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Geology of Field Map-Area,
B.C. and Alta.

CHAPTER 1.
INTRODUCTION.

GENERAL STATEMENT AND OBJECT OF
INVESTIGATION.

The district in the vicinity of Field and Ice river, British
Columbia, was chosen for geological research principally for two
reasons: firstly, there is a complete section of the Cambrian
series exposed in the various parts of the district. This proves to
be the thickest Cambrian section yet studied in Canada, and is
well exposed throughout its whole thickness. Attention has been
drawn and special interest has been given to the district about
Field during the last three years, on account of the remarkable
and unique fossiliferous Cambrian horizons discovered by Dr.
C. D. Walcott, Secretary Smithsonian Institution, Washington.
These fossils are abundant in certain strata, and include many
new genera and species.

Secondly, an alkaline intrusive complex in the Ice River
district offers an important subject of research. This igneous
complex adds another occurrence to the list of very interesting
groups of alkaline rocks, which have been studied in great detail
in many parts of the world, and which are quite important on
account of their variation in mineral composition. This occur-
rence was also considered worthy of special study, since, with one
exception, it is the only large intrusive mass yet known to occur

in the Rocky Mountain system between the International

Boundary at the 49th parallel, and at least as far north as the
54th parallel of latitude.

2
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This report deals with a part of the section which is being
worked out along the main line of the Canadian Pacific rail-
way across the entire North American Cordillera from the Great
Plains on the east to the Pacific ocean on the west.

FIELD WORK AND ACKNOWLEDGMENTS.

The data upon which this report is based is the result of
about eight months’ work in the field during the summersof 1910,
1911, and a part of 1912. Mr. F. J. Barlow efficiently assisted
the writer during the first two years of field work. In 1912
assistance was received from Mr. A. E. Cameron and Mr. C. R.
Woodward.

The writer wishes to acknowledge the generous assistance
rendered by the members of the geological department at the
Massachusetts Institute of Technology. Most of the office work
has been carried on at this institution, and a portion of this re-
port has been presented as a thesis for the degree of Doctor of
Philosophy.

Acknowledgments are especially due Dr. C. D. Walcott,
Secretary of the Smithsonian Institution, Washington, D. C.,
for his untiring interest in problems dealing with stratigraphy and
palzontology, also for his helpful suggestions and kind criticism
of the stratigraphic section, and of the results obtained both in
the field and in the laboratory; the writer's best thanks are due
him also for the determination of all the fossils collected in the
field. The writer gratefully acknowledges the loan of thin-
sections and microphotographs of certain Ice River rocks from
Dr. A. E. Barlow; and also his helpful discussion of certain petro-
graphic problems; he the s Prof. W. M. Davis of Harvard Uni-
versity for kindly criticizing some of the physiographic results;
and also Prof. J. E. Wolff of Harvard for placing certain
petrographic collections, including those of Alnd, Sweden, and
Brigger’'s petrographic series of the Christiania district, at the
disposal of the writer for comparative study.
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LOCATION AND EXTENT OF AREA.

The area which is included on the accompanying geological
map and discussed in this paper, lies on the western slope of the
Rocky mountains in the vicinity of, and especially to the south
of the main line of the Canadian Pacific railwayin British Col-
umbia. The map area includes over 400 square miles. The
limits are 51° 05’ and 51° 28’ north latitude, and 116° 15’ and 116°
35" west longtitude. The district studied in the field begins at
the continental watershed and extends westward to the Beaver-
foot range, the most westerly range of the Rocky Mountain
system. It lies largely within Yoho park, which is reserved by
the Dominion Government, and is located within East Kootenay
district and Golden mining division. Field is the only town on
the west slope of the Rocky mountains along the railway line.
Ice Rivervalley, in which is exposed the alkaline igneous complex,
is readily reached by a good pack trail from Field, or from Lean-
choil, which is 17 miles west of Field on the railway. From Lean-

choil, the trail follows up the northwest side of the Beaverfoot
valley for a distance of 12 miles, where it crosses Ice river.
This trail has been in use for almost three-quarters of a century;
it was originally used by the Stony and Kootenay Indians, and
is known as the ‘Kootenay trail.” It continues southward up

the Beaverfoot valley and down the Kootenay valley to Fort
Steele.

HISTORY AND PREVIOUS WORK.

The earliest published account of exploratory work in this
part of the Rocky mountains is that contained in the account of
Sir George Simpson's travels.! In August, 1814, he crossed the
pass now called Kicking Horse pass, and went down the river
of the same name on his way to the Pacific coast. He travelled

down the Kootenay and probably over the Kootenay trail from
Leanchoil.

1Simpson, Sir George, “Narrative of an Overland Journey Round the

World,” London, 1847.
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In 1858 the Palliser expedition explored the Rocky moun-
tains at various latitudes. Dr. James Hector,! geologist -to the
expedition, crossed the Vermilion pass, followed down the Ver-
milion river, and up the Kootenay, down the Beaverfoot and up
the Kicking Horse river to the continental watershed.

The main line of the Canadian Pacific railway was con-
structed in the early eighties when further exploratory work
was done.

The first geological report of this part of the Rockies was
made by G. M. Dawson in 1885. His observations are included
in a preliminary report which appeared in the annual volume of
the Geological Survey for that year. He made a hasty trip to
the mouth of Ice river,® and noted the intrusive mass and the
occurrence of sodalite.

During the following year R. G. McConnell worked out a
geological section across the Rocky Mountain belt in the vic-
inity of the 51st parallel.®

The specimens of igneous rock collected by Dawson in the
Ice River valley were later examined, in 1902, by A. E. Barlow,
who published a short description of the diverse types repre-
sented.*

In the same year Prof. T. G. Bonney examined and de-
scribed sodalite syenite, which had been collected in 1901 by Mr.
E. Whymper from the same locality.®

In 1903, Bonney described certain peculiar markings which
occurred in specimens of quartzite collected by Prof. Collie,
from the Canadian Rockies, near Field.®

In 1907, C. D. Walcott began his studies of the Cambrian
in British Columbia. He found the best exposed section to be in

1 Hector, James, Quart. Jour. Geol. Soc. London, Vol. 17, 1860; p. 388.

*Dawson, G. M., Annual Report, Geol. Survey, Canada, Vol. I, Part B,
1885.
3 McConnell, R. G., Annual Report, Geol. Survey, Canada, Part D, 1886.
‘Barlow, A. E., “Nepheline Rocks of the Ice River, B. C.” Ottawa
Naturalist, Vol. 16, 1902, p. 70.

Bonney, T. G.,, “On a Sodalite Syenite (Ditroite) from Ice River,
B. C." Geol. Mag. Vol. 9, 1902, p. 199.

“Bonney, T. G., “Markings on Quartzite Slabs,"” Geol. Mag. Vol. 10,
1903, p. 291.
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Mt. Bosworth at the Continental Divide, on the Canadian
Pacific railway. He subdivided the series into ten formations,
and accurately measured sections in various localities east of
Field. He continued his studies in 1909-1912 (inclusive) in the
vicinity of Field, giving special attention to the pal@ontology.
He has discovered many remarkable fossils, and has greatly ex-
tended our knowledge of the fauna that lived in the Cambrian
seas. The results of his studies on the Cambrian of this dis-
trict are published in the Smithsonian Miscellaneous Collec-
tions.!

The writer spent the field seasons of 1910 and 1911 in this

district; the preliminary reports have been printed in the summary
reports for the same years.

'Walcott, C. D., Cambrian Geology and Palzontology, Smithsonian
Misc. Coll., Vol. 53, Nos. 1, 5, 1908; No. 7, 1910; Vol. 57, No. 1, 1910; Nos. 2,
3, 5, 1911; Nos. 6, 7, 8, 1912.



CHAPTER 1I.
SUMMARY.

PHYSIOGRAPHY.

The Kicking Horse river forms the main transverse west-
ward drainage of this portion of the Rocky mountains. It has
its source in a broad saddle of the Kicking Horse pass with an
elevation of 5329 feet. The westward slope from the pass is
much steeper than that to the east. In a distance of about 8 miles
the river drops 1300 feet to an elevation of 4064 feet at Field,
and 1100 feet of this drop occurs within 5 miles. The river is
about 42 miles long and has a total fall of 2750 feet. Several
of the larger tributaries, such as the Ottertail and Beaverfoot,
are subsequent to the soft structure of the rocks. The valleys
are all of pre-Glacial origin, but they have become rounded,
deepened, and widened by the action of the valley glaciers. Basins
have been gouged out of the floor of the valleys by the concen-
trated action of the ice erosion, at the junction of the two or
more valley glaciers. These basins have since become aggraded
with gravel and sand, on the surface of which the present streams
have a meandering course. One of the largest and finest is seen
between the mouth of Yoho river and the town of Field in the
Kicking Horse valley. The outlet of the drainage was originally
to the southeast through the valleys of Beaverfoot and Kootenay
rivers. The change of drainage was caused by the obstruction
of Beaverfoot valley, probably accompanied by a slight up-
arching of the floor. The drainage was changed after the ice had
melted out of the valleys and had left morainal débris behind,
which obstructed the former grade of the valley.

The topography is extremely rugged and mountainous.
The relief is distinct. The whole district is maturely dissected,
and the interstream areas have been worn down to very narrow
knife-like ridges which in many places are not a foot in width.
The intervening ridges rise from 8000 to 11,500 feet above sea-
level. The interstream divides have a fairly uniform elevation of
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8000 to 8300 feet. In explaining the cause of this accordance of
interstream divides, it has been suggested that they represent
the elevation of the surface of the ice sheet, the projecting por-
tion of the ridges having been eroded to the surface of the ice.

The greatest average elevation, which is over 10,000 feet,
is reached in the Bow range which forms the Continental water-
shed. There is a gradual downward slope in the whole system
to the Columbia valley, with the exception of a few peaks in the
Ottertail range, of which Mt. Goodsir (11,676 feet) is the highest
in this part of the Rocky mountains. The general appearance
of the Bow range is quite distinct from those to the southwest.
It is made up chiefly of heavy bedded quartzites, limestones, and
dolomites, chiefly of Lower and Middle Cambrian age. The
beds are lying nearly horizontal and weather in large part into
precipitous castellated cliffs, which show up an “alcove” form
of erosion in certain cliff-forming limestones and dolomites.

In contrast with the general appearance of the Bow range
there is the broad drainage area of the Ottertail valley to the
southwest. Itisfloored by slates, shales, and argillites, all of
which are soft, highly cleaved, and weather readily into rounded
topped ridges and broad talus slopes.

The Ottertail range contains a band of limestone which
forms a precipitous cliff, frequently 2000 feet high, along the
southeast of Ottertail valley. The broad Beaverfoot valley,
with a northwest-southeast trend, underlain by soft slates and
argillites, separates the Beaverfoot range, which is the last
range to the west, from the rest of the mountain system. The
Beaverfoot range has a very irregular zigzag summit made up
of harder Ordovician and Silurian sedimentary rocks.

The Van Horne range is the northwest continuation of the
Beaverfoot and Ottertail ranges across the Kicking Horse valley.

Cirques, hanging and U-shaped valleys are numerous in
many of the smaller tributary valleys. The suggestion has been
offered by the writer that some of these hanging valleys have
been initiated by cliff glaciers. All stages in the development of
such a valley are represented in this district. One of the best
and most noted examples of a hanging valley is that represented
by Takakkaw falls in the Yoho valley, where the water falls over
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1200 feet from the lip of the depression. Erosion by rain, wind,
and frost is going on at an enormous rate, with the result that the

higher mountain peaks are capped by precipitous slopes, and are
typically alpine.

STRATIGRAPHICAL GEOLOGY.

The rocks in Ice River district are sedimentary, metamor-
phic, and igneous. The sedimentary rocks range in age from Pre-
Cambrian to Silurian, inclusive. They are divided into various
ages on palzontological and lithological evidence, and for the
same reasons are further subdivided into several formations. The
table on page 60 gives the succession of these formations and
the distinguishing lithological characters of each.

The general succession of formations from the lowest to the
highest or from the oldest to the youngest, is from the northeast
to the southwest, since the trend of the mountain ranges is north-
west and southeast. Two structure sections are given across the
strike of the beds in a northeast-southwest direction.

The Pre-Cambrian is exposed in the extreme northeastern
corner of the district studied. Dr. Walcott notes that there is
a break between the Pre-Cambrian and the Cambrian beds.
This break is in the main an unconformable one, but appears
conformable in places.

The total thickness of the section worked out between the
base of the Cambrian and the top of the Halysites beds (Silurian),
is over 29,418 feet. In this section the Cambrian makes a con-
formable series over 16,500 feet thick, resting unconformably
upon the Pre-Cambrian and transitional above into conformable
Ordovician.

The Lower Cambrian beds are largely quartzitic. Certain
of these beds contain numerous annelid borings, others contain
well rounded argillaceous concretions, and others show cross-
bedding. These features suggest a close point of origin of the
material composing the beds.

In contrast with the highly siliceous Lower Cambrian beds,
the Middle Cambrian formations are essentially calcareous or
dolomitic in character. The Stephen formation is important
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palzontologically, since it contains two highly fossiliferous len-
tils, the ‘“Ogygopsis shale,” on Mt. Stephen, containing the fam-
ous trilobite *‘ fossil bed,” and the ‘‘Burgess shale,” on Mt.
Field, containing another rich fossil bed. From the latter Wal-
cott has determined merostomata, branchiopoda, malacos-
traca, trilobita, annelids, medusz, and (probable) holothurians.
Even the soft part of these animals are well preserved, so that

they add much to our knowledge of the variety of life present in
the Middle Cambrian sea.

The massive beds of the Eldon formation make a good hori-
zon marker because they form steep cliffs and castellated crags.

This erosion feature makes it possible to distinguish the Middle
Cambrian from a distance.

The Upper Cambrian was previously subdivided into three
formations (Bosworth, Paget, and Sherbrooke), with a total
thickness of over 3590 feet. In the Ottertail range in the vic-
inity of Ice river, the writer found that the sedimentary series
could not be correlated with those in the Bow range. This series
has been subdivided, on lithological basis, into three formations,
the Chancellor below, the Ottertail in the middle, and the Goodsir
at the top. The Ottertail formation consists essentially of beds
of massive blue limestone; it is over 1700 feet thick and is a good
horizon marker. Only two fossils have been found in it, and these
are Upper Cambrian in age. The underlying formation consists
of red weathering shales and meta-argillites, which also are of
Upper Cambrian age. The lower limit of this formation is not well
defined since the lower beds become more highly crushed and
sheared and finally the cleavage predominates over the plane of
stratification. These beds are mapped in the sheared zone.
This zone is 5 to 6 miles wide, has a northwest and southeast
trend, and underlies the greater part of the Ottertail valley.
The eastern limit of this zone is bounded by a fault, *‘ the Stephen-
Dennis fault.” The writer is of the opinion that this zone rep-
resents the highly sheared and contorted beds of the Chancellor
formation. In some localities where the plane of stratification
can be determined, the beds are lying almost horizontal, and
in others they are more or less tightly folded.




10

Above the Ottertail formation there is a thick conformable
series of thin-bedded cherts, cherty and dolomitic limestones,
and siliceous and calcareous shales, which the writer has called
the Goodsir formation, since they are best developed in Mt.
Goodsir. This formation is over 6000 feet thick. The lower
3000 feet are remarkably well banded, and in the ridge to the
east of Moose creek, where the beds are best exposed, there are
64 alternating hard and soft bands. These bands vary from 8
to 200 feet in thickness.

Several species of fossils were found in the lowest beds of
this formation, of which four are new.

On lithological evidence and from the fauna represented,
the writer places the boundary between the Cambrian and the
Ordovician, at least tentatively, at the top of the Ottertail lime-
stone and the base of the Goodsir formation.

In the Beaverfoot range there is a band of black fissile shale
rich in graptolites of Ordovician age. This formation is defined
on the east side by a fault which passes along the northeast slope
of the Beaverfoot range.

The Silurian is represented by the Halysites beds in the
Beaverfoot range, consisting of white quartzite and massive
bedded dolomite. The formation is apparently conformable
upon the graptolite beds and is found within a synclinal fold in
the latter, Certain layers are rich in corals as the name indicates.

IGNEOUS GEOLOGY.

This Ice River alkaline intrusive mass is not only irregular
in outline as shown on the map, but it is irregular in its relations
to the surrounding sediments. It can not be grouped as regards
form, with any of the typical forms of igneous bodies as they are
defined, and yet it is closely related in various ways to several
types.

The writer proposes to regard this complex as an asym-
metrical laccolith with a probable stock-like feeder which con-
nects this chamber with a much larger reservoir beneath. In
this respect the Ice River complex as exposed is satellitic to a
larger and deeper parent mass.
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This complex comprises an area of about 12 square miles
and is best exposed in the southern portion of the Ice River val-
ley. The outline of the exposure of this igneous rock is shaped
somewhat like a retort, with its greatest development towards
the south and two arms extending from the corners and narrow-
ing towards the north.

The form of this igneous complex has been determined as
an asymmetrical laccolith, thinning out towards the north. It
has a stock-like conduit through which the molten material was
forced from a deeper intercrustal reservoir, that has not yet
been exposed by erosion. It agrees with the mechanics of lac-
colithic intrusion, in the fact that the cover has been lifted to a
certain degree by the pressure behind the magma.

Lithologically, the rock series comprising the laccolith are
alkaline in composition. The material in this laccolithic chamber
has been brought in by a single intrusion; the separation of the

magma into the diverse types has resulted from various pro-
cesses of differentiation.

For convenience in the description of the petrology of the
rock types, the series has been subdivided into three groups
according to mineralogical composition. The first group in-
cludes the leucocratic types which make up the larger part of
the complex. Nephelite syenite is the most important member,
and at the same time the more highly alkaline. With it are in-

cluded many minor types, all variation facies of the nephelite
syenite.

