Chapter IV, although the Cambrian and Proterozoic rocks 
have been subjected to intense metamorphism and local granitization, the 
only apparently definitely intrusive body of any size is a granodiorite stock 
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east of Blackpine Lake. Along the borders of this body, associated with 
typical diopside-garnet-tremolite skarn and f eldspathized gneissic quartz
ite, are several deposits of pyrrhotite containing minor amounts of pyrite, 
arsenopyrite, and chalcopyrite. The deposits, as for example those of the 
Hope group, do not appear to have any commercial significance. 

The Ruby prospect, on Jim May Creek, is in quartz-mica schists of 
the Tenakihi group near small feldspar porphyry and granophyre stocks 
and sills. Here a northeasterly trending, silicified fault zone is erratically 
mineralized by sphalerite, pyrite, galena, tetrahedrite, ruby silver, and 
arsenopyrite. Similar minerals have been found in the Tenakihi group 
rocks east of the head of Jim May Creek. 

S{llall veins in Tenakihi quartzites and schists south of Mount Lay 
contain galena, tetrahedrite, and ruby silver. 

The deposits of the Orion group, in Tenakihi quartz-mica schists on 
Orion Creek, consist of quartz veins mineralized with galena and some 
pyrite and tetrahedrite. 

The metallic mineral deposits in the Ingenika group are, with one excep
tion, -0onfined to the limestones or calcareous argillaceous rocks. The 
largest known deposits are those of the Ferguson group, near Lookout Hill 
in Ingenika River Valley. There, thick-bedded, relatively pure limestone, 
locally highly silicified, has been largely altered to siderite and replaced 
along bedding planes by crystalline galena and sphalerite, with minor 
pyrite, pyrargyrite, tetrahedrite, chalcopyrite, and marcasite. The best 
deposits are confined to four bed-'like bands, 2 to 8 feet thick, which ha.ve 
been traced for about 450 feet down the dip. 

At the Onward property, It miles south and -0onsiderably lower 
stratigraphically than the Ferguson deposits, small, flat-lying, sheet-like 
·bodies of relatively coarse-grained galena and sphalerite are found lying 
parallel with thinly bedded, silicified, iron-stained limestone. 

Mineral deposits of both the fracture-fi:lling ·and replacement types 
are found in closely folded and sheared .argillites and impure limestones 
on the Swannell group of claims. Quartz veins and silicified beds, 
sporadicaUy mineralized with sphalerite, galena, pyrite, and chalcopyrite, 
occur at frequent intervals across an exposed width of .about 450 feet. 
The best showings are in quartz veins lying parallel with the bedding. 

The large bed of limestone forming the crest of the ridge east of the 
mouth of Tenakihi Creek contains a vein about 1 foot wide composed 
almost entirely of fine-grained galena. 

The deposits of the Beveley group, a few miles east of the above 
showing, consist of low-grade, widespre!lld replacement bodies and dis
seminations of galena and very minor sphalerite, accompanied by much 
barite, in a highly folded, sheared, dolomitized limestone near a prominent 
shear or fault zone. 

In what is probably the same belt of rocks, about 3 miles east of the 
east border of the map-area, the Childhood Dream deposits consist of 
massive to -0oarse-grained pyrite, iaccompanied by galena and sphalerite, as 
irregular replacement bodies and breccia fillings near a steeply dipping 
fault in blue-grey to rusty, coarsely crystal·line limestone. 
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The Weber group of claims occurs in massive, unaltered Cache Creek 
limestone south of Osilinka River near Wasi Creek, and contains galena, 
pyrite, and barite in a strong, northwesterly trending fracture zone. 

The Davies group of claims, 3 miles east of the Weber group, includes 
fissure vein and low-grade irregular replacement deposits of sphalerite, 
with •lesser galena and pyrite, close to faults in relatively massive limestone 
believed to be part of the lower limestone member of the Cache Creek 
group. 

Metallic mineral deposits that are not of the distinctive lead-silver 
type are rare in the Tenakihi, Ingenika, or Cache Creek group rocks distant 
from igneous contacts. One such deposit is on the Burden group of claims, 
due east of the Ferguson deposit. The Bqrden showing is in talcose 
sericitic schists, and consists essentially of a large quartz vein sparsely 
mineralized with chalcopyrite. Another deposit is found on the east side 
of PeHy Creek Valley, near the north boundary of the map-area, where 
a shear zone up to 12 feet wide in brecciated limestone contains much 
pyrrhotite, with lesser amounts of pyrite, chalcopyrite, ·and bornite. 

DEPosrrs APPARENTLY RELATED To THE OMmEcA INTRUSIONS 

·Evidence of mineralization is widespread in the upper parts of the 
late Pala3ozoic formations, in the Takla group rocks, and in the Omineca 
intrusions, and all of it appears to have some genetic connection with these 
intrusions. Several metallic mineral deposits are found along the eastern 
margin of the Hogem batholith, and almost aU other known deposits are 
found close to or along the contacts of small intrusive bodies, which, 
presumably, were emplaced during the main period of intrusion. 

A few deposits are found ·along shear zones in the intrusive bodies 
themselves. Types of deposits range from disseminated minerals in the 
pre-batholithic rocks to simple, fissure-filling quartz veins. 

The Hogem batholith contains many shear zones mineralized · with 
pyrite and copper sulphides, but most of such deposits carry no appreciable 
content of the precious metals. One of the largest of these mineralized 
shear zones occurs at the head of the east fork of Matetlo Creek. There, 
closely spaced fractures form a permeable, mineralized zone at least 120 
feet wide in medium-grained granodiorite. The fractured rock is sparsely 
but uniformly mineralized with pyrite, chalcopyrite, and bornite. The 
zone also contains five veins, 2 to 10 inches wide, composed ·almost entirely 
of pyrite and chalcopyrite. 

Small quartz veins in sheared quartz diorite exposed in the canyon on 
Haha Creek contain a little free gold. 

The complex of sedimentary and volcanic rocks cut by small intrusive 
bodies along the west border of the map-area between Mesilinka River and 
Lay Creek contains several heavily pyritized bands up to 1,000 feet wide 
and several miles long. These bands traverse rocks of several types, but 
are <lommonly centred around a diorite dyke or sill. One of the pyritized 
bands of this type exposed at the Granite Basin workings contains minute 
amounts of chalcopyrite, tetrahedrite(?), and magnetite, and is reported :to 
carry up to t ounce gold a ton a-cross a width of 30 feet. 
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Quartz veins ~re numerous in many parts of the area. Those cutting 
the Hogem bathohth are for the most part barren, and appear to be high
temperat_ure veins grading into quartz-feldspar pegmatite dykes. ·A large 
carbonat1zed shear zone on the Elizabeth group north of Osilinka River in 
the interior of the batholith contains many quartz veins, some of which 
carry gold and silver. The nearby 'Chief Thomas' vein is 6 to 10 feet wide 
at least 300 feet long, and carries chalcopyrite, pyrite, bornite, and a littl~ 
gold and silver. 

Quartz veins are particularly numerous in an area extending northwest 
from Tutizzi Lake along the west border of the map-area to Lay Creek and 
continuing into McConnell Creek map-area to the west as far as Goldway 
Peak and the headwaters of Wrede Creek. The larger veins are, in general, 
massive white quartz, barren of sulphides or precious metals. Smaller 
veins, stringer lodes, and silicified shear zones exhibit wide variations of 
mineral content. The boss-like quartz body exposed on Porphyry Creek 
contains pyrite, magnetite, and molybdenite; the nearby Croydon group 
veins and stock-works contain massive pyrite, chalcopyrite, molybdenite, 
and magnetite, with fair gold content; the veins of the Shell group, whose 
main showings lie just west of the map-area, contain pyrite and chalcopy
rite, with considerable gold and, in places, minor magnetite and erythrite. 
A little ,cobalt bloom was also observed coating fractures in small quartz 
veins in hornblende diorite east of Croydon Creek. Deposits up to 15 feet 
thick and i mile long, rich in magnetite, with minor pyrite, pyrrhotite, 
chalcopyrite, .and gold, are exposed along the west edge of the map-area 
near Croydon Creek. North of Tutizzi Lake, several of the quartz veins 
contain crystalline galena, commonly accompanied by chakopyrite or 
specular hematite. Similar veins cut hornblende diorite and appinite west 
of Abraham Creek. 

The mineral showings on the Vega property occur in intensely faulted 
and sheared ·andesites of the Takla group. The andesite contains rounded 
fragments of feldspar porphyry. Chalcopyrite, pyrite, and bornite are 
disseminated through the andesite and concentrated along 'calcite veinlets. 

The workings on Thane Creek expose a silicified shear zone about 4 
feet wide in amphibolitized andesite near the eastern contact of the Hogem 
batholith. The zone carries pyrite, chalcopyrite, specularite, and magnetite, 
and a little gold. 

Lenses of pyrite and arsenopyrite up to 50 feet long and. 9 feet wide in 
sheared greenstone near the contact of a sill of granodiorite porphyry are 
exposed by the Pluto workings. They ·are reported to carry some gold. 

The late Palreozoic rocks outcropping in the Lay Range contain rela
tively abundant disseminated, finely crystalline pyrite, which appears for 
the most part to be the product of general metamorphism rather than 
hydrothermal mineralization. Stringers and veins of quartz and calcite 
are numerous but most of them are small and discontinuous. In these 
strata several' distinct types of mineralization are represented. All deposits 
lie ne~r small igneous ~odies that appear ~ be . rel~ted. to the Omineca 
intrusions. The most widespread type of mmerahzat1on is represented on 
the Jupiter, Polaris, and Stranger. showin.gs by highly ·brecciated qua~z
calcite veins or fracture zones associated with much black, lustrous graphite 
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and mineralized with granular pyrite. Some of these veins have been 
found to be quite rich in gold; most of them, however, are narrow and 
lensy. · 

A different type of mineralization is represented on the Jupiter prop
erty in fissures that are older than the pyrite-bearing fracture zones. These 
fissures have been healed by quartz-calcite veins mineralized with sphal
erite1 galena, tetrahedrite, chalcopyrite, ~nd minor pyrite, and contain, in 
places, more than 200 ounces of silver a ton. The known veins are for the 
roost part less than a foot wide. 

Lens-like replacement bodies of pyrrhotite and pyrite, with some 
chalcopyrite, oc·cur in the argillite on Polaris Creek near small stocks and 
dykes of granite and ·andesite porphyry. These bodies, which are com
posed almost entirely of sulphides, attain a width of 25 feet and a length of 
several hundred feet, but none has been found to contain appreciable 
amounts of the precious metals. 

