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ABSTRACT

The fTollowing paper embodies the results
of four months spent in making a geological reconnaiss-
ance in the vicinity of Cranbrook, British Columbia in
1952 under the aegis of the Canadian Geological Purvey.

Definite evidence is presented to show
that the Wisconsin ice-sheet in the lower parts of the
area, stagnated, broke up, and melted away in situ? a
phenomenon which, as far as the writer is aware, has not”
been reported so far from the margin of the sheet. The
erosive power of the ice appears to have been strictly
limited™In contrast to the tremendous erosion which it
accomplished over most of British Columbia* Evidence is
also presented suggesting a pre-Wisconsin period of glac-
1ation.

A detailed description of the stratigraphy
and structure 1is given with particular emphasis on the
pre-Cambrian (Beltian) succession.

A series of pre-Cambrian sills and dykes
are described in detail. Border phases rich in ferro-
magnesian minerals and quarts are present and their or-
igin by differentiation of the magma and assimilation of
silica from the intruded quartzites is suggested and cri-
tically discussed. The sills are found to contain a spe-
cies of hornblende differing considerably from any that
has been described in the literature, and its chemical
and optical properties are given in detail.

Mineralization is believed to have taken
place at two periods? one iIn the pre-Cambrian and one 1iIn
the late Mesozoic or early Tertiary. The evidence for
this opinion is presented in detail and examples descri-
bed. Some of the ore-bodies of pre-Cambrian age are be-
lieved to be magmatic segregations and the evidence in
support of this belief iIs stated and discussed.

The geological history and the physiography
is outlined and three theories as to the oririn of the
Rocky Mountain Trench briefly considered.



INTRODUCTION

Field Work
Acknowledgements --————————— —————————— —

Climate and Vegetation —— ——— ————————
History, Industries, etc. —

Previous Geological Work:

Accessibility —— —————-

GLACIATION
Glacial History of the Cranbrook Area: -— — ————————-— - 11
Limits of Glacial Erosion:--—— - ——————— - ——— 20
Dissipation of the lce: - - - - - — ————-—— —-—— - 25
STRATIGRAPHY
Introduction: 31
The Purcell aeries: 32
3b:e Aldridge Formation: 35
The Cherry Creek Formation: 38
The Creston Formation: 40
The Kitchener Formation: 43
The Siyeh Formation: - 47
The Old Town Formation: - 51
The Mission Quartzites: 51
The Annelida Sub-formation: 53
Relations of the Old Town Formation to the Purcell
Serfes: — — — e e 54
General Discussion of the Purcell Series: -—— 56
The Purcell Basin: — — — 57
Age of the Purcell Series: 60
The Perry Creek Formation: - 63
Age of the Perry Creek Formation: 65
Superficial Deposits: ——— —————- 67
The St. Eugene Silts: —— 69
The Wycliff Drift: 74
The Marysville Sands: — -— . 74
IGNEOUS ROCKS
The Purcell Diorites: — — ———————————— ————o — ———— 75
The Purcell Dykes:—— -+ - — — ———— 75
The Purcell Boss: ---—————-————————— - 76
The Purcell Sills: — — oo — —— — 0 73
Contact Metamorphism: - —- - ——- — ———— ———— ———-39
Review of the Literature: — —— ————————-— —— —--02
Discussion of the Purcell Sills: - - -———- — — - 93
Development of the Amphibole Rich Boeder Phase: — 104
Increase of Quartz in the Marginal Phases: - ——— 114

The Biotite-Granite: ----— — ——— ————————————— 119



CONTENTS (cant)

The Purcell Lava: — ———————--- —————— 121
The Relation Between the Purcell Lava and the

Purcell Intrusives:— -—— ——————————————— - 123
Age of the Purcell Sills and Dykes: - - ———— — 124
Granitic Rocks: — - ———= ———————— — — ———— - 125
The Perry Creek Dykes: - - - - = — — —————————— 130

STRUCTURAL GEOLOGY

The Moyie Lake Anticline:—————— ——————————— 132
The Grassy Mountain Anticline: - —— — ----132
The Signal Hill Syncline: --—-—- - - - —— 133

ECONOMIC GEOLOGY

The Silver-Lead”Zinc Deposits:—— — ————————— - 143
Paragenesis: — —— - —— - — 143
General Geology and Structure:-—--———————————— 150
GenesisS: —— ———————— = & 14

Gold-Quartz Veins of Perry Creek: — - ———8——w————— 162

Deposits Associated with the Purcell Sills: — — — 163
gaartz-Calcite Veins: —-—-—————————————. 163
Magmatic Segregations: — --——-—-—--— - 167
Relationship Between the Quartz—Calcite

Veins and the Differentiate Ores: — — — 172

Description of Mines and Prospects: - - 173
The Sullivan Mine: — —-————————— — - - —--= 173
The St. Eugene Mine:-—-———— — ————————— — - 182
The Society Girl Mine: — — —— — 166
The B & V Group: —————— —————— — — ——————--187
The Payroll Group:--—-——--—---"-——-— —— 169
The Running Wolf Group: — -~ — — —————— — 190
The Mystery Group: — — ———————————— —— ———- 192

Future of the Lode Deposits of the Cranbrook
District: - - ——— — — —— 194

Non-Metallic Deposits: — - ——— — — — ————— — 201

GEOLOGICAL HISTORY

Introduction: 206
PHYS10GRAPHY

The Purcell Range: — — ————————————— — gig

The Rocky Mountain Trench:  —————o — 216

The Relation of Drainage to Faulting: - — — -— 218

Post-Glacial Changes in Drainage: — — - - - - 218



LIST OF PLATES

14 y &. Key Map: - - — — = — ————————— —— 2A
IB. East Margin of the Purcell Range: — - - — — - 2A
I1IA. Bie Trench and the Rocky Mountain Escarpment: — 4A
11B. Ditto. — 4A

I1IA. Purcell Range:

111B. Surface of the Trench: -

VA. Creston Quartzite: —

VB. Green-banded Creston:

VIA. Outcrop of Creston:

VIB. Ripple-Barked outcrop of Creston:

VIIA. Upper St _Mary"s River: -— — -—

VIIB. Mud-cracked Aldridge argillite: -

VIHIA. Creston Quartzite with Ripple-marks and

Rain-spots: 44A
VIIIB. Outcrop of striped Kitchener 44A
IXA. Molar-tooth Kitchener: — — -— A5A
XA. Fold in Creston Quartzites: - 53A
XB. Mission Quartzite: — - — —————————————————— - 53A

XI. Photomicrographs of phases of the Purcell Sills
and altered Aldridge quartzites: — ————— — —

X11. Banded ore from the Sullivan nine: -——————— — 161
X111. Photomicrographs of ores from the Cranbrook
district and one slide of altered Aldridge: — 166
XIV. Block Diagrams illustrating theories as to
the origin of the Rock Mountain Trench: -— — 216A

LIST OF TEXT FIGURES
1. Sketch Illustrating change in slope in Perry Cr: — 16
2. Diagra m showing possible explaination for above :-18

3. Sketch map of head of Fish Lake Valley: — - ——21
4_ Sketch map of Sullivan Creek: ———— —————— - g9
5. Sketch of a type of Perry Creek argillite:-———— 65
6. Sketch showing the concentration of mafic minerals
near the borders of the Purcell Sills: — --—— 80
% .Sketch of crystal of amphibole: — - — - - = g9

9. Diagram showing the relation between the indices
of the amphibole and the Ab ration of the
accompanying plagioclase: — ———-——- - - = = 84
9. Diagram showing the % Amphibole in different parts

10. Structure of the Grassy Mountain Anticline: — — 132
11. Structure of the Signal Hill Syncline: — - — — 133
12. Anticline inthe side of Mark Creek: - - — — 135
13. Sketch showing stress producing foliation: — — 140
14. Sketch of Quartz-Caleite Vein: — — — —————— 154
14A. Sketch of the Sullivan ore-body:——— — ———- 177
15. Sketch map of the St. Eugene Workings: - — ——— 134
16. Sketch map of workings on Running Wolf: — — — 1%

17. Sketch of Cherry Creek deflected by moraine: — 219



LIST OF TABLES

1. Correlation of Pleistocene Glacial Epochs: --——-——- 1gA
Il. Table of Formations: — — ————————— - 32A
I1l1. Table Correlating the Formations of the Purcell

Series: ———————— ————— — 3
IV. General Correlation Table:-—---—-—— — ——————————— 59A
V. Optical Properties of the Amphiboles Found in the

Igneous Rocks of the Cranbrook Area: — ————— 85
VI. Comparative Analyses of Hornblendes:— - -—— 87
VI1. Resewal Analyses of Phases of the Purcell

Sills and Zones of Metamorphism: - — - 93
VI1l. Rosewal Analyses of Specimens from Various

Purcell sills: - - —— ————————— 99
IX. The nodes, Composition, Norms, and classification

of two specimens of the Purcell Sills: — — - 112
X. Paragenesis of the Cranbrook Ores: — --————————— 145
X1. Optical Properties of Grunerite: —— ——————-— 148A

XIl. Table of Mines and Prospects: - —— - 174



INTRODUCT ION

The Cranbrook area lies in the southeast cor-
ner of the province of British Columbia (see Key Map plate
1A, p- 2. It comprises a section of the country lying imm-
ediately to the west of the Rocky Mountains and includes a
part of the Rocky Mountain Trench and the eastern slopes of
the Purcell Range* This report deals with an area of about
600 square miles lying between 497 15* and 49<* 45* north
latitude and longitude 115b 43* and 116& 15* west.

Field Work:

During the field season of 1932 the Geolog-
ical Survey of Canada maintained a party in the Cranbrook
area under the direction of Dr. C+E+ Cairnes. The writer
was fortunate 1In securing a position on this party as stud-
ent assistant and the following report is based on data and
specimens obtained at that time. The general and strati-
graphic geology was worked out as carefully as time would
permit and particular attention was paid to the economic
geology. The original plan for the study of the area inclu-
ded the resumption of the work in 1933 for the purpose of ob-
taining more data at critical points and iIncreasing the area
covered. The fulfillment of this plan was prevented by un-
forseen circumstances. A large scale topographic map was
used as a base, but, unfortunately, it is not available to
the writer for this report. The map used here is based on
one published on a scale of one inch to the mile by the Min-

ister of Lands, (c.f. map in pocket)
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Topography:

The Purcell mountains, which rise to heights
of 8,500 feet, occupy the western half of the Cranbrook area*
To the east they dip under the alluvium of the Rocky Mount-
ain Trench, a relatively flat prairie, which occupies the

eastern half of the area* The Kootenay River flows south-
ward along the Trench and i1t and its tributaries form the
main drainage*

The mountains of the Purcell Range are separ-
ated by deeply incised valleys, and are rather irregular in
form according to the nature of the rocks from which they
have been cut: the softer calcareous sediments of the Kit-
chener formation producing smooth, round-topped hills (Plate
I B, p 2Aand Plate 11l A, p 9+ In contrast to the rugged

peaks and bold cliffs of those cut in the Aldridre quartzites



p 2A

Plate 1

Key map of a part of British Columbia showing the
location of Cranbrook and the area discussed iIn

this report.

View looking south from Sullivan Bill along the
east margin of the Purcell range illustrating its
irregular nature in contrast to the west face of

the Rocky Mountains as illustrated in plate 11+
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and the accompanying Purcell sills. Glaciation has modif-
ied the previous landscape everywhere* The average height
of the mountain-tops gradually diminishes to the east until
the rock surface dips under the alluvium of the Trench* The
effect produced is that of a sea lapping against a very irr-
egular coast with many deep bays and jutting promontories*
The Rocky Mountain Trench (Plate 11, p d™and
Plate IIl B p, 9A) may he described as a flat-bottomed valley
from two to over ten miles iIn width extending in a line of low
sinuosity and remarkable continuity from Montana to Alaska, a
distance of well over a thousand miles* In the Cranbrook area
the floor of the Trench is built up of fine, unconsolidated,
detritus overlain, almost universalby deposits left by
the retreat of the ice. In the resulting surface are many
depressions formed by melting out of large bodies of stag-
nant ice so that, what appears at first glance to be a rel-
atively featureless plain, is broken by long and unexpected

depressions of a hundred feet or more iIn depth*

Drainages

The Kootenay river, where it traverses the
area, is several hundred feet iIn width and has a curious
braided appearance; a fact which iIs very noticeable on the
map accompanying this report* Its high sinnousity suggests
the meandering of an old stream, but it is evident that it
iIs still labouring to distribute the abundant material left
in its course at the time of the retreat of the ice* In this

respect i1t reminds one strongly of glacial streams seen 1In



northern British Columbia and Alaska, and suggests that the
river 1Is, or has been very recently,, greatly overloaded. A
large part of i1ts present course was occupied by a Pleisto-
cene Lake through the sediments of which it has cut to a
depth of several hundred feet, leaving bold cliffs*

The St. Mary*s River is the main tributary of
the Kootenay in the northern part of the area. During the
last ten miles of 1us course It averages about a hundred
feet 1In width, and has cut bluffs, iIn places several hundred
feet high, through the sediments of the St. Mary*s Sills and
morainic material. For six or seven miles east of St* Mary®s
Lake the river occupies a wide rounded valley. (Plate VII A,
p 43 A) The St. Mary®s, like the Kootenay River, has a very
winding course and a strong tendency to become braided* ( c.
f. Map)

The St* Mary"s River has a number of important

tributaries most of which occupy broad, V-shaped valleys
with relatively straight courses and few interlocking spurs.
Bellroaring Creek is an exception, however, since its valley
iIs U-shaped throughout.

The southern part of the district is drained
by the Moyle River, also a tributary of the Kootenay but
joining it south of the International Boundary.

Several small streams, the most important of
which is Cherry Creek, follow irregular courses across the

Trench to join the Kootenay to the east of Cranbrook.



Plate IT
View looking east across Wycliff+ note the roll-
ing nature of the St. Mary"s Prairie and the far?
land* The St* Mary"s River 1is iIn the right of d
picture* Note the abrupt rail of the Rocky Moun-
tains in the background and contrast it with the
west face of the Purcell Range iIn Plate 1 B*~ or

Il A* This is believed to be an eroded fault

res.pt

View east from Signal Hill across the Trench to the
Rocky Mountains in the background* The cliffs cut

by the Kootenay River in the St* Mary"s Silts in the
middle distance. Note the ksme near the front center

facing south






Climate and Vegetation:

The Cranbrook area lies in the Dry Belt of
British Columbia and the precipitation is consequently low,
averaging about 15 inches per year. The temperature ranges
from over 1007 in the summer to 25" below zero in the winter.
The summers are generally rainless and most of the agricult-
ure depends on Irrigation.

The slopes of the Purcell range are generally
heavily wooded with conifers of various kinds, while red
pines and tamarisk are fairly plentiful over the surface of

the Trench. The underbrush is seldom very thick.

History, Industries etc.
In the early "60s placer gold was discovered
in various streams in the Cranbrook district. When the rich-
er deposits became exhausted prospecting was stimulated and
several valuable lode mines were found and developed. A
small amount of aggricultural activity followed the establ-
ishment of steady production from the mines but the necessity
for irrigation and the scarcity of a suitable supply of water
has prevented farming from becoming an important industry.
Cranbrook, a city with a population of about
4,000, 1s the main center of trade iIn the area, and i1t and
a Tew small settlements such as Marysville and Wycliff serve
the farming population* (Plate 1I1A, p 4? Kimberly 1is nearly
as large as Cranbrook and owes its existance almost entirely
to the Sullivan mine. Moyie was a flourishing little town

during the period of active production of the St-,Eugene mine,



but has since dwindled iIn Importance to a small hamlet*

Previous Geological Work:

In 1900 McEvoy (21) made a reconnaissance survey
of the Cranbrook area during which he made a topographic and
geologic map* In 1904 Daly made a study of the Purcell range
along the International Boundary (13) and in his report named
and described the Purcell series* The first detailed work in
the Cranbrook area was done by Schofield during the field
seasons of 1909, 1910, 1911, 1912, and a part of 1913* (14)
Schofield modified Daly*s description of the Purcell series
after studying it in the type locality, and traced it north
into the Cranbrook area. In 1922 he returned to the area and
added to his previous conclusions* (15) Work in the area was
resumed by the Geological Survey of Canada iIn 1931 under the
leadership of Dr* C* Evans* 111 health unfortunately forced
him to abandon the undertaking early in the season and the

task was assumed by Dr* Cairnes in 1932.

Accessibility:

The Kettle Valley branch of the Canadian Pacific
raillway enters the area from the south and runs north along
the east side of the Moyie lakes and on to Cranbrook* To the
north of Cranbrook it swings east out of the district* A
branch line runs from Cranbrook to Kimberly*

The whole of the Trench and most of the east
face of the Purcell range 1is readily accessible by road and
trail, but further west the topography is very rugged and

trails increasingly scarce.



GLACIATION

The entire Cranbrook area is believed to have
been covered by a continental ice-sheet which was a part of
the Cordilleran Ice-sheet*

Evidence of glaciation is abundant iIn nearly
all parts of British Columbia, and geologists soon realized
that the province has been extensively glaciated* In 1890
Dawson (55, pp 155-154) described the nature and extent of
the i1ce-sheet that had done this and proposed the name "'Cor-
dilleran Glacier™ for it* He says that "ha has been led to
believe that this part of the Cordillera of the Lest was, 1In
the Glacial period, covered by a great confluent glacier-
mass,”™ and, after having described s>me of the places where
its limits were observed, he goes on to say, "Having thus sur-
rounded the area of this great glacier, it was proposed to
name it the Cordilleran Glacier iIn order to distinguish it
from the second and larger ice-cap by which the northeastern
part of the continent was at the same period more or less
completely covered* The Cordilleran Glacier, as thus defin-
ed, had, when at i1ts maximum development, a length of nearly
1,200 miles*" Coleman (56, pp 12-13) summarizes the present
knowledge of the Cordilleran Ice-sheet and says that at its
maximum development "‘the valleys were filled to the brim and
the iInterior tableland of British Columbia was covered* Thus
a great mass of ice accumulated over the whole of British Col-
umbia and the southern part of Yukon Territory, hammed in on

the northeast side by the main range of the Rockies and to a



less extent on the southwest by the Coast Range.