Within the second group are included ijolites, urtites, and
other varieties essentially mesocratic, but varying towards both
leucocratic and melanocratic types.

The third group includes jacupirangites, alkalic pyroxen-
ites, and associated melanocratic varieties.

The texture of the rock varies greatly, not only within the
complex as a whole, but also within the groups, and even within
the diverse types.

It is a characteristic feature that the rocks vary both in
appearance and in mineralogical composition sometimes within
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a few feet. Irregular patches or schlieren, consisting of material
richer in dark coloured constituents, are present in many of the
types.

Mineralogically, the groups are characterized by the pres-
ence or absence of certain essential minerals. In the first group
alkali feldspar, nephelite, agirite, and sometimes sodalite are
the essential minerals. Several varieties of feldspar are represent-
ed, but orthoclase or microcline and albite, often perthitically
intergrown, are the most abundant. In the leucocratic rocks,
nephelite is always subordinate in amount to the feldspar, and
in some types is almost accessory. With the characteristic gi-
rite-augite is sometimes found accessory amphibole determined as
basaltic and barkevikitic hornblende. Sodalite becomes an es-
sential constituent in some of the material which has been con-
centrated along the roof of the laccolith. This mineral has a
deep blue colour, so that when it occurs as one of the constit-
uents, it makes a decorative stone of economic importance.
Sodalite also occurs in veins of almost pure material.

In the second group, the transition types, represented by
ijolites and urtites, the essential minerals are nephelite, wgirite-
augite, and barkevikite. Feldspar is either absent or accessory.
In some varieties of ijolite, hornblende predominates over py-
roxene, so that it gives a new type, “‘barkevikite-ijolite.”” In the
transition types from nephelite syenite to ijolite, thereisa grad-
ual decrease in the amount of nephelite present.

In the jacupirangite and associated types of the third group,
there is but little light coloured material. Pyroxene, magnetite,
ilmenite, schorlomite, and sphene are the essential minerals.
In one type of rock sphene makes up about 30 per cent of the
whole.

There is a remarkable absence of dykes in and about the
complex. Only twelve were found in the field. These are narrow
and most of them have a general east-west trend.

Structurally, the diverse types of the complex are transi-
tional into one another and represent a single period of intrusion.
In every case the leucocratic types remained in a molten condi-
tion after some of the darker coloured material had frozen.
This material was broken and the cracks filled with the still

flv
o\
in

sh

ty
is

jug
he
chi
a

co\
eve
ma
of |
has
the

defi
par
fror
red
and
ally
intr

evid
the

olut
foldi
yout

lies

mad
ceou
of fa



terial
f the

pres-
roup
. are
sent-
cally
ks,
and
®gi-
xd as
1 es-
con-
as a
stit-
nce.

by
fite-
ory.
Py~
the
‘ad-

up,
ite,
als.
the

the
ow

si-
m.
di-
n

il

13

fluid nephelite syenite. These dyke-like masses of light col-
oured rock in the melanocratic material form a striking feature
in certain parts of the complex, as they stand out as irregular
sheets on the eroded surfaces.

The hypothesis offered for the explanation of the diverse
types within this complex, which are transitional into one another,
is a combination of the result of separation by gravitative ad-
justment, and the rapid cooling of a portion of the original
heterogeneous magma in the thinner and cooler portions of the
chamber. There has been a sinking of the heavier minerals and
a rising of the lighter ones. This explains the occurrence of
sodalite-rich rocks always at the upper contact.

It has been shown that a laccolith, besides arching up the
cover, is able to shatter the contact and enclose zenoliths, and
even to assimilate a certain amount of rock on the contact. The
main evidence at hand for assimilation is the frequent presence
of calcite as a pyrogenetic mineral. Limestone on the contact

has been fused, and the calcite has crystallized out like any of
the other constituents.

The zone of metamorphism is very irregular and poorly
defined. In some places it is only a few feet wide, while in other
parts the rock is distinctly metamorphosed for 500 to 700 feet
from the contact. The most striking contact rock is a dense,
reddish-brown hornfels, which lies between the igneous rock
and the limestone in the upper contact. This band was origin-
ally a calcareous shale which has become highly baked by the
intrusion.

The age of intrusion, as near as can be determined from the
evidence at hand, is probably Post-Cretaceous. It is older than
the main period of deformation, which is connected with the rev-
olution at the close of the Laramie. There was a period of
folding earlier than the main shearing, and the intrusion is
younger than this folding.

In the eastern part of the Rocky mountains the Cretaceous
lies conformably upon the older strata, so the assumption is
made that the folding occurred after the deposition of the Creta-
ceous, and is, therefore, late or Post-Cretaceousin age. The period
of faulting has followed the main deformation of strata. The
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Ice River complex has not been strongly affected by the Laramide
revolution. The igneous rocks are so much more resistant than
the surrounding sediments, that the latter have been intensely
squeezed about the igneous mass.




CHAPTER IIL

PHYSIOGRAPHY: THE WESTWARD
DRAINAGE SYSTEM.

The drainage system of the westward slope of the Rocky
mountains in the vicinity of the 51st parallel, consists of a main
transverse stem called the Kicking Horse river,! and a number
of tributaries entering from both the north and the south. Some
of these tributaries are equally as large as, and at least two of
them are larger than, the main stem. The smallest members of
the drainage system are represented by a large number of small
streamlets, most of which are intermittent. These represent the
twigs of the system and occur upon the steep mountain slopes
bordering the larger valleys, and are finely displayed in the
canyon-cut portions of the main trunk.

KICKING HORSE RIVER.

It is proposed to first give a description of the main trans-
verse valley occupied in part by the Kicking Horse river. This
river is a tributary of the Columbia river, which flows in the
broad north and south trough, the ‘“Rocky Mountain trench”
or the ‘“Columbia-Kootenay trough,” forming the westerly
limit of the mountain system. The length of Kicking Horse
river is almost 40 miles and in this distance it has a difference
in elevation of almost 2700 feet. The summit of the valley
has an elevation of 5329 feet, while the mouth of the river is
2580 feet above sea-level.

A glance at the map, ora trip over the railway at this point,
makes it evident that the so-called source of the Kicking Horse

IThis river was originally called the “Wapta"” by the Stony and
Kootenay Indians, but the name was changed to “Kicking Horse' after the
expedition of Sir James Hector in 1858, when his party extended their
exploration up this valley and found the Kicking Horse pass. The river
was so called on account of a mishap which befell Dr. Hector on this
expedition, and which in later years proved serious to him.
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river, at the pass of the same name, does not represent the head
of the main branch of the westward drainage. A much larger
stream, the Yoho, entering the transverse valley from the north-
west at a point about 4 miles from its head, might be rightly
considered as more deserving of being called the source of the
westward drainage. At the point of junction of the Yoho river
with the Kicking Horse river, the former carries about four times
the volume of water that the latter does. It must, however,
be noted that for a distance of more than 10 miles from its source,
the Kicking Horse river follows a distinctly transverse course,
whereas the Yoho river is subsequent upon the trend of the struc-
ture in the mountain rangesand, therefore, if the originsof the de-
pressions occupied by these two streams are considered in deter-
mining which should be called the source of the main drainage,
then it would seem that the source of the Kicking Horse river
rightly deserves this name.

The Kicking Horse river has its source in a rather broad,
somewhat flat-floored, saddle-like depression, rather steeply
sided to the north and south, and very gently sloping towards the
east and west. This gentle slope continues for a distance of
about 2 miles on the west side and 1 mile on the east side
of the low crest which in this part of the mountains forms the
Continental Divide (Frontispiece).

On the summit of the pass the grade is almost impercep-
tible. A small stream gathers its trifling volume from the south
side of the depression, and whure it reaches the lowest level
divides into two small streamlets which flow in opposite direc-
tions. The water which deviates from this point eastward
‘“‘eventually mingles with the ice cold tides of Hudson bay,” while
that which is drained to the west finally reaches the Pacific
ocean. This broad-seated, saddle-like depression or elevated
‘““through-valley,” has been carved out of thick-bedded quartz-
ites, transversely to the strike of the strata, and is believed to
have been deepened by glacial overflow. The ice coming from
the mountains, especially to the immediate south, accumulated
in this depression, then overflowed to the east down a gentle
slope into the valley now occupied in part by the Bow river,
and to the west down a very steep slope into the deeply
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cut valley of the Kicking Horse river. The valley glacier
in this stage would be a ‘“through glacier.”” The floor
of this ancient ice saddle is thinly veneered with ground
moraine, including numerous large boulders, many of which
appear to be of local origin. Within a few hundred yards of the
low crest, on the westward slope there is a small pond of water
called “Sink” lake because it has no visible outlet. A small
streamlet enters it on the south side and is the outlet of a small
lake, Ross lake, with emerald coloured water, which is situated
in the bottom of a cirque, 400 feet above the summit of the
saddle.

Almost 24 miles from the summit and about 100
feet below the highest part of the crest, there is a larger lake,
almost half a mile long and a quarter of a mile wide. It seems as
if this lake occupies a depression in the bed-rock, and not one
entirely in the ground moraine. This lake is known by the name
of “Wapta' lake, since it virtually represents the main source
of the Kicking Horse river which was formerly called the Wapta
river by the Indians.

At the precise head of this lake a small stream enters from
the south, the waters of which, though small in volume, cataract
over rock ledges with the roar of a mighty mountain torrent.
It has most fittingly been called ‘ Cataract” brook. This brook
flows in a north and south depression which parallels the course
of a sharp down-flexure in the sediments to the west. The brook
is fed almost entirely by glaciers on the ridge in which Mt.
Victoria and Lefroy are situated, and on the mountains to the
west. One branch has its source in Lake Oesa and Lake O'Hara.
The former lake lies in a rock basin at an elevation of 7398 feet,
and is connected with the latter by a chain of two smaller lakes
and a cataracting stream which through much of its course runs
underground. Lake O'Hara lies at an elevation of 6664 feet.
It is surrounded, at its upper end, by precipitous quartzitic

cliffs over 100 feet high. The water from the upper lakes comes
from under a thick veneer of rock talus and cascades, in a fall
of almost 100 feet, into the upper end of Lake O'Hara. This
lake lies in a cirque-like depression, the outlet of which is formed

3
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by morainal detritus. These lakes lie in a series of ‘‘tandem
cirques.” The glacier in the cirque between Mt. Yukness and
Mt. Schaffer also supplies a stream to Lake O’'Hara.

The second main branch of Cataract brook gets its supply
from a large amphitheatre-cirque between Mts. Odaray, Duches-
nay, and Stephen. Below the junction of these two main branches
the floor of the valley is comparatively flat and broad. The
brook meanders over the floor and in some places the channel
broadens to form small lakes. In the last three-quarters of a
mile, the grade of the brook changes to that of a cataract, thus
giving the valley a hanging character. There is a fall in the stream
of almost 400 feet in this distance. It is worthy of note, that
the north-south depression occupied by Cataract brook is a
feature more or less continuous for 25 miles to the south and is
occupied in part by McArthur creek, Goadsir creek, and Moose
creek.

In the Kicking Horse valley a few hundred yards below the
outlet of Wapta lake, a small creek enters from the north. This
stream, although insignificant in size, is the outlet of Sher-
brooke lake, which lies in a north-south depression between Mt.
Ogden and Paget peak. The lake is about 1 mile long, lies 700
feet above Wapta lake, and is fed directly from the glaciers about
Mt. Niles and Mt. Daly. The water shows varying shades of
green; the part of lake near inflowing streams is emerald green,
while the rest of the lake is a lighter green and may be better
described as a nile green. This depression is an excellent ex-
ample of a hanging valley. From the outlet of the lake the stream
cascades down 800 feet in less than a mile, where it joins the
Kicking Horse river. The photograph (Plate II, B) shows the
cirque-like nature of the lake basin, with steep mountain slopes
on either side and also the steep drop into the Kicking Horse
valley lying between the lip of the lake and Cathedral moun-
tain on the other side of the valley.

Sherbrooke lake is a very beautiful resort and a trail has
been built up to it from Hector station. This easy mode of ac-
cess will soon make the lake another of the many spots of superb

natural beauty which are afforded to the traveller in the Canadian |,

Rocky mountains.
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Both Cataract and Sherbrooke valleys, although of sub-
sequent and of pre-Glacial age, have been rounded and deepened
by valley glaciers which moved to the north and south respect-
ively and finally spread out to the east and the west in the trans-
verse valleys of the Bow and the Kicking Horse rivers.

Below the outlet of Wapta Lake basin, which has formed in

relatively hard, siliceous and argillaceous limestone, the waters
of the Kicking Horse occupy a young canyon, in places 200 to
300 feet deep between almost vertical walls. This canyon cuts
into the west side of the saddle-like continental divide, and ex-
tends transversely across the strike of thick- and thin-bedded
limestones, siliceous slates, and shales which dip towards the
east. This is the upper canyon of the Kicking Horse river,
the lower canyon being near its mouth. The grade of the Kick-
ing Horse river in the upper canyon is very steep and in a dis-
tance of 2} miles from the lower end of Wapta lake, there
is a difference in elevation of 900 feet. At the lower end
of the canyon the valley of the Kicking Horse rapidly broadens
into an immature glacial trough, in the floor of which are basins
gouged out by the action of the valley glaciers, with corres-
ponding protruding sills of harder rock forming the lips of the
basins. The basins are now, for the most part, aggraded, and
they will be discussed later.

In order to overcome the rapid descent of the valley floor,
the Canadian Pacific Railway Company have constructed two
spiral tunnels, one on the western slope of the Rockies between
Hector, near the summit, and the other at Field at the south-
west base of Mt. Stephen. The upper tunnel is in the base of
Cathedral mountain and is 3200 feet long; the lower tunnel is
in Mt. Ogden and is 2910 feet long. By this means the line has
been lengthened in this distance 4} miles and the grade has
been reduced from 4+5 per cent to 2+2 per cent.!

! Note.—The upper tunnel (No. 1), in the base of the Cathedral mountain
makes a pear-shaped loop and the lower track runs back parallel with the
upper one for several hundred yards. The vertical distance between the rails
at the ends of the tunnel is 60 feet. After crossing the Kicking Horse river it
is necessary to make another spiral in order to get down the valley. This is

done by the No. 2 tunnel in Mt. Ogden, which is 300 feet shorter than the
No. 1 tunnel.

It makes an elliptical curve and the lower track emerges at
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At the lower end of the canyon the Kicking Horse river is
greatly increased in volume by a much larger branch from the
northwest; this isthe Yoho river. The valley of the Yohois famous
for its U-shaped character and its wonderful hanging valleys,
giving rise to waterfalls which have become world known (Tak-
akkaw and Twin falls). The Yoho takes its rise from the still
existing glaciers at its head, the Yoho, Habel, Wapta, and Daly
glaciers. The general direction of the valley is determined by
a fault plane, which on the south side of the Kicking Horse valley
passes between Cathedral mountain and Mt. Stephen. Plate
II1, A, shows Takakkaw falls, on the valley side about 2 miles
north of the limit of the accompanying map. Takakkaw falls
is the highest cataract on the American continent. The water
cascades 1248 feet over massive-bedded Middle Cambrian lime-
stones. The water comes from the front of the Daly glacier
which lies in a cirque-like depression and cannot be seen from
the valley floor. The stream has cut a narrow channel for itself
through the hard limestone rim of the cirque.

It may be well to state here, as was mentioned before, that
the size of the Yoho valley and its relations with the main valley
of the Kicking Horse below the junction, seem to suggest that
this valley should be regarded as the main branch of the west-
ward drainage system. The grade in the valley floor of the Yoho
is much more gradual throughout its extent than that of the
upper portion of the Kicking Horse valley, which also tends to
support the suggestion that it is the prominent stem in the
westward drainage. Another reason for considering the Yoho
river as the main trunk in the drainage system is the fact that
at the point of junction of these two rivers the Yoho is at grade
with the Kicking Horse river, whereas the upper part of the latter
is not at grade with the mouth of the Yoho river, but enters

right angles to the upper track. Again there is 60 feet between the two rails
at the ends of the tunnel. After recrossing the Kicking Horse river, the rail-
way gradually drops into the bottom of the valley at Field. The total length
of tunnelling is over 1% miles, the length of track has been lengthened from 4
to 8} miles, and the grade has been reduced more than half, from 4:5 per
cent to 2-2 per cent. The cost of construction was about $1,500,000. It
took 20 months to construct the tunnels and they were opened in July, 1909,
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over a small fall. In a distance of 15 miles the Yoho only falls
1500 feet, while the Kicking Horse river drops as much as 900
feet in the 2% miles above the mouth of the Yoho river.
The water in the Yoho river is always very murky on account
of the large amount of silt which it carries from the glaciers,
while that of the comparatively small stream of the Kicking
Horse is clear and crystal-like, with a bluish green tint while
running in its course. Both the Yoho and Kicking Horse valleys
were at one time occupied by streams of ice having a thickness
of at least several thousand feet. Very distinct glacial stria-
tions were formed on the base of Mt. Stephen, and it is estimated
that the ice extended at least 4000 feet above the site of Field
on the north side of Mt. Stephen. The great North shoulder of
Mt. Stephen, shown in Plate III, B, was shaped by the valley
ice so that the glacier extended over the top of this shoulder,
but the top of Mt. Stephen remained as a nunatak above the
ice. Lunoid furrows on a glaciated surface show that the ice
was moving to the west. The two branches of ice on coming
together from the Kicking Horse pass and from the Yoho valley,
by their combined action had sufficient force to greatly deepen
and widen the depression down which the ice continued to flow
towards the west. By their combined action the ground pluck-
ing was great enough to gorge out deep basins, in places accounted
for by the relatively soft nature of the underlying strata and in
other places by the increased concentration of the erosive forces
of the ice at the bottom of the glacier. These basins are in some
places separated by distinct rock ridges crossing the floor of the
valley as noted in the further description of the Kicking Horse
valley. After the ice left the valley, the basins in the valley
floor became aggraded with the abundant gravels and sands
carried down from the front of the glaciers, and farther up the
valleys it is believed there is at least 100 feet of sand and gravel.
The U-shaped character of the Kicking Horse valley between
Mt. Stephen and Mt. Field, and also theaggraded basin flooring
the valley, are well shown in Plate II, A.
The portion of the valley just described is an excellent
example of an aggraded basin. The level, gravelly floor broadens
in places to a width of 1 mile, and throughout the distance,
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the river, frequently changing its courses, meanders about in
a most picturesque manner. The channels anastomose with
one another in such a way that the river has a distinctly braided
appearance. The river has a broad flood-plain which it covers
only when the water is very high.