DEPOSITS YOUNGER THAN THE POST-PALEOCENE FAULTS 

The carbonatized fault zones cutting the Takla group and late Palreo
zoic rocks contain a little cinnabar near Tutizika River, on the Vega 
mineral :claims, and near Thane Creek. These fault zones appear to be 
part of, or related to, major, northwest-trending faults that have displaced 
all of the rock-units in the map-area. The only cinnabar deposits that 
have been explored are those on the Vega group of claims. 
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CHAPTER Vill 

DESCRIPTION OF PROPERTIES AND PROSPECTS 

INGENIKA GROUP (1)1 

The Ingenika group consist@ of eight claiims, ·staked in 1947 by Gust 
Ola of Fort Grahame on the south side of Ingenika River Valley near 
the extreme west border of the map-area. The writer was una:ble to 
find the property, but examined specimens taken by Mr. Ola. The showing 
apparently 'Consists of several outcrops of drusy quartz veins mineralized 
with pyrite and minor amounts of galena, sphalerite, and free. gold. The 
surrounding region is underlain by micaceous quartzites .and phyllites, but 
a sample taken by Mr. Ola of the rock in which the veins lie is dark green 
porphyritic andesite. The veins are reported to be as much as 4 feet wide. 

The claims also contain extensive outcrops of limonite-hematite gossan, 
which .appears to be quite pure, without trace of rock material or sulphides. 
Its origin is at present unknown. 

FERGUSON GROUP (2) 

References: Geol. Surv., Canada.: Alcock, F. J., Lead-zinc Deposits in Canada.; Econ. 
Geol. Ser. No. 8, pp. 238-300; Dolmage, V., Finlay River District, B.C.; Sum. 
Rept. 1927, pt. A, pp. 37-41 (1928). British Columbia Minister of Mines: 
Lay, Douglas, Ann. Repts.: 1926, p. 125; 1927, p. 160; 1928, pp. 182-183; 1929, 
p. 187; 1930, p. 149; 1931, IP· 76. 

The Ferguson property is 1 mile south of Ingenika River, about 16 
miles west of its junction with the Finiay. It lies about 35 mHes by w·ater 
from Fort Grahame. A wagon road, 22 miles !Jong, oonnects the property 
with Finlay River a short distance above Fort Grahame. The nearest 
convenient supply base on ·a railwii.y is the city of Prince George, 250 miles 
to the south. 

The deposi:ts were staked in 1917 by J. Ferguson of Prince George, 
who bonded his claims to the Selkirk Mining Syndicate of VicJtoria, British 
Columbia, in 1926. In 1927, Ingenika Mines Limited, Vancouver, British 
Columbia, was formed to promote development of the deposits, and a 
systematic program of surface stripping, trenching, and underground explora
tion was undertaken. Results obtained 'by the lowest underground workings 
were unfra.vourable, and operations ceased in 1932. 

The showings are on a knoll, known locally as Fergusons Hill, which 
rises abruptly to an elevation of about 250 feet above the wide terraces 
on the south bank of Ingenika River. Rock exposures on the valley floor 
are scarce, and •are ialmost entirely confined to low ridges and knolls near 
Fergusons Hill. The largest outcrops are on Lookout Hill, a 500-foot knoll 
1 mile south of Fergusons Hill. 

l Numbers, in parentheses, are those of property locations shown on accompanying map. The 
properties are numbered, and ducribed, in geographic order, roughly from northwest to aoutheast, rather 
than in alphabetical sequence of property names, ao that the relationship of adjoining or nea.rby 
occurrences may be more apparent. 
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The rock on the Ferguson property is blue-grey to cream-coloured 
crystalline limestone of the Ingenika group of Lower Cambrian age. In 
the vicinity of Fergusons Hill the limestones are in part intensely contorted, 
and in plaees are converted into a schistose rock containing much sericiitic 
material. 

In most parts of the property the bedding strikes about north 80 
degrees west and dips northerly at 20 to 40 degrees. The beds '<mtcropping 
on the west end of the hill have been partly to compllltely silicifi.ed and 
show ·all gradations from relatively pure limestone to white quartz rock. 
Subsequent to silicifi.cation, the limestone was ·attacked by iron c·arbona.te 
solutions. In the biighly silicifi.ed, finely bedded rock, siderite was deposited 
along the bedding planes so that the rock n-0w consists -0f parallel laminre of 
white quartz, n inch to 2 inches thick, separated by layers of dense, brown 
siderite. In the most heavily mineralized parts quartz ·and siderite are in 
about equal proportions. In places it is possible, within a distance of 
100 feet, to trace the ·changes ·along ia single bed fr-0m blue-grey crysta'lline 
limestone to greyish white massive quartz rock, with faint traces of origill'al 
bedding, to banded, quartz-siderite rock. In the slightly silicified lime
stone, and to a lesser extent in the highly silicified, massively bedded rock, 
the siderite is not confined to bedding planes but formB large, irregular 
masses up to 20 feet in diameter of very coarsely crystalline, nearly pure 
mineral. 

Replacement of the quartz-siderite rock by pyrite, sphalerite, and 
galena, with lesser amounts 'Of copper '8ind silver sulphides, has resulted 
in the formation of distinct mineralized zones, which in general follow the 
beddii.ng. A little sulphide minerali~ation is also in evidence along joint 
planes. The four most prominent minera'lized zones have been explored by 
stripping and underground workings (See Figure 13). 

The lowest zone, known as No. 1 zone, outcrops only iat the west end 
of the southward-facing eliffs that form the crest of the hill. There ·a 
body of coarsely crystalline galena 1 foot to 2 feet rt:ihick occur·s in a 20-fodt 
band of contorted quartz-siderite rock. Where fractured, this rock con
tains a little pyrite and sphalerite. It bias retained the original bedding 
structures of the limestone that it has replaced, and appears entirely con
formable with the overlying and underlying unmineralized limestone. The 
galena •body lies about 6 feet above the base of the quartz-siderit e band, 
and is overlain by 1 foot to 3 feet of crystalline siderite heavily mineral
ized with pyrite and, in places, with sphalerite. 

Although much deformed in detail, the quairtz-siderite rock ·and the 
included galena body nevertheless show a uniform, over-all strike of north 
70 degrees west, and dip 25 to 40 degrees northeast. The contacts of the 
mineralized zone are sharp, and in every observed case are parallel with 
the bedding. 

What is believed to be the No. 1 mineralized zone was encountered in 
crosscuts from No. 4 adit, 80 feet south of the portal (See Figure 13). 
There it •appear·s as discontinuous, lens-shaped bodies of siderite, sphalerite, 
and galena up to 4 feet thick lying conformably along the same horizon 
in well-bedded, slightly silicified, blue-grey limestone underlain by sheared 
sericitic limestone. 
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The most important mineralized zones explored to date are Nos. 2 .and 3. 
They are well exposed ·at the west end of the summit of Fergusons HiH, 
and are explored by Nos. 1, 2, 1and 4 adits. These zones form two parallel 
bands, 3 to 10 feet wide, heavily replaced by sulphides, .and ;sepal"ated by 1 
foot to 8 feet of poorly mineralized rock lying near the middle of a series 
of beds, with 1a .total stratigraphfo thickness of 50 feet, that has been intensely 
si'licified and irregularly repJaced by ·siderite. The base of No. 2 mineralized 
zone Lies aboutt 30 feet stratigraphically above :the No. 1 zone. 

The series of beds in which Nos. 2 and 3 mineralized zones are found 
is much contorted, but an over-all uniformity of attitude can be traced, and 
mineraliZ'ation seems to have taken place at the same stratigraphic intervals 
throughout. Wherever observed, the conttacts of the sulphide bodies ·are con
trolled to •a minute degree by the contorted bedding plianes of the host rock. 
As with No. 1 mineralized zone, the most con-0entrated mineralization has 
occurred close to the beds :that have suffered the most intense silicification, 
but separated from them by 1 foot to 5 feet of quartz-siderite rock contain
ing a relatively higher proportion of siderite. 

The highest minel"alized zone, No. 4, lies about 25 feet stl"atigraphically 
· above tthe top of No. 3 zone. It outcrops on the summit 'Of the hill, •and can 

be traced down the north slope to the portal of No. 2 adit. The most 
heavily mineralized body in this zone is from 2 to 8 feet thick. The rocks 
in which :the sulphide body of No. 4 zone is found are highly silicified, but 
contain relatively -less siderite than the host rocks of Nos. 1, 2, and 3 zones. 

The mineral composition of all four zones is remarkably uniform. 
Mineralographic study1 has indicated the presence of the following minerals, 
arranged in order of deposition from earliest to latest: 

quartz 
siderite 
e.reenopyrite 
pyrite 
pyrThotite 
magnetite (may be earlier) 
sphalerite 
chrucopyrite 
tetra.hedl'lite (variety fireibergite) 
galena 
pyra.rgyl'lite 
sideriite (and calcite?) 

Subsequent, supergene alteration has devefoped considerable limonite, 
and minor amounts of marcasite, coveHite, and malachite. 

Sphalerite and galena together constitute more than 90 per cent of 
the metallic minerals. Pyrite is locally plentiful in bodies up to 2 feet 
thick, immediately overlying, and replaced by, galena and sphalerite. The 
only silver-bearing minerals recognized as such, argentiferous tetrahedrite 
a~d pyrargyrite, were found to be much more abundant in pyrite-rich 
specimens than in specimens consisting chiefly of sphalerite or galena. No 
silver minerals have been identified in specimens of crystalline galena, 
although spectrographic analyses of apparently pure galena show a moder
ate silver content. 

1 'fhe writer is indebted to Mr. E. Lea for assistance in the Jaborat.ory investigation of material 
.from this depoeit. 
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Some fracturing has followed sulphide deposition, and carbonate solu
tions have deposited a second generation of siderite, possibly accompanied 
by calcite, in the fractures so formed. 

The tenor of the ore is remarkably uniform. No attempt was made 
by the writer to sample the individual zones. The management states 
(Lay, 1930) that the approximate average assay of more than one hundred 
samples from Nos. 2, 3, and 4 mineralized zones was: silver, 7 ounces a ton; 
lead, 15 per cent; and zinc, 7 · 5 per cent, across a width of 8 feet. 

It is evident that mineralization in these deposits was controlled to a 
large extent by the structure of the folded 'limestone beds. In general the 
mineralized beds strike approximately east and dip north at an angle 
roughly the same as that of the northern slope of Fergusons Hill. The 
underground workings, consisting of four main adits, Nos. 1, 2, 4, and 5, 
were driven from the north slope of the hill to probe the continuation of 
these beds at depth. No. 1 adit, whose portal is close to the lowest outcrop 
of the No. 3 mineralized zone, exposes almost continuous sulphides for a 
length of 140 feet. A crosscut from this adit shows Nos. 2 and 3 zones to 
be heavily mineralized across a combined str.atigraphic thickness of about 
15 feet. 

No. 2 adit, at the same level as No. 1, was driven on the lowest 
exposure of mineralized zone No. 4. This zone has a slightly flatter dip 
than the hillside, so that its lower parts have been removed by erosion. 
An eastward-trending drift from this .adit, driven just under, and parallel 
with, the surface of the hiU, shows evidence of almost continuous mineral
ization throughout its length of 70 feet. A crosscut 60 feet long intersects 
No. 3 mineralized zone, which at this point is about 3 feet wide and 
contains abundant galena and sphalerite associated with pyrite and 
pyrargyrite. 