"In the central parts the ice reached an ele-
vation of about 8,000 feet but, owing to the arrangement of
the mountain ranges, could escape freely only toward the
northwest, where it feathered out in the southern part of
Yukon Territory, and toward the southeast, where the great
mountain trough passed into the United States"” - "The
area covered with ice was about 1,200 miles long, running
parallel to the Pacific coast, and from 250 to 400 miles
broad, and included not less than 550,000 square miles.™
The Cranbrook district is located iIn the southern part of
this area.

Matthes (54, p-64) gives the following lines
of evidence for the recognition of glacial action in moun-
tainous regions, for an elaboration of which the reader is
referred to his paper:- 1. grooved and polished rock surfac-
es! 2+ characteristic topographic forms; and 3. deposits
of ice-borne rock debris. Examples of these criteria found
in the Cranbrook area will now be presented.

1. Grooved and polished surfaces.

Old Baldy mountain, situated on the divide between Perry
Creek and the Moyle River, is 7,725 feet above sea level

and comparatively isolated. It is composed of hard quart-
zites and has a beautifully rounded, smooth crown with abun-
dant ice-made striae and grooves. The movement of the Ice
iIs shown by them to be iIn a general southeast direction, and
cannot be directly related to the present topography. Fur-

thermore all the high peaks examined show the same phenomenon



A.

p 9A

Plate 111
View looking northwest. The Purcell Range in the

background* North Star Hill iIn the center of the

picture.

View from Sullivan Bill east across the Trench:

The Rockies i1n the background. Note the depression
formed by the melting out of a body of stagnant ice
in the Idft middle distance and the S-shaped esker

near the center df the picture.






to a greater or lesser extent. Many of the valleys also
Show striae and grooves on their flanks paralleling their
courses*

On the Prairie land of the Trench almost every
little knob of rock protruding from the alluvial cover res-
embles a roche moutonne, and shows beautiful grooving, stri-
ation, and even polish in some instances. All these indicate
a general movement of the ice to the southeast; that is, they
suggest a movement along the floor of the Trench paralleling
that on the high mountains.

2. Characteristic topographic forms*

The topographic fofms mast typical of glaciation are, accord-
ing to Matthes, U-"haped, troughlike valleys, having spurless
parallel walls, hanging side valleys , truncated spurs, and
cirques* Although valleys showing these phenomena are not
the common types in the Crahbrook district, several of them,
Bellroaring Creek and the upper St.Mary®"s River, for example,
furnish perfect illustrations of these features. (Plate VIIA
pr37™)

3* Deposits of ice-borne rock debris*

Matthes considers this to be the mast reliable record of
glacial activity and, since piled-up moraines occur all over
the surface of the Trench (Plate 11l B, p 9A) and along the
beds of most of the streams draining the Purcell Range, and
terraces of glacial debris occur flanking many of the valleys,
it Is quite certain that there must have been glaciation in
all parts of the Crahbrook area*

The evidence presented above, however, indicat-



es two distinct stages of glaciation: (A) by a continental
ice-sheet followed by (B) alpine glaciation. A brief summ-
ary of the evidence will be given to indicate the existance
of these two types, (c.f. 57)

(A) Continental Glaciation.

1. The mountain tops all show grooving, striae
etc. and have evidently been strongly glaciated. C.f. OIld
Baldy.

2. The whole surface of the Trench shows abun-
dant evidence of glaciation.

5. There 1is a correspondence iIn the direction
of movement of the ice iIn both places as iIndicated by striae
etc, which can only mean that a single ice-sheet covered both
regions.

4. Local topography does not appear to have
played any part in controlling the direction of movement of
the ice across the mountain tops or across the Trench. In
other words all locd. 1irregularities in the land surface were
filled iIn by stagnant ice.

Thus it is apparent that the entire Cranbrook
area, to an elevation of not less than 7,800 feet, was cover-
ed by a mass of ice moving in a south to southeast direction.

(B) Alpine Glaciation.

1. Cirques. Typical cirques are preserved Iin
the hills round the headwaters of Matthew creek and, in fact,
all through the higher Pureells.

2. Straight, U-shaped valleys. Certain of the



valleys, notably Hellroaring Creek and the upper St_Mary®s
Valley, illustrate this i1tem and the two succeeding ones
beautifully, although iIn the majority of valleys they do
not appear. (Plate gVEA, p4%¢9

3. Hanging valleys.

4. Truncated spurs.

5. Direction of movement of the ice control-
led by the local topography. Grooving and striae are common
on the sides of the valleys paralleling the streams occupy-
ing them, showing that the movement of the ice has been dir-
ected by the shape of the valley.

It seems only logical to suppose that an alpine
stage of glaciation must result from the waning of a Contin-
ental i1ce-sheet 1T the relief be sufficiently great. During
the period of continental glaciation the ice-sheet must move
as a whole, mostly, as Coleman points out, (56, p 12) by flow
of the upper layers, but, as soon as enough of the land sur-
face projects through the shrinking sheet to interrupt this
movement and direct it down the valleys, alpine glaciation m
must commence If the relief of the i1ce surface be sufficient
to permit flow. This has evidently happened in the Crahbrook
area. The change iIn the direction of the movement of the ice

may, at times, have resulted in i1ts complete reversal.

Glacial History of the Cranbrook Area:
It has long been realized that the Pleistocene
Ice Age was not a simple unit comprising a single advance and

retreat of the ice, but a highly complex period, including a



number of major periods of glaciation separated by inter-
glacial periods when the temperature was as warm or warmer
than at present and the site of the former gla™iars freed
from ice. (66? p 27) It is natural that the most satis-
factory attempts to work out the succession of glacial and
interglacial stages in North America were along the south-

ern edge of the continental ice sheet where the deposits

left by each advance were not entirely destroyed by the suc-
ceeding ones. The standard section for the Pleistocene for
the United States has consequently been worked out along the
line of maximum advance of the ice iIn lowa, Wisconsin and Il1l-
inois* Five distinct stages have been recognized and called
1+ the Wisconsin? 2. the lowan, 3. the Illlinoisan, 4. the
Kansan, and 5. the Nebraskan, (Table 1 Column 1, pt3o) the
last being the oldest. (68 and 59) In 1931 Blackwelder

(63) observed four stages of glaciation in the Sierra Levad-
as and correlated them with the eastern divisions. (Table 1
Column 2) In 1930 Matthes (54) recognised at least two stages
of glaciation in Yosomite Valley which Blackwelder correlated
with his divisions (Table I Column 3). Prior to this a con-
siderable amount of work bad been done on the glacial deposits
in northern Washington and the southwest of British Columbia.
Lillis (60) working alone i1n 1398 and with Smith (61) in 1899,
recognized two stages of glaciation in Puget Sound which he
called the Vashon and the Admiralty, the latter being the old-
est, which were separated by the Puyallup interglacial per-

1od. (Table 1 Column 4) He did not believe that the inter-

12



glacial period was very warm and, indeed, he says '"so far

as 3 now known, the latter (Puyallup) epoch is not repre-
sented by deposits formed under climatic conditions indic-
ative of an entire absence of glaciers from the region.™

(60, p 146) Lillis describes the Admiralty till, underly-
ing the Puyallup sediments, as being deeply weathered, but
Brets says (62, p 14) that the "Admiralty till is nowhere
deeply weathered although sometimes it is stained by per-
colating waters.” Brets (63) also found that the Vashon
ice-sheet was more extensive than the Admiralty since it
covers areas that had never been glaciated. On the south
end of Vancouver Island Clapp, in 1917, (64) also recognis-
ed two stages of glaciation which be wag able to correlate
with those of Willis. He also believed that the Puyallup
interglacial period was fairly short and that the ice never
completely retreated during i1t. Sediments of the Puyallup,
he believed, were chiefly derived from the Admiralty till,
and large boulders, dropped by floating ice, occur in all
its marine sections. These conclusions confirmed those ha
had reached while working in the neighborhood of Saanich in
1913. (65, pp 107-130) Just to the north of this area, on
Texada Island, McConnell (66, pp 39-43) also found two sta-
ges of glaciation separated by about 200 feet of interglacial
sands and silts* He made no attempt to correlate them with
Willis®™ divisions, but it is quite evident that they are the
same* The correlation of the Vashon with the Wisconsin of the

standard section is obvious since they both represent the last
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advance of the 1ice and a climatic condition that was common
to both parts of the continent. It had already been sugges-
ted by Dawson in 1890. (67, p 54) The correlation of the
Admiralty is not so easy to determine. The general consen-
sus of opinion appears to be that the Puyallup was a compar-
atively short period and it is therefore suggested that the
Admiralty be correlated with the lowan. Two glacial stages,
probably corresponding to the Vashon and the Admiralty, were
recognised by Bretx near Spokane, Washington, in 1913+ (68)
The youngest he believed to be Wisconsin, but the elder he
named the Spokane, making no suggestion as to i1ts correlat-
ion. (Table 1, Column 5) Eh found some evidence, also, of
a third?aélder, stage* In 1896 Dawson (69) recognised a
till to the east of the Rocky Mountains close to the Inter-
national Boundary which he called the Albertan. In 1913 Al-
den and Stebinger (70, p 571) decided that this till repres-
ented the earliest advance of the Cordilleran Ice-sheet, and
should be correlated with the Kansan ef Nebraskan stages.
They also believed that there may have been a second pre-Wis-

consin advance of the Cordilleran ice. (Table 1, Column 6)

The above review was given in order to arrive
at an i1dea of the probable glacial history of the Crahbrook
area by comparison with the adjoining areas* The history
thus inferred is as follows. The earliest glaciation likely
to have occured iIn the area corresponds to the Albertan epoch*
As this probably took place, according to Blackwelder (563),
between 1,350,000 and 6,350, 000 years ago, it is unlikely
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that any but the vaguest evidence is preserved. The Albertan
glaciation was followed by a warm interglacial period which
was at least a million years long. This period may have been
interrupted by at least one advance of the ice, corresponding
to the I1llinoisian epoch, hut this is not known definitely to
have occurred in the Cordilleran lee-sheet, There is little
doubt that, at the time of the Admiralty epoch probably about
100, 000 years ago, ice occupied the entire area. The Puyall-
up interglacial period, following the Admiralty epoch, 1is
known to have been a short one even at Puget Sound near the
edge of the ice-sheet, and the change iIn climate was not at
all profound; consequently it is more than likely that, in
the Cranbrook area nearer the center of the Cordilleran glac-
ier, the ice may merely have become slightly thinner and nev-
er have been removed. The Admiralty epoch may, therefore,
have passed into the Wisconsin without a recognizable break,
and the term Wisconsin is used below to include both epochs.
The retreat of the Wisconsin ice-sheet ushered in Recent times
and, since 1t commenced only about 25,000 years ago, evidence

of the Wisconsin ice should be well preserved.

In the following paragraphs an effort will be
made to indicate the evidence for the various stages iIn the
glacial history of the Cranbrook area outlined above from
the theoretical considerations. There i1s no indisputable
evidence of an early stage of glaciation in the Cranbrook

area, but there are three groups of facts that suggest that
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one may have existed. They are (1) Topographic evidence;
(2) The nature of the section iIncluding the St.Mary®s Silts;
and (3) The Placer Deposits.

1. Topographic Evidence.

Perry Creek Valley is an example of the common-
est type of valley to be seen iIn the Cranbrook area. The
following features are apparent iIn it.

a. Relatively straight course.

b. No interlocking spurs.

c. Parallel? smooth sides.

d. V-shaped cross section

e. Placer deposits along its bottom that are
believed to be pre-Wisconsin iIn age.

Of these a, b, and c, are evidence of the iInfl-
uence of ice action, while d and e suggest normal stream act-
ion. In addition to these features the slope of the valley
walls becomes much flatter above an elevation of about 1?7000
feet from the valley floor and the sides are more deeply dis-

sected.



Figure 1 (Bottom of page 16)
Sketch showing the change of slope in the side
of the Perry Creek Valley. Note the curving
streams and rounded interstream divides of the
upper part contrasted with the steep; straight
streams and the flat interstream areas of the

lower.

As a result the tributary streams change grade
when flowing from one slope to the other although their val-
leys can scarcely be considered to be hanging. One explana-
tion of this phenomenon is that the main valley was occupied
by a glacier 1,000 feet thick which remained there for a suf-
ficient time to permit the valley slopes to weather back by
normal side-wall erosion above this level. [If this took place
in Wisconsin time, features d and e could not be expected.
Another hypotheses, and one which the writer favours, and which
also accounts for the other features enumerated above, 1is the
following:-

a. A stage of pre-Wisconsin glaciation resulting in
the production of a normal U-shaped glacial valley* (fig. 2
p 18)

b. A long interglacial period during which the bot-
tom of the valley was cut down by stream erosion producing
the steep-sided lower portion and the upper part of the val-
ley weathered back to form the flatter upland slopes.

c. The advance of the Wisconsin ice which smoothed

down the i1rregularities*
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Figure 2
Diagram shoving a possible explanation of the
change 1In slope in the sides of Perry Creek Val-
ley* Stage 1 shows a hypothetical cross-section
of the valley at the close of a period of pre-
Wisconsin glaciation when the valley had been
heavily scoured by the ice and had assumed the
shape illustrated.
Stage 2 illustrates the result of normal weather-
ing on a valley of the shape left by stage 1.
The bed has been cut down by stream erosion and
the walls modified to form a wide V. Above the
limit of the previous glacial erosion the orig-
inal slope has also been somewhat modified but
a distinct difference in slope still remains.
Glaciation of the Wisconsin stage hardly modified

this valley at all so that i1ts shape at the close



of the Interglacial Period has been preserved al**

most unchanged*

2* The Nature of the Section including St.Mary®s
Silts*

This section will be discussed in detail when
dealing with the superficial deposits* (p ) and will, there-
fore, only be mentioned here. A succession or glacial depos-
iIts overlie a thick series of silts and gravels which* iIn turn
lie on an apparently unglaciated rock surface* The glacial
deposits are undoubtedly composed of material deposited by the
Wisconsin ice* The St.Mary"s Silts are believed, cn fossil
evidence, to be Fleistocone in age and to have been deposited
under conditions of tropical climate* The probability is that
they are interglacial in age, as will be shown later, and, if
that be so, there must have been a stage of glaciation earl-
ier than the time of their deposition*

5* Placer Deposits*

Full discussion of this subject will be defer-
red to the section cn Economic geology and it is sufficient
to say that in the Cranbrook as in the Cariboo Pistriat (71,

p 215) many of the deposits are pre-Wisconsin in age and are
probably interglacial*

There 1s, thus, a suggestion that there was a
stage of glaciation followed by an interglacial period dur-
ing which the St Mary®s Silts were formed, some of the plac-
er deposits laid down, and the valleys assumed practically

their present form* The amount of the erosion of the valleys



from a true glacial type, the thickness of the St*Mary®s
Silts, the profound change in the climate, and the time
required to accumulate the placers suggest that this per-
1od must have been a very long one. The early glaciation,
therefore, 11T present, probably correlated with the Albert-
an stage. (Table 1, Column 7)

It is quite clear that the stage of ice action
whose evidence 1iIs so abundant in the area must belong to the
Wisconsin epoch, since it represents the last advance of the
Cordilleran ice, i1ts deposits show very little disse-rtion by
streams, and little general weathering, and they may be tra-
ced continuously to deposits being left by glaciers still
present iIn the Rockies and elsewhere. ITf the Admiralty epoch
be present it must be represented by the lower members of the-
se glacial deposits since no evidence of glaciation can be re-
cognized below these except the vague suggestion of the stage
that probably correlates with the Albertan. If this is so,
evidence of the Puyallup interglacial period is missing and
it was probably not sufficiently accentuated in the area to

leave recognisable signs.

Limits of Glacial Erosion:

Although the entire Cranbrook area was cover-
ed by ice, there are many places that have either escaped
glacial erosion entirely or where it has bad little effect.

Although the valley of Hellroaring Creek is a
beautiful example of a glacially-scoured valley moat of the

valleys iIn the area are quite different. Perry Creek baa
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already been described as a good example of the commoner
type. Proof that the latter valley has been glaciated re-
cently rests in the fact that striae are found at many
points on the sides and that there iIs a considerable quan-
tity of boulder-clay along the bottom. No widening of the
base of the valley has, however, been accomplished, and pre-
VJisconsin gold bearing gravels are preserved, overlain by
moraines. It is evident, therefore, that the ice in the val-
ley has done little more than polish off some of the more pro-
minent features and has certainly not been an active eroding
agent*

Another excellent example of this is furnished

by the valley of Fish hake (Figure 5). It i1s a deep, harrow

Figure 3
Sketch map showing the head of Fish hake Valley.
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valley whose walls slope at nearly 40" to form a V-shaped
gorge, often only 20 yards across at the bottom. It shows

no evidence of having been glaciated; but rather resembles

a young, stream-cut valley* It heads In a depression whose
floor is covered by moraines. Two other valleys lead out

from this depression and one into i1t, all of which show evi-
dence of severe glacial erosion* It 1s 1mpossible for Pish
Lake Valley to have been cut by stream action iIn post-glacial
times since it is obvious that any streams flowing into its
upper end must have dissected the moraines at its head and
these have not been disturbed. The only explanation which
seems to satisfy the conditions is that Fish Lake Valley owes
Its present shape chiefly to pre-glacial erosion and that it
has since been filled with a large body of relatively stagnant
ice that melted out with little or no movement at the close of
the Wisconsin stage*

The StJlary®s Silts, to be discussed later, are
known to be earlier than the last epoch of glaciation and arc
overlain unconformably by glacial material. They were evid-
ently over-run by a large body of ice which disturbed them
hardly at all* Those knobs of rock that showed through the
alluvial cover or were close to the surface when the ice ad-
vanced, were ground off and polished, but the iIce was i1ncapa-
ble of carrying off more than a small amount of the main mass
of the unconsolidated material*

An interesting and puzzling feature 1is the occ-
urrence of placer gold In such streams as the Hoyle, Palmer-®s

Bar, and the Perry* These streams have all been glaciated



and yet they contain a considerable amount of placer gold*
Later discussion nil! show that i1t is unlikely that much of
this could all have been accumulated iIn post-glacial times*
Although gravels frequently show some disturbance by the ice
and workable deposits occasionally occur in the morainic
material itself, many of them are overlain by glacial detr-
Itus and 1t i1s obvious that, had the ice acted as a powerful
eroding agent, they would have been swept out of the channels
in which they are still found.