On the south side of this broad, aggraded basin towards
its western end is situated the town of Field, lying at the base
of Mt. Stephen. On both sides of this portion of the valley the
walls rise abruptly for several thousand feet into stately moun-
tains. On the north side Mts. Field and Burgess rise 4400 and
4600 feet respectively above the valley floor, while to the south
Mt. Stephen towers 6420 feet above the river.

One and a half miles below Field, although the contour of
the bed of the valley has become little changed, the river channel
narrows to a few feet and in one place is spanned by a natural
bridge which has been formed in a band of thin-bedded limestones.
This part of the valley floor, where the bed-rock outcrops, forms
the rock lip to the aggraded basin just described; at this point,
which is about 6 miles from the mouth of the Yoho, the power
of corrasion of the old valley glacier greatly decreased.

On the two sides of the natural bridge, referred to above,
there is a difference in level of the water of 20 feet. The origin
of the bridge seems to the writer to have been due to the form-
ation of two pot holes, which at depth became united. These
continued to be deepened, the one having an open inlet for water
the other a narrow outlet. This enlargement is still going on,
so that it has become necessary to strengthen this natural fea-
ture with cement. The addition of a bridge railing has greatly
marred the natural beauty.

After numerous small falls, rapids, and canyons, in which
the floor of the channel falls 100 feet in 1% miles, the river
is joined at grade by two tributaries from the north, Emerald
creek, and the Amiskwi river. The former is only about 10 miles
long and takes its rise from the glaciers in the President range,
with Emerald lake as a reservoir for the supply. Amiskwi river
is over 20 miles long and receives many tributaries along its
extent. Cirques are numerous at the heads of several of the sub-
tributaries.
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Below the mouth of these tributaries the floor of the main
valley of the Kicking Horse broadens rapidly and attains a
maximum width of 2 miles. The river channel is extremely
tortuous and the stream meanders about with an anastomosing
character over the aggraded gravel floor, changing its courses
with the least provocation, especially after heavy rains.

About 1 mile below the mouth of Amiskwi river, Boulder
creek enters from the east; it has a very steep gradient. It rises
between Dennis and Duchesnay passes and in a distance of 3
miles has a fall of 2100 feet.

Three miles below the mouth of the Amiskwi, the main
valley is joined from the southeast by a large one, in which flows
the Ottertail river. This river heads almost 15 miles from its
mouth and is enlarged by several large sub-tributaries from Otter-
tail range on the southwest and the mountains flanking the Bow
range on the northeast. So flat is the floor of the main valley
at the mouth of the Ottertail that its channel, after coming out
on this flood-plain, turns sharply to the south, and running almost
parallel to the Kicking Horse river, enters the latter 3 miles
farther down stream.

Ottertail creek, which enters from the northwest, its valley
being subsequent to the structure, divides about half a mile
from the channel of the Kicking Horse: one branch turns down
stream and after flowing sub-parallel for 1% miles, enters
the Kicking Horse river. The other branch, which is
the smaller, comes out straight to the main river, the two
channels thus forming a delta. This obstruction is an alluvial
fan which has been built up gradually by the stream and also by
numerous snowslides. :

Below the mouth of the Amiskwi, the course of the main
Kicking Horse river runs almost due south, thus cutting obliquely
across the highly sheared band of soft rock flooring the Ottertail
valley and forming the base of the Ottertail mountains and the
Van Horne range. The broad flood-plain of this part of the Kick-
ing Horse valley represents a second aggraded basin similar to
the one noted at Field and the mouth of the Yoho river. This
basin is about 8 miles long and extends from the mouth of
the Amiskwi to a point 3 miles below Ottertail railway sta-
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tion. There the channel narrows to a few yards in width and
the floors and walls of the valley consist of soft shales and argill-
ites, thus representing a rock lip similar to that at the natural
bridge. The origin of this basin is also similar to the one farther
up the valley. It is a glacial erosion basin, formed by the goug-
ing out of the softer rock in the floor by the valley glacier. Glacial
corrasion was especially intense along this stretch on account of
the combined action of the tributary valley glaciers from Emerald
creek and the Amiskwi river., The regular flow of the ice stream
in the main valley was further interrupted by the ice from the
Ottertail valley which, as the map shows, tends to point up
stream. There may have been another small ice flow from the
Otterhead valley. All these factors tended to increase the ero-
sive action of the ice and to gouge out the soft underlying rocks.

Almost 1 mile below the mouth of the basin just described,
a youthful, V-shaped, subsequent valley enters from the north-
west, and this is occupied by Porcupine creek; in no part does
this valley show signs of maturity, not even early maturity.
The valley is about 12 miles long and heads in the centre of the
Van Horne range.

The main Kicking Horse river now turns a little east of
south, becoming subsequent to the structure for a distance of
about 6 miles, cutting in part obliquely across the steeply tilted,
thin-bedded limestones, shales, and argillites. At this point the
river is joined from the southeast by its largest tributary, the
Beaverfoot river. The valley of this tributary is subsequent to
the structure, but the sides have become rounded and the floor
broadened by the passage of the ice to the southeast. It seems
quite evident that the water from the main transverse stream,
the Kicking Horse, was drained to the southeast through the
Beaverfoot valley in pre-Glacial time, but a discussion of this
point as well as a description of the Beaverfoot valley, will be
given later.

Within a few feet of the junction of the crystal-like water
of the Beaverfoot and the grey, muddy water of the Kicking
Horse, the water falls over a precipice 40 feet high, called Wapta
falls.

8 a -
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Below the falls the course of the river swings round rapidly
to the northwest through an angle of about 130 degrees. This
acute bend in the drainage will in this report be referred to as the
“Leanchoil bend.” For about 9 miles below this bend, down
almost to Palliser station, the course of the Kicking Horse
river is subsequent upon the tightly folded and highly cleaved
soft argillites and slates of the Van Horne range, thus corres-
ponding in direction to the trend of the Beaverfoot valley re-
ferred to above.

Below Palliser station the trend of the river turns west-
ward, and in the remaining 15 miles of its course, the valley is
again transverse. The water has cut a narrow canyon diagonally
across the thin-bedded, much distorted slates and carbonaceous
shales, and the steeply dipping massive quartzites and dolo-
mites of the Beaverfoot range. This part of its course is known
as the lower Kicking Horse canyon, to distinguish it from the
upper canyon through which the stream descends from the sum-
mit to the flood-plain at the mouth of Yoho river.

In the lower canyon the water cascades over many water-
falls and rapids between vertical walls in some places less than
100 feet apart, until it emerges into the Columbia valley, and
meets the Columbia river at grade at the town of Golden. The
Columbia valley forms a part of the Rocky Mountain trench,!
which separates the Rocky Mountain system from the Purcell
and Selkirk ranges. This trench is continued to the southeast
by the Kootenay valley and the headwaters of the Flathead,
and to the northwest by the Canoe, Parsnip, Finlay, and Kachika
rivers. It has a total length of about 800 miles and a width of
from 2 to 15 miles.

In the last 15 miles the floor of the Kicking Horse channel
drops 700 feet. This portion of the valley cuts across the Beaver-
foot range and may be regarded as a youthful, antecedent, trans-

! Name proposed by R. A. Daly for this ‘“Long, narrow, intermontane
depression occupied by two or more streams (whether expanded into lakes or
not) alternately draining the depression in opposite directions’; ‘Nomen-
clature of the North American Cordillera between the 47th and 53rd Parallels
of Latitude.” Geog. Jour., June 1906, p. 596.
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verse valley. Youthful in the sense that the canyon has been
entirely cut in post-Glacial time and is yet far from reaching a
base-level.

CHANGE OF DRAINAGE.

Although the drainage of this part of the Rocky mountains
is now to the west, yet the writer feels convinced that the pres-
ent drainage was initiated with the melting out of the valley
glaciers, and that in pre-Glacial time the drainage was to the
southeast through the Beaverfoot valley. It is probable that
before the ice filled the valleys, the eastern part of the Beaver-
foot range was drained by a valley extending southeasterly,
the upper main part of the stream being represented to-day by
the upper part of Glenogle creek. This ancient stream flowed
to the southeastward, and at Leanchoil bend it united with the
pre-Glacial Kicking Horse river and flowed down the Beaver-
foot-Kootenay valley. A stream draining the westward slope
of the Beaverfoot range most likely occupied a valley, now re-
presented by the lower portion of Kicking Horse valley, from a
point between Glenogle and Golden. Presumably the head of
this valley was separated by a comparatively low divide from
the larger valley on the eastern side of the Beaverfoot range.
It is impossible to say just how the “‘through valley" was cut
across the Beaverfoot range, but there seems to be sufficient
evidence to indicate that with the change of climate and the
accumulation of ice in the valley east of the Beaverfoot range,
there was an overflow of ice through the depression into the
Columbis valley. The saddle-like summit was presumably so
deepened by the glacial overflow as to allow a westward outlet
for the water after the drainage had been checked to the south-
east. The supposed causes of obstruction to the southeast-
ward drainage through the Beaverfoot valley will be considered
more fully on a later page.

As soon as the ice melted out of this saddle-like summit of
the pass across the Beaverfoot range and as soon as the sur-
face of the water occupying the depressions to the east, whether
as a stream on the aggraded floors of the valleys or as a tem-
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porary lake formed at the front of the ice, reached the level of
the summit of this pass across the range, there was initiated an
outflow of water into the Columbia river. The volume of water
was sufficient to cut through the underlying rocks of the Beaver-
foot range and to form the canyon which now exists and is known
as the lower Kicking Horse canyon.

The evidence at hand seems to warrant the above conclu-
sions. The higher part of this transverse valley through the
Beaverfoot range is rounded and ice-worn, and extends with
these characters down to about the 4000-foot contour, whereas
the lower part is water worn and post-Glacial in origin. Fur-
thermore, well marked terraces in the Beaverfoot and Kicking
Horse valleys above Palliser, are sufficiently high to indicate
the overflow through this trough to the Columbia valley or
Rocky Mountain trench. In the Beaverfoot valley there is a
marked 4400-foot terrace and in the Kicking Horse the terraces
extend up to at least 4650 feet. The elevation of the present
summit of the Beaverfoot valley is a little over 4000 feet.

As to the origin of the Kicking Horse and other V-shaped
valleys, Dawson stated that they are not due to the action of ice
but to stream erosion. Glacial striations and smoothing were
found near the bottom of the Kicking Horse valley at the base
of Mt. Stephen. Although the valleys long antedate the Glacial
epoch, yet, many of them have been deepened and given their
present rounded contours and broad floors by the corrasive
action of the ice. The aggraded basins, such as are seen in the
floor of the Kicking Horse valley, have been formed in this way.

The westward drainage, especially that of a transverse
character, probably began with the primary uplift of the moun-
tain system, which was towards the close of the Mesozoic, when
the system was outlined as a series of low ridges. At that time,
Dawson thinks that the general elevation over most of the Cor-
dillera was 3000 to 4000 feet lower than it is to-day. The drain-
age in the Rocky mountains at that time may have been largely
consequent. The post-Laramie deformation brought about the
beginning of the great valley system, and Dawson has noted as
one example, the Columbia-Kootenay valley which was eroded

in the Eocene. Later uplift in the Pliocene caused a rejuven-
escence in stream erosion.
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OTTERTAIL RIVER.

Ottertail river flows in a strike valley which is about 15
miles long and is subsequent to the structure of the soft shales,
slates, and argillites through which it cuts. In these respects
the valley is similar to that of the Beaverfoot. The river has
its source in a broad, nearly flat meadow, forming part of Otter-
tail pass. The pass,and the depression which is continuous with
it to the southeast, is occupied in part by the source of the Ver-
milion river, which, after flowing in a southeasterly direction for
about 20 miles, makes a right angled turn to the southwest,
and, passing through a gorge between the Vermilion and Mit-
chell ranges, enters the Kootenay river 15 miles southeast of
its head, in the Beaverfoot-Kootenay trough.

Ottertail pass, with an elevation of 6900 feet above sea-level,
shows good evidence of having been carved out by the action of
a valley glacier. It has low rounded slopes on either side and
its floor is not only broad, but also about a mile in length, is
thickly veneered with detritus, and studded by several small lakes
which are formed in “‘glacial drift-basins.”” It may here be
noted that several similar but larger lakes in obstruction basins
are scattered about the summit, in the Beaverfoot-Kootenay
trough, and two have also been noted in the Kicking Horse pass.

From the pass, Ottertail river drops about 1500 feet in the
first 3 miles. At this point it is joined by a much larger stream
from the north, Misko creek. The map shows that the valley of
this tributary has a north-northwest trend. It, therefore, points
almost up-stream and makes a very sharp angle with the valley
of the main trunk. Later it will be shown that the valleys of
Moose creek, Ice river, and numerous smaller valleys on both
sides of that part of the Beaverfoot-Kootenay trough drained
by the Beaverfoot river, also present this barbed appearance
with reference to the main valley. Three miles farther down
the main trunk, or about 6 miles from the pass, another large
branch, Goodsir creek, enters at grade from the south. This
creek, which is 3 miles long, has its source in the three small

!Davis, W. M., “Classification of Lake Basins.” Boston Soc. Nat.
Hist., Vol. 21, Jan. 1882, p. 315.
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glaciers on the north slopes of Mt. Goodsir and Mt. Sharp. From
the gravel-covered end of the largest of these glaciers the main
stream emerges from a sub-glacial channel, not as a small brooklet
of insignificant size, but as a large, powerful mountain torrent
which roars as it cascades over the morainal boulders. Plate
IV, A, shows the stream as it emerges from an inverted cone-
shaped depression. More will be said about these glaciers in
another chapter, but it may be well to note, in passing, that this
tongue of ice, for a width of one mile and .. length of half that
distance, is covered with morainal material varying from a frac-
tion of a foot to more than 3 feet in thickness. Along the
front edge, where the rock débris is thick and the ice thin, vegeta-
tion of a scrubby nature grows. In one place, a small gully,
cut in the ice by a super-glacial stream, exposed the greenish
blue ice enclosing many small boulders at the base, a veneer
of about 3 feet of gravel and silty material above, with scrubby
spruce 1 to 2 feet high, and certain alpine flowers growing
on the surface. This feature of super-glacial vegetation is common
in the Arctic regions, but not so common as far south as the
fifty-first parallel of latitude.

This small tongue of ice offered many interesting features
in stream erosion. There are many streams cut into the sur-
face of this broad, fan-shaped tongue of ice; some carry a
large volume of water in the middle of the day, some are conse-
quent on the slope of the ice, while others are in part conse-
quent and in part subsequent along fractures which carry the
stream in a different direction. So important are some of these
super-glacial streams that they have cut youthful V-shaped
valleys in the ice as much as 30 or 40 feet deep and upwards of
100 feet in width across the top of the gully. The larger streams
follow meandering courses in the clear, bluish green ice. The
up-valley sides of the lobes have steep bluffs, while the down-
valley slopes are much gentler, just as is the case in river meanders.
In a few cases the necks of the lobes in the meanders had been
cut across and the stream was carving a new meander for itself.

In comparing the erosion features of these glacial streams
with those of a normal river, the reader will at once remark Ithat
there is a vast difference between normal stream meanders and
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those just described in these super-glacial streams. In the for-
mer a meandering course is a distinct sign of old age, whereas in
the case in question the stream shows every sign of youthful-
ness, with a drop in the bed of its channel of 100 feet within a
quarter of a mile.

The writer offers the following explanation of the formation
of meanders in these super-glacial streams with such a steep
gradient. It may be said with considerable certainty that no
streams running over the surface of a glacier are following a
straight course unless they are following a joint crack in the ice.
If there is a large amount of sand and gravel in the ice, as these
are melted out they are hurled along in the stream with the re-
sult that they strike against any projecting irregularities on the
sides of the channel. Their impetus is sufficient to gouge out
the ice which they strike against, and they are then washed out
of that ‘harbour’ only to repeat their effect on the opposite side
of this groove through which the streamlet, or at first a threadlet
of water, is rushing. As this process continues, the outside of
the curve is rapidly worn back and the meanders become more
pronounced. The ice is worn out very rapidly by the contin-
uous grating of the detrital load carried in the stream. The
broadening of the trench does not take place by simply melting
of the ice on its slopes, but by the rapid undermining on the out-
side of the curves, which results in a caving in of a large block of
ice. The channel of the stream may be very readily blocked up
by a large fragment of ice, or perchance a large boulder which
has been melted out of the ice. In thiscase the water rushes over
a new surface of ice and soon forms a new channel for itself.
The curves in the meanders are as a rule simple and not con-
voluted. Furthermore, as the neck of a lobe becomes narrow a
slight obstruction in the main stream will turn the water over
this neck and a cut-off will result. All these changes necessarily
go on very rapidly, because not only is the annual season very
short, but also the daily active life of the stream, for the carry-
ing power and the load are very ineffective after the middle of
the afternoon.
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The head branches of Goodsir creek are heavily loaded with
silty material from the glaciers. The stream in the lower two-
thirds of its length has a broad flood-plain which has been formed
by aggradational processes.

The map shows that this north-south valley is continuous
with that of McArthur creek, on the north side of Ottertail river.
These valleys, together with that of Moose creek to the south,
and Cataract brook to the north, form a discontinuous erosion
depression throughout the entire length of the map-area. The
northern part of this depression has been developed along a
north-south fault line.