No. 4 adit was driven from 85 feet below the level of Nos. 1 and 2 adits. 
Drifting east and south west from the portal has exposed N os. 2 and 3 
mineralized zones, which here cannot be accurately distinguished from one 
another, for a length of 250 feet. Crosscutting 90 feet south from the 
portal has penetrated a sphalerite deposit that may represent part of No. 1 
mineralized zone. Short drifts have followed this zone for 50 feet, and 
have disclosed two disconnected mineralized lenses each with a maximum 
width of about 4 feet .and a length of 20 feet. 

No. 4 adit is connected with No. 1 adit by a raise 130 feet long. For 
most of its length this raise lies in No. 2 mineralized zone. 

No. 5 adit, 80 feet below No. 4, consists of about 600 feet of main 
crosscut and 800 feet of exploratory workings therefrom. When visited in 
1946 and 1947, the portal was caved and the workings could not be 
examined. It is understood, however, that although beds were penetrated 
that were believed to represent continuations of the mineralized zones, no 
appreciable evidence of mineralization was encountered. The dump from 
this adit contains a considerable amount of sheared schistose limestone, 
but no sulphide and relatively little quartz-siderite rock. 

The .apparently abrupt disappearance of mineralized bodies such as 
those contained in Nos. 2 and 3 mineralized zones, which, between No. 4 
adit and the summit of Fergusons Hill, maintain a fairly uniform composi
tion across a width of as much as 200 feet, a thickness of 8 feet or more, 
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and a length of 450 feet down the dip, is surprising. No definite evidence 
of faulting below the level of No. 4 adit was obtained, although some move
ment may be indicated by the occurrence of sheared sericitic or talcose 
limestone in Nos. 4 and 5 adits and at the surface on the south side of 
Fergusons Hill at elevations considerably below the outcrop of No. 1 
mineralized zone. It is more probable that mineraliz.ation was either not 
effective in the limestone beds to the level of No. 5 adit, or, if effective to 
that depth, that the mineralized parts have not been penetrated by the 
No. 5 adit workings. 

From the exposures on and around Fergusons Hill, it is evident that 
the mineralized limestone beds are on the whole much more contorted and 
drag-folded than the unmineralized limestone. Minera1ization is best 
represented where a few individual beds have been greatly thickened by 
drag-folding. Such deformed beds are well exposed at the summit of 
Fergusons Hill and in No. 1 adit along Nos. 2 and 3 mineralized zones, 
but in No. 4 adit the bedding appears to be much more regular. It may 
be that only the highly contorted parts of the limestone beds were perme
able to mineralizing solutions, and that the contorted structures do not 
persist to the level of No. 5 adit. Structure-contours "Plotted on the top of 
No. 3 mineralized zone show a progressive increase in regularity of the 
bedding down to the level of No. 4 adit. The known mineralized band in 
this zone shows a decided northeast rake across the bedding. If the 
favourable limestone beds .and the mineralized band in them are projected 
to the level of No. 5 adit, the mineralized areas would appear to pass to 
the east of the main crosscut, about 250 feet from the portal, near the point 
from which four exploratory workings radiate. 

Fergusons Hill as a whole is structurally much more complex than 
most other known parts of the limestone belt in which it lies. The general 
structure of the area has not been completely deciphered, but it would 
appear that Fergusons Hill lies near the nose of a large drag-'fold, plunging 
to the north, on the west limb of a major anticline that has been overturned 
to the west. Within any one mineralized zone, the individual mineralized 
bodies are lens-like, being thickest on the crests of small folds and thinning 
or pinching on the limbs. There is some indication that the whole west 
end of the hill represents the crest of an anticline whose axial plane passes 
through the top of the hill near the outcrop of No. 3 mineralized zone. 
If this is so, it is possible that stratigraphically lower limestone beds may 
be mineralized in the vicinity of the .axis of this anticline. 

ONWARD GROUP (3) 

References: Lay, Douglas: Ann. Rept., B.C. Minister of Mines, 1928, p. 184; 1930, p. 151. 

The Onward group lies south of Delkluz Lake, about Ii miles due 
south of the Ferguson groun. It is owned by Ingenika Mines, Limited, and 
was explored at the same time as the Ferguson group. 

The most important showings on this group are almost at water's edge 
on the south shore of Delkluz Lake. Here a thickness of about 25 feet of 
contorted and brecciated limestone of the Ingenika group has been replaced 
by quartz and siderite over an area at least 60 feet square. Discontinuous 
lenses, up to 3 feet thick, composed mainly of galena, sphalerite, and pyrite, 
occur in the upper part of the exposed section. The largest observed lens 
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is nearly flat-lying; is quite heavily mineralized; and occupies an area 
about 30 feet long and 20 feet wide. Stripping and trenching in the vicinity 
have failed to expose any significant extension of this deposit, nor has a· 
total of 210 feet of underground workings, directly beneath t~e mineralized 
outcrop, revealed any significant indications of lead-zinc mineralization. · 

Approximately 1,000 feet south of these workings considerable stripping 
has been done and a shaft sunk to .a depth of about 30 feet in brecciated 
limestone partly replaced by siderite. The shaft encountered a small 
deposit consisting of relatively coarse-grained, dark brown, resinous sphal
erite and finer grained crystalline galena in a creamy, :fine-grained ground
mass of calcite. This deposit is unique for the vicinity of the Ferguson and 
Onward properties in that it is found in a breccia that appears to cut 

· across, rather than follow, · the bedding of the limestone. 

BURDEN GROUP (4) 

References: Dolmage, V.: Geol. Surv., Canada, Sum. Rept. 1927, pt. A, p. 35 (1928). 
Lay, Douglas: Ann. Rept. B.C. Minister of Mines, 1928, p. 185. 

The Burden group consists of two claims, the Burden and the Ruth B., 
staked in September 1927 by E. H. Burden of Prince George. They are on 
the east bank of Swannell River about 5 miles above its confluence with 
the Ingenika. The property is about 3! miles due east of the main work
ings of the Ferguson group. 

The mineral showing on the Burden group consists of several irregular 
masses of white vein quartz in a highly calcareous talc-sericite schist of the 
Ingenika group. The quartz is cut by veins and patches of cream-coloured, 
coarsely crystalline calcite, and ,contains a few blebs and stringers of pyrite 
and chalcopyrite. 

About 100 feet downstream from the main quartz showing lies a 
boulder, 2 by 2 by 4 feet, of solid, massive to fine-grained pyrite and 
chalcopyrite, with blebs of white to bluish quartz and minor covellite and 
bornite. Undoubtedly much of the work done on this property was under
taken with a view to finding the ledge from which the boulder was derived. 
It seems probable, however, that the boulder has travelled far, for it is 
well rounded, and the quartz in it is quite unlike the milky, opaque variety 
seen in place on the claims. · 

SWANNELL GROUP (5) 

References: Lay, Douglas: Ann. Rept. B.C. Minister of Mines: 1927, p. 189; 1928, 
p. 180; 1929, pp. 184-430. 

The Swannell group of mineral claims is on Swannell River about 10 
miles from its mouth, 3 miles by trail south of Delkluz Lake·. The deposits 
have been known for many years, and h·ave been staked 1at intervals by 
various residents of the district. They are at present held by Gust Ola of 
Fort Grahame. 

The S'howings lie on 1both banks of Swannell River, which at this point 
flows easterly through a broad, flaring, drift-covered valley containing few 
rock outcrops. Very little development work has been done on the showing, 
and exposures are chiefly the result of erosion on the steep banks of the 
river, which has cut a trench 10 to 40 feet deep and 60 feet wide. 
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The mineral deposits occur in dark grey to black argillaceous schists 
and slates, interbedded with thin-bedded, blue-grey, impure limestone of 
the Ingenika group. The rocks are highly sheared and contorted, and, 
although they have a general northwest strike and a vertical or steep north
east dip, it is probable that such attitudes are those of parallel limbs of 
isoclinal folds, and that the strata at this point lie near the trough of a 
major, northwesterly trending syncline whose northeast limb is overturned 
to the southwest. Shearing planes are in general parallel with the limbs of 
the folds, and much graphitic material has formed along them. The rocks 
contain numerous veins and stringers of white quartz, many of which 
follow partings between bedding planes and have been shattered by shear
ing movements and intricately folded. The largest of these veins is about 
2 feet wide, but, due to isoclinal folding, as much as 8 feet of white quartz, 
separated by thin graphitic partings, is exposed in places. 

Three distinct types of mineral deposits have been recognized on the 
claims. Many of the quartz veins are sparsely mineralized with pyrite, 
and a few carry ·small streaks of galena and sphalerite. Some frructures in 
these veins contain malachite and covellite. Metallic sulphides compose 
no more than 5 per cent of the rock volume of any of the observed veins 
of this type, and few of the streaks of galena or sphalerite are more than 
an inch thick. Much of the limited amount of exploratory work done on the 
claims has been directed toward examining these veins, and one vein, about 
20 inches wide, isoclinally folded to a maximum width of about 8 feet, has 
been shown to have a length of at least 165 feet. 

A second, more promising type of deposit is represented by beds of 
blue-grey, thin-bedded limestone almost completely repla~ed by quartz, 
crystalline calcite, sphalerite, galena, and a little pyrite. The original 
limestone had been contorted into small drag-folds, and these structures 
have been preserved faithfully during subsequent mineralizing processes, 
so that original bedding structures can be traced across bodies of nearly 
solid sulphides. In many specimens the galena is concentrated into distinct 
bands relatively free from sphalerite, whereas adjacent areas of sphalerite 
contain little or no galena. Replacement by sulphides is irregular, and 
inclusions of unaltered limestone are common. The largest deposit of this 
type is 2 to 4 feet thick, and contains about 40 per cent sulphides. It has 
been exposed at intervals for a length of 170 feet. A sample of one of the 
galena-free bands assayed: gold, 0·005 ounce a ton; silver, 0·53 ounce a 
ton; lead, 1 ·45 per cent; and zinc, 28· 13 per cent. Two selected samples 
of the best galena-sphalerite ore from different parts of the deposit 
averaged: gold, 0·02 ounce a ton; silver, 8·14 ounces a ton; copper, 0·05 
per ,cent; lead, 24·64 per cent; and zinc, 27·36 per cent. 

The third type of mineral deposit is represented in a single bluff on the 
north bank of the river. Here, blue-grey limestone, intensely brecciated 
and silicified, has been mineralized with coarse granular pyrite and varying 
amounts of fine crystalline galena and sphalerite. The ore minerals occur 
in several distinct bands parallel wit'h the bedding, which dips vertically 
or steeply northeast. The westernmost mineralized band, lying adjacent 
to rusty, sheared argillite, consists of about 10 feet of bedded silic~fied 
limestone containing approximately 10 per cent metallic sulphides, chiefly 
coarse, individual grains of pyrite and fine granular sphalerite and galena 
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in thin seams along bedding planes. A representative sample of this 
material assayed: silver, 0·95 ounce a ton; copper, 0·01 per cent; lead, 
4 · 45 per cent; and zinc, 4 · 29 per cent. Farther east is a band 2 to 4 feet 
thick, of much brecciated limestone almost completely replaced by metallic 
minerals. Typical samples from this bed consist of approximately 70 per 
cent coarse granular pyrite, and 10 per 1cent galena and sphalerite, with 
minor chalcopyrite, qua,rtz, and iron-bearing earbonate. The pyrite
bearing rock is succeeded to the east by 6 feet of well-bedded, highly con
torted, silicified limestone, about 20 per cent of whic'h has been replaced 
by fine-grained galena and sphalerite. A sample of a sphalerite-rich band 
in this deposit assayed: silver, 0·80 ounce a ton; copper, 0·10 per cent; 
iead, 1 · 69 per cent; and zinc, 18 · 5 per cent. East of the contorted galena
sphalerite body is a band about 3 feet thick heavily mineralized with coarse 
pyrite; this band is in turn succeeded by 4 to 8 feet of highly brecciated, 
silicified limestone containing coarse pyrite, an iron-bearing carbonate, and 
fine-grained galena, with a little sphalerite. A selected sample of this 
material assayed: gold, 0·025 ounce a ton; silver, 0·85 ounce a ton; copper, 
0·02 per cent; lead, 4·4 per cent; and zinc 0·25 per cent. 