Most of the outcrops of ore show prim:.—.- miner-
als up to the grass roots; as iIs to be expected in any glaci*
ated country. There are, however, two notable exceptions* the
North Otar mine and the Society Girl mine. The outcrops of
the Society Girl, and its workings to a depth of from thirty
to forty feet, show a remarkable assortment of secondary min-
erals and hardly any primary ore* About a mile away the out-
crops of the St* Eugene mine, which is undoubtedly a related
deposit, chow primary minerals right up to the surface. The
secondary ore of the Society Girl must he a remnant of pre-
glacial weathering that has escaped erosion. The conditions
at the North Star mine are reported to be the same, but the
writer has not had an opportunity to examine them himself.

From this discussion it is obvious that, in
many parts of the Cranbrook area and particularly in the east
slopes of the Purcell Range between the St. Mary®s River and
Moyie hake, the ice of the Wisconsin stage was by no means an

active agent of erosion* This conclusion is In agreement with



that of Johnston and Uglow, formed from a study of the Cari-
boo District. They say, '"the narrow, Y-shaped valleys were

eroded only slightly by the ice. and again, '"that seems to
have happened, however, in Barkerville area, la that during
the great part of the period the area, except possibly on the
uplands, was actually protected from erosion by the i1cc-ch&et
which was nearly stagnant.” (71, pp 27 and 30) Coleman also
says: "The Cordilleran ice-sheet did its chief work Ground
its margins. In the interior valleys and the central table-
land of British Columbia often very little evidence of ice
action is found, and one must climb the mountains to find bou-
Ider clay, erratics and striated surfaces* The currents of
ice were to a large degree superficial, the lower level remain-
ing almost quiescent.” (66, p. 13)

The erosive power of ice depends, among other
things, on its ability to transport, which varies iIn inverse
proportion to the amount of material available and directly
with the velocity of flow* How the relief of the Rocky Moun-
tains on the east and the Purcell Mountains on the west was
undoubtedly great, and feeders to the main ice-sheet from each
of them must have brought down huge quantities of material.
The load must therefore have been heavy. Again the grade down
Trench 1s comparatively alight and the general trend of the
land surface much the same. The velocity of flow, 1t must be
remembered, depends on the grade of the surface of the ice and
not on the slope of i1ts bottom contact (79), but there is no
evidence of any particular accumulation of ice to the north

that would make a noticeable disparity between the loner and
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the upper surfaces. In other words there is every reason to
believe that the flo*w, at least along the Trench, was compare
atlvely sluggish* There i1s, therefore, the requisite combin-
ation of abundant material and low velocity of flow to give
overloading and so to account for the lack of eroding in the
Trench* The lack of scouring of the valleys needs a differ*
ent explanation* Prom the appearance of the striae and groov-
ing, the direction of movement of the ice as a whole res south-
east to south* During the period of continental glaciation
most of the valleys, particularly those transverse the dir*
ectlon of the movement of the ice, were apparently filled with
more or less stagnant ice over which the rest moved. Coleman
(56, P. 13) suggests that the central ice-sheet of British Col-
umbia was more or less hemmed iIn by mountain ranges and so acc-
ounts for the sluggish movements of the main ice-sheet and its
lack of erosion* With the melting away of the main i1ce-sheet
alpine glaciation commenced and the ice started moving down

the valleys. The ice iIn such valleys as Perry Creek and the
Moyle River would have to move towards the main mass of the ice
in the Trench which may still have been very thick* Hence, al-
though the valleys themselves may have had a steep gradient,
the slope of the surface of the ice, which actually controls
the rate of flow, was probably relatively slight* The 1ice
would therefore move sluggishly and lack the ability to do

much eroding.

Dissipation of the Ice:
The method of retreat of the ice from the moun-

tainous parts of the area was evidently normal* The steps
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were as follows.
1. The continental sheet thinned down until the
hills and ridges emerged and alpine glaciation commenced*
2+ The dwindling of the amount of the ice produ-
ced normal retreat of the valley ice. According to flint
(72) such a retreat may be expected to go through the foil
owing stages:

a* Retreat to higher relief*

b. Increased lobation*

c+ Local advances producing crescent-shnped
moraines.

d. Local lakes with stratified deposits and
deltas.

e. Previous crescent moraines channelled by
the outwash streams*

> Kama terraces which show that the movement
of the ice smoothed out the irregularities of the ice-face
contact.

The number of valleys that show glaciation 1in
the Cranbrook area proves that the i1ce-sheet was divided in-
to many lobes during its last stages: that is, It establish**
es point b* Stages c, d, and e are all i1llustrated by Perry
Creek and T can be seen to the southeast of Mbyie Lake.

On the floor of the Trench, however, normal
retreat does not appear to have taken place since none of
the above stages can be recognised. Instead the following
facts have been observed*

1+ Many small lakes were evidently formed all over



the area during the retreat of the 1ice, since the moraines

frequently show well-bedded, silty members interbedded with
them and cross-bedded delta deposits are common. Examples

of these are frequent in the section exposed by the cut of

the St. Mary®"s River and on the side of the road east from

Kimberly where it crosses Cherry Creek. While these lakes

are not unlike those of point d above, their number and the
great area covered by them, as well as the evidence of the

variation in the direction of their outlet, serves to dis-

tinguish them from the lakes left by normal retreat.

2. There are many terraces with irregular ice-con-
tact faces variously oriented. The surface of these terraces
are often horizontal but kettles are nearly always present.
Very few of them show post-glacial dissection. Excellent ex-
amples occur near bycliff.

3. Large kettles, often a mile or so in length and
several hundred feet in width are common all over the sur-
face of the Trench, indicatittg. that the main mass of the ice
had broken up into a number of separate bodies.

4. The streams occupying these depressions are
variably "nnderfit®. Sullivan Creek, a tributary of Mark
Creek near Kimberly, furnishes a particularly good example
of this. ~Por most of its course this creek meanders aimless*
ly over the floor of a glacial depression 100 to 200 feet
ﬁ%é% and several hundred feet across* About- a third of the
distance from the head of the depression the creek enters it
from the west over a small cascade and the valley above this

point has never been occupied by any stream.

1n-



Figure 4
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3ketch map of Sullivan Creek* This sketch 1llust-

rates an underfit stream occupying a glacial dep-

ression. Falls of the depression are composed

partly of stratified gravels and partly of mor-

ainic material and represent "ice-contact™ faces*

Scale about one inch to the mile,

val about 50 feet*

contour inter-

5. Moraines, eskers, etc., are distributed with no

apparent system all over the region.

(Plate 111 B; p 9A)

For many years after the study of continental

glaciation began, the disappearance of ice-sheets was bel-

ieved to have been accomplished by normal retreat: that 1is?

by the melting back of the edge of the sheet while its for-

ward movement as a body continued.

In 1898 Jefferson (73)



suggested that parts of the ice-front might have stagnated,
and in 1904 Fuller (74 p 181) summarised the evidence fav-
ouring the i1dea. For some time after this, the hypothesis
was entertained and amplified but always restricted to local
applications ahd i1t was not until 1924 that Cook (75) sug-
gested its areal application. In 1929 Flint (72) summarised
the existing ideas and presented new facts to show that the
Wisconsin ice-sheet, where i1t had pushed beyond the mountain
barriers south of the St. Laurence River from the Adirondack”
to Maine, became practically if not entirely stagnant and
never regained motion. In 1933 Brown (80) showed that in
central Massachusetts the ice left the upper regions first
leaving long tongues in the valleys which were stagnant and
melted out after the deposition of many kames along their
flanks. For a full discussion of the subject the reader is
referred to Flint*s paper, but his main facts and lines of
evidence regarding it will be briefly quoted here since they
epitomise the observations made iIn the Cranbrook area.

1. The initial stage consists of a broad, sheet
covering.most of the region.

2. The melting is differential and tends to break
up the sheet into a number of separate bodies.

3. Lakes form, especially marginally, and the ice
shrinks inwards.

4. Sediments accumulated in these lakes produce
marginally flanking terraces when the ice finally disap-
pears.

5. Post-glacial drainage produces underfit streams.
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6. There may be no dissection of the terraces by
post-glacial drainage*
7. The terraces may face iIn any direction.

Regarding the terraces Flint came to the fol-
lowing conclusions:-

a* They nearly always are more or less horizontal*

b. One face is an irregular, ice-contact sheet*

c* Spill-ways are present and the foreset beds
face towards them*

d* Rattles are nearly always present near the
ice-contact faces*

The facta observed iIn the Cranbrook area, en-
umerated on pages 26 and 27 check with all the items in the
above list with the single exception of item c+ Unfortun-
ately, the i1dea of stagnation was not in the writer®"s mind
while he was in the field, so that spillways from the small
lakes may have been present but overlooked from a lack of
directed observation* The agreement of the expected cond-
itions with those actually found iIs so striking that it is
believed to prove that the retreat of the ice from the sur-
face of the Rocky Mountain Trench in the Cranbrook area was
accomplished by stagnation and dissipation instead of by nor-
mal retreat. This method of removal of the ice has been dem-
onstrated all along the southern fringe of the Pleistocene
ice-sheet but, as far as the writer is aware, it has never
before been reported as far within the area of continental

glaciation as the Cranbrook district, over 15C miles.



STRATIGRAPHY

The area covered in this report is underlain
largely by pre-Cambrian sediments which were laid down in the
Cordilleran geosyncline* This geo™yncline came into existance
in the early Proterozoic and is the largest, oldest, and long-
est enduring of such troughs known* (1) It lasted, with min-
or changes, until the Laramide Revolution at the close of the
Mesozoic and consisted of a long trough extending roughly
north and south from the Pacific ocean, where the southern
boundary of California now lies, to the Arctic ocean close to
the present eastern boundary of the Yukon*

During the Proterozoic a uniform series of sed-
iments, not less than 35,000 feet thick, was laid down in the
portion of the basin corresponding to the Cranbrook area.
This series was composed of materials derived from the eros-
ion of a land-mass lying to the west and consists of fine,
bedded elastics with minor amounts of conglomerates and some
limestones and dolomites* It has been called the Pelt Ter—
rane or Beltian and has been divided by Canadian geologists
into the Purcell and Windermere series, separated by a minor
unconformity. Only the lower, or Purcell series, has been
recognised in the Cranbrook area* In this area the Purcell
series has a general dip to the northeast and is overlain
in places by Cambrian rocks? the youngest consolidated sed-
iments recognised.

Only two groups of iIgneous rocks occur to any
extent* The more prominent is the Furcell diorite forming

Arealty
sills, dykes, and flows of pre-Cambrian age. Realty rather
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Insignificant, but probably of great economic importance,
are granitic rocMs of late Mesozoic or early Tertiary age
which occur in occasional stocks and bosses.

The formations that occur in the area, with
theilr approximate thicknesses, are given in TablaE +'AThe
Base of the Purcell series is not known and the thickness
of the Aldridge, the lowest formation, may be much greater
than that given. 711 the formations of the Purcell series
are conformable and no striking lithological differences can
be observed. The contact between formations is generally

gradational rather than abrupt and i1ts exact location dep-

ends largely on personal opinion*

The Purcell Series

Rocks of the Peltian system can be traced over
hundreds of square miles of northwest North America and exhi-
bit a uniformity, both laterally and vertically, that iIs as-
tounding* To the south they extend without iInterruption ac-
ross the International Boundary into Idaho and Montana. Aller
(9 has found them iIn the western ranges of the Rocky Mount-
ains and Talker (10) has traced them practically continuously
to the northg”s far as Windermere Lake. The western boundary
is somewhat complicated by the intrusion of granites connect-
ed with Nelson batholith, but Walker (11) has recognised Dcl-
tlan rocks to the east of Kootenay hake.

The earliest description of the Beltian was by
the pioneer geologist G.M. Dawson (2) who recognised it on

the Canadian aide of the International Boundary in 1885* al-
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though 1t was not until later that the name was applied*

In 1886 McConnell (3) noted it in the course of his recon-
naissance trip across the Rocky Mountains. No more work

was done on these rocks iIn Canada until 1904 but a consid-
erable amount of investigation was carried on in Montana and
Idaho by Davis* hindgren and others (4). In 1899 Walcott
(49) found fossils in some of the upper formations of the
Belt Terrane, and* iIn his Introduction to their description*
he summarises the i1nformation available on the seriec up to
that time* In 1902 Willis (6) made a careful study of the
Lewis and Livingstone ranges of Montana and his work resul-
ted in the first systematic subdivision of the Belt Terrene
and the naming of the formations* Be was accompanied by Pin-
lay who wrote an account of the igneous rocks found iIn the
series (6)* In 1904 Daly traced Willis* formations into the
International Boundary section and made the first detailed
description of the Canadian Beltian which he believed to be
part Cambrian and part pre—Cambrian* In 1906 Walcott (7)
described the Belt Terrane again and found clear evidence of
an unconformity between it and the Cambrian* He therefore
concluded 1t to be Algonkian iIn age* By this time the Belt
Terrane had proved to be an important series economically
and iIn 1908 Ransome and Calkins (8) described its relations
to the ore-bodies of the Coeur d*Aleue in Ildaho* The recon-
naissance work of Calkins and MacDonald (35) in 1909 through
Idaho and Montana gave some idea of the tremendous extent of
the series+ From that time to the present many geologists

have worked iIn various parts of the Belt Terrane* particular-



ly on its economic problems

The Purcell series was first named and care-
fully described by Daly in 1904 (12).+ This description was
printed unchanged in 1913 (13). Daly"s table 1is reproduced
in column 1 of Table 11l (pjJ” )- Schofield, in 1915, (14),
recognised another formation below Daly®"s Creston which he
called the Aldridge, and identified with a part of Daly"s
Kitchener and which, he found, should have been mapped bel-
ow the Creston instead of above i1t. In the sane report Scho-
field correlates the Moyie with the rest of Daly"s Kitchener
which he found was stratigraphically below the Siyeh. The
term Moyie formation was therefore dropped. The Gateway
formation, named and described by Daly (13, p 107) in the
Galton range, was also recognised by Schofield, in the Cran-
brook area to the east of the portion cohered by his report*
The table ns amended by Schofield 1is given in column 2 of
Table 111. In 1923 Schofield described the Purcell series
again In a small pamphlet published by the Geological Survey
of Canada. (13) In this paper he reports the occurrence of
Cambrian rocks in the Cranbrook area. A thick band of white
quartslte, found underlying the fossillferous Cambrian shales,
Schofield called the Cranbrook formation and believed to be
conformable with the overlying Cambrian* Three hundred feet
of the Siyeh was a lso recognised above the Purcell lava. Soho*
field"s second table 1is reproduced in Column 3+ Dork done
in the season of 1932 necessitated a few changes. Measurments
of the Aldridge showed this formation to be even thicker than

the earlier estimates. The boundary between the Kitchener and



Column 1

Daly 1904

Kitchener
(in part)

Moyie
Kitchener
(in part)

Creston
(in part)

Creston
(in part)

Kitchener
(in part)

TABLE CORRELATING TUB FORMATIONS OF THE PURCELL SERIES

Column 2
Schofield 1915

Gateway = 2,000

Siyeh 4,300

Kitchener 4,500

Crouton ---- 5,000

Aldridge = 8,000

Column 3
Schofield 1932

Eager—— 300
Cranbrook -- 600
Purcell Lava

Siyeh —**-——-4,500

Kitchener - 4,500

Creston — * 5,000

Aldridge — 8,000

Column 4
Present Renort

Berry Creek —

Oldtewn —— #%*
Purcell Lava

Aiyoh —_
Kitchener e

Cherry Creek *=

6,000

600
3,SCO

0,150

1,000

Aldridge — —*— 31,200

lower
Cambria

Purcell
Series
pre**Cam
brian

algel

v v d



the Siyehwas placed further up the stratigraphic column so
as to include some of the lower Siyeh* as originally mapped*
in the Kitchener. The Cranbrook formation was found to be
conformable with the Siyeh and to underlie the Cambrian un-
conformably and was therefore placed in the pre-Cambrian al-
though its correlation with the Gateway could not be assured*
Since the name Crahbrook has also been applied to definitely
Cambrian formations elsewhere, the name of this formation was
changed to the Old Town formation* It was subdivided into
the Mission quartgites and the Annelids sub-formation* An
additional formation, the Cherry Creek, was recognised bet-
ween the Aldridge and the Creston. The table as finally amen-

ded 1s reproduced in column i1.NahKTE.