McArthur creek is about 7 miles long and is bifurcated
towards its upper end. One branch begins at McArthur pass,
being intermittent in its upper part, and derives much of its
water by underground channels from McArthur lake (elev.
7359 feet). This lake lies in a rock basin, the lip of which is over
50 feet above the present surface of the water. At the east-
ern end of the lake (Plate IV, B) stands Mt. Biddle, with a
glacier of the same name lying in a well formed cirque and ex-
tending into the lake. The other branch of McArthur creek
begins between Mt. Duchesnay and Mt. Odaray and is sub-
sequent to the structure, having a northwest and southeast
trend. This valley is mentioned here because towards its head
the talus débris from Mt. Duchesnay is rapidly encroaching
upon the stream and driving it farther into the slope of the ridge
which lies to the north of Odaray pass. Below the junction of
the two branches, McArthur creek presents a stage of adoles-
cence. The grade is uniform, there are no falls, and the stream
twists about over its aggraded flood-plain. Within the last mile of
its course the stream bends round towards the southeast to meet
the Ottertail river at grade. This deflection of the course near
its mouth is also seen in Miske creek, and it occurs as soon as
the branch valley enters the side of the trunk valley.

Below the mouth of McArthur creek the valley of the Otter-
tail is prominently V-shaped, and the stream is in a youthful
stage of its cycle. The diagram (Figure 1) shows this V-shaped
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character of the valley along the base of Mt. Owen which is
shown on the map as roughly triangular in outline.

Fig. 1. Cross-section of Ottertail valley.

The Ottertail is joined from the south side by three small
branches, Silver Slope, Haskins, and Quebec creeks. All of these
streams get their water from the Hanbury glacier and small
cliff glaciers in the Ottertail range.

On the north side of the valley, Float creek is especially
worthy of mention. It lies between Mt. Owen and Mt. Duches-
nay and is only 3% miles long. Figure 2 gives a profile of this

!
g

Fig. 2. Profile of Float creek.
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stream. The mouth of Float Creek va!ley hangs 800 feet above
the stream bed of the Ottertail. Furthermore the profile and the
map show that the head of this valley cuts in at right angles to
that of the northwest fork of McArthur creek. It isalso hanging
1000 feet above the channel of the latter. Float creek is a lateral,
consequent stream, whose valley by headward erosion has cut
into the side of the valley of McArthur creek.

Below the mouth of Float creek, the Ottertail has cut a
V-shaped gorge into recent glacial gravels and this gorge is 300
feet deep towards the mouth of the valley. It is joined near its
mouth by Haygarth creek, the last small lateral branch from the
north.

As soon as the flood-plain of the Kicking Horse river is
reached the channel of the Ottertail swings round to the south, and
instead of joining the main river at once, it runs sub-parallel with
the Kicking Horse for 2 miles on the flood-plain of the latter be-
fore uniting with it.

The whole drainage area of the Ottertail valley is underlain
by very soft, highly sheared rocks which crumble down readily
under the action of degradational processes, forming rounded or
gentle slopes such as are so well shown in the south side of Mt.
Owen. It has been mentioned that the lower part of the valley
is sharply V-shaped. Between the top of the V-shaped, recent
valley and the base of the prominent escarpment (shown in
Plate V, A), the average slope is gentle, and in some places there
is even a depression along the base of the cliffs. This feature is
continuous to the southeast for over 20 miles. The profile in
Figure 1 shows the relation of this gentle slope to the steeper
slope; the former is sometimes nearly 2 miles wide. These
features seem to suggest that when the ice filled the valley its
slopes were gently rounded by the ice, and as the ice moved from
the more massive rocks in the Ottertail mountains on to the very
soft rocks below, the latter were eroded more rapidly near the
base of the high escarpment than towards the centre of the valley.
After the ice melted out of the valley, the stream cut its present
V-shaped notch in the floor of the broad valley that had been
rounded out by the ice.
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BEAVERFOOT VALLEY AND ITS TRIBUTARIES.

It has been previously stated that the Kicking Horse river
at Leanchoil bend, the point where it turns sharply northeast-
ward after having flowed almost due south for several miles,
is joined by a large tributary from the southeast, the Beaverfoot.
A glance at the map shows that the Beaverfoot valley has a
northwest and southeast trend. It may thus be called a “strike
valley,” since it is parallel to, and subsequent to the general
structure of the mountain ranges. This valley may be described
as a broad, flat-bottomed trough, the sides of which at first slope
gently and are followed above by steeper slopes. It is continued
to the southeast by the valley of the Kootenay river, thus forming
an intermontane trough, which, for convenience, will be called
the ‘““Beaverfoot-Kootenay trough.” The upper portion of the
trough is about 2 miles wide, but it broadens towards the south-
east to a maximum width of about 4 miles. This trough is
very much smaller than the Columbia-Kootenay trough to the
west.

For a distance of 14 miles from the Kicking Horse river,
the trough is occupied in part by the Beaverfoot river draining
northwestward, and for 50 miles below this point it is occupied
by the Kootenay river flowing southeastward. The valley then
turns at right angles to the west, and crossing the Beaverfoot
range, enters the larger Columbia-Kootenay trough a short
distance south of the upper Columbia lakes.

The summit between the northwestward and southeast-
ward drainage is so very little above the floor of the trough that
it can not be recognized when traversing the valley. The summit’
may be regarded as extending for about 4 miles along the valley,
in which distance the streams, draining in opposite directions,
interlock with one another in an intricate manner. The elevation
of this divide is about 4000 feet.

The Beaverfoot river has its main source in the mountains
to the northeast of the wide valley. The main branch is called
Moose creek, which heads in the slopes of mountains over 10,000
feet high and flows from a large glacier, the Washmawapta
snowfield, lying in the Ottertail range to the east and south of
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Helmet mountain and covering about 7 square miles. Moose
Creek valley has a north and south trend and is in line with the
valleys of Goodsir and McArthur creeks, and Cataract brook.
It has a rounded outline, which shows that it has been shaped
by the action of a valley glacier. Much of the outline of the
sides of this valley has been modified by degradational processes.
The valley is only 6 miles long. In the upper 3 miles of the
valley the course of the creek is still very young and contains
many rapids. Below this point at certain places in the valley
floor, the stream has a flood-plain several hundred yards wide.
There is so much loose talus on the slopes of this valley that
large masses of this loose detritus are carried down in the spring-
time by snow slides and heavy rains. The only large tributary
of this stream is Dainard creek, which has a northeast and south-
west trend.

At the point where Moose Creek valley opens out into the
large Beaverfoot-Kootenay trough, the course of Moose creek
turns sharply through 90 degrees to the southwest, and within
a mile makes another right angled turn and continues for over
2 miles on the northeast side of the valley with a northwest
trend. After bending sharply to the southwest for a mile, it again
turns abruptly to the northwest and continues on the south-
west side of the trough as the Beaverfoot river.

There can be no doubt that Moose creek at one time drained
to the southeast, and the small stream entering Moose creek
at its first sharp bend is supposed to mark the old course of this
creek to one of the branches of the Kootenay river. There are
now only about 300 yards between these two streams. Moose
Creek valley makes an angle of 40 degrees with that of the
Beaverfoot, so that in order to reach the general trend of the
Beaverfoot it has been necessary for the course of Moose
creek to turn round 140 degrees.

After reaching the main valley the river follows a narrow
but tortuous channel “in a trough-like depression in the centre
of the valley about three-quarters of a mile in width and bordered
by gravelly terraces which run back to the bases of the mountains
on either sides.””! Although it is only about 14 miles in a

! Dawson, G. M., Annual Report Geol. Survey, Canada, 1886, Part B,
p. 121,
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straight line from the summit of the valley to the mouth of the
Beaverfoot, yet the water course is about twice that length.
The gravelly terraces mentioned can best be recognized from
the tops of some of the ridges on either side a few hundred or
a thousand feet above the bottom of the valley, the view at lower
altitudes being obstructed because of the thickly wooded nature
of the valley. About 10 miles from its mouth, the Beaverfoot
is joined from the north by a second equally large river, Ice
river. Throughout the rest of its course the Beaverfoot is
joined by numerous small obsequent or consequent streamlets
and brooks from the steep slopes of the mountains on either
side of the valley. Many of these are intermittent, but their
youthful valleys or gullies are being continuously widened and
deepened by erosion, so that the spring torrents bring down
enormous volumes of rock débris, which, when it reaches the
gentler slope of the broad trough, spreads out at random from
the channels of the streamlet. This detritus in some places
forms a fan-shaped mass covering up the roots and 2 to 3 feet
of the trunks of the trees which thickly wood the floor and sides
of the trough. Steep creek furnishes an example of this feature.

The valley of Ice river extends northward for about 8 miles
from where it joins the Beaverfoot, and heads in the slopes of
lofty mountains of the Ottertail range, varying in height from
10,000 to over 11,600 feet. The mountains at the extreme
end of the valley are covered in part by Hanbury glacier, which
occupies about 8 square miles and has an estimated thickness,
in one part, of 1500 feet. This ice field can be regarded as a
“through glacier,” as defined by Tarr, since it drains from a low
divide into the Ottertail valley as well as into that of Ice river.
The valley of Ice river is narrow and deep, with very steep sides
that are notched by several side tributaries, all of which head
in glacial cirques. Some of these cirques hang high above the
main valley. Numerous consequent and obsequent streamlets
groove the sides of the valley. About 2 miles from its head, the
valley floor broadens to half a mile in width and the river quietly
meanders over this aggraded basin which has been gouged out
by the movement of a valley glacier. This basin is followed
by a narrow lip to the west of Mt. Mollison, through which the
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river passes in a long, continuous series of rapids, to join the
Beaverfoot river 3 miles below.

It will be noticed that the courses of both Ice river and Moose
creek trend almost due south until their respective valleys
emerge from the high mountains and approach the side of the
Beaverfoot valley. When within 2 miies of their points of
junction with the river running in the bottom of the broad
trough, their courses suddenly and sharply turn to the west,
almost at right angles, to join the Beaverfoot which runs north-
west. These two examples, together with many similar cases
of small streamlets, tend to show, or at least seem to suggest,
that the entire drainage in this trough was at one time, probably
quite remote, carried in a southward direction. In the case of
Ice river, the writer did not find any old channel continuing
to the south, but the sharp, right-angled turn in the Beaverfoot
about 3 miles above where Ice river now joins it, suggests that
there may have been a connexion through this way.

ORIGIN OF THE BEAVERFOOT-KOOTENAY TROUGH.

It is believed that this trough, although rounded out by
a valley glacier, had its origin at a “remote period of great or
very long continued erosion subsequent’” to the building of the
mountains (at the close of the Laramie). The entire drainage
in this valley was formerly southward and then westward into
the Columbia-Kootenay trough. The drainage of the Kicking
Horse river, above Leanchoil bend, may also have had its outlet
to the south through the same trough, together with at least
a portion of the eastward drainage of the Beaverfoot range
through which the Kicking Horse now runs in a deep gorge.
It seems altogether probable that the valley glacier, which
filled the upper end of the Kicking Horse valley, also moved
out by this southward course.

It has been suggested by Dawson that post-Glacial drainage
was for a time to the south, and that a slight lowering of the
land to the northward, probably accompanied by a slight arching
of the floor of the trough, arrested the southward drainage and
caused the waters to find an outlet in the opposite direction.
This outlet was afforded by the pre-Glacial transverse depression
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through the Beaverfoot range, which had been deepened by the
ice and through which the Kicking Horse has now cut its lower
canyon. Another suggestion can be offered to explain the change
in the direction of the drainage. As the front of the ice retreated
up the Kicking Horse valley from this trough, there seems to
have been a ponding of the water in front of the ice. Evidence
of the former existence of such a lake is seen in the silts which
are found towards the centre of the valley, a very good exposure
of which occurs in the banks of the present channel between
Palliser and Leanchoil. This lake was possibly caused by de-
tritus washed down from the slopes on either side of the valley
and built up in delta-like masses or in the form of alluvial fans,
at or about the present position of the Beaverfoot-Kootenay
divide. The encroachment of this material towards the centre
of the valley gradually arrested the southeastward drainage
which probably had a very slight grade. As soon as the surface
of this lake was high enough to spill over the low summit of the
depression across the upper end of the Beaverfoot range, into
the Columbia valley, this obstruction about the summit of the

jeaverfoot-Kootenay trough became more effective, and with

he increase in volume of the stream discharging through the
old valley across the Beaverfoot mountains, a channel was cut
into the steeply dipping sediments of the Beaverfoot range.
Since that time the present canyon has been cut, and it is still
being deepened.




CHAPTER IV.

PHYSIOGRAPHY: GENERAL CHARACTER OF THE
DISTRICT.

The area described in the report lies on the western slope
of the Rocky Mountain system, beginning at the continental
watershed and continuing westward to within a few miles of
the Rocky Mountain trench which separates the Rocky moun-
tains from the Selkirks. The topography is very rugged and
alpine in nature. The district is maturely dissected and the
interstream areas are worn down to very narrow, knife-like
ridges. The mountain peaks present true erosion forms of an
alpine type and everywhere erosion is still going on very rapidly
so that talus débris covers all the gentler slopes. Glaciers
have modified the outlines of the valleys, both large and small,
and some of the valleys have a depth of 4000 feet.

DRAINAGE.

Since the drainage system has been described in detail
in the previous chapter, a brief mention here will be sufficient.
The district includes most of the drainage area of the Kicking
Horse river which forms the main trunk of the transverse drain-
age. The main trunk, the branch valleys, and most of the sub-
branches are of pre-Glacial age, but have been broadened and
rounded by the action of valley glaciers, and have become
deepened in a few places, in post-Glacial time. On the whole,
the U-shaped valley form predominates in all the larger tribu-
taries.

The V-shaped type isbest seen in the lateral, consequent,and
obsequent valleys cut in the steep sides of the larger, rounded
valleys. Besides these smaller valleys, the upper and lower
canyons of the Kicking Horse are also of post-Glacial origin.

The U-shaped outline of the Kicking Horse valley is well
shown in the photograph (Plate II, A) taken near Field between
Mt. Stephen and Mt. Field. The sides of the valley at the town
of Field extend 3100 to 3500 feet above the valley floor.
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There has been a greater deepening of the valleys where
the ice was thickest. Concentration of the ice in the main
valley after it had come from tributaries would greatly intensify
differential erosion, so that not only some valleys but even some
parts of a single valley would be cut down faster than others.

GRADES.

There is much variation from place to place, in the grades
of the main trunk streams as well as of the lateral consequents.
It has been pointed out that in the case of the Kicking Horse
river there is a drop of 1100 feet in a distance of 5 miles from its
source, and of only 1600 feet in the remaining 38 miles. The
following table gives the grades of all the main streams included
in the district:—

Kicking Horse river (first 5 miles) 1100 feet—average, 220 feet per mile
¥ o ” (last 38 miles) 1600 ** v 42:2 e
Yoho river (bet. source and mouth) . 80
Ottertail river (first 3 miles) . 466
P “ (last 13 miles) . 130+
Boulder creek (6 miles) 500
Emerald creek (5 miles) 80
Cataract brook (first 8 miles) 137
" " (last mile; 475
Sherbrooke lake (Ck) (last mile 700
McArthur creek (7 miles) 242
Misko creek (7 miles)
Float creek (first 3 miles)
- » }lm half mile)
Silver Slope creek 44 miles)
(3 miles)
(2 miles)
?5 miles)
7 miles)
35 miles)

242

1200
533

600
1000
34
257
360
125
1000

1200
2000
1200
2400
2400

12 miles)
2 miles)
2 miles)

Mollison creek 2 miles)
First creek S. of Garnet Mt. hal
Second creek S. of Garnet Mt.  (last

saztasesssazRerasstemaens:
mestascazasszaacssazanzecneal
RzaRasmzsaRzasmRAsEERERAGR
ArrtammcasaEERASRSRARARAR

Shining Beauty creek 3:::“‘]")

This table shows that the tributaries of Ice river, especially,
are hanging high above the main valley floor. There are many
smaller streams which would show an even greater average

grade per mile.
HANGING VALLEYS.

The hanging valley is a very common topographic feature
in the Rocky mountains and there are many of them in the
district mapped. The mouths of many of the lateral valleys
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are “hung up” 700 to 1200 feet above the floor of the main valley.
One appropriate definition of a hanging valley is that given by
I. C. Russell, who states that this term applies to ‘‘any valley
or valley-like depression the bottom of which is not in even
adjustment with the bottom of the lower depression with which
it unites and into which it drains, the passage from one to the
other being by means of a slope of greater declivity than the
gradient of the tributary valley, and in most instances precipi-
tous.’ This definition does not state by what process the
hanging lateral valley has been formed. Russell also points
out the fact that all hanging valleys are not formed by glacial
erosion but classifies them into four ‘‘species,”” (1) stream-
formed, (2) ocean-formed, (3) diastrophic, and (4) glacial-
formed. It is only this last “species” that is important in the
Ice River district.

The origin of glacial-formed hanging valleys is still a debated
question. Many hold that they are formed by a more rapid
deepening of the main valley by a glacier, with the result that
the tributaries are unable to cut down their valleys at an equal
rate, so that when the ice melts out of the main valley, the mouth
of the tributary hangs high on its side. Others hold that hang-
ing, tributary valleys result from glacial widening of the main
valley, rather than from glacial deepening. This point of view
has been offered and very well discussed by Johnson, and
illustrated with diagrams.?

The writer has found that in the district being described,
differential glacial erosion by the combined results of glacial
deepening and widening of the main valley at points where the
ice was thickest and with strongest motion, has caused the forma-
tion of the hanging valleys.