Almost all of the significant mineral showings observed on these 
claims occur in a 200-foot section along the river banks. Several prospect 
pits have been dug in the drift-covered valley floor at various distances 
back from the river, but few have reached bedrock and no mineral deposit 
has been encountered. One pit has disclosed sheared, ·Carbonatized material 
containing considerable mariposite. 

ORION GROUP (6) 

The Orion group of mineral claims is located in the valley of Orion 
Creek, about 2 miles north of its junction with Swannell River VaHey. 
The claims were staked for The Consolidated Mining and Smelting Com
pany of Canada Limited. No significant exploratory work has been done 
on the deposit. 

The showings are in grey and brown, medium- to fine-grained, steeply 
dipping, well-bedded, micaceous quartzites that are referred with some 
doubt to the upper parts of the Tenakihi group. The quartzites are cut 
by a few ·aplitic dykes up to 3 feet wide, and ·C<mtain massive white quartz 
veins parallel with the bedding planes. These quartz veins are cut by 
smaller veins of smoky grey quartz that in some places contain scattered 
crystals and irregular bodies up to 4 inches by 1 foot of galena with lesser 
tetrahedrite. The proportion of sulphides is low in the exposures examined. 

'PORPHYRY CREEK' WORKINGS (7) 
Reference: Lay, Douglas: Aiken Lake Area, British Columbia; B.C. Department of 

Mines, Bull. No. 1, p. 14 (1940). 

'Porphyry Creek' is the local name for a small northern tributary 
of Kliyul Creek near the extreme west border of the map-area, about ·a 
mile west of Croydon Creek and 10 miles by traH from the west end of 
Aiken Lake. The claimf' on this creek were ·explored by The Consolidated 
Mining and Smelting Company of Canada Limited. Workings include 
open-cuts and an adit 10 feet long. 
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The mineral occurrences consist of narrow veins and disseminated 
deposits of pyrite, ~halcopyrite, and molybdenite, associated with large 
masses of white quartz in medium-grained, dark green hornblende diorite 
of the Omineca intrusions. Stripping and natural erosion have uncovered 
quartz at intervals over an area 200 feet long and 60 .feet wide, but because 
of the large quantity of stream gravels that blanket the deposit, it could 
not · be determined whether the quartz belongs to one large or several 
smaller bodies. Within the quartz are lensy veins of pyrite and molybdenite 
up to 4 inches wide, the best exposed of which can be traced for about 20 
feet. Stringers of chalcopyrite up to -! inch wide cut both the quartz and 
the hornblende diorite, and appear to represent a stage .of mineralization 
distinct. from that of the pyrite-molybdenite veins. The average sulphide 
content of the deposit is very low, and ·assays for precious metals have 
not been encouraging. 

The stream gravels contain boulders of rusty, porous magnetite, which, 
when crushed and panned, show a few 'colours' of gold. 

MAGNETITE DEPOSITS NEAR 'PORPHYRY CREEK': 
SHELL GROUP 

Reference: Lord, C. S.: McConnell Creek Map-area, CaBsiar District, British 
Columbia.; Geol. Surv., Canada, Mem. 251, p. 60 (1948) . 

Bands of magnetite similar to those that must have supplied the 
boulders in 'Porphyry Creek', referred to above, are known from at least 
three plaees within the watershed of Croydon and 'Porphyry' Creeks. T.he 
largest exposed band outcrops mainly on the Shell group of mineral claims, 
which lies in McConneH Creek map-area just west of the border of Aiken 
Lake map-area, about 2 miles from the 'Porphyry Creek' workings. The 
magnetite band outcrops in Takla group volcanic rocks -cut hy several 
sma11 intrusive bodies on the mountain slopes ·above Kliyul Creek, and is 
spatially distinct from the chalcopyrite-pyrite deposits on the main body 
of Shell group claims, which have been described elsewhere (Lord, 1948, 
p. 60). The band is 15 to 20 feet thick, and is exposed in two segments, 
with a combined length of more than 1,600 feet, separated by a fault gap 
of 600 feet. Throughout this band the magnetite content appears to be 
almost everywhere greater than 10 per cent, and a few bodies up to 5 feet 
thick and 50 feet long are composed almost entirely of granular magnetite. 
The magnetite is accompanied by relatively sma11 amounts of pyrite, 
pyrrhotite, and chalcopyrite, with some gold, which is reported to ha.ve 
been found in grains large enough to be seen with the naked eye. Explora
tion of this deposit by Springer, Sturgeon Gold Mines, Limited, has 
indicated that the copper mineralization, and most probably the gold 
mineralization, is _later than the fault that offset the rocks containing the 
magnetite bodies. No magnetite has been found in the fault, and it appears 
that the magnetite was deposited earlier than the sulphide minerals. 
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CROYDON GROUP (8) 

Reference: Lay, Douglas: :Aiken Lake Area, British Columbia.; B.C. Department of 
Mines, Bull. No. 1, pp. 8-19 (1940). 

The Croydon group of claims lies about 9 miles by trail from the west 
end of Aiken Lake on the lower part of Croydon Creek, a tributary of 
Kliyul Creek. The claims are owned and were explored by The Con
solidated Mining and Smelting Company of Canada Limited. Operations 
ceased when the camp was destroyed by forest fire in 1938. At present, 
six claims are held in good standing. 

The deposits lie in nearly parallel, steeply dipping shear zones in 
medium-grained hornblende diorite. The shear zones vary in width from 
a few inches to about 30 feet, and contain lenticular bodies of vein quartz, 
usually with free walls. The individual quartz bodies . are seldom more 
than 2 feet wide, but an interlacing network of them, separated by thin 
partings of sheared altered hornblende diorite, in many places occupies the 
entire width of the shear zone. The sheared hornblende diorite has been 
largely altered to a soft, green, chloritic material, which in places is prob
ably antigorite serpentine. 

The quartz is irregularly mineralized with massive to erystalline pyrite 
and chalcopyrite. Meta.nic minerals do not comprise more than about 5 per 
cent of most of the veins examined, but local concentrations of almost 
solid sulphides form lenses up to 2 feet wide and 15 feet fong. Small 
amounts of magnetite, molybdenite, gold, and an unidentified soft, silvery 
mineral accompany the pyrite and chalcopyrite. The ore minerals are 
confined mainly to the quartz bodies, but in a few places the sheared 
hornblende diorite is pyritized. Later fractures cutting through the quartz 
and the ore minerals have been filled with a cream-coloured carbonate 
mineral, probably calcite. 

Exploratory work has been concentrated on four, quartz-filled shear 
zones that lie within a belt 250 feet wide on the southwest side of Croydon 
Creek (See Figure 14). Each of the shear zones strikes about north 10 
degrees east and dips steeply southeast. The two most easterly of these 
shear zones are actually parts of the same broader shear zone, and are 
separated by 5 to 20 feet of sheared rock containing small, erratically 
distributed quartz lenses. The eastern part of this broad zone is known 
by the owners as 'vein No. 13', and is visibly mineralized for a length of 
270 feet. As its northernmost exposure, the 'vein', or quartz-rich part of 
the shear zone, is 6 feet wide and contains an aggregate width of 4' feet 
of rusty, fra·ctured, sparsely mineralized quartz. A sample across 5-l feet 
at this point assayed: gold, 0 · 03 ounce a ton; silver, 0·13 ounce a ton; 
and copper 0·01 per cent. Southward from this point 'vein No. 13' pinches 
and swells, and the vein matter consists of a series of lenticular quartz 
stringers and veinlets, with ·an average total width of about 2 feet. In 
places it is abundantly mineralized. A sample of almost solid, massive to 
granular pyrite from the dump, very similar to that found at, and believed 
to be from, the central part of this 'vein' assayed: -gold, 0· 105 ounce a 
ton; silver, 0·70 ounce a ton; and copper, 0·32 per cent. At the point 
farthest south on 'vein No. 13' penetrated by underground workings, the 
quartz-rich part of the shear zone is more than 10 feet wide. A sample 
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Figure 14. Underground workings on the Oroydon. group. 
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across 6-! feet of this, including 4 feet of quartz carrying about 5 per cent 
sulphides, assayed: gold, 0·005 ounce a ton; silver, 0·055 ounce a ton; and 
copper, 0 · 03 per cent. 

The western part of the broad shear zone that includes 'vein No. 13' 
also contains, at the outcrop on the creek and in the northermost under
ground working southwest of the creek, a network of quartz lenses and 
veins. This network has been called 'vein No. 12', and has been explored 
for 80 feet. Throughout this length the 'vein' is about 10 feet wide, 
consisting in most places of a central quartz vein 4 to 5 feet wide :flanked 
by lenticular subsidiary veins. A sample across 5 feet at the most northerly 
face of the underground workings on this 'vein' assayed: gold, 0·095 ounce 
a ton; silver, 0·28 ounce a ton; and copper, 0·88 per cent. A sample from 
the same place, taken by Douglas Lay 9f the British Columbi.a Department 
of Mines, assayed (Lay, 1940, p. 11): gold, 0·4 ounce a ton; and copper, 
0 · 9 per cent. A sample across 11 feet of the broad shear zone, containing 
'vein No. 12' and much of the sheared material between 'vein No. 12' 
and 'vein No. 13', taken 35 feet south of the above mentioned face, 
assayed: gold, 0·02 ounce a ton; silver, 0· 10 ounce a ton; and copper, 
0·04 per cent. A selected sample from broken rock piled in the drift at 
this point, consisting of .about equal amounts of milky quartz and sulphides, 
assayed: gold, 0·26 ounce a ton; silver, 1·61 ounce a ton; and copper, 
5·86 per c.ent. The aggregate of lens-like quartz bodies with sheared 
chloritfo partings composing 'vein No. 12' pinches abruptly to a width 
of about 5 inches, 80 feet south of its outcrop on the creek bank. Under
ground workings farther' south along the western side of the broad shear 
zone have penetrated only sheared pyritized hornblende diorite. 