The Aldridge Formation

The Aldridge is the oldest formation in the
district and was first so called by Schofield (14, p 25) 1in
1912 after the deserted hamlet of Aldridge at the outlet of
Moyie Lake.

The Aldridge formation covers the greater part
of the Cranbrook area, which i1s not surprising when it Is
remembered that it is twice as thick as any of the succeed-
ing formations and, iIn most occurrences, 1is comparatively
flat lying. The best section is that exposed iIn the Moyie
Lake region where the beds form a simple anticline whose axis
plunges to the north.

A section was measured on the east shore of

the Moyie Lakes along the railway cuts, and south of the



lakes along the road to a point some four or five miles south
of Aldridge. The structures are comparatively simple here
and the thickness obtained, 11,200 feet, 1is fairly reliable
for the part of the formation measured. Unfortunately the
base of the section was not seen and, iIndeed™Aldridge 1is
known to continue for a considerable distance beyond the last
attitude measured* The complete formation is, therefore, un-
doubtedly thicker than this figure. A rough measurement tak-
en in the area north of the St. Mary®"s River gave a thickness
of 22.000 feet. The structure there 1is, however,%#ather com-

plex and outcrops are not very good*

The Aldridge forms a geological unit of great
thickness, persistence, and uniformity. It iIs composed of a
series of quartzites, argillaceous quartzites, and argillites
with the argillaceous quartzites predominating* It iIs white
to grey iIn colour except where it has suffered contact meta-
morphism. In the Moyle region, where it is comparatively free
from ary metamorphism, it is composed of beds of uniform thick-
ness, averaging about four or five feet, with narrow partings
of softer argillite. Beds containing small lenses of lime-
stone appear occasionally which, in an isolated outcrop may
be confused with later members of the Purcell series. The
limestone occurs in small, rather irregular bodies, five or
Six feet long by six inches wide, although occasionally they
may be bigger. Conglomerates have been reported by Schofield
to occur further to the southwest but none were seen in the

area (14, p 26). Details of the sedimentation are beautifully
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preserved in the quartzites, Cross-bedding and small scour
channels are easily recognized and individual beds cavbe seen
to grade from a quartzite at the bottom to a more argillace-
ous rock at the top* Ripple-mark®™ and mud-cracks occur over
wide areas* (Plate VKB* P43A )

The argillaceous quartzites are composed of
small angular interlocking grains of quarts from 0*05 to 0,10
nn In diameter set in a matrix composed almost entirely of se-
recite needles* Striated feldspars and biotite flakes occur
in small amounts* Small garret crystals are occasionally seen
These rocks grade into the argillites through a diminution in
the quartz content* In some places there 18 a considerable
and characteristic development of large flakes of mica* Pyr-
iIte and magnetite occur in small grains through all types*
The argillites of the Aldridge formation usually have a smooth
appearance which differentiates them from the grey, rather fi-
brous argillites of the Perry Creek series*

Outcrops of the Aldridge are almost universally
stained reddish-brown by a thin coating of limonite* The two
characteristics, reddish weathering and grey colour, are the

best guides to the recognition of Aldridge in the field*

Detailed Section:

The following are the details of a section meas-
ured along the railway on the east side of Moyie Lake*

675 feet* - Massive, thick bedded grey quart-
sites. Not much red weathering*

700 feet* - Platy, grey argillaceous quartzites.



1400 feet. Gap 1In outcrops.
135 feet. Grey massive quartzites*
3850 feet* Massive and thin-bedded rusty quart-
sites and argillites.

800 feet. Rusty thin banded argillaceous quart-

sites.
1650 feet. - Massive quartzites.
1800 feet. - Very light coloured, hard quartzites”
1&, 998 feet*
Correlation:

The equivalent formation iIn Montana and ldaho
has been named the Pritchard formation, (17) and Calkins (25)

measured 800 feet of 1t in the Coeur d"Alene.

The Cherry Creek Formation:

Tork done in the Moyie Lake region, disclosed a
considerable transition zone between the Creston and the Ald-
ridge formations making it hard to decide on the location of
the boundary between the two. It was not until further work
was done in the corresponding horizon north of the St. Mary®s
River that the full extent of this zone was realized. At the
sane time i1t was found to have characteristics permitting it
to be distinguished from the underlying and overlying format-
ions. It was therefore decided to give it a formatio.nal name
and to map it separately. As the best exposures of it were
found 1n the region of Cherry Creek to the east of Kimberly

it was called the Cherry Creek formation. It occurs in four



long, narrow zones in the Cranbrook area, the best sections
being iIn the type locality and aloha the Moyie Lakes*

The thickness of this formation, measured at
the type locality is about 1,000 feet. Along the side of
Moyie Lake the thickness may he a little less, but the sec-
tion is not so well exposed.

The Cherry Creek formation, is composed almost
entirely of thin bedded argillites with occasional beds of
argillaceous quartzites* The argillites are composed of al-
ternating, thin beds of greenish grey”“rock, often only a frac-
tion of an inch thick, giving the formation a characteristic
striped appearance. The base of the section is predominantly
grey and so merges into the Aldridge the boundary between the
two formations being set at the first pronounced appearance
of the striped rock. Near the top the green beds become thick-
er, coarser grained, and more frequent until the formation
passes into the typical Creston argillaceous quartzite, “hen
the amount of argillites becomes insignificant the rock 1is
considered to be Creston. Individual beds may easily be con-
fused with either the Aldridge or the Creston and the distinct-
ion 1Is easier to make after a little experience iIn the field
than to describe cn paper? a fact which is indeed true of all
the members of the Purcell series. Rusty weathering is usually
absent or 1is present only iIn minor amounts in the outcrops?
instead the rocks tend to weather greenish* Details of the
sedimentation are very clear and ripple-marks and mud-cracks

are common.



Creston Formation

The name Creston, after the town of Creston on
the Kettle Valley Railway close to the International Boundary,
was FTirst used by Daly (13, p 12C) to describe a thick series
of quartzites and argillaceous quartzites which he believed to
lie at the base of the Purcell series* Schofield, however,
shewed that i1t was underlain by the formation he called the
Aldridge. Schofield limited the name Creston to a scries of
quartzites and argillaceous quartzites lying between the Ald-
ridge and the Kitchener. The limits of this formation, as
set down by Schofield, have not been changed by subsequent
work and the formation stands as he defined i1t. Schofield,
however, in his original mapping, sometimes confused it with
members of the other formations.

The Creston occurs in many parts of the area,
often outcropping in bold bluffs and forming the tops of sev-
eral of the mountains and higher ridges. In spite of this,
the only complete section at all well exposed is that at Mby-
te Lake. The area along Perry Creek has assumed s me import-
ance on account of the gold-quarts veins found iIn it.

Daly"s figure of 9,500 feet for the thickness
of the Creston is undoubtedly too great and is believed to
have included part of the Aldridge formation. Schofield,
working along the Moyie Lake, gives 5,000 feet for the thick-
ness which checks that of 5,900 feet obtained by careful meas-
urement iIn 1933 in the same locality. At no other place could
a reliable figure be obtained, but a rough measurement suggest

that this Is a good average for the thickness of the Creston
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elsewhere iIn the district*

The Creston formation consists mainly of argil-
laceous quartzites and quartzites occurring in beds three or
four feet thick with thin argllUto partings. The quartzites
are mainly of two types, green and purple. The green rocks
are the commonest and consist of argillaceous quartzites with
a general watery green colour* The purple quartzites are light
coloured rocks with fine purple lines usually parallel to the
bedding but often in a complicated network of fine threads.
(Plate V A, p 41 A}* Occasionally the purple colour iIs an
intrinsic part of the rock itself, but more often it is imp-
arted by the thin lines. The origin of these lines is obscure.
Since they cross each other they cannot be depositional feat-
ures, nor is there any definite evidence to show that the rocks
have been brecciated and cemented by the purple material. The
colour is probably due to fine grains of hematite* These rocks
often change suddenly along the strike into the green quart-
zites, the change being effected iIn a few feet. The argillac-
eous partings may be either green or purple, tsking their col-
our from that of the quartzites they are separating* Lime-
stone lenses are not uncommon, especially towards the upper
part of the section, where they weather buff and stand out
prominently in the outcrops* (Plate VI Ay p 42 A) Grey quart-
sites, very similar to those occurring in the Aldridge? are
found iIn the Creston, hut not as frequently as would be surm-
ised from Schofield"s description* Phen they do occur, how-
ever, It is iImpossible to tell them from the Aldridge except

by their stratigraphic relatioh to other more easily rccog—



p 41 A

Plate V
A. Photograph of a block of Creston Quartzite showing

intersecting purple lines. About 1/3 natural size.

B. Photograph of a block of green banded Creston argil-
laceous quartzite. This type is often met with iIn
both the Kitchener and the Siyeh formations. About

natural size.






nized types* A common variety of the quartzites is a fine-
grained argillaceous rock light green in colour with very
pronounced bands of darker green, fractions of an inch in
width* (Plate V B* p 41 A} This banded rock is very strik-
ing but indistinguishable from certain members of the Kit-
chener and Siyeh* Ripple-marks and mud-cracks are beauti-
fully preserved, especially the former, and rain spots were
seen along the shore of Moyle Lake* Gome of the ripple
marks are S inches from crest to crest and ijj inches deep.
(Plate VI B, p 42 A, and Plate VIKA, p 49 A)

The Creston is the most easily distinguished
of all the members of the Purcell series. The purple-lined
quartzites are known only in this formation and the massive
green types occur sparingly in any of the others. As the
top of the section iIs reached the limestone lenses become
more abundant and when they become prominent the rock is

mapped as Kitchener*

Detailed Section:

The section measured along Moyle Lake was com-
posed of the following members:

725 feet* - Green and mauve siliceous quart-
zites* Some limey beds*

725 feet* - Green and purple argillites and
quartzites. Ripple-marks and mud-cracks*

1150 feet* - Purple, green and grey massive
quartzites. Some brown weathering*

650 feet. - Very siliceous grey types. Come

42



A*

B*

Plate VI
Photograph of an outcrop at the top of the Creston
formation* Note the lenses of limestone* F.hen

these assume importance the rock is considered to

belong to the Kitchener formation

Photograph of an outcrop of the Creston formation
on the east aide of Moyle Lake* Note the abun-

dance of ripple marks*

p 42 A






bands like Aldridge.

500 feet. - Green and purple quartsites. Some
ripple-marking*

2150 feet* - Green and purple argillites and
quartsites. Mud-cracks and ripple-marks* Some limey bands*

5900 feet*

Correlation:

The formation occuring in Montana equivalent to
the Creston is called the Revalli and consists mainly of white
siliceous quartzites (51)* The purple type does not occur
there and the green quartzite is not at all common; but, apart
from the colour, the general nature of the two formations is
very similar, and the limits outlined above may be applied

closely*

Kitchener Formation:

The Kitchener formation was named by Daly after
the town of Kitchener on the Kettle Valley Railway and appli-
ed to a quartzite formation which was later identified as Ald-
ridge by Schofield* In other places in the boundary section,,
Daly mapped limey rocks as Kitchener which were afterwards be-
lieved to be the stratigraphic equivalent of the Siyeh* These
were probably Kitchener according to the later definition*
Schofield defined the formation more clearly and his definit-
ion, with certain modifications, was made the basis for the
mapping of the formation in the present report*

The Kitchener is developed in many parts of the



p 43 A

Plate VII
A* View looking west up the valley of the upper St.

Mary®s River* Note the U-dhaped cross-section*

B+ Photograph of a slab of Aldridge argillite showing

mud-cracks* See text p?7






area hut nowhere is a complete section exposed. The region
at the head of North Moyle Lake has been used as the type
section and the lower two thirds of the formation is well
developed, but the upper part; including the contact bet*
ween it and the Biyeh, is known from a few outcrops only.
The upper Kitchener 1is, however, well exposed south of Marys-
ville and also to the southeast of St. Eugene Mission so that#
by combining all three areas, a good idea of the complete sec-
tion can be obtained. In the St. Eugene Mission locality# al-
though the base of the section i1s not exposed, all the known
types of Kitchener have been seen.

Schofield measured the Kitchener along the
Moyie hakes and obtained a thickness of 4,500 feet while the
writer, in the same locality obtained a thickness of 6,150
feet. Considerable confusion has always been experienced in
determining the boundary between this formation and the Siyeh.
After a consultation with Dr. lan Campbell it was decided to
follow the practice of the Montana geologists and to limit the
Siyeh to a thin formation of distinctive rocks at the top of
the section and to include the questionable and confusing
rocks below this with the Kitchener,, After having put this
into practice it was found to facilitate mapping greatly and
to be an entirely practical subdivision. The difference in

the figures obtained by Schofield and the writer is thus ex

plained. Rough estimates made in other localities check this
thickness as closely as can be expected.
The main characteristic of the Kitchener 1is its

high lime content, and It is this characteristic and effects
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resulting from it that serve to distinguish i1t in the field*
It must be remembered; however, that all the other formations
carry limey lenses in places and a positive diagnosis can sel-
dom be made from a single outcrop* The limestones are often
siliceous and always highly impure and argillaceous, green,
grey or purple in colour? and very fine-grained* The grey

and green types are the most common. Intcrbedded with the
limestones occur calcareous quartzites and calcareous argil-
lites which are also grey? green? and purple* Mud-cracks and
ripple-marks are common throughout the formation* All the cal-
careous members weather light buff and the outcrops stand out
strikingly. At other times segregations of calcite iIn little
worm-like concretions weather out forming what Baureman (19)
has described as molar-tooth structure. (Plate IX, p 45 A)
The effect, is very striking and easily recognised in an out-
crop even at a considerable distance and 1is characteristic

of the Kitchener* Fenton (16) has studied these structures

in Glacier National Park and concludes that they are undoubt-
edly organic and were produced by calcareous Algae* Occasion-
ally grey argillites occur in the Kitchener which are compara-
tively free from lime* A green? striped? argillaceous quart*
site, exactly like that described iIn the Creston? was seen in
several places* (Plate V? p 41 A) Pyrite cubes are common

in some members of the Kitchener? sometimes attaining dimen-
sions of an inch or more* The Kitchener 1is generally thin-
bedded and alternating beds often weather different shades

of buff giving the rock a characteristic? striped appearance*

(Plate VIII B? p 44 A)
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p 46 A

Plate IX
Photograph of an outcrop of the Kitcnener formation showing

well developed Molar-tooth structure*
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Detailed Section:
Below are the details of the Noyie Lake Lection.

1900 feet. - Limey greenish argillaceous quartzite.

350 feet. Gap 1In section.
400 feet. * Grey argillite and quartzite, thin-bed-
ded and limey.

750 feet.

Green, grey, and purple, limey argillac-

eous quartzite.

150 feet. - Green, thin-bedded cherty rocks*
Diorite sill.
750 feet. - Puff-weathering, limey rocks. In part
cherty.
950 feet. - Buff, limey rocks; typical molar-tooth
structure.
900 feet. - Grey-green, massive and thin-bedded,

limey rocks; buff weathering.

6150

Correlation:

The Kitchener, as defined at present, includ-
es a good deal of the series originally mapped as Siyeh both
by Daly and Schofield. In Montana similar rock* occur in the
same stratigraphic position and have been called the Newland
formation. In the Newland, however, the molar-tooth struct-
ure has not been seer, and the limestones are sometimes con-

cretionary. (51)



Siyeh Formation

In his description of the "Algonkian'™ rocks
of the Lewis range* Willis (6* p* 523) gave the name Siyeh
to a limestone formation occurring on Siyeh mountain* This
formation was mapped in the Clarke and Galton ranges by Daly
using Willis* definition. In the Cranbrook area Schofield
limited tnc term Siyeh to a series of argillaceous and cal-
careous rocks lying above the Kitchener”™ In 1932* m has
already been mentioned* the name Siyeh has been limited to a
relatively narrow horizon of argillites and calcareous arg-
illites iIntercalated with the Purcell flows, lying confor-
mably above the Kitchener. By this definition limestones
are all included in the Kitchener with which they form a lith-
ological unit distinct from the overlying argillites. Since
the term Siyeh* as originally proposed, was used to define a
limestone formation, and is undoubtedly largely the equival-
ent of the Kitchener, the desirability of continuing the name
iIs rather questionable. It has been used iIn this report, but
later workers may decide to change i1t for some more distinc-
tive term.

The Siyeh is not a very extensive formation,
but it occurs in four localities in the Cranbrook area. The
most complete section 1is possibly that exposed in the hills
to the southeast of St. Eugene Mission which may be consid-
ered as the type locality. South of Marysville and on Cran-
brook mountain the Siyeh is also well developed*

Daly reports thicknesses of 4,100 feet and



4,000 feet in the Lewis and Galton ranges respectively.

Since these iInclude at least a part of the Kitchener they
cannot be applied to the Siyeh as redefined for the Cran-
brook District. Schofield gives a thickness of 4,000 feet
for the Siyeh measured at Cranbrook and Baker mountains*

The same objection is also true here and furthermore the
structures are not yet definitely known and there may be some
repitition* The thickness of 2,200 feet given for the form-
ation was estimated from the sections exposed east of St. Eu-
gene Mission and on Cranbrook mountain. In both places it is
difficult to get a good section and the figure 1iIs not as acc-
urate as that for the earlier formations. The thickness sou-
th of Marysville is abaut 1,000 feet, but here difficulty was
experienced in locating the boundary between the Kitchener
and the Siyeh. The rocks of the two formations are very sim-
ilar and the exposures not good* It is evident, however,
that the formation is a comparatively thin one as compared
with the rest of the Purcell series and its thickness is pro-
bably between 1,500 and 2,000 feet.