The writer wishes to present another form of hanging valley
whose origin is not to be explained by differential glacial erosion
in the valley beneath. There are many small, cliff glaciers
which originate in slight depressions in the steep face of a moun-
tain slope. Plate V, B, shows some of these patches of ice on

IRussell, I. C., “Hanging Valleys,” Bull. G. S. A.; Vol. 16, 1905, p. 76.
Johnson, D. W., “Hanging Valleys.” American Geog. Soc., Vol. 41,
1909, p. 665.
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the north slope of Mt. Goodsir overlooking Ottertail valley.
One of these glaciers is 2000 feet above the foot of the cliff.
To this type of hanging glacier Russell has given the name
“mountain-side glacier.”” These cliff glaciers gradually excavate
their own depressions in the side of the mountain and sometimes
as a result of a variation in climatic conditions, such as a very
warm summer, the ice melts away, and the depression may be
seen to have a cirque-like outline. Frequently the cirque is
slowly extended inwards by bergschrund or headwall erosion
by the ice until the final form is a U-shaped valley with
precipitous walls, terminating in a cirque-like head or corrie.
Plate VI, A, shows a hanging valley believed to have been de-
veloped as explained above. This photograph shows the third
hanging valley south of Helmet mountain, opening into the east
side of Moose Creek valley. This depression overlooking the
deep valley of Moose creek is not more than a mile in length.
According to this method of formation of hanging valleys,
differential glacial erosion in the main valley is not a determining
factor in the development of a hanging valley. A valley formed
by the action of cliff glaciers (mountain-side glaciers) differs
from one formed by normal valley-forming agencies, in that it
is practically entirely lacking in side tributaries. The one
shown in Plate VI, A, is typical in this respect. The depth to
which a mountain-side glacier will excavate the bed of its basin
will be determined in part by the rate of melting of the ice, and
probably in a greater degree, by the hardness of the underlying
rock. In the example just cited a band of massive blue lime-
stone (Ottertail formation) forms the lip of the valley and much
of the floor. The lip of this valley “hangs” about 2000 feet
above the floor of the main valley. Other similar cases are to
be found in the first and second depressions to the south of
Helmet mountain, both of which are hanging valleys.

Owing to the lack of detail in the topographic map, many
of the finest hanging valleys in the region are not indicated by
the contouring of the map. A glance at the map shows that one
of the most pronounced hanging valleys and cirque basins is
in the Bow range to the west of Mt. Niblock. There are really
two basins, the higher being 1200 feet above'the lower which
encloses Ross lake.

P T
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There are certain other lateral valleys which, although
not now possessing a hanging relation, yet had their origin as
hanging valleys, the lip having been cut away, due to the soft-
ness of the rocks, since the melting of the ice from the main
valley. Zinc valley is an example of this type.

In conclusion it may be said that most of the valleys have
been deeply carved by stream erosion in pre-Glacial time, but
have been greatly modified by glacial degradational and aggrada-
tional processes. The valleys were widened and deepened,
some were left “hanging” above the main valley, while others
have been formed by the action of cliff glaciers independently
of differential glackal erosion in the main valley.

RELIEF.

This area is typical of the westward slope of the Rocky
mountains. The topography is still in the first cycle of erosion.
It is rugged, mountainous, and in the main, maturely dissected,
giving rise to a landscape typically alpine in outline. The
erosion forms, as they now appear, produce a mountain scenery

which equals, and in some respects surpasses, anything on the
continent, and even on the globe. The contrast of lofty rugged
peaks, glaciers and snowfields, deep rounded valleys with rivers
and lakes filled with water of varying shades of green, are features
which to be thoroughly appreciated must be seen.

There is a gradual westward slope of the top of the ranges
and ridges from the Continental Divide to the westward limit
of the Rocky Mountain system. In general, it may be said that
to the south of the Canadian Pacific railway the western part of
the Rocky Mountain system consists of three ranges—the Bow
range to the east, forming the continental watershed; the Otter-
tail towards the centre, and the Beaverfoot range to the west,
the last one forming the eastern limit of the Rocky Mountain
trench.

The greatest average elevation, which is over 10,000 feet,
is attained in the Bow range, where several peaks are over 11,000
feet high. In the Ottertail range there are only a few peaks
over 10,000 feet high and only one over 11,000 feet, that one being
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Mt. Goodsir. The south tower of this mountain, 11,676 feet,
is the highest in this part of the Rocky Mountain system.!

In the Beaverfoot range the average elevation is about 8500
feet. Between these ranges are intermontane depressions, or
valleys of erosion, modified by glacial action. The broad valley
of Ottertail river separates the Bow from the Ottertailrange. This
depression is continued to the southeast by the valley of the Ver-
milion river. The Beaverfoot valley separates the Ottertail and
the Beaverfoot ranges. This depression is an excellent exampl:
of a ““through valley" since it is drained by the Beaverfoot river
flowing to the northwest, and by the Kootenay river to the south-
east. The summit of the Beaverfoot-Kootenay trough has
an elevation of 4000 feet, and the divide between these two
streams is so gradual or flat that it is not apparent to the traveller.
The head branches of the two streams interlock on the broad
summit and a few small lakes and swamps mark the watershed.
The sides of this trough are rounded and faintly terraced. There
is a difference in elevation of 850 feet between the source and
mouth of the Beaverfoot river, a distance of about 25 miles.
The origin of this valley has been previously discussed. Both ’
Ottertail and Beaverfoot valleys are dependent in origin upon
the underlying structure, and correspond to the major axis of
folding in the mountain system.

The Beaverfoot and Ottertail ranges are continued to the
north of the railway by the Van Horne range. The former is
continued to the southeast by the Brisco range and the latter
by the Vermilion range. Bow range to the northeast is continued
north of the railway by the President range.

The portion of the mountain system within the map area
may, in general, be said to be maturely dissected; the inter-
stream areas have been worn down, frequently to very narrow,
even to knife-like ridges that in many places are not a foot in
width. Headwall erosion of the interstream ridges is especially

A complete ascent of this peak was made by the writer and his assist-
ant, F. J. Barlow, in July, 1910. It was the third ascent of the south tower.
The climb proved most difficult and dangerous. It required 45 hours to make
the ascent and return from Ice River valley. The first ascent of this lofty
peak was made by Professor Fay of Tufts College, Boston, in 1906.
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evident in those valleys which terminate in cirque basins or
corries, or in what originally was a basin formed in this manner
but which has since become partly filled with rock débris. On
account of the rapidity with which erosion is going on, the
lateral tributaries are frequently bordered by large fan-shaped
talus slopes, some of which are 1} miles long with slopes from
20 degrees to 40 degrees. Many of the small lateral streams have
built up broad, fan-shaped alluvial cones at the point where
they enter the main valley. Those of Zinc creek, Steep creek,
and Hoodoo creek are a few good examples.

At the extreme southeastern corner of the map-area there
are, at an elevation of 6200 feet, two small lakes, called Dainard
lakes. Above these thereisanothersmalllakeatanelevationof 7850
feet. This lake is the highest in this part of the Rocky mountains.
It is 450 feet above Lake Oesa and almost 1000 feet above Lake
Agnes (Lake of the Clouds), near Lake Louise. It is about 500
yards long and 200 yards wide, and lies in a cup-shaped depres-
sion in the side of the mountain. It is fed from the cliff glaciers
above and has no visible outlet. The surface of the water is
now 75 feet below the lip, but thereis an old outlet shown 50 feet
above its surface. The water is a milky green and has the ap-
pearance of bcing very deep. A fault crosses the side of the lip
and the inner side has dropped down. This structural break
allowed the ice to deeply scoop out the basin on the inside of the
fault. According to the classification of lake basins by Davis,
this lake occupies an orographic glacially eroded basin.

GLACIATION.

Only a few of the more salient features of this vast problem
can be mentioned.

Remnants of the ice sheet are to be found in numerous local
glaciers in the Bow and the Ottertail ranges. In the Bow range,
the Victoria, Lefroy, Horseshoe, and Wenkchemna glaciers
are the largest and best known. To the north of the railway,
the Daly glacier in the Waputik mountains feeds a part of Sher-
brooke lake and Takakkaw falls. In the Ottertail range, the
Washmawapta snowfield and Hanbury glacier are the largest,
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while the glacier on the southeast slope of Mt. Sharp and three
others on the northeastern slope of Mt. Goodsir overlooking
the Ottertail valley, in a manner connect these two larger ones.

The Washmawapta snowfield covers an area of less than 7
square miles (Plate VI, B). The surface is not level but gently
undulating, and conforms in a certain degree with the folds in
the underlying massive blue limestone. The limestone outcrops
in places at the surface of the ice so that the maximum thickness
of the ice is believed to be less than 500 feet. The surface of
the ice is fissured by crevasses wherever there is tension within
the mass, such as where there is a sudden change of gradient in
the floor on which the ice rests. Wherever there is an ice-fall
the crevasses are numerous, forming seracs; these appear as
narrow, wedge-shaped pinnacles of ice. In projecting tongues
of ice, crevasses are numerous, due to the more rapid movement of
the centre of the tongue. Plate VII, A, shows numerous longi-
tudinal crevasses which have become deepened by super-glacial
streams. The bergschrund is not a common feature of this
snowfield since the glacieralmost caps the ridge, but it is very well *
shown in many of the smaller patches of ice. Travel on the
surface of this glacier is dangerous as the firn covers up many
large crevasses.

Small ponds are sometimes formed between the rock and
the edge of the glacier. One of these was about 20 feet square.
This shows that the glacier sits close to the bed-rock, and on
account of the moderate thickness of the ice at this place, all
loose sub-glacial débris and cracks in the rock are frozen so as
to prevent any outlet of the water which collects at the upper
contact with the exposed rock.

Hanbury glacier covers about 5 square miles. It is situ-
ated at the head of Ice River valley and extends to the summit of
Mt. Vaux. The drainage is largely to Ice river, but there is a
broad, low divide on the surface of the glacier with a large tongue
forming a northern outlet of the glacier to the Ottertail
valley. In this respect it is a “ through glacier” on a small scale.
Tongues of ice extend down to 6000 feet; this is about the low-
est limit of the ice in this district with the exception of a mor-
aine-covered tongue of ice at the head of Goodsir creek, which
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extends down to 5200 feet. A line drawn from Hanbury peak to
the ridge dividing the head of Ice river, practically divides the
glacier in half; along this line there isan abrupt declivity which
is marked on the surface by long sub-parallel crevasses. East
of this line, judging from the surrounding slopes, the glacier
must be nearly 1500 feet thick unless the rock floor is unusually
uneven.

There is very little super-glacial débris on either of these
two large glaciers; some is found along the edge only. The
freshly exposed ice is also practically free from englacial detritus,
but the abrasive action is very great. Ice river is at all times
heavily laden with rock flour washed out from the end of the
glacier; the water is almost milk coloured towards the middle of
the day. This material is silting up the floor of the valley lower
down the stream. The river gets most of its water from this
source, and it has been very appropriately named on account of
the extreme coldness of its water.

There is evidence about the edges of the ice that the gla-
ciers are decreasing in size. Depressions, which have been occu-
pied by the ice so recently that their morainal material has not
yet been disfigured by subaérial erosion, are now empty. At
the end of many of the ice tongues it is common to find a boulder-
wall, or Geschiebe-wall, made up of the ground moraine or basal
débris which has been shoved out by the moving ice. Further-
more, during the latter half of July and first half of the month of
August, large blocks of ice are occasionally displaced from the
front of the moving sheet, which, thundering down the moun-
tain side, are crushed to a powder.

The banding or stratification in the ice is particularly well
shown in Plate VII, B. This is a photograph of the glacier ex-
tending northward from Opabin pass. The layer between the
dark concentric bands represents the annual snowfall on the
névé. Similar bandings are exposed in the Biddle glacier which
extends beneath the surface of Lake McArthur at its northern
end.

On the erosion surface of the ice “‘glacial tables’ are a com-
mon feature; some of these are 4 feet high. The surface is
frequently pitted with ‘‘dust-wells,” each of which is occupied by
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a small fragment of rock. Since the rock absorbs heat more
rapidly than the ice, it melts a pocket for itself in the ice.

The glaciers in the Bow range cannot be discussed here.
They have been studied in detail by Sherzer, and are described
in his treatise on the glaciers.!

It has been previously stated that the valley sculpture has
been modified to a large degree by the movement of the ice
sheet. The upper limit of the ice is not so clearly defined, for
degradational processes have obliterated all direct evidence of
the extent of the ice sheet. From observations of the slopes and
contours of the higher mountain peaks, the writer is convinced
that the ice sheet did not cover all the peaks, but that many of
them projected nunatak-like. The ragged, sharp, serrate peaks
of Mt. Stephen, Cathedral crags, Mt. Goodsir, and others, have
been sculptured by the combined action of frost, rain, and wind,
and not by ice. The peaks are composed of fresh rock, whereas
lower slopes present a typical ‘‘Felsenmeer'? down to the tree
line, which is about 7000 feet above sea level, and corresponds
in general with the lower limit of cirque basins. In the case of
Mt. Stephen the ice extended above the great north shoulder
(Plate III, B) to at least an elevation of 8500 feet.

ACCORDANCE OF INTERSTREAM DIVIDES.

In the Ice River district especially, there is a remarkable
uniformity of levels in the interstream or intervalley divides.
This elevation varies from 8200 to 8600 feet. This was found
to be the case irrespective of the kind of rock which forms the
divide. Daly has shown that the accordance in many summit
levels in Alpine mountains can be accounted for by a variety
of processes.?

'Sherzer, William H., “Glaciers of the Canadian Rockies and Selkirks.”
Smithsonian Contributions to Knowledge; Part of Vol. 34, No. 1692, 1907,
pp. 19-80.

* Felsenmeer is a German word for the veneer of broken rock débris on the
slopes of a mountain above timber line.

#Daly, R. A., “The Accordance of Summit Levels among Alpine Moun-
tains: The Fact and its Significance.” Jour. of Geo., Vol. 13, No. 2, 1905,
p. 105.
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In this part of the Rocky mountains, wind erosion has un-
doubtedly been a prominent factor in producing this accordance,
but another possible explanation may be offered. When the ice
cap covered a large part of the mountains, those portions of the
ridges projecting above the ice, between the highest protrud-
ing mountain peaks, would be worn down to the surface of the
ice. This accordant level need not be that of the divides of the
present day, but probably much higher. After the ice melted
away these divides would be subjected to the same degradational
process, with the result that they would be worn down to a
subequal level by the action of wind, frost, rain, and snow. Tarr
has noted a similar feature in the glaciers of Alaska.!

The only glacial markings found in the region are exposed
in the northwest base of Mt. Stephen, near the town of Field.
The chatter marks and lunoid furrows with concave side to the
east, show that the ice in that part of the Kicking Horse valley
moved westwards.

EROSION.

Subaérial erosion is a marked feature in these mountains.
The lower slopes are deeply mantled with rock waste. This is
especially evident above the tree line, which in this region is
about 7000 feet above sea-level. Degradational processes do
not go on as fast below timber line, due to the protection afforded
by the prolific floral growth. It must, however, be remembered
that the tree-covered zone is also underlain by rock waste from
higher levels.

The enormous rate at which erosion is proceeding in these
regions can only be appreciated by one who has worked in these
mountains and has seen it going on.

It is a matter of considerable risk to attempt work on the
steep slopes of these mountains during or immediately after a
rainstorm. The effect which a severe mountain rainstorm can
have on the rock can best be appreciated by the observer who
experiences one of these above timber line.

'Tarr, R. S., “The Yakutat Bay Region, Alaska,” U. S. G. S. Prof.
Paper, No. 64, 1909.

5
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Wind is also an important degrading process. The summits
of ridges and mountains are always being swept by a terrific
gale, no matter how quiet the atmosphere may be in the valley
below. Not only sand fragments but rock débris an inch in
diameter cannot resist the force of these winds.

As an example of the rate of erosion the following is given.
During the summer of 1910, on the divide at the head of Mollison
creek, a block of basic igneous rock 2 feet high was projecting
from the smooth wind- and rain-swept saddle. This block, for
certain reasons, was remembered and was visited again in 1911.
It was then a crumbled knoll of débris about 8 inches high, the
rest having been carried away. Many other cases could also
be cited.

The long, even talus slopes tell the same story of the effect
of rain, frost, wind, and snow upon these mountains. In many
places the only bed-rock to be seen projects as knobs from the
thick veneer of rock waste.

In some of the higher peaks, erosion shows itself in another
form. Cathedral crags may be taken as an example. Instead
of the rock crumbling, large blocks, sometimes scores of feet in
diameter, are dislodged and roll down to the more gently sloped
shoulder below. In these crags there are vertical walls 500 to
1000 feet high on all sides, so that it is one of the few peaks that
has not been climbed by the aspiring mountaineer.

The erosion forms produced depend quite largely on the
nature of the underlying rock.

There is also a certain amount of rock waste carried down by
the avalanches, both glacial and snow, and especially by the
mountain streams possessing very high gradients, many of which
are intermittent. The result of the last is to build up broad cones
on the valley floor below. By this material the underbrush and
finally the forests are crushed down. The gravels at the mouth
of Steep creek extend up 3 feet on the trunks of the trees. The
same is true with Zinc creek, and scores of other smaller streams.

Rock waste is also transported to the lower levels by a gra-
dual gravitative movement. This goes on faster above the tree
line.
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To summarize. Erosion in these alpine mountains is going
onatan almost inconceivably rapid rate. The chief factors which
bring about the disintegration of the rock and the transport of
the rock débris to a lower level are: rain, frost, wind, snow ava-
lanches, streams, and the pull of gravity. The rate of erosion
is much greater above timber line. The flora tends to protect
the underlying surface. It has also been previously stated that
the streams coming from beneath a glacier are heavily laden
with rock flour and sand. This feature indicates the effect of
abrasion along the floor of the ice.




CHAPTER V.
CLIMATE, FLORA, AND FAUNA,

CLIMATE.