The next important shear to the west, called 'vein No. 14', is known 
at present from underground workings only. It '1ies about 35 feet west 
of the southern part of 'vein No. 13', separated from it by two distinct 
faults, which have displaced 'vein No. 14' upward and northward with 
respect to 'vein No. 13'. 'Vein No. 14' is exposed for a total length of 
85 feet, and shows a maximum of 3 feet of quartz, though the average 
width is probably less than 1 foot. A sample across 3 feet of a typic.al, 
sparsely mineralized part assayed: gold, 0·005 ounce a ton; silver, 0·045 
ounce a ton; and copper, ni1. 

An adit was driven northward on the northeast side of Croydon Creek 
approximately on the line of strike of these shear zones in an attempt 
to pick up the northward continuation of the 'veins'. The adit penetrated 
unconsolidated materia'1 for 380 feet before reaching smooth, glaciated 
bedrock. The edge of the bedrock was followed northwesterly and south
easterly for a total distance of 300 feet, but no appreciably mineralized 
shear zones were encountered. 

The mineralized shear zone known as 'vein No. 10' outcrops as a 
distinct quartz vein 2 feet wide on the south west bank of Croydon Creek, 
250 feet northwest of the outcrops of 'veins Nos. 12 and 13'. The out
cropping vein has been followed southerly in underground workings, and 
has a maximum width of .about 3 feet of heavily mineralized quartz. 
About 45 feet south of the portal it pinches to a gouge 2 inches wide. A 
cross cut from the south end of the drift that followed the outcropping vein 
shows the ground immediately west to be much sheared for a width of 12 
feet and to contain many small, mineralized, lens-like quartz veins. A grab 
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sample from one of these veins, consisting of white fractured quartz con
taining massive pyrite and thin sheets of molybdenite, assayed: gold, 0·06 
ounce a ton; silver, 0·35 ounce a ton; and copper, 0·71 per cent. This 
highly sheared band is separated by 10 feet of pyritized, slightly sheared 
rock from another, intensely sheared zone to the west cop.taining a heavily 
mineralized quartz vein with a maximum width of 4 feet. This vein, 
forming the western side of the 'vein No. 10' shear zone, has been followed 
southerly by a drift, from the crosscut mentioned above, for 35 feet to 
where it pinches to a narrow, gouge-filled shear containing no quartz. A 
sample across 2 feet of this vein assayed: gold, 0 · 65 ounce a ton; silver, 
0·50 ounce a ton; and copper, 1 ·78 per cent. Some parts of the vein are 
relatively rich in molybdenite and magnetite. What may be the south
westerly continuation of the 'vein No. 10' shear zone is penetrated by a 
crosscut extending 140 feet west from the southern end of 'vein No. 12'. 
A 20-foot drift driven northward from the crosscut along the 'vein No. 10' 
shear zone exposes a sparsely mineralized quartz vein about 4 inches wide. 

Several shear zones, some containing mineralized quartz veins, occur 
at intervals along the banks of Croydon Creek within 2,000 feet upstream 
from those explored by underground workings. Some of them apparently 
contain considerable magnetite, for areas up to 400 feet wide of strong 
magnetic attraction have been outlined. A limited .amount of trenching 
and stripping has been done on these shears, but due to excessive sloughing 
little information can now be gained from the workings. 

Mineralographic study of samples from the deposits on this property 
indicates two distinct and perhaps unrelated periods of metallic mineral 
deposition. The most widespread mineralization is that which resulted in 
the deposition of the pyrite, chalcopyrite, and an unidentified, soft, silver
coloured mineral that may be a telluride. The chalcopyrite was apparently 
deposited contemporaneously with and after the pyrite. The molybdenite 
and magnetite seem to have been formed during a separate period of 
mineralization; the former is invariably accompanied by magnetite in this 
deposit. Part of the magnetite is in grains so minute that microscopic 
flakes of apparently clean molybdenite are affected by a magnet. Owing 
to the difficulty of polishing masses of soft molybdenite containing grains 
of hard magnetite, the relations between the molybdenite-magnetite masses 
and the pyrite-chalcopyrite masses were not satisfactorily observed, but 
it appears that stringers of molybdenite are interrupted by masses of pyrite 
in such a way as to suggest that the molybdenite-magnetite mineralization 
was the earlier of the two processes. 

The precious metal content of these deposits is apparently contained 
mainly within the metamc minerals. Grinding of representative samples to 
minus 150-mesh, followed by tabling, achieved an almost complete separa
tion of metallic from non-metallic material. Assaysl of the products from 
this separation showed a:lmost all the gold to be in the sulphide-magnetite 
fraction. The gold-copper ratio of the deposit appears to be fairly constant: 
for each 1 per cent of copper in the ore, 0·10 to 0 · 30 ounce of gold is 
carried in the sulphides. Chalcopyrite is probably the main gold carrier. 
Thus, material from this deposit would require concentration, and relatively 
higher grade material would be necessary to -constitute ore than if the 

1 Run by Mr. Lawrence Adie in the !S1bora:tories of the Department of Mining and Metallurgy at 
the University of British Co1umbia. 
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gold were entirely free-milli~g. Some of the gold, however, is apparently 
free, as evinced by a few, irregularly high assays. In this connection, the 
presence of free, relatively coarse gold in the magnetite on the Shell group 
of claims, and in the boulders on Porphyry Creek, mentioned above, is of 
interest. It may be that the free gold is associated with the magnetite
molybdenite mineralization. 

The silver is, apparently, associated with the sulphides, and in most 
samples is 10 to 20 times as abundant as gold. The high gold assays, sup
posedly indicative of free gold in the quartz or with the magnetite, are not 
accompanied by correspondingly high silver assays. The mineral in which 
the silver occurs is not known. 

GRANITE BASIN GROUP (9) 

Reference: Lay, Douglas : Aiken Lake Area, British Columbia; B. C. Department of 
Mines, Bull. No. 1, pp. 15-18 (1940). 

The Granite Basin group of claims, owned by The Consolidated Min
ing and Smelting Company of Canada Limited, covers the south wall of a 
northeasterly facing cirque draining into Lay Creek, 6 miles by trail from 
the east end of Aiken Lake. The showings consist of broad, pyritized 
bands in Takla group andesite and intercalated sedimentary rocks invaded 
by small bodies of Omineca intrusions. 

The predominant rock in the immediate vicinity of the main workings 
is a moderately dark, grey-green, porphyritic andesite, with small black 
hornblende and scattered grey feldspar phenocrysts. A few beds of tuff, 
argillite, and impure limestone are intercalated with the andesite. This 
rock is cut by a grey to greenish grey 'diorite porphyry', with hornblende 
phenocrysts up to i inch long in a fine-grained matrix. The porphyry 
closely resembles the andesite, and in places is difficult to distinguish from 
it. Contacts between the two rocks are in places sharp and definitely 
intrusive; in other places they appear to be gradational. 

Both the andesite and the 'diorite porphyry' are intruded by a medium 
to light grey or buff-coloured, medium-grained to sugary, 'porphyritic 
diorite' with abundant feldspar phenocrysts and a few hornblende pheno
crysts in a light grey, medium-grained matrix. Although individual bodies 
of this rock were never traced for more than 300 feet or so, the nature of 
their contacts and outcrop positions would indicate that they may be 
irregular sill-like bodies, 50 to 150 feet thick, in the andesites and bedded 
tuffs. 

The andesite, the 'diorite porphyry', and the 'porphyritic diorite' are 
all cut by well-defined dykes 10 to 100 feet wide of light grey feldspar 
porphyry. 

The andesite and the 'diorite porphyry' are generally sparsely miner
alized with fine-grained pyrite, but may be well mineralized where they 
are in contact with the 'porphyritic diorite', which is everywhere heavily, 
though somewhat irregu1arly, pyritized. 

Four pyritized bands are exposed within a horizontal distance of about 
2,000 feet, between elevations of 5,150 and 6,000 feet, on the east end of the 
precipitous south wall of the cirque (See Figure 15). They appear to con-

78609-151 
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sist mainly of sill-like bodies of 'porphyritic diorite' trending about parallel 
with the bedding of the tuffs and argillites, which are well exposed farther 
west on the cirque wall, where they strike northeast and dip 40 to 60 
degrees northwest. The most easterly of these bands is split by an unminer
alized porphyry dyke about 60 feet wide, producing, at the crest of the 
ridge, five pyritized bands, which the owners have numbered 1 to 5 con
secutively from east to west. The pyritized bands do not have definite 
margins, and are not uniformly mineralized. Some heavily pyritized areas, 
as evidenced by dark, rusty weathering patches on the cirque wall, are as 
much as 200 feet wide and 400 feet long. 

Exploration, -consisting of trenches, open-cuts, and two adits totalling 
379 feet of underground workings, has been -confined largely to the most 
easterly pyritized band. Most of the workings are in a rusty weathering, 
intensely fractured, friable rock containing much fine-grained; disseminated 
pyrite. Minute grains of chalcopyrite, and what appear to be bornite and 
tetrahedrite, were noted in one specimen, but copper mineralization has 
nowhere been sufficient to yield a conspicuous copper stain. 

It is impossible to assign definite widths to the pyritized bands. Work
ings crossing the easternmost band are from 10 to 90 feet in ·length. Mr. 
E. Bronlund of The Consolidated Mining and Smelting Company of 
Canada Limited reported that encouraging ·assays had in places been 
obtained across widths of as much as 45 feet, and that the highest part of 
the zone carried up to ! ounce gold a ton across 30 feet. A sample taken 
by Douglas Lay of the British Columbia Department of Mines across 40 
feet in the upper underground working assayed: gold, 0·2 ounce a ton. 

HALQUINN AND RED DYKE GROUPS (10, 11) 

The Halquinn and Red Dyke groups were staked in the summer of 1947 
by independent prospectors on the 'Granite Basin' mineral zone, immedi
ately south of and adjoining the Granite Basin claims. No exploratory 
work has been done on them to date. 

JUPITER GROUP (12) 

Reference: Lay, Douglas : Aiken Lake, British Columbia; B. C . Department of Mines, 
Bull. No. 1, -1940, pp. 18-22. 

The Jupiter property is on the northeast side of Lay Creek, 4 miles by 
trail from the east end of Aiken Lake. It was staked for, and explored by, 
The Consolidated Mining and Smelting Company of Canada Limited. No 
work has been done on the property since 1937. 

The wide, fiat-bottomed valley of Lay Creek is underlain by andesitic 
flows with intercalated tuffs, argillites, and impure limestones. In its 
upper reaches the valley follows a longitudinal fault that brings structur
ally discordant members into contact; but from the vicinity of the Jupiter 
property to the junction of Lay Creek with Mesilinka River, the rocks are 
structurally -conformable across the entire width of the valley and the 
fault appears to become an irregular shear zone 300 or more feet wide. 
Along this fault and shear zone, Lay Creek has incised ·a narrow gorge 9 
milp~ long and as much as 400 feet deep. The fault and shear zone ·are 
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provisionally placed at the contact between known Takla group rocks on 
the west and underlying rocks of pre-Takla age on the east. The Jupiter 
mineral deposits are exposed near the bottom of the gorge at the junction 
of Lay Creek with a small tributary stream locally known as Berry Creek. 
The rocks in the gorge have been considerably altered: the andesites and 
tuft's to smooth, shiny, chloritic and serpentinized rocks, and much of the 
argillite to soft, :flaky, graphitic material. A small body of blocky, less 
friable, porphyrit ic rock of andesitic or dioritic composition, exposed near 
the portal of the 'main adit' and encountered in some of the underground 
workings, may be intrusive. 