The dominant rocks iIn the Siyeh are highly col-
ored argillites. The two commonest types olive green and
purple and they are largely non-calcareous. The olive green
colour 1is usually distinctive from the more emerald tint of
the Creston and the Kitchener, hut this distinction cannot be
relied upon implicitly since there arc many exceptions. The
purple argillites are Very similar to certain thin-bedded

purple argillites iIn the Kitchener* A very distinctive and
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characteristic type is a combination of the two colours pro-
ducing a thin-banded rock with alternating layers of purple
and green argillite a fraction of an inch thick* This rock
iIs wail developed at the base of the Mission Quartzite south
of St* Eugene Mission, Some limey lenses are present and
also some quartsite but neither is at all common. Hud-cracks
and ripple-marks were seen in several places* A few bands of
dark grey, slaty rocks occur, but are rare. Soutn of Marys-
ville the typical rock is an argillaceous quartsite with al-
ternating layers of dark and light green exactly like the
striped green rock occuring iIn the Kitchener and the Creston
(Plate V B, p 41 A), Purple rocks are, however, interbedded
with 1t especially near the top of the section* The Purcell
lavas occur as an integral part of the Siyeh, but will be
discussed when dealing with the Purcell intrusives and extru-
sives. They form a certain guide for the recognition of the
Siyeh. If they are not present, unless the stratigraphic po-
sition is fairly well known it is difficult to be sure of the
Siyeh except iIn very good exposures.

The examination of a thin section of the Pur-
ple Siyeh threw some light on its origin. The section was
taken from a specimen obtained on the top of Cranbrook moun-
tain* The rock iIs fine-grained and dark, greyish-purple in
colour, and shows a great deal of alteration. The main bulk
of the rock consists of white mica and chlorite, occurring
in scaly aggregates replacing the other minerals? the feld-

spars altering to mica and the amphibole to chlorite. Quarts



iIs not common but occurs iIn large, Roll rounded grains often
composed of several crystals. Microcline is present although
not common. Orthoclase 1is the commonest feldspar and occurs
in medium sised grains considerably fractured and altered.
Some plagioclase may be present. Amphibole 1is probably com-
mon, but has been largely altered to chlorite. Hematite Iis
abundant in grains or cementing the other minerals and is
evidently the pigment colouring the rock* The estimated pro-

portions of the constituents are as follows:-

Nhite mica — — — — — — — — 40%

Chlorite and amphibole — — — 23%

Hematite - - - - = 20%

Feldspars - — — —————- 15%

Quartz - - - - — 5%
Correlation:

The Siyeh, as defined iIn this report, corres=*
ponds to the upper part of the Siyeh as used by Hillis, Daly,
and Benefield. ~hile the formation they describe iIs essent-
ially limestone, the Siyeh in the Cranbrook district iIs main-
ly argillite. This definition of the Siyeh, however, corres-
ponds closely with the limits set for the Striped Peak form-
ation occurring in Montana in a similar stratigraphic posit-

ion tol).
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The Old Town Formation:

When Schofield revisited the Cranbrook area
in 1921 (15) he recognised a Lower Cambrian fossiliferous
shale underlain by a white and rose coloured, coarse-grained
quartzite. In his opinion the quartsite overlay the Siyeh
unconforninbly and conformable with the fossiliferous
shales* Me called the quartsite the Cranbrook formation
and considered it to be Cambrian in age* During the field
season of 1982 several more exposures of the quartsite were
found and the conclusion was reached that it was pre-Camb-
rian instead of Cambrian In age* For reasons already ment-
ioned It was decided to substitute the name Old Town for
Cranbrook formation until a more accurate correlation could
be made. The formation has been subdivided iInto the Mission

Quartsite, and the Anrelide sub-formation.

The Mission Quartzite!

Only three occurrences of the Mission Quart-
zite are known, but™ fortunately, at two of these i1t i1s well
exposed* The original discovery was made on the northeast
side of S3me low hills on the edge of the Trench where it 1is
exposed In patches alohg a relatively narrow strip extending
from the north bank of the St. Mary"s River southeastward to
Signal Hill* South of Marysville exposures of the Mission
Quartsite occur In a narrow band extending south to south-
west between the Mt* Mary®s fault and the Berry Creek fault,

a distance of Ffive miles* At the north end of this locality



exposures arc excellent* The only o”ber known occurrence 1is
at the head of Bellroartng Creek where a small section 1is ex

posed.

Schofield gives a thickness of 600 feet for the
Cranbrook formation measured southeast of St. Eugene Mission
where the Annelide sub-formation is largely missing* Further
measurements both here and at the locality south of Marysville
checked this figure and 600 feet has been accepted as tho thick-
ness of the Mission Quartzite*

The greater part of the Mission Quartzite is a
hard, white, rock with an average grain size of about a milli-
meter iIn diameter* In contrast with the Purcell series this
rock is generally almost pure quarts and very free from argil-
laceous material* In the Marysville locality the quartzites
occur 1in beds up to five feet thick, separated by thin layers
of green argillite* (Plate X B, p 53 A) On Signal Hill both
roee-red and greenish quartzites are found and south of Marys-
ville red and grey varieties are common* Small conglomerate
beds occur from time to time with pebbles up to an inch across
but are rather local iIn extent* Structures are well preserved
and cross-bedding and ripple-marks are common*

The Mission Quartsite i1s generally an easy form-
ation to recognise. The pure? granular, white quartzite is
very seldom found elsewhere iIn the Purcell Series: the only
rocks that might be mistaken for it are some of the silicif-

ied and bleached quartzites of the Aldridge where they are in
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contact with the Purcell Sills* The rose variety occurs 1in

no other formation.

The Annelide Sub-Formation:

The Annelide sub-formation was named after some
peculiar markings* resembling worm burrows, seen in it south
of Marysville, the type locality* It occurs in all the loc-
alities described for the Mission Quartsite*

The formation varies considerably in thick-
ness but averages about 200 feet*

The base of the formation, at the type local-
ity? grades into the Mission Quartzite and consists of red,
white, and grey quartzite with a high content of magnesite*
This transition gone is about 70 feet thick and grades up-
wards into about 90 feet of high grade magnesite* At the
top and bottom of the magnesite zone small siliceous lenses
can be seen but there i1s little caleite and the center 40
feet is remarkably pure* Narrow partings of green, sandy
argillite a few inches thick appear near the top dividing
the magnesite iInto beds four or five feet thick. Occasion-
ally lenses of limestone or dolomite occur, several feet
long and a foot or so thick. 1In one place a little pyrite
was seen* In the lower transition zone the magnesite 1is of-
ten segregated into little lenses which weather buff and give
the rock a striking mottled appearance.

A bed of soft, argillaceous quartzite about

40 feet thick lies conformably above the magnesite* It is



p 53 A

Plate X
A. Sharp fold in the Creston quartzites. Note the absence
of any fracturing except recent jointing. Considering
the hardness of the rock deformed this iIs a surprising

fact*

B* Outcrops of the Mission Quartsite. Note the massive

nature of the rock and the thickness of the beds.






rather a sandy, coarse-grained, greyish-green rock and shows
abundant worm-like markings that have given the formation
1ts name* Unfortunately it has not been possible to i1den-
tify these but there is little doubt that they are either
worm casts or burrows or else algal growths* Some of them
were also seen in the Interbeds at the top of the Mission

Quartzite.

Relations of the Old Town Formation to the Purcell Series:
At Schofield"s type locality southeast of St*
Eugene Mission the Old Town formation appears to be lying on
the Siyeh with a slight disconformity* At the base here,
there 1s a thin bed of conglomerate containing pebbles of
the underlying Siyeh, and there is a sharp lithological
break* It was partly a study of this exposure that led
Schofield to believe the series to be Cambrian. North of
the St. Mary®s River, however, the base of the section is
again well exposed and beds of quartzite a foot or more thick
exactly like the typical Mission Quartzite, occur iIn what is
undoubtedly the top of the Siyeh* In the same way beds of
purple argillites, similar to the Siyeh, occur well up into
the base of the Mission Quartzite. A careful examination of
the zone between the two formations failed to reveal anything
in the nature of a definite break in the lithology and, al-
though th™ conditions under which the Siyeh and the Mission
Quartzite were deposited were different, it is clear that

there was no cessation of sedimentation during the transit-



1on from one set of conditions to the other. The two form-
ations are, therefore, conformable* A similar transition 1is
evident south of Marysville except that here both the Siyeh
and the argillite interbeds iIn the Mission Quartzite are green
On Signal Hill the structures are more complicated but a de-
tailed examination showed that the two formations are also
conformable here*
To summarize the evidence:-
1. Except at Schofield"s type locality the two form-
ations appear to be conformable and to grade iInto each other
over a distance of 20 or 30 feet*
3. No difference car be seen between the argillite
partings iIn the quartzite and the underlying Siyeh*
3. The Old Town formation is believed to be over-
lain unconformably by the lower Cambrian*
The Old Town formation is therefore believed
to overly the Siyeh conformably and to be a part of the Pur-

cell Series*

Correlation:

Elsewhere in British Columbia the formation
overlying the Siyeh is known as the Gateway* The Old Town
formation should, therefore, correlate with the Gateway, but,
unfortunately, the writer is not sufficiently familier with
that formation to make any definite assertion* The formation
in Montana, equivalent to the Gateway, is known as the Camp

Creek* (51)



General Discussion of the Purcell Series:

The Purcell Series, iIn the Cranbrook District?
has a total thickness of at least 267458 feet and perhaps
much more* It forms a continuous lithological unit and the
formations composing it grade into each other, from top to
bottom, with no suggestion of a break and possess litholo-
gical similarities that are the despair of the field geol-
ogist*

While the series presents a definite unity,
there is a distinct progressive change in the nature of the
sediments. At the base of the Aldridge, quartzites are the
rule, although they are very impure and there are many inter*
bedded argillites* As the top of the Aldridge is reached the
sediments become finer and more argillaceous and these pre-
vail throughout the Cherry Creek formation* The Creston is
again a quartzite formation, but towards the top the sediments
become argillaceous once more* With the beginning of the Kit-
chener a long period commences during which great thicknesses
of calcareous rocks were deposited* Part of these, at least,
are known to have been of organic origin* (16) With the Old
Town formation quartzites again appear and are remarkably
pure* They pass upwards into the carbonate rocks of the Anne-
lida sub-formation*

In spite of the vast age of the Purcell Series
the major and even the minor folds are beautifully clear and
the attitude of the beds seldom iIn doubt* Even the more in-

timate details of the sedimentation are often as clear as in
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a recent sandstone*

Schofield deduces the following climatic con-
ditions during the deposition of the Siyeh* '"The Siyeh ar-
gillite is characterized by the presence of alternating
greyish-green and purple to chocolate-brown argillites* the
latter being especially distinguished by the presence of ab-
undant sun-cracks* The climate at the beginning of Siyeh
time must have been alternating humid and arid, since it 1is
believed that such climatic conditions are necessary for the
formation of alternating greenish-grey and purplish strata*"
(14* p 39) Schofield quotes Barrell (20, p 292) as his auth-
ority for his deductions* Since the quartzites of the Pur-
cell Series consist of very fine quartz and feldspar grains
generally mixed with muddy material derived from the decomp-
osition of ferromagnesian minerals, and, since, as a rule,
the feldspars did not break down, there appears to have been
a preponderance of mechanical erosion over chemical (14, p

39) and a fairly rapid accumulation of the sediments.

The Purcell Basin:

The part of the Cordllleran geosyncline in which
the Purcell Series was deposited has been called the Purcell
basin and certain facts can be deduced concerning It*

1. The sediments collected iIn It are either quart-
zites, argillites, or Impure limestones* All of these may
be shallow water deposits although Tyrrell says that marine

argillites are usually laid down between 100 fathoms and 2,500



fathoms. (76; p 214}

2+ Ripple-marks and mud-cracks occur throughout
the entire Purcell series* Mud-cracks, obviously cannot
form unless the unconsolidated sediments are exposed to the
air* The ripple-marks seen in the Cranbrook area were both
symmetrical (wave ripples) and asymmetrical (current ripples).
Kindle (77, p 42) believes that the maximum depth at which
the former type can be produced is 50 fathoms* The fine rip-
ples, such as were observed In the area, are probably formed
at depths considerably less than this* Speaking of asymmet-
rical ripple-marks, Kindle says 'there is no reason why —
these may not be found at any depth known in epicontinental
waters** The last phenomenon is therefore inconclusive, tut
the evidence of the two previous ones indicates that the Pur-
cell basin was comparatively shallow at all times? a conclus-
ion that is not denied by the nature of the sediments*

3. Sedimentation was continuous and resulted iIn the
accumulation of at least 26,450 feet of material* The Purcell
basin was, therefore, not drained throughout this time and,
since i1t was always shallow, the floor must have been sinking
more or less continuously.

4. Sediments of the Purcell series have been recog-
nised over an area of 200 miles by 40 of 50 miles* The extent
of the Purcell basin must have been at least as great as this
and was probably considerably more*

5% Walcott (18, p 1) believed that the Purcell bas-

in was a shallow, brackish or fresh-water lake* Be based his
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conclusions on the sudden appearance of abundant life in the
overlying Cambrian. Bauerman (19, p 25 B) also believed that
the presence of pseudomorphs of salt crystals in the Gateway
indicated that the Purcell basin had no connection with the
sea. Neither of these lines of evidence are at all conclus-
ive, and it seems doubtful iIf such a large basin could remain
for so Long a time without connection with the sea* The whole
matter must be deferred, however, until further work reveals
some more definite criteria.

Both Daly and Schofield believed that the sed-
iments were derived from the erosion of mountains lying to the
west of the Purcell sea* Daly concluded this from a study of
the formations southwest of Kootenay Lake and those in the
Purcell range. He found a thick series of sediments in the
first locality which he believed to be the co-relatives of the
Purcell series and which he called the Summit series* Be found
these to be considerably coarser than the Purcell series and
concluded therefrom a westerly land mass for both series* Lat-
er workers have shown that the Summit series should be correl-
ated with the Windermere series (11) which is considerably
younger than the Purcell series , and his reasoning is there-
fore not valid* Schofield, however, found a coarsening of the
sediments to the west within the Purcell series itself* He re-
ports a considerable amount of conglomerate in the Aldridge
near Goat River which lies beyond the map to the southwest,
and there is no reason to believe that his conclusions are

not correct* The work done i1n 1932 was over too limited an
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area to arrive at any independent conclusions an this matter®
Correlation of unfossiliferous formations can
only be based on stratigraphic and lithologic evidence* 1In a
series as uniform as that of the Beltian this iIs extremely dif-
ficult and cannot be entirely satisfactory* The attempt has
nevertheless, been made? and Table 4”is the result, based larg-

ely on a correlation table given by Clapp* (17)

Age of the Purcell Series:

In the earliest reconnaissance work both Daw-
son (2, p 143 B) and McEvoy (21, p 3?) believed that the Pur-?
cell series was Cambrian in age* Daly, (ID, p 119-133) after
working along the International Boundary, decided that i1t was
somewhat older and placed the lower part of his Creston form-
tioa in the pre-Cambrian* Schofield®s opinion, and one with
which the writer concurs* is that the whole Purcell series is
pre-Cambrian in age*

During the course of his early work in the
Cranbrook area Schofield spent some time in the EIKk River
valley at Elko in the western part of the Rocky Mountains
examining the top of the Purcell series* There he found two
formations overlying the Gateway conformably and a number of

Cambrian formations overlying these unconformably* The fol-

lowing is his section for this locality:- (25* P 6)
Devonian — — —  Jefferson limestone -- 30C feet*
Disconformity

Middle Cambrian — Elko formation 90 feet*
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Burton formation —— — 60 feet*

Lower Cambrian — - Burton formation — 2 18 feet*
Bisconformity

Pre-Cambrian ----—- Hoosville formation — 1,000 feet*

(Beltian) Phillips formation -— 500 feet*

Gateway formation — — 1,000 feet*

Base unexposed*

He goes on to say; “Although no structural features emphasise
the presence of an unconformity at the base of the Burton, yet
from other evidence such an unconformity 1is believed, to exist*"
The Purcell series in this locality is therefore believed to he
unconformatly overlain by a Lower Cambrian formation*

In 1932 a considerable amount of data was col-
lected to show that the Lower Cambrian formation (Perry Creek
formation) overlies the Old Town series unconformably* A care-
ful telemeter survey of the type locality southeast of Gt* Eu-
gene Mission made the following facts clear:-

1* The Perry Creek formation lies on different hor-
izons of the Old Town series™

2* There 1is a very striking difference iIn the deg-
ree of metamorphism in the argillites of the two series*

3* Except for the annelide-like markings, the Old
Town series contains no fossils while in the overlying Cam-
brian formation they are abundant and well preserved*

South of Marysville, however, the actual cont-
act between the Annelide formation and the Perry Creek is ex-

posed for several hundred feet* The Annelide formation con*



slats of a succession of sandy quartzites while the Perry
Creek 1is argillaceous throughout* There is a sharp line of
contact and the lithological break is profound, but there is
no direct evidence of an unconformity*

In 1922, 1923, and 1924 Walker, (10, p 6-20)
working iIn the Windermere Map area to the north of the Oran-
brook district, collected evidence to show something of the
magnitude of the break between the Cambrian and the Purcell
series* Be was able to trace the Gateway, Phillips, and
Roosville of the Ram Creek section iInto his area and found
another formation overlying them conformably* Be describes
a series 4,000 to 7,000 feet thick overlying the Purcell ser-
ies unconformably which he called the Windermere series* This
series he believes to be pre-Cambrian in age since the Lower
Cambrian rests in different places on different horizons of
the Tindermere, indicating an interval of erosion between the
times of deposition of the two series. Speaking of the con-
tact between the Purcell series and the Tinderrere he says:
"The Purcell sediments were subjected to foldinv in pre-Wind-
ermere time, as is iIndicated by the angular unconformity be-
tween the two series* The unconformity is marked, thounh the
discordance seldom reaches 45 There 1is little difference
between the degree of metamorphism exhibited by the twc ser-
ies, and this tact, coupled with the moderate angular discor-
dance, iIndicates that the pre-Windermere folding was of a
broad, open character. There must, however, have been a con-

siderable uplift to give a relief that would account for the



63

formation of the great basal conglomerate of the Windermere

series."”