The field season is very short and atmospheric conditions
vary. Snow storms may come at any time of the year, and the
winter snow begins to fall about the middle of August, but field
work can be carried on for a longer season on the lower levels.
The upper part of the ridges retain snow until the first of July,
while many slopes and canyons retain patches of perennial snow.
The mean atmospheric temperature in summer is moderate
and it is only in the valley bottom that a high temperature may
occasionally be recorded. The winters are severe and long;
during the winter of 1911 the mercury reached a minimum of
-44 degrees at Field. The snowfall varies, but according to re-
ports the snowfall in the Kicking Horse valley is between 15
and 20 feet. The rainfall varies from year to year. No record
has been kept in the vicinity of Field, but the table given below
gives the monthly precipitation at Banff since 1906. These
results were obtained from Mr. Sanson at the meteorological
station at Banff, Alta. They show that the annual precipitation
varied from 1458 inches in 1906 to a maximum of 24-48 in 1907.
This excessive rainfall was caused by very heavy rainstorms
in the early spring.

PRECIPITATION IN INCHES PER MONTH AT BANFF, ALBERTA.

| |
Jan. | Feb. | Mar. | Apr. Mlyljunc July | Aug
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*December, 1913, was the mildest month for the last eight years. The precipitation was
practically nil.
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FLORA AND FAUNA.

Timber line is between 6500 and 7000 feet above sea-level,
and in many places is quite sharply marked, especially on the
south and west slopes. This is a very distinct feature on the south
slope of Mt. Odaray and is shown in Plate VIII, A. The lower
levels are heavily wooded with a second growth of spruce, balsam,
fir (Pseudotsuga douglasii), aspen (Populus tremuloides),
small yellow pine (Pinus ponderosa), and scrub pine (Pinus
murrayana). A mountain birch (probably Betula occidentalis),
occurs towards the watershed range, and a larch, Lyall’s larch
(Larix lyallii)' is frequently seen at the upper limit of tree line.

Underbrush of many kinds abounds in the bottoms of the
valleys. Devil's club (Faisia horrida) was encountered in at
least three of the valleys.

Some of the timber in the west slope of Beaverfoot valley
has been milled, but as a rule it is small. Two feet in diameter
is about the maximum size. Fires have not occurred for many
years and they are now closely watched as this region is within
the park limits. The beauty of the young pine, spruce, and fir
forest is best shown on the wagon road from Field to Emerald
lake, where the drive has been cut for almost a mile in a straight
line through these straight, unidimensional trees, principally
jack pine. There is a marked absence of all kinds of green-leafed
trees other than aspen. This feature is characteristic of the
Rocky mountains in general.

Game is becoming abundant, as it is protected within the
limits of the Yoho park. Large game consists of goats, deer,
moose, cariboo, and grizzly, cinnamon, and black bears. Of these
the goat is especially abundant, and may be seen at almost any
time in large flocks on rocky slopes above timber line in Moose
Creek valley.?

Small game includes beaver, lynx, coyote, wolverine, martin,
mink, marmot, and porcupine. Beavers are abundant in the

'Technical names given by G. M. Dawson in Annual Report, Geol. Survey,
Canada, 1885, p. 33 B.

?A flock of 61 was seen by the writer at one time in Moose Creek valley,
and rarely a day passed without seeing a dozen or more.
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Beaverfoot valley. They have dammed up the watercourses
in many places, forming swamps and lakes. One of these lakes
is within half a mile of the Ice River bridge, near the edge of

the trail.




CHAPTER VL
STRATIGRAPHICAL GEOLOGY.
GENERAL INTRODUCTION.
REGIONAL.

The geology of the district treated in this memoir was first
described in 1885, by Dawson, and the only geological map of
the region is that which accompanies his report for that year.!
On this map the sedimentary rocks are grouped under only
three headings, the Cretaceous, the Carboniferous and Devon-
ian, and the Cambrian. It has since been necessarv to make
changes in these last two groups.

The following year, 1886, Mr. McConnell? completed a
geological structure section across the system, in which he showed
the faulted nature of the beds, especially in the eastern slope of
the Rockies. He subdivided the section into the Cretaceous;
Banff limestone, Devono-Carboniferous; Intermediate limestone,
Devonian; Halysites beds, Silurian; Graptolite shales, Ordo-
vician; Castle Mountain group, Cambrian; and Bow River group,
Cambrian. The Cretaceous was found to be, in the main, con-
fined to the foothills as far west as Kananaskis on the railway,
but also outcropped in the Cascade basin in the vicinity of Banff.
The Bankhead coal mines are located in this basin. The western
limit of the Carboniferous and the Devonian was given as being
about halfway between this basin and the Continental Divide.
The remainder of the section, as shown by McConnell, consisted
of Cambrian beds, except in the last range of the system, in which
the Halysites beds and Graptolite shales are exposed.

'Dawson, G. M., *“Physical and Geological Features of that Portion of
the Rocky Mountains between Latitudes 49° and 51° 30"."” Annual Report,
Geol. Survey, Canada, Vol. I, 1885, Part B, pp. 37-169.

*McConnell, R. G., “Geological Structure of a Portion of the Rocky
Mountains, Accompained by a Section Measured near the 51st Parallel,’’
Annual Report, Geol. Survey, Canada, Vol. 11, 1886, Part D.
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In 1910, Dr. C. D. Walcott placed a part of the Bow River
group in the Pre-Cambrian.!

The rocks on the westward slope of the Rockies are, in the
main, older than those on the eastward slope. The strike of
the formations corresponds with the major axis of folding in the
Rocky mountains, which is northwest and southeast. In the
eastern slope of the mountain system the general dip is towards
the west and the successive ridges appear as tilted orographic
fault blocks, while in the westward slope the general succession
of beds also have a westward dip, but are folded instead of being
faulted.

The formations which occur within the Ice River district
have not yet been traced over 20 miles on either side of the
railway.

The Ice River intrusive mass is the only igneous body thus
far located in this part of the Rocky Mountain system. G. M.
Dawson has shown on his map, referred to above, a small patch
of “diorite” in the southern end of the Mitchell range, on the edge
of Cross river, about 40 miles southeast of the summit of
Beaverfoot river, while the next nearest exposures of igneous
rocks are those of the Cretaceous agglomerate and ash beds
near Crowsnest pass, still farther to the south.

LocAL.

The rocks of the area included on the map are sedimentary,
metamorphic, and igneous. The igneous rocks occur as an ir-
regularly shaped intrusive mass, occupying about 12 square
miles and exposed in Ice River and Moose Creek valleys. The
igneous body is alkaline in nature and amongst the rock types
present nephelite and sodalite syenites predominate, but these
grade into numerous varieties in which the iron-magnesium
content increases, with a proportional decrease of the light
coloured constituents, until the final type is one free from all
light coloured minerals. This extreme phase is represented by

1Walcott, C. D., “Pre-Cambrian Rocks of the Bow River Valley, Al-
berta, Canada,” Smithsonian Miscellaneous Collection, Vol. 53, No. 7, 1910,
p. 423,
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such types as urtite, ijolite, and jacupirangite. Schlieren effect
is very common, giving numerous alkaline types.

The age of the intrusion can not be definitely fixed from
field evidence. It is later than the lower Pal@ozoic, and the
writer is inclined to place it at the close of the Mesozoic or early
Tertiary. This intrusive body is one of the very few occurrences
of igneous rock in the Rocky mountains of Canada. It is one
of the few localities in which sodalite occurs.

The sediments range in age from Pre-Cambrian to Silurian.
Of these the Cambrian series covers much the larger area. The
general succession of sediments is from east to west. The Pre-
Cambrian is exposed just east of the summit of the mountain
system. The Lower and Middle Cambrian formations contain
numerous massive beds, frequently forming cliffs and castellated
peaks, and are characteristically shown in the Bow range. The
Upper Cambrian formations are exposed west of the Bow range,
in the Ottertail and Van Horne ranges. The Ordovician and
Silurian are exposed in the Beaverfoot range, and one formation
in the Ottertail range is now placed in the Ordovician. These
sediments on the whole are predominantly calcareous and dolo-
mitic, with the exception of the Lower Cambrian, which is almost
entirely quartzitic. The Cambrian sediments lie fairly flat, with
a general dip to the west except in a zone of sheared rocks in
the Ottertail valley where the beds are steeply dipping or con-
torted into open and closed folds.

DETAILED DESCRIPTION OF FORMATIONS.
GENERAL STATEMENT.

The sedimentary rocks of the district range in age from
Pre-Cambrian to Silurian, and are subdivided into a number of
formations as seen in the accompanying table. The Cambrian
gives a thick conformable series over 16,500 feet thick, resting
unconformably in some places upon a Pre-Cambrian base and
transitional above into conformable Ordovician.

The first subdivision of the rocks in the west slope of the
Rocky mountains was made by Mr. R. G. McConnell in 1886.!

!Annual Report, Geol. Survey, Canada, Vol. II, 1886, Part D, p. 15.
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In this section he divided them in ascending order into the Bow
River group, Castle Mountain group, Graptolite shales, and Haly-
sites beds. Of these he placed the Bow River and most of the
Castle Mountain groups as Cambrian; the remainder of the
latter and the Graptolite shales, as Ordovician, and the
Halysites beds as Silurian.

In 1907, Dr. C. D. Walcott extended his studies of the Cam-
brian into the Rocky mountains in the vicinity of Field, and
later published an account of the Cambrian section of Mt.
Bosworth and vicinity at the Continental Divide, where there
is exposed a complete section from the lowest Cambrian up to
the base of the Ordovician, as he then considered the upper strata,
and on detailed palaontologic evidence subdivided the Cambrian
into ten formations.! The top of this section on Mt. Bosworth
iscapped by a ‘‘massive bedded, gray and bluish gray arenaceous
limestone, with thin layers, irregular stringers, and nodules of
dark chert” 110 feet thick. Regarding these highest beds Wal-
cott writes that ‘‘from their lithologic character and the finding
of obscure fossils that suggest Ophileta of the lower Ordovician,
the upper 110 feet of strata are tentatively referred to the Or-
dovician system.” At the close of the field season of 1911,
Mr. L. D. Burling, then assistant to Dr. Walcott, and the writer
went over the Bosworth sections and in this capping strata
some fossil fragments were found that proved to be Upper
Cambrian in age, so, therefore, the top of the Cambrian is not
represented in this section, or at least, the highest beds are
lower than the Ordovician.

The field season of 1910 was spent by the writer in Ice River
and Moose Creek valleys, where it was found that the sediments
were lithologically divisible into three distinct formations, but
the few fossils then found were not sufficient to determine the
horizon of these beds. An attempt was made to correlate the
beds with those occurring in the Bow range in the Mt. Bos-
worth section, but this was found impossible as the rocks of the
Ottertail valley, which intervene, are highly metamorphosed

!Walcott, C. D., Nomenclature of some Cambrian Cordilleran For-
mations.” Smithsonian Miscellaneous Collections, Vol. 53, No. 1, 1908, p. 1.
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and contorted, and besides there is a slip with undetermined
throw bounding the eastern side of this sheared zone.

In a further study, in 1911, several fossils were found in
various localities, but chiefly from the base of the ‘Goodsir
formation,” and a few from the underlying Ottertail limestone.
This material has been determined by Dr. Walcott. He found
six species represented in the collection from the Goodsir for-
mation. Of these, four,including the trilobite, Ceratopyge can-
adensis, are new. The finding of these fossils places this for-
mation at the base of the Ordovician, so that it is an addition to
the Ordovician column in the Canadian Rocky mountains.
Very few fossils were found in the underlying “Ottertail” and
“Chancellor” formations, but those determined belong to the
Upper Cambrian. The upper limit of the Cambrian can now
be regarded as the top of the Ottertail formation, and in this
section the transition from the Cambrian to Ordovician can be
studied.

The thickness of the Ottertail and Chancellor formations
when added to that of the Mt. Bosworth section represents the
total thickness of the Cambrian in this district, and makes a
total of over 16,500 feet. This is a minimum estimate.
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TABLE OF FORMATIONS.

A_Pproximate
hickness.
Formation |——— Lithological characters

Fluviatile. .. Gravel, sand.
Lacustrine. . Gravel, sand, clay, silt, and conglo-
Tlllille!ﬂ'.e.

UL

Erosion surface.

Post-Cretaceous Igneous complex .. .. Nephelite syenite, ijolite, urtite, jac-
upirangite, etc., with dykes.

Silurian Halysites 1,850+ Dolomites and quartzites weather-
beds. ing light grey to white, with shale
interbedded.

Ordovician Grlar{)tlolite 1,700 4 Black, brown, and grey, fissile shales.
ales
Goodsir Cherts, cherty limestones, banded
shales 6,040+ cherts, thin-bedded siliceous dolo-
mites, grey dolomitic limestones,
siliceous and calcareous slates and
shales; weathering black brown, pur-
plish grey, light yellow, and buff.

Ottertail Massive blue limestones with cherty
limestone and shaly bands.
or Thinly laminated grey arfﬂlnceoul
and calcareous meta-argillites and

shales; weathering reddish, yellowish,
and fawn; underlain by highly
sheared grey shales, slates, argillites,
and phyllites in Ottertail valley.
Sherbrooke Thin-bedded oolitic, cherty, arena-
ceous or dolomitic limestones.
Paget Massive, bluish grey limestones with
oolitic bands of dolomitic limestones.
Bosworth Massive, grey, arenaceous and dolo-
mitic limestone; weathering yellow-
ish buff; underlain by thin-bedded
dolomitic limestone with interbedded
bands of greenish, siliceous shale;
weathering buff, greenish, yellowish,
deep red, and purplish.

Massive-bedded arenaceous lime-
stones forming cliffs and castellated

crags.
Stephen ‘l‘lhicr]\-léeddedsolir?eswne'. and shale;
ncludes 1 eet of * ?dl
shale” in Mt. Stephen, lggygo ur-
gess shale” in Mt. Field.

Cathedral Thin-bedded arenaceous and dolo-

mitic limestones, weathering grey
and buff.

Mt. Whyte 390 119 Siliceous shale, sandstone, and thin-
bedded limestone.

St. Piran 2.:3? 83214-6- Ferruginous quartzitic sandstone.

Lake Louise Compact greyish siliceous shale.
Fairview 600+ 183 Ferru*inoul quartzitic sandstone.

Local basal conglomerate and coarse-
Conformable in some places grained sandstone.

Pre-Cambrian Hector 4,5904 | 1,3994 | Grey, green,and purple siliceous shale

with conglomerate interbedded.

Corral Quartzitic and coarse-grained sand-
creek 1,320(+)| 403+ stone with shale interbedded.

Base not d
Total thickness 34,0784 10,3904
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Résumé of Section.
1,850+ feet.
7,404 "
Upper Cambrian
Middle Cambrian
Lower Cambrian...............
PPN oo oo 0500500700

34,078 feet.
Total Cambrian............... 18,578+ feet.
Limestone (calcareous and dolomitic).... 10,278 feet.
Thin-bedded strata (mostly shale) ....... 10,540 ¢
Quartzites and sandstones .............. 3,800 “

24,618 feet.!

PRE-CAMBRIAN.

The rocks which underlie the Cambrian and are especially
well developed in the upper part of the Bow River valley above
Laggan, Alberta, have been placed in the Pre-Cambrian by Dr.
Walcott.? Only a very small area in the northeast corner of
the map-area is occupied by these rocks. It is situated east of
Stephen station on the Canadian Pacific railway and on the
eastward slope of the Continental watershed. These rocks had
been previously referred to by Mr. McConnell® as the lower part
of the Bow River group.

Dr. Walcott regards as Pre-Cambrian all the strata below
a conglomerate bed regarded as forming the basal member of
the Cambrian. This conglomerate consists of white, semi-
transparent quartz pebbles two millimetres to ten centimetres
in diameter and, towards its base, of ‘“rounded and angular
pebbles (fragments) of dark siliceous shales of the subjacent

Total thickness of continuous conformable series from the base of the
Fairview to the top of the Goodsir formations.

*Walcott, C. D., Pre-Cambrian Rocks of the Bow River Valley, Alberta,
Canada.” Smithsonian Miscellaneous Collections, Vol. 53, No. 7, 1910, p. 423.

3McConnell, R. G., Annual Report, Geol. Survey, Canada, 1886, Part
D, p. 29.
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Hector formation.” There is a possibility, not mentioned by
Walcott, that these shale fragments may have been derived from
Cambrian beds to the west. Dawson' mentions small pieces
of feldspar and abundant pale mica in the matrix of the same
conglomerate. Its constituents seem to point to a near-by source
of origin. In thickness it varies from 100 feet at Lake Louise
to 200 feet at Vermilion pass, and 300 feet at Fort mountain to
the north. These points are outside the map-area. Walcott
explains this varying thickness as being due to the fact that the
Pre-Cambrian surface on which the conglomerates were laid down
was broadly irregular, so that in the depressions a greater thick-
ness of conglomerate accumulated than elsewhere. He places
these beds in the “Algonkian,” and subdivides the series into
the Hector formation at the top and the Corral Creek formation
below. The estimated thickness given in the table for each
of these formations was obtained by the writer outside the limit
of this map-area. The beds of the upper formation consist of
siliceous or arenaceous shale, varied in colour, grey, black, green,
purple, and red being represented; while those of the lower for-
mation are coarse sandstone, fine grained quartz conglomerate,
and quartzitic sandstone. The base of these sediments is no-
where exposed. These sediments are non-fossiliferous, and Wal-
cott regards them as non-marine in origin,® having been de-
posited in an inland, fresh-water sea. This deposition was
abruptly interrupted by a sudden ingression of the Cambrian
marine sea, which brought with it a highly developed Cambrian
fauna which had been developed under littoral conditions dur-
ing the “Lipalian sedimentation.’"?

!Dawson, G. M., Annual Report, Geol. Survey, Canada, 1885, p. 159 B.