Two distinct types of mineral deposits are recognized on the property. 
One is represented by a brecciated fault zone, striking north and dipping 
steeply west, eemented by white quartz and cream-coloured calcite, which 
contains much graphitic material and is sparingly mineralized with pyrite. 
This fault zone has been called 'vein No. 2' by the owners. The other type 
of mineral deposit is represented by well-defined fissure veins striking 
northeast and northwest, consisting of quartz and calcite heavily mineral
ized with sphalerite, tetrahedrite, galena, and minor chalcopyrite, covellite, 
and pyrrhotite. The two largest of these veins, which strike northeast and 
lie to the west and east of the 'vein No. 2' fault zone, have been named 
vein No. 1 and vein No. 3 respectively. 

Exploratory work has consisted of hydraulic stripping the steep slopes 
of Berry Creek gulch, and of driving two adits, one on each side of the 
creek. The surface workings are now completely sloughed, but it is under
stood that the mineral deposits were well exposed within an area of 250 
by 140 feet. 

The 'main adit' is driven into the west bank of Berry Creek about 50 
feet above the level of Lay Creek. It consists of a drift, 795 feet long, on 
the mineralized, brecciated fault zone (vein No. 2) and a total of 813 feet 
of branch workings that explored subsidiary fault zones and the fissure 
veins (See Figure 16). Vein matter in the fault zone followed by the drift 
is very lensy. Pyrite is the sole metallic mineral noted, and occurs in part 
very sparingly disseminated through quartz, in part somewhat more abund
antly disseminated through the brecciated altered wall-rocks, but for the 
most part as thin stringers and seams with calcite forming a matrix to the 
fault-zone breccia. The fault zone contains much graphitic material; 
lens-like bodies up to 4 feet wide, consisting almost entirely of soft, impalp- • 
able, carbonaceous matter, were noted. The best mineralized section 
observed was about 100 feet long and in most places less than 2 feet wide. 
Samples from this fault zone, taken by the owners, ~re reported (Lay, p. 21) 
to have yielded 0·31 ounce to 7·18 ounces of gold a ton across widths of 
2 to 12 inches. A grab sample taken by the writer in 1946 assayed: gold, 
0·135 ounce a ton; silver, 4·75 ounces a ton; copper, 0·08 per eent; and 
zinc, O • 60 per cent. Microscopic examination of specimens from this 
deposit has shown no gold; it may be that the pyrite itself is auriferous. 

The sphalerite-tetrahedrite-galena deposits, represented by vein No. 1, 
vein No. 3, and sever.al smaller veins, have a maximum observed width of 
1 foot. Vein No. 1 has been followed by a drift for 105 feet, and vein 
No. 3, on the opposite side of the 'vein No. 2' fault zone, for 60 feet. The 
very close similarity in width, attitude, and mineralogy of veins No. 1 and 
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No. 3 suggest that they were originally parts of the same vein, dislocated 
by movement along the 'vein No. 2' fault zone. The walls of the fissure 
veins .are free, indicating some post-mineral movement. 

Typically, veins No. 1 and No. 3 consist of interbanded light brown 
sphalerite, dark brown sphalerite, and quartz. Cream-coloured calcite and 
white to dull grey massive quartz fill abundant fractures in the sphalerite, 
and contain minute grains of chalcopyrite. Tetrahedrite and galena occur 
as irregular patches in the sphalerite, mainly in the darker variety, and 
as layers up to 1 inch wide in the sphalerite and along contacts of quartz 
and sphalerite 'bands. Some covellite was also observed along these 
contacts. 

Microscopic examination of specimens from veins No. 1 and No. 3 
shows the sphalerite to have been fractured,. healed by quartz and calcite, 
and then irregularly replaced by argentiferous tetrahedrite. Later, both the 
sphaierite and the tetrahedrite, but principally the latter, were replaced 
by galena. A still later period of fracturing was followed by deposition 
of a second generation of calcite and a little chalcopyrite. Pyrrhotite was 
identified as irregular masses in the quartz and in the tetrahedrite near 
quartz. Its age relative to the other sulphides is unknown. 

Microchemical analysis of the galena showed no evidence of silver. 
The tetrahedrite, however, is the strongly argentiferous variety, freibergite. 

Grab samples of veins No. 1 and No. 3 were taken by Douglas Lay in 
1939 and by the writer in 1946. They assayed as follows: 

Vein Gold, Silver, Copper, Lead, Zinc, 
oz./ton oz./ton per cent per cent per cent 

No.1-
1939 sample .................. 0·02 76·3 0·6 0·4 8·8 
1946 sample.: ................ 0·01 91·3 1·01 8·70 30·15 

No.S-
1939 sample ...... ...... ...... 0·02 152·0 1·2 7.5 11·7 
1946 sample ....... . .......... 0·025 153·78 1·76 3·15 22·16 

On the e.ast bank of Berry Creek, an adit 160 feet long has been 
driven in badly fractured, sheared ground along a brecciated quartz
calcite vein with a maximum width, at the portal, of about 2 feet. The 
vein is sparingly mineralized with sphalerite, pyrite, galena, and tetrahed
rite. As seen in the back of the adit, the vein is lensy and discontinuous, 
and within 100 feet pinches into small, pod-'like .bodies of crushed quartz. 
Except near the portal, little evidence of mineralization was noted. 

POLARIS GROUP (13) 

Reference: Lay, Douglas: Aiken Lake Area, North-central Brit.iish Columbia; B.C. 
Department of Mines, Bull. No. 1, 1940, pp. 22-24. 

The Polaris group, staked .and explored by The Consolidated Mining 
and Smelting Company of Canada Limited, consists · of eight claims on 
Polaris Creek, about a mile above its junction with Lay Creek. The 
property is reached by a trail, 2! miles long, from the Jupiter workings. 
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A short distance upstream from the property, Polaris Creek enters .a 
rocky gorge that increases in depth to about 300 feet at its junction with 
Lay Creek. The gorge exposes a complex assemblage of slaty argillite, 
impure limestone, tuffs, and andesitic flows cut by many small dykes and 
stocks of a.cidic to intermediate composition. 

Near a small stock of quartz-biotite porphyry, calcareous and cherty, 
black, slaty argillites are cut by a network of small quartz and quartz
calcite veins. The veins in places are well mineralized with disseminated, 
banded or blehby pyrite, arsenopyrite, and pyrrhotite, with, very minor 
chalcopyrite. The network of veins has an observed width of as much as 
3 feet; the individual veins, commonly symmetrically banded, reach a 
maximum width of 4 inches, but are mostly less than 2 inches wide. 
Remarkably high gold assays are reported to have been obtained from 
samples across narrow widths of some of these veins, but it is understood 
that the average gold content across mineable widths did not approach 
commercial grade. 

Also exposed in the Polaris Creek gorge are several lens-Iike replace
ment bodies of pyrrhotite, with minor pyrite and chalcopyrite. The 
largest of these is .about 30 feet wide, and is exposed. on both sides of the 
canyon wall for a vertical distance of at least 100 feet. None of these 
bodies has shown a significant precious metal content. 

HOPE GROUP (14) 

The Hope group, staked in 1944 by 0. Schmidt of Fort St. James, lies 
at an elevation of about 6,800 feet in a col on the crest of the ridge 2~ 
miles northeast of Blackpine Lake. The claims cover a fracture zone 12 
to 25· feet wide and severaI hundred feet long in uniformly banded quartz
mica-feldspar gneiss, quartzite, and quartz-feldspar-actinolite amphibolite. 
Most of the fracture zone consists of fragments up to 2 feet in diameter of 
gneiss and 'bluish grey, massive quartzite partly to completely replaced by 
pyrrhotite, pyrite, and arsenopyrite, with very minor chalcopyrite, together 
with others of solid crystalline sulphides, in a matrix of massive to crystal
line pyrrhotite, massive hematite, and earthy, friable Iimonite. Mineraliza
tion ;appears to be due both to replacement and fracture filling. 

In other parts of the deposit bands of crystalline sulphide minerals 
have formed along the foliation planes of the quartz-mica-feldspar schist, 
giving the exposures a veined appearance. 

Assays of samples from this deposit have indicated only traces of gold 
and silver. 

STRANGER GROUP (15) 

The Stranger group, staked in 1929 by H. Ravenal of Fort Grahame, 
is on Tutizika River about 5! miles above its confluence with the Mesilinka. 
Evidence of mineralization consists of a network of narrow, quartz and 
quartz-calcite veins, sparsely mineralized with pyrite, in a slaty, black, 
somewhat sheared argillite, which is in part calcareous. The largest single 
vein noted was about 4 inches wide, but at one place an aggregate width 
of 2 feet of vein matter was distributed within a width of 10 feet of rock. 
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Nothing is known of the precious metal content of the veins, but in 
view of the fact that almost no exploratory work was done and the lease 
on the claims was allowed to lapse, it is assumed that assay returns were 
disappointing. 

LEAD-COPPER SHOWING NEAR TUTIZZI LAKE 

The ridge immediately north of the west end of Tutizzi Lake exposes 
many quartz veins containing lead and copper minerals. One of the best 
mineralized of these is exposed in an iron-stained zone about 30 feet wide 
in medium-grained diorite cutting coarse-grained hornblendite and pyroxen
ite. It consists of about 3 feet of brecciated, rusty quartz, which in turn 
contains a more compact quartz vein with a maximum width of 15 inches, 
heavily mineralized with galena and chalcopyrite. Assays of two grab 
samples of this material averaged: gold, 0·0075 ounce a ton; silver, 5·05 
ounces a ton; copper, 1 ·44 per cent; and lead, 50·38 per cent. This vein 
is exposed for a length of about 30 feet. 

Quartz veins are numerous in the surrounding area, some attaining a 
width of 3 feet and a length of several hundred feet. All contain some 
galena or chalcopyrite, but in general the quantity of sulphides is small, 
and all the veins sampled gave low gold and silver assays. 

CHIEF THOMAS SHOWING (16) 

The Chief Thomas showing consists of a single quartz vein in slightly 
gneissic quartz diorite, exposed on the south side of a peak east of the 
headwaters of Etschitka Creek at an elevation of 7,500 feet. The vein 
is 6 to 10 feet wide, at least 350 feet long, and stands vertically. Sulphide 
minerals are distributed at intervals across the vein, but are most con
centrated and continuous along the west side of the vein, where 1 foot of 
quartz and 18 inches of the adjacent rock are heavily impregnated with 
malachite and contain many blebs and patches of bornite, chalcopyrite, 
and pyrite. The largest solid sulphide mass observed was 2 by 8 inches 
in surface area. Part of the quartz is badly fractured and 'vuggy', and 
contains much dark red to specular hematite. Limonite boxworks are 
well developed in places. 

Only the western contact of the vein is exposed. Here the wall-rock 
has been converted, for a width of about a foot, to a fine, compact 
material composed largely of malachite, flanked by 1 foot to 3 feet of 
malachite-stained quartz diorite. 