The Purcell series must, therefore, be pre-
Cambrian in age with an interval of time between its depos-
ition and that of the Lower Cambrian to allow some diastro-
phism, the deposition of the Windermere series to the north,

and a further interval of erosion.

Perry Creek Formation:

On the hills in the salient between Perry Creek
and the St. Mary®s River dark grey argillities were observed
that showed some properties differentiating them from any mem-
ber of the Purcell series. The succession was called the Per-
ry Creek formation and was eventually found to include the

Lower Cambrian Eager Shales of Schofield. (5, p IS)

The type locality for the Perry Creek format-
ion iIs the region already mentioned. The formation also occ-
urs to the east of Wycliff where it appears to be a block
within the zone of the St. Mary®s River fault. Another small
block iIn the same general zone occurs to the west of Wyeliff
but is known only from a few scattered exposures. An iImpor-
tant locality extends to the southeast of the St. Eugene Mis-
sion paralleling the belt of Old Town and it is in this zone
that all the known outcrops of the Eager formation occur.

The top of the Perry Creeg has not been obser-

ved and it is therefore impossible to measure a complete sect-



ion. Measurements were made* however, at the locality east
of Wyeliff which gave 6,000 feet for the thickness of the
section exposed there but, since both the top and bottom of
it are bounded by faults, the figure merely iIndicates that
the series is a thick one.

Too little is known about the Perry Creek for**
mation to subdivide i1t at the present time, but there i1s lit-
tle doubt that, with further information, such subdivision

could be made.

The Perry Creek formation consists of greenish*
grey to grey, slaty argillites* Then sheared they have a pee-
uliar silky, fibrous structure tkat is highly characteristic*
The argillites are not notably calcareous, but limey beds oc-
cur all through the series which tend to weather slightly
buff-coloured* There i1s a considerable development of pyrite
and some rusty weathering. Some of the argillites show, ac-
ross the foliation, small lenses of limey material half an
inch or so In length* These give the rock a spotted look that

iIs a good guide to the formation* (Figure 5) In the highest

part of the section known, dark grey to almost black cherts

are iIntercalated with beds of white and grey crystalline lime-
stone* This part of the series may be deserving of a separate
formational name but too little is known about it at the pres-

ent time to apply one*

The phase of the Perry Greek known as the Bag*

er formation consists of three types of argillites all of



Figure S
Sketch showing appearance of some of the Perry Creek
and Eager argillite with the lenticular, calcareous

spots mentioned iIn the text, p 6&. Natural size*

which grade into each other* Two of these are soft, fine*
grained, smooth rocks one of which is brick-red in colour
and the or "er alive green* The latter resembles some of
the rocks found In the Siyeh* The third type is a bluish-
grev, rusty weathering sandy argillite that bears a consid-
erable resemblance to the Aldridge argillites* Trilobites

remains have been found in all three types*

Age bf the Perry Creek Formation:
Well preserved fossils, mostly trilobite re-
mains, have been recovered from the Eager formation, and a

collection reported on by Walcott contained the following
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species:- (15, p 12)

Callavia, c. f. nevadensis - Walcott*

Wanneria, n. sp+ ?

Mesonacis gilbert! - Meek.

Wanneria, c* f. fremonti - Walcott.

Olenellus, c. f. fremonti - Walcott.

Prototypus senectus - Billings.
Speaking of them Walcott said: "This fauna belongs to the
upper portion of the Lower Cambrian and i1t is essentially the
same as that found above the tunnel at Mt. Stephen, B.C., and
also found more or less all along the Cordilleran system down
into southern Nevada."

The corellation of the Perry Creek and the Eager

has been made on the following grcunds:-

1. There is a very striking lithological similarity
between certain types of the Perry Creek and the Eager. The
type of rock referred to bears no resemblence to any seen in
the other formations in the area.

2. Although no fossils were found in place in the
Perry Creek, even after a dilligent search, three pieces of
fossillferous float were found near outcrops of that formation.
Two of these were found at the type locality for the Perry
Creek where no Eager has ever been seen, and the third on the
east slope of Gignal Hill a considerable distance beyond the
limits of the Eager outcrops. All three are of rock that is
typical of the Perry Creek.

3. At no place has the Eager been found without the



presence of the Parry Creek being discovered nearby, although
efforts to trace one into the other have, so far, been unsuc-
cessful™

It 1s therefore concluded that the Eager
iIs a slightly foliated portion of the Perry Creek aeries and

that the whole series is Upper Lower Cambrian in age*

Correlation:

Schofield (1S, p 35) has correlated the
Eager formation with the lower part of the Burton on fossil
evidence obtained by Burling (22, p 125)+ Talker (1C, p 10)
has also correlated i1t with the lit* Tbyte formation iIn the

Field Map Area (9, pp 3-66).

Superficial Deposits

The whole basin of the Trench is occupied
by a great thickness of unconsolidated material. The best ex-
posures of it are seen along the lower part of the St. Mary®s
where the river has cut a deep trench through these deposits,
leaving bold bluffs several hundred feet high. Since recent
work has led to no important changes Schofield"s subdivision
of these deposits (14) is given in Table 11, p 32 A.

A number of detailed sections were studied
at various points along the St. Mary®s River and from them
the generalised section given below was compiled. A great
amount of lateral variation made the task of generalisation
a difficult one and two of the detailed sections are reprodu-

ced to i1llustrate this variation.
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Generalized Section:
Recent - ---- Marysville Sands*
Silts, sands and gravels, coarser at the
base -- - —_———— - - — 10 feet.
Unconformity*
Pleistocene Wyeliff Drift, (of Wisconsin age)
Boulder elay with sandy lenses some of
which are of considerable extent — — 75 feet.
Unconformity .
St* Eugene Silts.
Silts, sands and gravels; calcar-
eous, rusty weathering and carry-
ing fossils in places — —— 200 feet.

Resting on a rough, rocky outcrop ---- 285 feet*

Section taken directly opposite Wyeliff, and on the
south bank of the St. Mary*s River.

Recent ----- Marysville Sands.

™ilts — 10 feet.

Unconformity*
Pleistocene — Wyeliff Drift.
Boulder Olay - - - - - - -===——— - —--—--- 80 feet.
Unconformity>
St. Eugene Silts.
Massive, poorly sorted conglomerate,
better sorted at the top. Lignite

and wood --—--——-——-—-- ———————— 140 feet*

Base unexposed. - -— — - - - 230 feet*



Section taken on the north bank of the St. Mary"s
River about three miles east of Uycliff*
Recent — — — Marysville Sands*
Loamy sand - - - - — - — — -— g feet*
Unconformity.
Pleistocene — Wyeliff Drift*

Boulder clay — — — gc feet*

Unconformity.

St* Eugene Silts.

Fine? calcareous silts ----—--- loo feet*
Gravel or loose conglomerate — 50 feet.
Silts - -——2>—— —(— 5 feet.

Boulder clay (?) of gravel - * 25 feet.

Mon-limey, fossil bearing,

rusty silts — -———————- —— 50 feet.
Rusty gravels with lirnite -— 15 feet*
Base unexposed —-————— ———————- 273 feet*

The 3t. Eugene Silts:

The St* Eunene Silts were laid down iIn a Pleis
tocene lake which occupied the portion of the Rocky Mountain
Trench now traversed by the last ten miles of the St* Mary"s
River* The limits of this lake are very imperfectly known,
but 1t was undoubtedly a large one. The silts appear to be
similar to those found in the Cariboo District by Johnstone
and Uglou who say:- '"The silt, (in the Cariboo District)
judging by its even stratification and wide extent, was de-

posited iIn a series of lakes formed during the Pleistocene



The lower part of the section consists of gravels
partly consolidated by a calcareous cement and most exposures
are stained with limon&te. Some sandy beds occur in this part
of the section which carry a well preserved fossil flora*
Pieces of lignitizad wood are common and seams of lignite two
or three feet thick occur* The upper part of the formation is
finer grained and consists of limey, well-bedded, floury silts
with iIntercalated lenses of gravel* It is just possible that
some of these gravels may be glacial deposits, and there 1is a
possibility that the upper part of the section may be younger
than the lower. However, no sign of any unconformity could be

recognized*

A study of the fossil flora found iIn the base of
the St* Mary"s Silts was made by Rollick (14, p 90) who iden-

tified 1t as Pleistocene In age and made the following comments*

"An analysis of these identifications indicates that at least

a warm temperate climate must have prevailed in the Kootenay
Valley at the time when this flora was living there* The pres-
ence of the genus Ficus alone is sufficient evidence on this
point, inasmuch as this g*enus is tropical, for the most part,
in its distribution, and only three species range as far north
as the southern United States. The other genera are sc widely
distributed, north, and south, that, regarded by themselves,
they would have but little significance as climatic i1ndices*

The prevailing large size of the leaves, however, indicates a
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luxuriant growth such as would probably obtain only iIn a
climate milder than that of the middle United States, and is
corroborative of the evidence furnished by the genua Ficus
In this respect*"

The St* Eugene Silts are overlain unconform-
ably by moraines of the latest glacial stage and are thus def-
initely older than the Wisconsin Ice-sheet* The possibility
of different ages for the top and bottom has been mentioned
but 1s not sufficiently likely to deserve further discussion.
The fossil evidence Indicates that they are Pleistocene 1iIn
age but does not determine whether they are pre-glacial or
inter-glacial* Arguments i1n favour of each hypothesis are
summed up below.

Facts 1n favour of a pre-glacial age:-

1+ In every case where the contact between the
base of the 3t* Eugene gilts and the underlying consolidated
rock is exposed, the rock surface is irregular and shows no
Sign of having been glaciated.

2+ The basal member of the formation, iIn each
of these occurrences, 1iIs composed of fragments of the under-
lying rocks* If i1t were formed from re-worked glacial debris
It would be expected to show a greater heterogeniety with many
pebbles of composition different from that of the underlying
rocks, a condition illustrated by the glacial deposits over-
lying the fills. The basal gravels do not, therefore, appear
to be re-worked glacial deposits*

3. Boulders of the Purcell diorite in the grav-

els of the formation often appear to he badly decomposed which
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suggests that a considerable interval of time hag elapsed
Since they were deposited in their present position* (S3)

4* Pieces of wood found in the base of the
formation have been almost completely lignitised* Speaking
of the lignite found in the Cariboo District, Johnston and
Uglow cay:* "The lignite --- may have been formed in inter*
glacial time, but if so, it seems remarkable that suck com-
plete alteration should have taken place* More probably it
iIs of pre-glacial (late Tertiary) time*"

5 The beds of the Silts have been seen to dip
as muck as 5° or 10° to the east suggesting minor diastrophic
movement since the time of their deposition* The silts are
extremely fine-grained and were obviously laid down in a body
of still water and, therefore, horizontal* (77) The dip can-
not be depositional, eonsoquontly*

Pacts i1n favour of an interglacial age:-

1* The deposits are very slightly consolidated®
which would scarcely be expected should they be pre-glacial in
age* hate Tertiary sediments in the Okanagan district, for ex?
ample, are fairly completely litkofled. (78, pp 100A-103A)

2* In the chapter on glaciation evidence suggest-
ing an early stage of glaciation was cited* Only one stage is
represented above the Silts, unless the upper part of the sec-
tion 1s considered to represent a period of glaciation later
than the Wisconsin. Even 1f i1t were so, this could not correl-
ate with the Albertan which the early stage of glaciation 1is be-
lieved to be* The Albertan stage of glaciation must therefore

have taken place before the deposition of the St* Mary*s Silts



and the erosion of the inter-glacial interval must have re-
moved all traces of it*

8+ In composition and thickness the St* Eugene
Silts are similar to those described by Dawson (23* p 251 B)
and Drysdale (24, p 139) from near Ashcroft which are under-
lain by an older boulder-clay*

Assuming as a hypothesis that the St. Mary*s
Silts were laid down during a long warm to tropical inter-
glacial period following the Albertan glacial epoch; and that
erosion during that time removed almost all traces of the glac-
iation of that epoch, the arguments in favour of a pre-glacial
stage can be answered satisfactorily*

1+ Evidence of glaciation of the rock surface
was destroyed by erosion before the deposition of the Silts.

2* Erosion had destroyed the components of the
Albertan tills and the gravels iIn the sections examined were
deposits formed by normal erosion and deposition*

3* The decomposition of the boulders could have
been accomplished under suitable conditions since Albertan
times.

4* The elapse of time since the close of the
Albertan may have been sufficiently great to form the lignite
under suitable conditions*

IT the pre-glacial age be assumed the arguments
in favour cf an interglacial age are not so easy to answer* It
is therefore felt that the hypothesis of an inter-glacial age
IS more consistent with the known facts and that age i1s tent-

atively assumed. If it is correct the interglacial period, must



have been a very long one with a warm or even tropical climate*

The Wyeliff Drift:

This formation consists essentially of massive,
structureless boulder clay resting on a glaciated surface*
or overlying the St* Eugene Silts uneonformably* It varies
considerably, both as”™the proportion of boulders to clay* and
in the average size of the boulders which range from small
pebbles to huge blocks 5 or 6 feet long* Many of these bould-
ers show well preserved gtriations* Numerous lenses of sand
and gravel are interbedded with the boulder clay some of which
are so large that they may, in a limited exposure, be mistaken
for a separate formation. About half the boulder clay is strong-
ly limey, as if the clay were formed by the comminution of a cal-
careous rock* The Wyeliff drift forms the greater part of the
present land surface along the Trench, although locally it is
overlain by the Marysville Sands. It was evidently deposited
during the retreat of the Wisconsin ice-sheet, and varies In
thickness in a short distance from practically nothing to over

two hundred feet*

The Marysville Sands:

The Marysville Sand occurs as a superficial de-
posit mainly confined to the Rocky Mountain Trench and its
vicinity. It consists of stratified sands apparently laid
down in depressions in the underlying glacial drift, probably
by sheet-flood erosion* It is a comparatively unimportant
formation with a maximum thickness of fifteen feet, and has

done little to mask the structure of the morainic material.
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IGNEOUS HOCKS

The igneous geology of the Cranbrook area, 1is,
on the face of i1t, comparatively simple* Only two types of
igneous rocks are at all abundant:- 1+ The Purcell diorites,
and 2. Granitic stocks and bosses* The former are of pre-
Cambrian age and the latter late Mesozoic or early Tertiary.

The Purcell diorites are by far the more abundant*

The Purcell Diorites
The Purcell sills and dykes have been the sub-
ject of great interest since they were described by Paly in
1912* (13, pp 221-225) The sills have been cited as show-
ing typical examples of differentiation in place, and the var-
1ations so produced have been accounted for iIn several ways.
They are genetically connected with one of the types of ore

deposits iIn the Cranbrook area.

The Purcell intrusives are found almost every-
where in the Purcell series below the top of the Siyeh. Oc-
casionally an area of a square mile or so may be without them,
but this i1s exceptional and they are often extremely abundant.
They assume three general forms:- 1. Dykes, 2. Bosses, and

5. Sills.

Purcell Dykes:
Although the Purcell dykes are not as common as
the sills they are widely distributed 1In the Cranbrook area

and are particularly abundant in the upper part of the Pur-
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cell series* Although they are small in comparison with the

gigantic sills, bodies SO feet wide are not uncommon and they
have been traced for a distance of a mile or more. They are

undoubtedly genetically connected with the sills and probably
served as feeders to them as well as to the Purcell lavas, al-
though no direct evidence of this was seen* Since the petrog-
raphy is identical with that of the sills a separate discuss-*

ion of this is unnecessary.

The Purcell Boss:

This type of intrusive is known only from a
Single locality, a mile or so east of Marysville* The read-
er is referred to the areal map to assist in following the de-
scription, and, although on account of the scarcity of out-
crops the mapping of this body is largely diagramatie, it 1is
believed to be sufficiently accurate to justify the conclus-
ions drawn. The following are the observations made and the
conclusions reached from them:-

1. The main intrusive is a boss-like body from which
apophyses of various sizes extend with as much irregularity as
do the arms of an octopus. As the distance between the off-
shoots and the parent mass increases the former become more
regular and finally assume the appearance of normal sills.