*Walcott, C. D., “Pre-Cambrian Rocks of the Bow River Valley, Al-
berta, Canada,” Smithsonian Miscellaneous Collections, Vol. 53, No. 7,
1910, p. 427,

¥Walcott, C. D., “Abrupt Appearance of Cambrian Fauna on the North
American Continent,” Smithsonian Miscellaneous Collections, Vol. 57, No.
1, 1910, p. 14.
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CAMBRIAN.

Lower CAMBRIAN.

The Lower Cambrian rocks have been subdivided by Dr.
Walcott, in 1907, into four formations—the Fairview at the base,
Lake Louise, St. Piran, and Mt. Whyte.! This division was made
chiefly on the abundant fossil evidence which he obtained.

The writer did not attempt to separate these formations,
but only distinguished the Lower Cambrian as a whole. A brief
note will be made on each of these four formations.

Distribution and Thickness.

The Lower Cambrian is developed largely in the Bow range,
and, in the area shown by the accompanying map, it occurs on
the westward slope of the range. Almost the entire valley of
Cataract brook is underlain by the Lower Cambrian. The
western limit of these beds is in part marked by a fault, the
“Stephen-Cathedral fault*” which brings the Lower Cambrian
beds up sharply against the Middle Cambrian, between Mt.
Stephen and Cathedral mountain.

A small anticline in Middle Cambrian strata west of the
fault exposes the uppermost Lower Cambrian beds in the valley
of the Kicking Horse at the northwest base of Mt. Stephen and,
across the valley, in the south base of Mt. Field.

The total thickness of Lower Cambrian is 3800 feet.

Lithological Characlers.
The lithology of the beds is fairly uniform. They are es-

sentially quartzitic sandstone, siliceous shale, and thin-bedded,
arenaceous limestone. About thirty-five different species of fossils

1Walcott, C. D., “Nomenclature of some Cambrian Cordilleran For-
mations.” Smithsonian Miscellaneous Collections, Vol. 53, No. 1, 1908, p. 4.

?So called since it is prominently seen between Mt. Stephen and
Cathedral mountain.
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have been determined by Walcott. A detailed list of these may be
found in his paper on the Cambrian sections already mentioned.!
Above the surface of Lake O’Hara 3000 feet of quartzitic beds
are exposed. The uppermost beds are well exposed above Lake
Oesa in Mt. Lefroy, as shown in the photograph (Plate VIII, B).
Most of these beds are massive and form steep cliffs; they are
ferruginous in large part, with occasional massive beds of pure
white quartzite containing numerous annelid borings. Some of
the layers of siliceous shale are about % inch thick and the anne-
lid borings are perpendicular to the bedding. There are also
pure quartzite layers in which there are annelid borings 4 inches
long. The numerous borings present in these beds indicate that
this sand-loving animal was abundantly represented. Annelid
trails are also numerous and were made by the same animal,
probably Scolithus. Walcott has noted the similarity of such
borings and tracks in both the lower part of the Olenellus zone
and in the uppermost Lower Cambrian.?

The ferruginous varieties of quartzite consist of semitrans-
parent quartz grains, with decomposed feldspar grains, calcite,
and light coloured mica. The recrystallization is probably due
largely to the effect of static metamorphism, caused by the weight
alone of the overlying beds. Microscopically, this rock is a finely
granular, ferruginous quartzite with a calcareous cement. It
consists of colourless, well rounded grains of quartz with a seriate,
homoid fabric. The largest grain noted was 1-25 millimetres in
diameter; many are less than 0- 25 millimetres in diameter. The
cement is calcite, often darkened with enclosed particles. There
are many grains of black iron ore in the interstices, but no feld-
spar or mica was present in the slide examined, although they
are visible in the hand specimen.

In Mt. Odaray to the west of McArthur pass, the Mt. Whyte
formation, the highest divisiou of the Lower Cambrian, extends
up to an elevation of 8200 feet. The uppermost beds consist
of thin-bedded, siliceous limestone, interbedded with greenish,
siliceous shale and thin beds of sandstone. From the siliceous

!Smithsonian Miscellaneous Collections, Vol. 53, No. 5, 1908, p. 212.
*Walcott, C. D., U. S. G. S., 10th Annual Report, 1888-89, p. 603.
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shale the fossil Micromitra (paterina) wapta, Walcott, has been
determined, which places it in the Mt. Whyte formation.

On the east side of Lake McArthur there are reddish, con-
cretionary beds, boulders of which are readily noticed on the
talus slopes. The concretions appear as well rounded, sometimes
almost spherical nodules, { to 4 inch in diameter, and consist
of a cryptocrystalline aggregate of quartz grains. The matrix
is finely granular and is made up essentially of calcite grains,
also kaolinized feldspar fragments and mica flakes.

Another peculiar type appears as a greenish siliceous shale,
usually about 1 inch thick, which contains numerous concre-
tion-like nodules. These concretions are all about the same size
and range from 0-8 to 13 inches in diameter. On the weathered
surface these “bosses’’ show up best; they are dome-like in form,
but are not quite hemispherical owing to a slight flattening on
the upper tip. Most of them have a “‘dimple’ at the top, so that
in vertical section they represent slightly flattened ‘‘hemi-
domes.” Professor Bonney! has studied these bosses and states
that they resemble concretionary “globulars” in a magnesium
limestone of Durham, which also show slightly flattened hemi-
domes. He says that these bosses are not true concretions. They
consist of ‘“‘angular and subangular quartz enlarged by a sec-
ondary deposit, of crystalline silica, optically continuous.” The
presence of tourmaline, zircon, sphene, limonite, rutile, chlorite,
and epidote in them disproves their concretionary origin. He
believes them to be casts of pits made by an annelid, Plano-
lithes (a sand-liver), which usually moves horizontally, while
Scolithus moves vertically. He concludes that they ‘represent
* pit-holes’ formed by retreat into the mud of Planolithes or some
annelid of similar habits and that the pits were already filled,
perhaps a little stiffened, when Planolithes moved among them.”

Certain other layers of thin-bedded sandstone contain
numerous concretions, well rounded in outline and made up of a
calcareous clay. The matrix consists of well rounded quariz
grains, decomposed feldspar fragments, and other constituents,
which suggests that the material has not been transported far

!Bonney, T. G., *Markings on Quartzite Slabs—Canadian Rocky Moun-
tains,”” Geol. Mag., Vol. 10, 1903, p. 291,

6
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before being deposited. Cross-bedding is well shown in certain
beds in the St. Piran and Mt. Whyte formations. This indicates
that at least the Lower Cambrian beds were laid down in a shal-
low sea. The walls of fractures and joint planes are frequently
encrusted with hexagonal crystals of colourless quartz and plates
of specular hematite.

MippLe CAMBRIAN.
Names of Formations.

The Middle Cambrian has been divided, largely on faunal
evidence, into the Cathedral, Stephen, and Eldon formations,!
each of which is well developed in a mountain by the same name.
These were formerly referred to by McConnell as part of the
Castle Mountain group.?

They can be readily distinguished from one another by their
lithological characters and by the contrasting topographic
forms developed by them. The massive beds of arenaceous
limestone of the Eldon, for example, form prominent cliffs that
weather into numerous castellated crags; in contrast to this,
the underlying Stephen formation is a series of thin-bedded
limestones and shales which are less resistant to the action of
erosion agencies and form gentle slopes. The Cathedral, at the
base, is another massive-bedded formation forming steep cliffs.
Besides the form of weathering as a means of distinction between
these formations, the colour of the weathered surface is also an
important distinguishing factor.

Distribution and T hickness.

The Middle Cambrian is well developed in the upper part
of the Bow range, above the quartzitic beds of the Lower Cam-
brian and also in several mountains to the southwest. The three
formations have a characteristic development in Mt. Biddle

'Walcott, C. D., Smithsonian Miscellaneous Collections, Vol. 53, No.
1, 1908, p. 3.
? Annual Report, Geol. Survey, Canada, 1886, p. 15 D.




67

(Plate 1V, B), Park mountain, Mt. Odaray, Mt. Stephen, and
Cathedral mountain, and to the north of Kicking Horse valley in
Mt. Field and Mt. Bosworth. The section was first worked out
by Walcott in Mt. Bosworth, where he found a thickness of
4963 feet of Middle Cambrian, capped by beds lithologically
like the Bosworth formation of Upper Cambrian age.

The southwestward limit of these Middle Cambrian beds
is defined by a fault called the “Stephen-Dennis fault,” since it
crosses the ridge connecting these two mountains. To the south
of this break the strata are intensely metamorphosed, as will
be seen later. This break was traced for 15 miles southeast of

the Kicking Horse valley, but to the north of the valley it has
not been followed.

Character.

The series is largely calcareous and dolomitic. The Ca-
thedral formation consists essentially of thin-bedded, arenaceous
and dolomitic limestones which weather light or dark grey and
buff. Certain beds weather into thin slabs which on the sur-
face become pitted, giving the rock a very gritty or lava-like feel.

A band of white marble, weathering yellowish grey, about
200 feet thick, occurs in Mt. Odaray. A similar band is found
in Cathedral mountain at about the same horizon, and also in
Mt. Field. This band of marble is exposed in the bottom of
the Yoho valley about 2 miles from its mouth. It is highly
dolomitic and varies in colour from white to grey, sometimes
banded. Some of it has been staked out for quarrying purposes
and may in the future prove to be of economic value.

The following section was measured in this band of marble,
where it is exposed at the switchbacks on the Yoho wagon road,
beginning at the top of the bluffs where it becomes covered up,
and continuing down to the river:—

25 feet white and grey dolomitic marble (massive).

35 feet white and grey dolomitic marble (shattered).

55 feet best variety of white dolomitic marble.

100 feet white marble with many grey spots and containing

cavities formed as a result of dolomitization.
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40 feet coarsely crystalline, grey to white dolomitic marble.
15 feet mottled grey marble with white bands.

6 feet mottled white marble with dark grey bands.

20 feet dark grey, badly shattered.

15 feet dark grey, with white stringers.

4 feet dark grey, coarse.

5 feet light grey to white.

7 feet bluish, siliceous limestone.

13 feet mottled and banded with white dolomite.

10 feet arenaceous limestone containing pyrite crystals.

350 feet. Total thickness measured.

It is in this formation that the ore body worked in the Mon-
arch mine on Mt. Stephen is located, as is also the Black Prince
prospect on the opposite side of the valley, on the slope of Mt.
Field.!

On both sides of the Yoho valley, over 500 feet above the
floor and near its mouth, caves have been weathered and dis-
solved out of this formation along the fracture zones. The waters
percolating through the rock are heavily loaded with carbonates
in solution, so that on the floor of these caves a hard calcareous
tufa has been formed. One of the caves is about 100 feet deep.
On the north slope of Mt. Stephen, overlooking the railway,
there is a cave in the same formation. It is well known locally
as “Crystal cave,” since in it, along a fracture, were found numer-
ous well-formed quartz crystals.

The Stephen formation is much thinner than the Cathedral;
on Mt. Bosworth it is 640 feet thick, and on Mt. Stephen, 562
feet in the section given by Dr. Walcott. It consists of thin-
bedded, dark grey or bluish limestone interbedded with sili-
ceous shale. This formation is especially important because in
Mt. Stephen it includes a lentil of shale, about 150 feet thick,
known as the Ogygopsis shale* in which is found the famous

! This ore body has been described by the writer, with assays, in the Sum-
mary Report, Geol. Survey Canada, 1911, p. 182.

?Walcott, C. D., Smithsonian Miscellaneous Collections, Vol. 53, No.
5, 1908, p. 210.

Walcott, C. D., “Mt. Stephen Rocks and Fossils.” Canadian Alpine
Journal, Vol. 1, No. 2, p. 292, 1908.
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“fossil bed” of Mt. Stephen. From this bed Walcott has de-
termined thirty-two species of fossils, many of which are trilobita.

This formation contains another lentil called by Walcott
‘“Burgess shale,” developed on the opposite side of the valley,
on Burgess pass. This shale corresponds in horizon to the Ogygop-
sis shale on Mt. Stephen. In this band of shale Dr. Walcott, in
the summer of 1910, made the discovery of a new fossil bed
which has furnished a unique Cambrian fauna. He enlarged
his collection in the summer of 1911. Not only have new fam-
ilies, genera, and species been made, but from this material Dr.
Walcott has made wonderful discoveries of the relations of the
hard and soft parts of these animals, being enabled to do so be-
cause of the remarkably fine state of preservation of the struc-
tures of the soft parts. These discoveries have changed, to a
certain degree, some of the previous ideas as to the variety of
life in Cambrian fauna. Full descriptions of the fossils found
in this bed have been published in four papers,! with numerous
plates showing details of structure. In the preliminary study
of the fauna Dr. Walcott has “distinguished 56 genera in col-
lections from a block of shale not over 6 by 40 feet in area and
7 feet in thickness.” 1In the last of these papers is included a
description of the character of the Burgess shale which has been
studied microscopically by Mr. E. S. Larsen, Jr., of the U.S.
Geological Survey.

Macroscopically, the Burgess shale is a dense dark grey,
calcareous shale which breaks into layers § inch or even less
in thickness. The surface of the layers is traversed by nu-
merous, minute, parallel veinlets less than a millimetre in width;
these are described below. So important is this shale that its
characters as described by Mr. Larsen are here given:—

“The microscopic examination of the thin section of the
rock shows that it is very fine-textured—so fine that much of the
mineral shows aggregate polarization. It is made up largely
of white mica, which occurs in minute shreds or scales arranged

'Walcott, C. D., “Middle Cambrian; Merostomata; Holothurians and
Medusae; Annelids; Branchiopoda, Malacostraca, Trilobita, and Merostom-
ata.” Smithsonian Miscellaneous Collections, Vol. 57, Nos. 2, 3, 5, 1911, and
No. 6, 1912,
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parallel to the cleavage of the rock. Kaolinite is rather abundant
and a very few minute giains of quartz, small prisms of apatite,
and a few crystals of pyrite can be recognized. Numerous dark
brown to black streaks arranged parallel to the cleavage repre-
sent carbonaceous matter. There is a system of parallel vein-
lets less than a millimetre across, which are normal to the slaty
cleavage; fractures through the centers of these veins show small
grains of calcite and blotches of cupriferous pyrite. The sur-
faces of a system of later fractures are irregular and are coated
with carbonates. Sections of the veinlets mentioned are made up
in large part of an isotropic mineral which is nearly colourless
in the thin section. In the hand specimen it is pale green. It
has an index of refraction of about 1:62 and preliminary chemi-
cal tests indicate that it is near the chlorates in composition.
A further study of the mineral is being made. In the center of
the veinlets are irregular crystals of calcite and a little pyrite.
“A chemical analysis of the slate was made by Mr. George
Steiger in the laboratory of the United States Geological Sur-
vey and is given under No. 1 of the following table. Analyses
of several somewhat similar rocks and of a sericite are also

given.
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1. Middle Cambrian shale from British Columbia.

2. Sericite. Durrberg. Quoted by Dana, System of Min-
eralogy, 6th edition, page 618, analyses 41.

3. Mansfield slate (lower Huronian). Crystal Falls dis-
trict, Michigan, U.S. Geological Survey Monograph 36, p. 59.

4. Kata - biotite - orthoclase gneiss. Corundum-bearing.
Waldheim, Saxony. Quoted from Grubemnan, ‘ Die Kristallinem
Schiefer,” 2nd edition, 1910, p. 158.

5. Range of composition of commercial slate of aqueous
sedimentary origin according to Dale, U.S. Geological Survey
Bulletin 275, p. 36.

“The analysis shows a remarkable similarity to analysis 2,
which is of the mineral sericite from Durrberg; after deducting
the calcite and pyrite from the slate analysis the similarity is
still more striking. Analysis 3, which represents the Mansfield
slate of lower Huronian age from the Crystal Falls district,
Michigan, is somewhat higher in silica and lower in aluminum,
but is otherwise very similar. Analysis 4 represents a kata-
biotite-orthoclase gneiss, corundum-bearing, from Saxony, and
differs from analysis 1 chiefly in its lower water content and in
the relation between the soda and the potash. The fifth column
gives the range of composition of commercial slates of aqueous
sedimentary origin as given by Dale. The slate from British
Columbia is outside of these limits in many respects; the silica is
a little lower, the aluminum is high, the soda low, and the potash
high. In general, this rock, as compared with other slates, phyl-
lites, and related schists, is noteworthy for its low content in
silica, its high aluminum and potash, and its poverty in all other
oxides except water. The excess of potash over soda is especially
remarkable.

“The composition of the slate and its microscopic texture
show that it was derived from a very fine, highly aluminous
sediment, whose material must have consisted of the very finest
suspended matter which had been leached unusually free from
iron, magnesia, lime, etc., and which consisted largely of kaolinite
and quartz.”

At Diddle pass the Middle Cambrian is faulted down against
the Lower Cambrian quartzites. At this point, on the east side
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of Park mountain, a thin-bedded black limestone about 150
feet thick, weathering in small lens-shaped fragments, contains
the two fossils:—

Lingulella mcconelli Walcott.

Neolenus serratus (Rominger).

These fossils belong to the Stephen formation. Other fossils
were found on the west slope of Park mountain in the bottom of the
first small draw which enters McArthur creek on the south side
of the pass. The beds which are lying comparatively horizontal
in Park mountain are in this draw turned down steeply, but
they are not broken off. On one side of the draw is a grey-
weathering, dolomitic limestone, massive-bedded and badly
crushed, belonging to the Cathedral formation, while on the other
side is a siliceous shale with interbedded oolitic layers, 4 to 3
inches thick, belonging to the Stephen formation. This shale
weathers brownish and contains many fossils. From the material
collected, Dr. Walcott has determined the following species.

Micromitra (Iphidella) pannula (White).
Micromitra (Paterina) sp. undt.
Orthotheca major, Walcott.

Nisusia alberta, Walcott.

Neolenus serratus (Rominger).
Ptychoparia cordillaera Rominger.

The Eldon formation has its known maximum development
in Mt. Bosworth where Walcott has measured a thickness of
2728 feet. It consists essentially of massive-bedded, arenaceous
limestone having a creamy yellow colour on the weathered
surface, overlain by less massive riliceous and dolomitic lime-
stone beds.