The vein has not been systematically sampled. Two grab samples, free 
from the larger sulphide blebs, assayed: gold, trace to 0·015 ounce a ton; 
silver, trace to 0 · 27 ounce a ton; and about 1 per cent copper. 

ELIZABETH GROUP (17) 

The Elizabeth group, staked in the autumn of 1946 for The Con
solidated Mining and Smelting Company of Canada Limited, covers a 
shear zone in granodiorite and quartz diorite near the head of the.. east 
branch of Etschitka Creek. The zone contains numerous quartz and 
quartz-carbonate veins, in two intersecting sets, one of whieh is reported 
to have provided fairly consistent, but low, assays in gold and silver. No 
exploratory work was done on the deposit in 1947 or 1948. 
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MATETLO COPPER SHOWING (18) 

The Matetlo copper showing is exposed in the precipitous wall of the 
cirque at the head of the east branch of Matetlo Creek. It consists of a 
series of fractures and veins carrying iron and copper minerals in granodio
rite. The fractures are abundant across a width of 120 feet, striking 
north 50 degrees west and dipping 85 degrees northeast. Within this 
zone at least five veins, 6 to 10 inches wide, consist, typically, of coarse
grained crystalline pyrite at the centre, flanked by mixed chalcopyrite and 
pyrite, which, in turn, merge into a quartz-epidote border zone containing 
disseminated malachite and azurite. A grab sample of nearly solid pyrite
chalcopyrite ore assayed: gold, 0·01 ounce a ton; silver, .1·31 ounces a 
ton; and copper, 18·93 per cent. 

The granodiorite between the veins is much fractured; the fractures 
are filled with thin seams of malachite and azurite, and small grains of 
sulphide, thought to be in part chalcopyrite, ·are disseminated through the 
freshly broken rock. A grab sample of this material assayed: gold, trace; 
silver, 0·03 ounce a ton; and copper, 2·02 per cent. 

PLUTO GROUP1 (19) 

Reference: Lay, Douglas: Aiken Lake Area, North-central British Columbia; B.C. 
Depa.rtmeillt of Mines, Bull. No. 1, 1940, pp. 26-28. 

The Pluto property consists of four claims on Pluto Creek, a small 
tributary of Thane Creek. It is 11 miles by pack-trail from Uslika Lake. 
The property, held by The Consolidated Mining and Smelting Company of 
Canada Limited, has been prospected by stripping the surface hydraulically. 

Most of the miner.al showings are in greenstone of the Takla group 
within 50 feet of their ~ontact with porphyritic diorite, but a few of mino~ 
consequence are in the diorite. Both the greenstones ·and the diorite are 
here intensely sheared, in a north-northwesterly direction, roughly parallel 
with the contact. Most of the shear planes dip from 60 to 75 degrees to 
the southwest. They are probably part of a major shear or fault zone that 
follows Pluto Creek. 

The mineral showings comprise lenses of mixed pyrite, arsenopyrite, 
and minor chalcopyrite along the shear planes. Lenses of the following 
maximum surface dimensions have been uncovered: 3 by 53 feet; 9 by 30 
feet; 25 by 12 feet; 3 by 37 feet; 10 by 50 feet; and 3 by 30 feet. Gold 
assays up to 0 · 4 ounce a ton have been reported. Most of the gold is 
associated with arsenopyrite. 

THANE GROUP (20) 

Reference: Lay, Douglas: Aiken Lake Area, North-central British Columbia; B.C. 
Department of Mines, Bull. No. 1, 1940, pp. 28-29. 

The Thane group, consisting of four claims held by The Consolidated 
Mining and Smelting Company of Canada, Limited, is on Thane Creek 
about 7 miles above its mouth. It may be reached by a pack-trail, about 12 
miles long, which leaves the Germansen Landing-Aiken Lake winter road at 
Thane Creek crossing, t mile north of U slika Lake. 

1Reporled on by J. E. Arm.strong, Geological Survey of Canada. 



225 

The property straddles the •contact of the large granodiorite batholith 
to the west with Takla group volcanic formations. Many of the andesites 
along the contact have been altered to green, chloritic and amphibolitic 
schi'Sts, which strike north 70 degrees west and dip 70 degrees northeast. 
Both shearing and faulting are pronounced in this direction. 

The principal deposit is a silicified sh~ar zone about 4 feet wide 
mineralized with a little pyrite, chalcopyrite, magnetite, and specularite. 
Low assays in gold have been reported. 

VEGA GROUP1 (21) 

Reference: Lay, Douglas: Aiken Lake Area, North-central British Columbia; B.C. 
Depa.rtment of Mines, Bull. No. 1, 1940, pp. 25-28. 

The Vega group of ten claims is situated on Vega Creek about 6 miles 
above its mouth. It may be reached by a pack-trail about 7 miles long, 
which leaves the Germansen Landing-Aiken Lake winter road at Thane 
Creek crossing! mile north of Uslika Lake. 

Six claims were staked about 1928, for The Consolidated Mining and 
Smelting Company of Canada Limited, and during the 10-year period 
ending in 1938 they were explored by surface stripping and by an adit 
level from Vega Creek comprising at least 500 feet of underground work. 
At that time the gold and copper content of the showings were of chief 
interest. 

A little cinnabar was found on the property in 1942, and as a result 
four more claims were staked and much trenching done in search of 
mercury ore. The property has been idle since 1944. 

The claims on which the showings occur are mainly underlain by 
northwesterly trending, steeply dipping, dark green, andesitic flows, 
breccias, and tuffs of the Takla group. The andesite exposed in the adit 
contains numerous pebbles and boulders of feldspar porphyry up to several 
feet in diameter. Minor interbeds of argillite and conglomerate were 
observed in several trenches, ·and Lower Jurassic fossils were collected from 
the argillite. 

A major shear or fault zone striking north 15 degrees west and dipping 
65 degrees south west crosses the property several hundred feet west of 
the adit. This zone has been tra·ced for several miles southeast of Vega 
Creek. It is characterized by intense shearing and alteration of the 
andesites to ankeritic carbonates across a width of about 200 feet. 

An examination of the underground workings indicated three directions 
of faulting and shearing, striking about north 15 degrees east, north 65 
degrees east, and north 75 degrees west respectively, with the fault planes 
spaced at intervals of about 20 feet. Many of these faults are marked 
by a few inches to 18 inches of gouge. 

The main gold-copper showings, as exposed in the underground work
ings, consist of chalcopyrite, pyrite, and minor bornite, either disseminated 
through the andesite or concentrated along calcite stringers that lie along 
fractures. No sulphides were seen along the faults, which are apparently 
post-mineral. Epidote is common throughout the mineral showings. The 
best body of ore is reported to be about 10 feet wide and at least 25 feet 
long, and to average 0·25 ounce of gold a ton and 1 ·5 per cent copper. 

I Reported on by J. E. Armstrong, Geological Survey of Canada. 
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A-bout half a mile south of Vega Creek, cinnabar has been found in 
the carbonatized rocks that lie along the major fault zone previously 
described as crossing the property. The cinnabar occurs as minute stringers 
along small fractures •and as individual epecks. Two zones, one 15 feet 
wide and the other 40 feet wide, are reported to assay !- pound of mercury 
a ton. 

RUBY GROUP (22) . 

· The Ruby group of mineral claims lies on both sides of Jim May 
Creek about 4 mifes from its mouth. A tractor road about 5 miles long 
connects the property with the Aiken Lake winter road near mile 50, at 
the Tenakihi Creek crossing. The group was staked in 1944 for The Con
solidated Mining and Smelting Company of Canada Limited. Exploratory 
work carried out in 1945 and 1946 has consisted of surface stripping by 
hydraulicking and bulldozing methods. 

The deposits lie in highly contorted quartzites and quartz-mica schists, 
in part garnetiferous, of the Tenakihi group; within one of the 'trains' of 
anomalous structures (See page 41) that pass obliquely across the major 
anticline of Tenakihi group rocks in the vicinity. Several tabular and 
irregular bodies of white vein quartz up to 15 feet wide are exposed on 
and near the property. These are cut by sill-like bodies of buff-coloured 
granophyre ·and feldspar porphyry, and a stock of feldspar porphyry 
outcrops ! mile south of the property. The mineral showings occur in a 
series of brecciated fault or shear zones, along which there has been 
repeated movement and deposition of quartz and sulphide minerals. 
Although the granophyre intrusive bodies were not observed to have been 
cut by any of the mineralized shear zones, they are affected by similar, 
unmineralized shears, and are thus probably older than the mineralized 
quartz veins. 

The most persistent fault and shear zones strike north 35 to 40 degrees 
east ·and dip about 55 degrees southeast. The latest movement has been 
mainly directly down the dip, with the southeast side dropped relative to 
the northwest side. The fracture zones exposed by exploratory work are 
all extremely irregular, and branching, curving, 'horsetail' structures are 
common (See Figure 17). The most prominent subsidiary breaks trend 
north 25 degrees west and dip about 60 degrees northeast, and north 75 
degrees east, dip 50 degrees southeast. It is apparent that the main, north 
40 degrees east-striking zones, which cut indiscriminately through the 
schists, quartzites, and large barren quartz veins. were first developed, and 
cemented with vein quartz accompanied by a •little pyrite to form a breccia 
zone up to 10 feet wide. This was refractured, and a complex sequence 
of shattering, quartz vein formation and sulphide deposition, and silicifica
tion of the surrounding rock ensued. During this period, stock-works of 
quartz veins and stringers along the 'main break', and numerous branching 
veins and irregular bodies of erratically mineralized quartz were formed. 
Several of the veins are vuggy. Finally, the 'main break' and a few 
of the subsidiary fractures suffered shearing movement unaccompanied by 
vein formation, and contain relatively uniform, persistent shear zones up 
to 1 foot wide, filled with a graphitic-appearing gouge consisting in part 
of finely comminuted sulphides. 
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The best mineralized zone is exposed in open-cut No. 5 for a length 
of 464 feet. It varies from two clean fissures less than 1 foot wide to a 
shattered zone, 60 feet across, containing more than 40 feet of vein 
quartz (See Figure 17). Most of the quartz is in veins and stringers 
less than 6 inches wide, commonly forming a closely interwoven network 
intersecting the larger, irregular bodies. Several barren, highly contorted 
bodies in the quartzites and schists may be much older, and unconnected 
with the mineralization sequence. 

The aggregate content of metallic minerals in these deposits is small. 
The minerals recognizable in hand specimens include pyrite, sphalerite, 
galena, tetrahedrite, ruby silver, arsenopyrite, and, very sparingly, molyb
denite and chalcopyrite. Pyrite is by far the most abundant sulphide 
mineral, and is found all along the main shear zones and in most of the 
subsidiary veins. Sphalerite, galena, tetrahedrite, and arsenopyrite are 
confined chiefly to the stock-works of smaller veins or to the borders of 
larger quartz masses, and in places occur as veins of apparently pure 
sulphide material up to 1 inch wide in otherwise unmineralized quartz. 
They are found to a lesser extent as stringers of sulphide in the quartz
healed quartzite breccia. Ruby silver {pyrargyrite) is found in the vuggy 
quartz veins, usually accompanied by tetrahedrite and sphalerite, and 
also as specks and blebs along thin fractures in the quartzite. 