A connection between the dykes and the true sills 1is thus
suggested*

2. The minerology of the boss iIs the same as that
of the sills:- the only variations seen within the boss were

in the grain size and iIn the proportion of ferromagnesian min-
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erals, and nowhere were phases seen that are different from
those oeeuring in the sills*

8* The sediments are highly metamorphosed in the vie*
inity of the intrusive. This metamorphism, iIs not of a differ-
ent type from that associated with the sills, but is rather
more extensive* It iIs concluded from this that the intrusion
of the begs was accompanied by the release of a greater abun-
dance of volatiles than usually follow the intrusion of the
sills, although those volatiles were apparently of the same
type as those accompanying the intrusion of the smaller bod-
1es*

4* A great number of quarts veins were seen in all
parts of the intrusive, in some of which sulphides are local-
ly abundant* These veins are similar to those found iIn the
normal sills, hut were more frequent and generally larger
which supports the conclusion just stated regarding the rel-
ative abundance of the volatiles*

5* The sediments are much more contorted in the vic-
inity of the intrugives than elsewhere iIn the same region*

Two explanations for this come to mindt-

a* The sediments were deformed before the iIn-
trusion, and the subsequent crushing formed a zone of weak-
ness i1nto which the igneous magmas found their way* The crump-
ling and contortion iIn the vicinity of the iIntrusive iIs gener-
ally extremely severe, so severe, In fact, that if produced by
a stress external to the locality, evidence of it should be ap-

parent for some distance in the direction from which such a
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stress wag Imposed* The sediments however, to within a hund-
red feet or less of the intrusive body on all sides, are very
regular in their attitude and it seems highly improbably that
they could have transmitted the force that produced the degree
o”~bontortion observed iIn the area now largely occupied by the
intrusive*

b+ The magma was forced i1n under considerable
pressure and sc deformed the sediments* This would seem to be
the moat likely hypothesis although there must have been some
initial weakness i1n the sediments to localise the intrusions
at these points* In this connection it is iInteresting to note
that Daly (25, p 64) and Iddings (82, p 313) suggest that sills
must be forced iIn under at least sufficient pressure to lift
the weight of the superincumbent sediments*

In brief then, the exposures in this locality
are believed to represent a boss-like body of essentially the
game composition as the normal sills that was intruded under
considerable pressure in a zone of weakness iIn the sediments*
Mineralizers accompanied the intrusion and metamorphosed the
adjacent sediments while a number of sill- and dyke-like apo-
physes were injected into the deformed sediments from the par-
ent boss* Further away from the main body of the iIntmaisaa
these apophyses became more regular and indistinguishable from

the sills occurring in other parts of the district*

The Purcell Sillai
Sills are the commonest form taken by the FUr*-

eell iIntrusives* In contrast to the dykes, which are common



er in the upper formation of the Purcell series than iIn the
lower, the sills are larger and more abundant in the lower
formations and particularly so in the Aldridge. So abundant,
indeed, are they that i1t was found iImpossible to show them
all on the map on the scale at which the work was carried on.
In spite of this there are not many places in the Cranbrook
area uhere”complete section of a sill iIs exposed.

They conform to Daly*s definition of a true sill
{25, p 64) since they were intruded into the strata at a time
when the latter were definitely horizontal* They do not, how-
ever, invariably parallel the strata continuously. On the west
face of the Rocky Mountains opposite Cranbrook, three or four
sills are clearly exposed for a length of several miles* Seen
from a distance of three or four miles it iIs apparent that
some cross-cut the structures at very low angles; a relation-
ship that would probably be missed by a detailed examination.
The sills vary iIn size from thin sheets only a few feet thick
and correspondingly limited In extent to immense bodies over
a thousand feet thick and a number of miles long. Ore sill iIn
Idaho (81, p 37) that is evidently related to the Purcell sills
was found to be over 2,000 feet thick and another was traced
for a distance of over 39 miles* In almost all cases there is
little variation iIn thickness along the strike and they show
no tendency to become laccoliths.

hooked at as a whole the sills iIn the Cranbrook
area present a remarkable uniformity in appearance but a de-

tailed study shows them to be more complex than iIs at first
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realized. It i1s believed that some of the sills may be mul-
tiple. This was first suspected after the detailed examinat-
ion of a sill exposed in some bluffs near Lumberton where the
following relationships can be seen. A sill 215 feet thick 1is
exposed across i1ts full width and shows a concentration of

ferromagneslan minerals along both contacts. (Figure 6) This

Figure 6
Sketch showing the concentration of the mafic
minerals near the borders of the Purcell sills.

This sill i1s 215 feet thick.

concentration is seen in nearly all the sills, but, in this iIn-
stance, the roek beyond the upper contact is again that of the

Purcell intrusives. It was at first believed that the basic



gone represented a concentration of ferromagnosian minerals
within the body of a single sill; but it was later concluded,
for the following reasons, that such was not the case.

a. No basic concentrations are known to occur iIn any
other sill except along the margins.

b. The concentration cannot represent an altered sen-
olith because all the intruded rocks in this locality are quart-
zites which are more siliceous than the intrusive and could not
produce such a rock. (83)

c* The change in the texture going upwards from the
normal rock to the basic phase is gradational, hut from the
basic phase to the normal rock iIn the upper exposures the tran-
sition is very abrupt.

The exposures are therefore believed to repres-
ent two separate iIntrusions, the basic phase belonging to the
lower one* For reasons mentioned below, i1t is believed that
the lower sill was intruded later. Daly says that a multiple
sill 1s "a compound intrusion of sill form and relations, and
iIs the result of successive iInjections of one kind of magma
along a bedding plane**, (25, p 65). The body described above
appears to conform to this definition. This discussion has
been introduced here to show that, when drawing conclusions
from observations made from specimens taken across one of the
Purcell sills that is not completely exposed, great care must
be exercised to be sure that these specimens were obtained

from a single, homogeneous body.



Petrography:

Megascopically the Purcell diorite 1a a grey-
green, dark coloured rock In which hornblende is the most pro-
minent mineral. The rock may be a fine, even-grained one 1in
which the dark mid light coloured minerals are so distributed
as to give the rock a speckled appearance which may best be de-
scribed as a "salt and pepper'™ texture, or more commonly? med-
ium to fairly coarse-grained. These, and particularly the lat-
ter type, are characterised by the development of long and con-

spicuous prisms of amphibole. (Figure 7) The fine-grained

Figure 7
Sketch allowing a plume-shaped crystal of amphibole

as developed in certain coarse-grained phases of the

Purcell sills* Natural size.

facies 1is naturally found iIn the smaller sills and near the
margins of the larger ones, although the rock may be coarse-

grained right up to the contact*
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Under the microscope the sills were found to be
of two distinct types very closely related, but distinguished
by the nature of the plagioelase and of the amphibole. The
following minerals were identified iIn the various slides ex-
amined?-* amphibole; plagioclase; quartz; micropegmatite;
magnetite; 1lmenite; biotite; apatite; leucoxeno; «cal-

cite; and epidote*

Amphibole:

The amphibole is by far the most abundant min-
eral present in all the slides. (Plate XI, A,B,C, and D, p
84% It varies from 45% to 70% according to Rosiwal deter-
minations and occurs in minute blades and in crystals that
grow to two inches long or more and curve and branch so au-
to resemble plumes. (Figure 7, p 82) Minute idiomorphia
crystals also occur within the quartz and feldspar crystals.
The prism faces are usually idiomorphic against the other
minerals but no terminal faces appear iIn the larger crystals.
The amphibole is often highly poikalitic with abundant incl-
usions of quarts, feldspar, and magnetite. The mineral is
usually quite fresh, but iIn some slides i1t i1s partly altered
to chlorite.

A careful examination of its optical properties
was made using the immersion oils method outlined by Larsen
(126, pp 1-27) and two partial chemical analyses were ob-
tained. The indices of the immersion oils were determined
by means of an Abbe refractometer and temperature corrections

applied in all cases.



As a result of these studies the amphibole was
found to be of two types which have been called type 'A* and
type '"B" for convenience* Both types resemble common horn-
blende more closely than any other amphibole but, at the same
time, do not correspond to any examples that the writer has
been able to find in the literature*

In table V, p 85 the optical properties of the
amphiboles obtained from a number of specimens of the Purcell
diorites, together with those of a similar amphibole from a
specimen of ore believed to be related to the sills, have been
set down* It will be seen that type A i1s distinguished from
type B by having higher indices of refraction* Later it will
also be seen that type A has a much greater content of FeO* In

Figure 8 the indices of the two types of amphibole have been

/630

/R&AN
/660 AL A
[6°?

Figure 8
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p 84A
Plate XI

Tonalite. Purcell sill near Dumbarton. Shows Ilmen-
ite (black)”™ hornblende (E), quarts (Q), and plagio-
clase (P). Note the abundant inclusions in both the
quarts and plagioelase and the skeleton crystal of
1Imenite*

Upper nieol out. # BI15R X22.

Tonalite. Note the absence of twinning iIn the plag-
ioclase and the difficulty of distinguishing it from
quartz.

Crossed nicols. Same field as A X22.

Abnormal phase* Purcell sill near Lumberton. Shows
hornblende (F)t quarts (Q), and magnetite (black
specks). There 1s some plagioelase present but it
cannot be recognised in the illustration. Note the
tendency for the quarts to replace the hornblende in
the center of the slide.

Upper nicol out. ~ 509 X62.

Tonalite. Purcell sill south of Aldridge. Shows
hornblende (H)? quartz (Q), and plagioelase (P).
Note the quartz replacing the plagioelase near the
point P.

Crossed nicols. ~ 3R X22.

Metamorphosed Aldridge argillaceous quartzites.
Shows cluster of biotite blades i1n the center of
the field. Note the fine-grained nature of the
quartzite.

Crossed nicols. N 294R X62.

Same field as E. Note the scarcity of biotite in
the area surrounding the biotite cluster.
Upper nicol out. X62






Optical Properties of the Amphiboles Found in the
I"gneous ""Rocks 07? the Cranbrook'Area

Type A.

Spec, taken from
S Pufcell BTIT'ne~"F~coY'(H*WseJ"—
910 Purcell Sill near Loco;(115" from

base, about center) - - - - 1.662 1.679
97C Purcell Sill near Loco; (close to top)l.666 1.678
3R Purcell Sill from road south of

Aldridge. - 1+658 — 1.679
513R Purcell Sill from road south of Aid

ridge near Lumberton. Upper Sill.

(61" from base) 1.660 1.677
517R Purcell Sill from road south of Ald-
ridge. (114* from base) —-—— - 1.660 1.678

461R Differentiate ore from the Mystery
Mine

Average for type A - =~ "17531677

Type B

1010 Purcell Sill near Lumberton. Lower
sill, (halfway up) - - —-————— - 1.644 - 1.656

102C Purcell Sill near Lumberton. Lower
Sill, (near top) 1.636 - 1.654

276C Purcell Sill from Lone Tree Butte. — 1.641 - 1.660
Average for *oype B -—— *Y757M11.667

431R Granodiorite at Fish Lake ———— — 1.686 - 1.692

T7&S"™ 73335.
1.684 .023
1.688 .024
—1.682 .024
1.681 <021

2+ 1.683 +023

1.678 .019
="17NST
1.663 ™019
1.65S .020
1.666 .925

- 1.67dS"" 732*1.

1.698 +013

SAC

180
180

170

170
170

18°

18°
190

280

Calculated
2V Sian
370 neg
840 Reg
41*0 neg
517 neg
$50 Reg

"5S50- neg
76° neg
530 neg
58° neg

neg
850 neg

A 313U&
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The three indices of refraction of the amphiboles
in the Purcell sills Ae* plotted against the Ab rat-
i0 of the accompanying Plagioclase. The two types
A and B appear to form a discontinuous series*

* denotes

0 denotes A

X denotes

plotted against the Ab ratio of the plagioclase accompanying
them In the rock and i1t i1s clearly i1llustrated that the two
types form a discontinuous scries* The break from type A to
type E iIs too abrupt for them to be gradational iInto each
other.

In table VI, p 87, the chemical analyses and
optical properties of a number of amphiboles given by Riggli
(127, pp 462-467) have been contrasted with the average for
each of the two types found in the Purcell sills. The chief
difference between the Purcell amphiboles and hornblende ap-
pears to lie In the iIncreased content of i1ron oxide iIn the
former and the smaller size of the optic angle, when the iIn-
dices are comparable. Type B resembles some varieties of parg-
asite rather closely except that i1t iIs negative while pargasite

IS positive.

Plagioclase:

The plagioclase also occurs in two types related
to the two types of amphiboles; that occurring with type A
varying from oligoclase to acid andesine (Ah 88% to 60%; An

12% to 40%) and that occurring with type B from basic andesine



Comparative Analyses of Hornblendes

Type A Type B Hornblende

Si0g 42*80 44.86
Tio2 N*D. N.D.
A1205 11.36 12.64
FegO” 15.06 15.13
He 0 14.51 8.85
MnO N.D. NAD.
MgO 3.82 4.85
Cao 10.08 10.70
HagO 1.92 1.80
H30
H20- .16 .15
HgO- .38 .38
F H.D. N.D.
Tonal 99.69 99.13
n& 1.661 1.641
nN3 1.677 1.657
mr 1.682 1.662
ny-ndL .031 .021
2V 58° 58°
Z C 17° 18°
Absorption
X-Y Z
X Pale yellow
Y Olive green
IK Blue green
YNZ>X Y>Z>X

Data on Hornblende and Pargasite obtained

(127, pp 462-467)

Table VI

Black
Grenville Hornblende
Canada Edenville
45.79 41.99
1.20 1.46
11.37 11.62
0.42 2.67
0.42 14.32
0.39 0.25
21.11 11.17
12.71 11.53
3.51 2.49
1.69 0.98
0.67 .61
- .08
2.76 .80
101.04 99.96
1.6142 1.6583
1.8180 1.6701
1.6332 1.6789
.0190 .0206
52° 81°42*
27-y 33043"
Dark
brownish
green

Hornblende

Canada

43.76
0.78
8. 33
6.90
10.47
0.50
12.63
9.84
3.43
1.28
0.G5
0.10
1.33

100.43

1.67?

33.20

Olive green
Olive green

Dark blue

green

from Niggli

Pargas-
ite
Pargas

40.90
0.70
12.52
0.38
5.95
NJD.
18+91
12.69
1.34
1.30
0.51
0.10
2.29

100.59

1.6329
1.6380
1.6579
-0190
63°01"
26°15*°
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to acid lebradorite (Ab 549 to 46%; An 467 to 54%). It
is generally fresh and shows very little twimning, but in
gome slides it is so altered to serecite and kaolin that it
is impossible to determine its exact nature. Next to the
amphibole it is the mogt abundant mineral present in the
Purcell diorites and Rogiwal computations have shown it to
vary in amount from 4% to 417 of the rock, The determinate
ion of the amount is rendered rather inaccurate in gome inst.
ances by the fact that the mean index of refraction is very
nearly the same ag that of quartz and it is often difficult
to tell the two minerals apart. (Plate XI B, p 844)

Quartz:

Quartz ig always present, but usually in gmall
amounts, from 2% to 10%, although there may be as much as
25% oceasionally, It occurs in allotriomorphiec grans and is
usually interstitiale VWhen it is particularly sbundant it ap-
pears to have replaced both the plagioclase and the amphibole
to a considerable extent, (Plate XI, C and D, p 8al)

Micropegmatite:

Small quantitiesg of micropegmatite were seen in
one or two slides made from gpecimens taken close to the edge

of the sills.

Magnetite and Ilmenites

One or the other of these minerals is always
pregent and often in amounts up to 4%. The magnetite occurs
in grains and patches up to a couple of millimeters in diame
eter, while the 1lmenite often shows s rod-like development

88
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in the form of skeleton crystals surrounded by leucoxene.

(Plate X1, A and B, p 84A)

Biotite:
Biotite occurs in small flakes, often associat-
ed with the magnetite. It is generally very scarce but 6%

or 7% of 1t 1S present In some specimens.

Apatite:
Apatite is present in small amounts as minute

prisms in all the slides examined.

Leucoxene:
Leucoxene is commonly developed as an alteration

product of the i1lmenite.

Calcite and Epidote:

These minerals are not common as a rule but
oecur in veins and patches iIn some specimens. They are both
undoubtedly secondary minerals the oaleite being derived

from the lime iIn the surrounding sediments.

Contact Metamorphism:

The effect on the sediments of the iIntrusion
of the sills varies tremendously iIn different places. As a
rule noticeable effects are confined to a belt about five
feet in width paralleling the contact but may be observed
over a considerably greater width. Biotite is developed

more or less all through the Purcell Series. Barker (84,
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p 209) suggests that the development of this mineral 1iIs iIn-
dicative of a low grade of thermal rather than dynamic meta-
morphism, and that i1t is formed at the expense of such stress
minerals as chlorite and muscovite* Within about 100 feet of
the sills there is an increase iIn the amount of biotite; the
amount becoming noticeably greater as the sill is approached.
It is usually developed in flakes distributed uniformly through-
out the rock but in places, notably near Lone Tree Butte, it is
developed in patches up to 10 or 15 millimeters across* (Pla-
te XI, E and F, p 84A) The rest of the rock iIn this ease is a
white quartzite and much purer than the average argillaceous
quartzite* barker says that "biotite is formed from chlorite,
*sereeite*, 1iron-ores, and rutile of the original sediments",
(84, p 49) and it is probable that this process has taken
place here under the influence of the iIncreased temperature
furnished by the sills and that the constituents of the bio-
tite patches have been derived from the sediments i1n their Im-
mediate vicinity by diffusion of the constituents to form the
concentrations of biotite. The rest of the rock is thus left
comparatively free of ferromagneslan minerals* According to
Bowen (85) such a migration is perfectly possible and may have
been facilitated by the presence of volatiles emitted by the
sills* This type of metamorphism probably represents merely
a recrystallization of the original constituents of the sedi-
ments without the addition of material from the intrusives
and variations in the amount of biotite represents variations

in the nature of the original argillaceous quartzites and the



degree to which metamorphism has proceeded.

There is often a zone of metamorphism a few
feet wide directly adjoining the contact- of the sills that
iIs of a different type. The chief ferromagnesian mineral in
this sene is an amphibole similar to that crystallized in the
body of the sill. Biotite is also present but iIn subsidiary
amounts. High grade thermal metamorphism might produce amphi-
bole from the biotite by reversing Bowen"s reaction series
(84) but the amount of amphibole present is far In excess of
the amount that could be formed in this way, and there can be
no doubt that the greater part must be formed from materials
provided by the magma i1tself. Micropegmatites also fre-
quently seen In the rooks that have suffered severe metamor-
phism close to the sills. (Plate X2K, F,

b*hen the sills are in contact with calcareous
rocks a zone of metamorphism 5 to 10 feet wide consisting of
a fine-grained, green, cherty looking rock appears. This
zone consists essentially of vesuvianite and epidote with
possibly some wollastonite and garnet, as well as varying
amounts of the unaltered calcareous argillites. The rock
Baes so fine-grained that accurate determinations were iImpos-
sible. It 1s a common type of alteration product to be form-
ed from calcareous sediments consisting essentially of lime,
silica, and alumina, ang, according to Barker, (84, p 82)
does not need a very high temperature. It probably corres-
ponds to Burrow®"s '‘calc-flinta”. (84, p 89) A peculiar type

of rock is produced when this process operates on the phases
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of the Kitchener showing molar-tooth structure. The worm-
like segregations are evidently fairly pure calcite, since
metamorphism has simply reerystallized them while the rest
of the rock has altered to the "calc-flinta"*

It should be noted that the evidence of this
metamorphism does not suggest avery high temperature for

the sills at the time of their iIntrusion*

Review of the Literature:

The Pioneer work on the Purcell Sills was done
by Finlay (6) in 1902, but the rocks with which he worked
were all badly altered and he was unable to obtain much iIn-
formation about them* Daly (13) in 1913 and Schofield (88
and 14) i1n 1914 and 1915, however, described them more ful-
ly, and discussed them* A brief review of their conclusions
is get forth below*

During his study of the Boundary district (13)
Daly mapped 24 bodies of the Purcell diorites of which he
concluded that 22 were true sills varying i1n thickness from
50 to 1,000 feet* The normal rock described by Daly is very
similar to that described above by the writer, except that
Daly found the plagioclase to be more basic; varying between
labradcrite and basic byownite, with an average of about bas-
ic labradorite (Ab 33%: An 67%)* The rock is thus a horn-
blende gabbro* Daly*s Rosiwal analysis is given iIn Table VI1I
Column 1, p 93* Daly, however, described another type of
rock which he called a "biotite granite of abnormal type"
which he believed to be a differentiate of the sills. Be

says; ‘'Variations from this gabbro type (the normal rock)
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Rosewal Analyses of Phases of the Purcell Sills and Zones of Metamorphism

Column 1
Daly

Column 2
Daly

Column 3
Daly

Horan%gd%Wgabbro Biotite granite Biotite diorite
- 0

Hornblende 0
Quartz 4.0% 46 0% i?:?ﬁ
habradorlte 34.8%

Ollgoclaae 1.5%

Andecine *0
Orthoclase S9.1% 1675%
Titanita & magnetitel _4% 1%
Bi Ot_i te *9QU 28’;0%
Apat ! te *8% H#b *GN
Calcite - *4%

Accessories

Column 4 Column 5
Mark Creek Mark Creek

40%

30% 30%
10% 20%
15% 40%

S% 10%

1A @l19el



are very common iIn most of the sills. These generally con-
sist in an increase of quartz and biotite, along with the
appearance of orthoclase, which is crystallised either in-
dependently or in the form of micrographic intergrowth with
quarts. As these constituents increase iIn amount, the horn-
blende seems to preserve its usual characters, but the plag-
ioclase shows a strong tendency towards assuming the zoned
structure; the core averages basic labradorite, AblAng, and
the outermost shells average andesine, near AiItMAng. Uhen the
quartz and micropegmatite become especially abundant, the
plagioclase averages acid andesine or basic oligoelase. In
several thin sections the plagioclase is seen to be mostly
replaced by orthoclase and quartz, which, with the still dom-
inant hornblendes, form the essential substances of the rock.™

"These changes iIn composition, indicating that the
sill rock has become more acid, are always most notable along
the upper contacts.” (A3, p ) According tc him the extreme
phase of this variation is the "biotite granite'”, which he
says shows a confused crystallization, entirely unlike a nor-
mal granite, and the feldspars of which are always badly alt-
ered and full of dust-like particles. His Rosewal analysis
of this rock is given in Table VII, Column 2.

Intermediate between the normal gabbro and the
granitic phase, and transitional to both types is a rock that
Daly describes as differing from the gabbro only in contain-
ing abundant quarts and biotite. Hi3 Rosiwal analysis for

this phase is given in Table VII, Column 3.



Daly accounts for the formation of these var-
Ious types by the "Assimilation-differentiation theory'”. Be
says:- ‘'the acid zone 1is thereby conceived as due to the dig-
estion and assimilation of the acid sediments, together with
the segregation of most of the assimilated material along the
upper contact.” His reasons for assuming this are briefly:-

1. The sills were intruded in a horizontal position*

2. When they were intruded the sills were extremely
hot, as witness the great horizontal extentand the uniform
thickness* This excess of heat would permit an unusual amount
of assimilation*

3* Similarity in composition between the granitic
phases and the intruded quartzites*

4. Composition of the other sills iIn the region.

Daly believed that all the sills he examined showed a tend-
ency to become more acid at the top although only iIn one or
two iInstances was the extreme granitic phase actually present.

5. The field evidence shows an acutal digestion of
the quartzites by the gabbro, both on the contacts and iIn Xen-
oliths.

Briefly then, Daly deduces the following series
of events during and after the intrusion of the sills.

1. The injection of a quantity of magma of approx-
imately the composition of a normal gabbro. This magma had con-
siderable super-heat and great fluidity.

2. The assimilation of the iIntruded rocks by the mag-

ma; a process facilitated by the super-heat.
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3. Gravitational differentiation of the resultant

mixture with the acid phases segregated at the top*

Schofield also described the Purcell Sills in
considerable detail in (14, pp 56-75 and 88)+ He be-
lieves that they are of two distinct types? simple and com-
posite (85, p 5). The simple sills consist almost solely of
gabbro. He directs most of his attention to the composite
type and says that they "vary iIn composition from a hypers-
thene gabbro to a very acid granite or grano-phyre with inter-
mediate members between these two extreme types'” (14, p 57).
The greater port of these consists of a rock which Schofield
calls a hornblende gabbro and which has essentially the same
composition as that described by Daly, although Schofield be-
lieves that all the hornblende has been formed from pyroxene
by deuteric alteration (14, p 62). He also reports a consid-
erable amount of micropegmatite and interstitial quarts. Ac-
cording to him, this rock grades into both a basic and an acid
type. The basic phase Schofield calls a hypersthene gabbro,
describing it as a dark grey, crystalline rock of granitic
texture, iIn which the principle minerals are labradorite and
pyroxene. The pyroxene he found to be of two kinds; hyper-
sthene and augite, in about equal amounts. Hornblende is
very common and in this rock too, Schofield believes it to
be a secondary mineral after the pyroxene.

Eis description of the granophyre is essential-
ly the same as Daly®"s of the biotite granite. He reports

that the gra%ophyrie zone 1is usually at or near the top of
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the sills but that its size bears no relationship to the
thickness of the sill. He gives two examples of the zoning:-

1. A sill occurring on the International Boundary
consists of an upper gabbro zone 26 feet thick passing down-
wards iInto a granitic phase SO feet thick which, iIn turn,
passes into a lower gabbro zone 30 feet thick.

h. Another sill near St. Mary"s Lake has an upper
granitic layer 70 feet thick which passes gradually downward
into a gabbro layer also 70 feet thick.

Schofield also described some sills in which
schlieren of acid material are elongated parallel to the con-
tacts.

Schofield®"s conclusions are as follows:- 'The
Purcell Sills represent intrusions from a single intercrust-
al reservoir of a series of magmas - acid magmas - which gave
rise to composite sills whose rock types vary in the same sill
from a granite (micropegmatite) to a gabbro; and basic mag-
mas which gave rise to simple sills of gabbro.

"The reservoir may be assumed to have been strat-
ified according to density, having a relatively acid portion
collected In the irregularities and projections of the roof
and grading downwards into more basic materials.

"Crustal movements would furnish fissures which
would tap this reservoir at various levels. In tins way a
separation of the acid and basic materials would oo”™ar no that
the acid and basic materials would rise through separate fis-

sures and spread out between the strata as sills. Some exotic



material was gathered up from the walls of the fissures through
which they passed, and iIn part assimilated by the rising mag-
mas. The magmas would also probably assimilate some of the
enclosing Purcell sediments but not enough to materially affect
their composition.

"The simple sills solidified iIn the usual manner
of such intrusives, while the acid material differentiated
under the influence of gravity giving rise to composite sills.™*
(88, pp 31 and 32)

These conclusions are decidedly different from

those of Daly.

Discussion of the Purcell Sills:

AMumber of thin sections of specimens taken
from various sills in the Cranbrook area were examined and
the results of Rosiwal analyses and estimations of the pro-
portions of minerals made from them are listed in Table VIII,
p 99. The normal rock i1s a diorite with approximately the

following mineralogical composition.

Plagioclase--————-- 40%
Amphibole - — —— — —————- 50%
Quartz -—---————————— o 4%
Ilmenite and Magnetite ----- 2%
Other accessories — ——— 4%

100%

It must be noted, as has already been said, that the diorite
iIs of two distinct types. One type varies from a quarts dio-

rite to a basic diorite and consists of amphibole (A) and a
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plagioclase varying fromn, oligoclase to acid andesine, while
the other lies between a basic diorite and quarts gabbro and
carries amphibole (B) and a plagioclase between basic ande-
sine and acid labradorite.

A variation from these normal types occurs to-
wards the margin of the sills where there is a great Increase
in the amount of the amphibole and a decrease in the amount
of the plagioclase, and also an increase iIn the quarts con-
tent. In some cases the amount of quarts iIs iIn excess of the
plagioclase and the rock becomes an abnormal type. (86, p
25) The 1increase 1In percentage of ferromagnesian minerals
and the increase iIn the quarts content are believed to have
been produced by different processes and are therefore con-

sidered separately.

It has been mentioned above that Schofield be-
lieved that all the amphibole in the sills was produced by
the alteration of pyroxene. He does not state directly at
what stage he believed this alteration to have occurred,
but, to judge from the context, he must have meant during
the last stages iIn the consolidation of the magma. Colony
(90, p 172) believed that the deuteric alteration of pyrox-
ene to amphibole commonly occurs,associated with the end
phase quarts. With a great excess of silica the pyroxene
would be converted to biotite and amphibole and he gives
as a criterion that the amphibole penetrates the feldspar

in sharp, needle-shaped crystals. This last feature is not



particularly true of the Purcell sills although small crys-
tals of amphibole are often seen within the body of the feld-
spar crystals.

Ghana remarks "'Pyroxene and amphibole are dimor-
phous forms of the same chemical compound or compounds, and
whether the P-phase or the A-phase is formed must depend less
on the chemical than on the physical conditions prevailing in
the magma-system. Dimorphous phases do not form side by side
except within a very narrow range of conditions, so the appear-
ance of pyroxenes and amphiboles iIn the same rock must indicate
a change of conditions, from those favourable to pyroxene form-
ation to those favourable to amphibole formation.”™ 'The pre-
cise conditions which determine the change from pyroxene pro-
duction to amphibole production are not clearly understood,
but there is some evidence to support the view that an essent-
1al condition is the increasing concentration of fugitive sub-
stances in the residual magma.*® (89, pp 120 and 121) It is
more than possible that the amphibole in the Purcell Sills
may have had such an origin, although there is no direct evi-
dence to indicate so in the localities studied. The amphib-
oles never appear to be pseudomorphic- after pyroxene, nor was
pyroxene seen in any of the sills in the Cranbrook area. Scho-
field, however, reports that i1t does occur iIn the sills to the
south of the area and that he has seen amphibole with a core
of pyroxene. (B8, p 6) If the amphibole i1s iIndeed a product
of deuteric alteration two rather interesting conclusions may

be drawn for the Cranbrook area.
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a. There was probably a considerable concentration
of volatiles in order to produce the amphibole from the py-*
roxene. (89, p 121)

b. The conditions under which the alteration was
accomplished were sustained for a sufficiently long time to
permit the process to go to completion; a conclusion which
IS consistent with the complete absence of zoning iIn the

plagioclase.

Daly concluded from the great lateral extent of
the sills that they were considerably superheated when they
were intruded. The conclusions already reached from a con-
sideration of the metamorphism, however, do not suggest that
such superheat was present. Tyrrell (76, p 17) says 'sills
spread to a distance which is dependent on the hydrostatic
force with which they are i1njected, the temperature, degree
of fluidity, and the weight of the block of strata which they
have to lift iIn order to make room for themselves.' To these
an additional factor might be added; the temperature of the
intruded rocks, since this would exert a profound influence
on the rate of cooling. The temperature of the intruded mag-
ma 1s, therefore, only one of a number of factors. In the
case of the Purcell Sills, the hydrostatic force is believed
to have been sufficiently great to deform the iIntruded sedi-
ments In the vicinity of the boss. The magma is also believ-
ed to have contained a considerable amount of volatiles and
the presence of volatiles has long been known to decrease

the viscosity of a magma. (87, p 198; %5, p 288; etc.)
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Grout (87, p 149) gives a temperature gradient
of a little over I”C per 100 feet of depth of sediments* The
stratigraphic depth of the base of the Aldridge below the top
of the Siyeh is at least 26,000 feet and their temperature
before the intrusion of the sills must have been iIn the neigh-
borhood of 280"C if 20”C beassumed as atmospheric temperat-
ure and I”C be added for each 100 feet of depth. The temper-
ature of the magma when it started to crystallise was probab-
ly somewhere near 870" (89, p 53) which would give a diff-
erence iIn temperature between the crystallising magma and
the sediments of about 5900 and promote rapid cooling.

Cooling could not have been rapid, however,
since the temperature of the magma was maintained at the
point of crystallization for a sufficiently long time to
prevent the development of zoned feldspars, and also, prob-
ably, to permit the complete alteration of pyroxene to amph-
ibole. The great thickness of the overlying sediments would
act as an excellent insulation and the temperature of the
sediments in the vicinity of the intrusive could therefore
be raised greatly without the necessity for a superheated
magma -

It i1s suggested, therefore, that the Purcell
Sills may have been intruded under considerable pressure
without a great amount of superheat, but that they were
well charged with volatiles, mostly water, which lowered the
viscosity enough to permit the amount of lateral spreading

observed.



Development of the Amphibole Rich Border Phase:
Mention has previously been made of the develop-
ment of a border phase very rich in amphibole. Figure 9 rep-

resents the percentage amphibole occurring in different parts

Figure 9
Diagram showing graphically the percentage of
amphibole to the total rock found in different
parts of the Purcell Sills. Data derived from
the examination of samples taken systematically
across two sills. Note the variation from about
45% near the center of the sills to 70% at the

margins.

of the sills, the data being obtained by a study of thin sec-
tions made from specimens taken systematically across two

sills. 1t will be noted that the amount of amphibole varies



from a minimum of about 45% near the center of the sill to
about 70% at the top and bottom. It must be emphasised that
the concentration of amphibole is not at the bottom of the
sills, i1ndeed the writer recieved the impression that it was
greater at the top although he was unable to secure quantit-
ative data to confirm the i1dea* The megascopic examination
of a number of sills confirms the data of the thin sections
and the above generalizations*

Two possible ways iIn which such a concentration
might be effected suggest themselves; 1. By hydrothermal
metamorphism after the consolidation of the sill, and 2. by
differentiation of the sills iIn place during crystallisation.

IT the segregations were produced by hydrother-
mal metamorphism certain phenomena should be expected.

1. There must have been a considerable addition of
ferromagnesians to produce the enrichment found and the sol-
utions must, therefore, have been rich iIn these elements. In
this case 1t Is to be expected that the sediments close to
the contact would show the effect of having been soaked by
such solutions. While a narrow zone, not more than a foot or
so wide, has been enriched in ferromagnesians with the devel-
opment of an amphibole similar to that in the sills, showing
that no physico-chemical reasons prevented the process, the
phenomena is not as extensive as is to be expected* The
quartzite”™ indeed should be more pervious than the diorite
and metamorphism would be more Qlikely in them than iIn the

igneous rocks.
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2. If the amphibole in the margins of the sills
wars produced by hydrothermal alteration with the addition
of material i1t i1s hardly to be expected that the mineral
produced should be exactly the same as that In the center
of the sill unless the solutions penetrated the entire body.
In a sill 500 feet or more thick this does not seem possible,
especially when the solutions apparently only affected the
sediments for afoot or two from the contact*

3. Other evidence of hydrothermal alteration should
be in evidence. Certain of the sills do show a development
of epidote and chlorite near the contacts, but this iIs an ex-
ceptional condition.

4. End phases of the process might be expected to
produce veins of some kind, depending on the nature of the
solutions, penetrating both the sediments and the sills near
the contacts. These are only seen in the rare cases of the
epidotisation mentioned.

Differentiation in igneous bodies like the Pur-
cell Sills has long been a subject of controversy and as yet
no satisfactory general theory has been advanced for i1t. The
fact of differentiation has been established beyond question
and a number of hypotheses have emerged from the intensive
study of the subject during the last half century. It is be-
lieved that the abundant development of the amphibole near
the borders of the Purcell Sills is due to differentiation,
and the various hypotheses will therefore be briefly reviewed

and there*applicability to the case of the Purcell Sills eon-
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sidered. (Grout, 87, pp 249-252, and Stanfield, 91, pp 45-
48)

Before entering on the discussion i1t might be
noted that Grout considers the condition most favourable to
differentiation to be the one iIn which slow cooling takes
place iIn a basic magma, (i.e. with low viscosity) and miner-
alizers are abundant. It will be remembered that it has al-
ready been suggested that such a condition probably obtained
when the sills were cooling, except that the rock can scarce-
ly be called truly basic. Ilddings (92, p 260) gives the fol-
lowing list of "agencies and conditions which may be appealed
to as those most likely to affect to an appreciable degree the
character of different parts of a body of liquid rock magma';
(a) changes of temperature; (b) changes of pressure; (©)

loss or addition of gases.

Processes of Dif