Mineralographic investigation 1 has shown the following metallic 
minerals to be present in this deposit, arranged in their apparent order 
of deposition from earliest to latest: 

pyrite (may be considerably earlier) 
mol)"bdenite 
sphalerite 
pyrite 
chalcopyrite 
galena 
tetrahedrite 
arsenopyrite 
pyrargyrite 
poly>basite 
native silver 

Assays are reported to have shown a good silver and fair gold 
content across relatively laTge widths in parts of this deposit. 

LEAD SHOWING IN TENAKIHI CREEK VALLEY 

Near the south end of the ridge east of the confluence of Tenakihi 
Creek and Osilinka River, an irregular, pod-shaped vein of solid, crystalline 
galena replaces slightly 'banded, dense, flat-lying limestone. The galena 
is exposed for only 3! feet, and the maximum observed width was 1 foot. 
It shows a slight banding of coarse- and fine-grained material parallel 
with the banding of the limestone that it has replaeed. The exposure, 
however, lies in a rusty, badly weathered area of limestone, and the talus 
on the west side of the ridge contains abundant blocks of nearly pure 
galena, some of the larger of which approximate the size of a 1-foot cube. 

I The writer is indebted to Mr. W. H. Dow for much of the information roouliting from ll!lbora
tory investi11ations of specimens from this property. 
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Assays of samples from the outcrop and talus from this deposit show 
a very uniform lead and silver content, averaging silver, 45 · 96 ounces 
a ton, and lead, 83 · 53 per cent. 

BEVELEY GROUP (23) 

References: Bennett, J. H.: Ann. Rept., B.C., Minister of Mines: 1950, p. AlOl; 
1951, p. AUS. 
The Beveley group is situated on a limestone ridge on the north 

side of the valley of Osilinka River about 3 miles east of its junction 
with Tenakihi Creek. The property is about 13 miles by trail from the 
north end of U slika Lake. The original eight daims were staked in 
October 1946 for The Consolidated Mining and Smelting Company of 
Canada Limited, and exploratory work, consisting initially of trenching 
and stripping, commenced in 1947. In 1950 the deposit was mapped in 
detail by the owners, and a program of diamond drilling was begun 
the following year. The accompanying description is based mainly on 
a visit to the relatively undeveloped property in 1947. 

The limestone formation in the vicinity of the showings appears to 
have been folded into a major anticline striking slightly east of north, 
plunging northerly at 30 to 40 degrees, and overturned to the west. This 
fold is truncated to the southwest by a major, steeply dipping fault. 
The mineral showings are on the limbs and crests of minor folds, and 
appear to be related to fracture cleavage. 

Within the mineralized area, the limestone has been extensively 
altered to a grey, crystalline, largely structureless rock, which the owners 
state is mainly ferrodolomite and dolomite. The altered limestone has 
been replaced by lead and minor zinc sulphides, and by coarsely crystalline 
to fine-grained, bony appearing barite. Over an area of 1,500 by 2,500 
feet or more, most of the exposed rocks contain a little galena, and 
several large bands of ferrodolomite are quite 'heavily mineralized (See 
Figure 18). About half the galena occurs in individual grains that are 
alined in closely spaiced stringers, rarely more than i inch thick and 
6 inches long, which appear to follow the bedding. Much of the rest 
of the galena occurs as fine-grained patches or blebs that also appear 
to follow the bedding. Many of the mineralized bands have a crescentic 
or 'hook-shaped outline. The sphalerite is in scattered, dark brown 
grains, and was observed only near the patches or blebs of galena. 

Secondary lead minerals, principally lead carbonate, were noted in 
some of the exposures. The barite formed later than the sulphides, and 
veins the galena in places. It is most noticeable near several of the 
small faults and shears that terminate some of the galena-rich bodies, 
and is relatively less conspicuous in the most heavily mineralized areas. 

WEBER GROUP (24) 

Reference: Lay, Douglas; Report of the Minister of Mines of British Columbia, 
1930, p. A153. 

The Weber group, first staked in 1929 by F. Weber of Fort Grahame, 
and restaked at intervals since, is on the east side of W asi Creek about 
1! miles south of its junction with Osilinka River. The mineral deposit 
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on this property consists of a pyrite-galena-sphalerite-barite replacement 
body in limestone along the northeast side of an open fracture that strikes 
north 30 degrees west and dips 80 degrees northeast. The fracture 
appears to be related to a fault zone exposed in a creek canyon 1 mile 
southeast of the mineral deposit. This fault, if projected to the north
west, is approximately in line with the major fault zone near the Beveley 
mineral deposits. 

The deposit has been traced at intervals for a length of 150 feet, 
and is confined to a width of about 15 feet. Within it the sulphides 
occur as disseminated blebs and patches in coarse-grained limestone. They 
are roughly in the proportion 60 per cent galena and sphalerite to 
40 per cent pyrite. 

A sample taken by D. Lay of the British Columbia Department of 
Mines across 17 feet of this material assayed: gold, 0 · 02 ounce a ton; 
silver, 1·0 ounce a ton; lead, 1·6 per cent; and zinc, 3·6 per cent. 

A grab sample taken by the writer from one of the heavily mineralized 
bands assayed: gold, trace; silver, 2 · 00 ounces a ton; lead, 10 · 24 per cent; 
barite (BaS04 ), 4·06 per cent. 
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PLATE II 

A. Osilinka River Y alley below mout h of Tenakihi Creek, ·looking southeast, showing 
meanders and bars on outwash-filled vall ey floor, and glacio-ftuvi al te rraces on 
valley slopes. (Pages 7, 22.) 

B. View south from a ltitude 7,590 fee t over Om ineca Mounta ins in vici nity of Kliyul 
Cr eek, showing the compl exity of topography, dominated by small cirqu es and short 
hanging valleys, and the general accordance of summit levels . On e of the rare 
remnants of an earli·er (imm ediate post-Glac ial ) erosion surface forms a narrow 
strip along the cr est of t he ridge in the foreg round. The mounta ins a r e composed 
of Takla group rocks, cut by many bodi es of the Omineca intrnsious. (Pages 13, 
15, 23. ) 

78609-16 
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PLATE III 

104843 

A. L ooking west alon g the cr est of ·wrede Range. sh O\Y ing smooth , rolling ridge 
crests, probabl y r epresenting the l and surface left by the Cordilleran I ce-sheet, 
and over-steepened r idge fl anks developed br la ter ,-all ey gl aci er erosion . (Page 15.) 

B. K ame te rra ces on the soutlnrnE t flank of Mesi linka l~i ,·er Yall e.1' abou t 10 miles 
b elo" · Aiken L ake. N ote t hat t he terraces persist fro m t he ma in ,-all ey in to tributary 
va ll eys, \\' hose deep fillin g of glac ial dri ft has been no tch ed by post-Glacial s tream 
e ros ion. (Pages 16, 22.) 
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PLATE IV 

A . Soutlrn·est s ide of E:li)·ul Creek Yalie)·. about 9 miles " ·est of :~ik c n Lak e. 
sho \\·ing thr-ee d ist in ct Jc,·e ls of e irque for mation. T he fl oors of these 
cirques are at al t itude,; of about 5.600. 6,300, a nd 7.100 fee t , r cope :·ti ,·ely . 
(P age 16. ) 

78600 --1() ,\ 

B. Small cl.,·ing gla cie rs. lyi np: b elow th e p resent 
r ep:ional snow li ne , du e "·est of the forks of 
Osil inka Ri,·er, ''" seen on August 10, HH5. 
(Page 17 .) 
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P LATE V 

A. Fu rrows ca r ved by surface r unoff in glacial drift along north side of 
Ingenika R iver Vall ey at Ingenika Cr ag. B oulder clay a nd stratified sil t 
and sand coa t t h e vall ey walls up to 1,500 feet aboYe river level. (Pages 
22, 23 .) 

B. F elsemneer slope in th e Lay Range. This slope h as an angle of about 22 
degrees, and is sliding as a unit, w ith r el atively li t tl e differential motion of 
the individual fragmen ts. (Page 23.) 
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A. vV.ell-developed rock gla cier on the \Yest 
side of Hornway Creek Vall ey . The roc:k 
glac ier b egins high on tb e cliffs to the left . 
descends 800 feet to the v alley fl oor , and 
flows along it for 1,000 feet. The rock is 
gneissic diori te . Klakring Creek Valley in 
b ackground. (Pages 24, 25.) 

PLATE VI 

B. B edding in Tenakihi group gneiss ic quartzi te and quartz-m ica- feldspar 
gneiss , at the head of .Jim l\'Iay Creek. Gneissos ity is parallel with 
b edding, eYen at small un conformiti es as, for exampl e, at the poin t of 
t he p ick . (P age 50.) 
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A. Banded Ingen ika group l im es t one east of 
]\fo un t L a)· . C rea m-coloured beds wi·t h brigh t 
purple pa r t ings. (P age 60.) 

PLATE YII 

B. Th in section of Inkeni ka group quartz ite from Hu;;sel R anj!e . sho"·ing 
r ounding of gra ins and c r.r. t al lobl astic nature of the s il iceous matrix. 
Crossed polar ized l igh t, X75. (P age 65 .) 
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A. Deta il of fault plane in sheared arg ill ite 
(foot-wall ) and t uff (hanging-wall) on 
nor th bank of Tu tizika Ri,·er about 5 
miles above its mouth. Believed to he 
part of a compound fault forming t he 
contact between Takla group and late 
Pal~eozoic rocks. (Pages 116, 198.) 

PLATE VIII 

B. Thin sect ion of fibrous chr>'soti le serpentine in vein cutt ing serpen
tinized p eridoti te la rgely altered to serpoph ite. The fibres of chryso
til e are per pendi cul ar to the apparent lam in ation of the ve in . Crossed 
polarized light X25. (Pages 132, 142.) 
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PLATE IX 

A. Banded dyke in 'starred' appini te, wes t of headwater s of Abraham 
Creek . Th e banded part of th e dyke is abou t 3 feet w ide. with coarse 
'starred' appin ite to left, and finer, mor e feldspathic appinite to ri ght. 
(P ages 168, 170. ) 

B . P artly assim il ated inclusions of green , co arse-grai ned. 'urali te' horn
blendite in grey hornblend e diori te, " ·est of the nor t h fo rk of Abraham 
Creek. The "·hole mass is cut by yo unger feldspathi c material. 
(Page 171. ) 
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PLATE X 

A. Quartz di or ite near the headwate r s of Abrah am Cr eek, in truded by a 
dyke of fin e-gra ined dark grey dior ite, and cut by stringers and dykes of 
pegmati te a,n<l apli te, whose smooth curves suggest pl ast ic deform ation 
of t he " ·hole mass afte r the )"Otrngest dy kes were em placed . (P age 185.) 

B. Typical exposu re of Usli ka formation on 
Conglomer a t e M ounta in , 4 mil es south
east of Usl ik a La ke, showing ch aracter
ist ic uni fo rm. coar se texture . lack of 
b edd ing. and " ·idcly spaced joints. 
(Page 188 .) 
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