The Eldon is characterized by it: cliff forming nature, the
cliffs usually weathering into a series of castellated crags, such
as seen in the Mt. Stephen amphitheatre. This crag feature
makes the formation readily recognizable though miles distant.

In the amphitheatre between Cathedral, Stephen, and Oda-
ray mountains, the Eldon limestone is well exposed, lying almost
flat with a slight dip to the southwest. The limestone is trav-
ersed by two series of joint cracks at right angles to each other.
The surface waters have dissolved out channels along these
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planes, so that it is common to hear the sounds of the rushing
waters of these underground streams, far below the present sur-
face.

UprPER CAMBRIAN.

The Upper Cambrian in this map-area has been subdivided
into five formations. The lower three formations (Bosworth,
Paget, and Sherbrooke) were recognized by Dr. Walcott in 1908
when he studied in detail a section exposed on the south slope
of Mt. Bosworth. At this time the uppermost beds in the Sher-
brooke formation were considered to represent the top of the
Cambrian section in this area. In 1910 the writer found that the
beds underlying Ottertail valley and forming much of the Otter-
tail range to the west, could not be correlated with the Cambrian
formations then recognized in Mt. Bosworth, but represented a
younger series of beds. These were subdivided by the writer
into the Chancellor formation below and the Oitertail formation
above. The latter was found to represent the highest series in the
Cambrian in this section of the Rocky mountains and was over-
lain by a thin-bedded series of rocks, the lower beds of which
contained certain Ordovician fauna.

The Ottertail consists of massive limestone beds which
clearly define the limits of this formation.

The Chancellor formation consists almost entirely of shales.
The lower half of this formation consists of very highly sheared
and metamorphosed shales which underlie the Ottertail valley.
For a time the relation of these beds to the Sherbrooke form-
ation could not be obtained, so that in the Summary Report for
1911 the writer refers to these beds as the ‘‘sheared zone"
of the Chancellor formation.!

In the following season further field study showed that a
complete section of the Chancellor formation was exposed in the
Van Horne range outside of this present map-area. The ap-
proximate thickness of the series is 4500 feet. Those beds in
the Ottertail valley which have been referred to as the sheared
zone, represent the lower portion of the Chancellor formation,
and that series overlies the Sherbrooke formation.

'Summary Report, 1911, Geol. Survey, Canada, p. 180,
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Formations in Mt. Bosworth.

In the Bosworth section the Upper Cambrian has been sub-
divided by Dr. Walcott into three formations, Bosworth at the
base, Paget above, and Sherbrooke at the top. These formations
have a total thickness of 3600 feet in this section. As mentioned
previously, the uppermost 110 feet of strata were tentatively
placed in the Ordovician, partly from the finding of an obscure
fossil that suggested Ophileta, a lower Ordovician form,! but
during the summer of 1911, definite Upper Cambrian fossils were
found in this strata by Mr. Burling and the writer, so that the
uppermost beds on Mt. Bosworth are at least lower than the
Ordovician.

DISTRIBUTION AND CHARACTER.—Brief mention may here
be made of these three formations before the uppermost Cam-
brian formations are discussed.

The Bosworth, Paget. and Sherbrooke formations® are typ-
ically exposed in the northeast corner of this sheet in Mt. Bos-
worth and vicinity. There is probably some of the Bosworth
formation capping Mt. Stephen. Similar measures also occur
on both sides of Kicking Horse valley a short distance below
Field, and again, farther west, over an area stretching north-
ward from Otterhead creek.

The Bosworth formation is conformable upon the Middle
Cambrian; it has a thickness of 1855 feet in Mt. Bosworth and
consists of arenaceous shales, greenish, reddish, buff, yellow, or
grey in colour, with numerous mud cracks and ripple marks;
thin-bedded, shaly, dolomitic limestone weathering light grey
and buff, interbedded with greenish siliceous shale, and overlain
by 600 feet of massive-bedded, dark grey, arenaceous, dolomitic
limestone weathering yellowish buff.

Determinable fossils have not been found in this formation,
and Dr. Walcott states that this 1855 feet of strata in the Bos-
worth formation remind him in lithologic character and appear-

1Walcott, C. D., “Cambrian Sections of the Cordilleran Area.” Smith-
sonian Miscellaneous Collections, Vol. 53, No. 5, 1908, p. 204.

?First named by C. D. Walcott, 1908, since the beds are well exposed in
Mt. Bosworth, Paget peak, and about Sherbrooke lake: Smithsonian Mis
cellaneous Collections, Vol. 53, No. 1, 1908, pages 2-3.

. —————— Y ————————— ——
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ance, of strata of the upper portions of the Cambrian Belt
Terrane of Montana. No traces of life were observed and the
shaly, banded character of the beds is very striking.!

The Paget formation is 360 feet thick in the Bosworth sec-
tion. It consists of 300 feet of massive beds of oolitic limestone
irregularly interbedded with green, siliceous shale and overlain
by massive-bedded greyish dolomitic limestone. Hyolithes,
Agnostus, and Crepicephalus are the only fossils which Walcott
has determined in this formation.

The Sherbrooke formation lies conformably on the Paget,
and in the Bosworth section is 1375 feet thick. At the base of
this formation there are over 600 feet of grey, dolomitic, arena-
ceous limestone. The line of demarcation between these beds
and the underlying formation is not sharp and is often difficult
to recognize. The upper half of this formation consists of grey,
oolitic limestone, some layers of which have a nodular character;
greenish siliceous shales that frequently have a purplish tint
to their flat surfaces; and, capping the preceding, a massive,
blue limestone with cherty nodules. The oolitic layers are per-
haps the best distinguishing feature of this formation since
fossils are rare. The genera noted in this formation are Illae-
nurus, Agnostus, Crepicephalus, and Ptychoparia.

This succession of Cambrian formations holds good in the
Bow range and as far west as the Stephen-Dennis fault, which
is shown on the map to pass between Mt. Stephen and Mt.
Dennis, and to the southwest of Mt. Odaray and Park mountain.

Chancellor Formation.

NAME.—The name given this formation was chosen because
beds of this division are especially well exposed on the east and
north slopes of Chancellor peak. The name was first used by
the writer in the Summary Report of 1911; in the report of the
previous year, the upper part of the formation was included
under No. 1 in the table of formations.?

!Smithsonian Miscellaneous Collections, Vol. 53, No. 5, 1908, p. 208.
?Summary Report, Geol. Survey, Canada, 1910, p. 137.
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The upper half of this formation consists of unaltered shales
or beds that have not been greatly disturbed, while the lower
half consists of very highly sheared and metamorphosed shales.
Since the extent of this sheared zone has been distinguished on
the accompanying map, the lithological characters of these beds
will be considered after the general features of the unaltered
portion of the Chancellor formation has been mentioned. The
upper limit of this formation in the original locality is sharply
defined by the overlying limestone of the succeeding formation,
but the lower limit is not definite. In the unaltered portion of
the Chancellor formation, at the type locality, has been included
the red-weathering shales and meta-argiliites, beginning at their
uppermost extent where they are in contact with a massive, blue
limestone, and extending downwards into the underlying rocks
included in the sheared zone as far as the lowest point where
the bedding planes remain unobscured by the secondary struc-
tures developed in the sheared zone; that is to say, down to where
the beds are so metamorphosed, contorted, and sheared, that
their true thickness in this map-area becomes doubtful. In one
section the thickness of the beds in this portion of the formation
was found to be over 2500 feet.

From the above remarks it will be seen that there is no sharp
line of demarcation between the less unaltered upper portion of
the Chancellor and the underlying sheared rocks.

DISTRIBUTION AND THICKNESS.—The Chancellor formation
is well exposed in the upper part of the Ice River valley, also
along the base of the Ottertail range on the south slope of the
Ottertail valley, and on the higher slopes of the Ottertail range,
below the massive-bedded limestone of the overlying formation.
It is exposed around the base of Mt. Hurd and Mt. Vaux at
the north end of Ottertail range and is developed on the op-
posite side of the Kicking Horse valley on the southeastern end
of the Van Horne range, where it forms the deep red weathering
slopes of Mt. King.

This is the lowest formation exposed in the Ice River basin,
and in Zinc valley there is exposed a measured section 1160 feet
thick.! On the northeast slope of the Ottertail range there is a

1Geology of Ice River district, Summary Report, Geol. Survey, Canada,
1910, p. 137.
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much greater thickness of these beds exposed, and on the slope
between Syncline peak and the Ottertail river, the writer made
a section, partly measured, partly estimated, with a thickness
of over 2500 feet.

The beds below this point were too highly contorted and
altered and the bedding plane too much obscured by secondary
cleavage, to permit the making of a reliable estimate of the thick-
ness of the lower portion of the formation. An estimate which
was made of the total thickness of the Chancellor formation, as
exposed in the Van Horne range northwest from Mt. Hunter,
showed that this formation is at least 4500 feet thick.

CHARACTER.—The formation is characterized throughout
its thickness by its remarkable lithological uniformity and by the
reddish colour of the weathered outcrops of its upper portion.
In general the unaltered portion of the series of beds is thin-
bedded with a slaty cleavage parallel with the stratification plane.

The upper 1000 feet of the formation consist of thin-bed-
ded, grey and blue, argillaceous and calcareous meta-argillites,
with some thin interbedded layers of more highly carbonaceous
material. A partial analysis made of these shales gave:—

Insoluble residue.. . . ... ... 1449,

Carbonates.................22:69
The soluble material consisted essentially of alumina, silica, and
ferric oxide. The percentage of magnesia was greater than
that of lime. The rock is a calcareous and dolomitic shale high
in iron. These beds weather red, brown, yellow, fawn, and buff,
the colour depending upon the varying ferruginous content of
the beds.

The lower members of the formation are greyish, calcareous
shales, meta-argillites and argillites, sometimes even phyllitic
in character towards the bottom of the section, weathering
greenish, greyish, reddish, yellowish, and buff. An analysis
shows that the underlying beds contain more carbonates than
the upper beds of the formation. There is more magnesia than
lime in the carbonates. The analysis gave:—

Insoluble residue............ 63:69,
Carbonates.................36°4%




78

In respect of colour alone, on fresh or weathered surfaces,
it would be impossible to separate the beds included in the
Chancellor formation proper from the underlying phyllitic beds

in the sheared zone of this formation.

A section was measured with a steel tape on the face of the
ridge dividing the upper part of Zinc valley. The following beds

were recognized beginning at the top of the series:—

Thinly laminated shales with silken lustre; some
layers are so thin that they can be bent like cardboard

Grey-weathering, sericitized shale............

Dark grey shale and meta-argillite, weathering
fawn to red, interbedded with thin layers from 4 to
8 feet thick of harder, grey dolomitic limestone
which weathers in shaly fragments. ...............

Massive, argillaceous, shaly limestone with a
band 15 feet thick of siliceous limestone in which the
ore pocket at the Zinc Valley prospect occurs. ... ...

Thinly laminated, grey to bluish meta-argillite
weathering red, yellow, fawn, and brown. The cleav-
age face is finely crumpled giving it a wavy, silken
lustre. Average thickness of lamina less than half
an inch; contains numerous pyrite segregations fre-
quently surrounded by white tremolite; leaf-like
impression of pyrite often common on the cleavage
T e R o IO R el

Dark grey, meta-argillite with silky lustre on
cleavage faces; weathering dark yellow; pyrite con-
CretiONS. . . ...\ttt e nennennnenennnnnns

Soft, dark grey, strongly argillaceous shales and
meta-argillites. weathering readily into a dark grey
talus; some layers are almost black. They are badly
crumpled but break almost parallel to the bedding. ..

Light grey to brown calcareous shales with mas-
sive layers of argillaceous limestone 8 to 10 feet thick;
weathers to a very dark or black talus. The material
making up these beds is loosely held together even in
the fresh rock. These are the lowest beds exposed
in the Ice River valley..........................

Total thickness for Chancellor in the Ice River

67 feet
42 feet

208 feet

44 feet

329 feet

117 feet

200 feet

155 feet

1162 feet
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There are, however, thicker and better exposed sections on
the southwest slope of the Ottertail valley, at the base of the
limestone cliffs which cap the Ottertail range. One of the best
exposures occurs on the shoulder between Haskins creek and
Silver Slope creek and is shown on Plate V, A. The upper 600
feet are exposed in an inaccessible cliff, with a general dip of
between 25 degrees and 30 degrees into the mountain. In many
respects the beds are similar to those in the section in Zinc
valley; all have a distinctly red-weathering nature and are com-
paratively uniformly stratified. There are several narrow bands,
3 to 8 feet thick, of siliceous limestone and cherty limestone.
Two sheets of igneous material are interbedded, one about 2
feet thick and the other more irregular of form and varying in
thickness between 3 and 10 feet. In some places this material
cuts across the stratification. The partly measured, partly
estimated thickness of the beds at this locality is over 2500 feet;
but as already mentioned, it is not possible to draw any sharp
line between the beds at the base of the section and those of the
sheared zone to the northeast and, therefore, the measured thick-
ness does not represent the whole of the Chancellor formation.
In the above section, the beds in the lower 1000 feet are quite
uniform in composition being thinly laminated shales and meta-
argillites, weathering readily to a fawn and light yellowish clayey
talus. This formation forms a comparatively gentle, frequently
talus-covered slope in contrast with the cliff-forming limestones
above. Plate V, A, shows the gentle slope underlain by the
Chancellor formation at the base of the limestone cliffs, with the
rounded slopes of the ridges underlain by the sheared rocks to
the right of the picture.

In the section in Zinc valley there are certain bands of
siliceous limestone which are much harder than the associated
strata and stand out on the weathered surfaces. One of these
bands is about 15 feet wide; it is highly siliceous and the quartz
has been recrystallized. On account of the greater resistance of
this particular band of rock it has been sheared into rounded,
lenticular, boulder-like masses. The softer meta-argillites and
shales have been squeezed about these harder bosses. Some of
these blocks are strongly mineralized with lead, zinc, and iron
sulphides.
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In the upper half of this formation it is especially true that
the major cleavage is always parallel with the plane of strati-
fication, thus giving a meta-argillite. So perfect is the lamination
that some beds can be broken into layers of from 1 inch down to
even less than } inch in thickness. The thinner layers are
sometimes quite flexible. This rock breaks up readily and forms
long gentle talus slopes. In some places about the head of the
Ice River valley, broad fan-shaped talus slopes are as much as
1% miles long, with an average slope of about 30 degrees. It is
common to find large fragments of meta-argillite on these slopes;
some are 4 feet long, 2 or 3 feet wide, and less than 1 inch in
thickness. The carbonate content of these rocks is too high, and
they weather too readily to various hues of red, to make them
of any economic importance as roofing slates.

The cleavage faces of the shales frequently show a silken
lustre and are often traversed by very minute parallel crumples,
resembling the creases in a piece of crepe paper. There are also
numerous nodules or concretions of pyrite surrounded by lens-
shaped masses of white tremolite;sometimes the fibres of trem-
olite are perpendicular to the pyrite nodule. Granular calcite
also occurs in some of the concretions. In certain layers, pyrite
occurs with good crystal outlines, and sometimes as thin, leafy
aggregates along the cleavage planes. Between the layers of
meta-argillite, especially in the upper half of the formation, nu-
merous long, narrow markings are noticeable, caused by needle-
like bodies having a silvery lustre and made up of minute plates
of a fibrous mineral which is probably tremolite, although the
microscopic determination of the powder was indefinite. Fibro-
lite has also been suggested. These fibrous inclusions have al-
ways a parallel arrangement. The largest are less than 1 milli-
metre wide and 6 to 10 millimetres long. This mineral as in-
dicated by the parallel arrangement was evidently formed while
the shearing was going on. Jointing in this formation is common,
and is usually nearly perpendicular to the bedding.

AGE AND CORRELATION.—This formation belongs to the
Upper Cambrian. The only fossils determined were found in
the beds in the Van Horne range, These were:—

Lingulella isse, Walcott (?)
Agnostus sp.
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Although the strata seemed suitable for the preservation
of fossils, yet none have been found in any of the beds belonging
to this formation either in the Ice River valley or elsewhere in
the Ottertail range.

SHEARED ZONE: DISTRIBUTION AND CHARACTER.—This
sheared zone has been mapped separately. In width the zone
varies from 5 to 6 miles. It is limited on the northeast by the
Stephen-Dennis fault, and its southwest limit is at the east base
of the Ottertail range. In general the larger part of the area
drained by the Ottertail river is floored by these rocks. Refer-
ence to the accompanying map will show the general limitations
of these rocks. They also form the base of the Van Horne range.
In the Ottertail zone the beds are highly contorted and closely
folded along the northeastern side of the zone. The folds open
out in places, the beds becoming gently undulating and even
nearly horizontal in certain localities. Towards the southwest
the dip steepens to the south and the beds dip under the Otter-
tail range.

The most intense contortion of the beds was noted in the
ridge between Mt. Duchesnay and Duchesnay pass, on the
south side of Boulder creek. The beds there are so closely folded
that the thickness cannot even be estimated. The general
strike of these sheared rocks is northwest and southeast. The
sediments were folded previous to the crushing and shearing.
This feature is best seen along the valley walls of the side tribu-
taries, cut into the northeast slope of Ottertail valley; in such
places wherever the folding could be determined it was found to
be gentle, while the shearing planes were almost vertical and evi-
dently had formed without reference to the folding. The cleav-
age planes are, as a rule, nearly vertical and strike north 35
degrees to 65 degrees west, though in some p'aces they correspond
with the strike of the bedding planes. The cleavage is in every
case the predominant parting, and often it is very difficult to
determine the original bedding. The folding seems to have been
contemporaneous with the major faulting, while the shearing is
younger than the folding and faulting. It isonly in certain softer
bands that there is any evidence of recrystallization resulting
from metamorphism.

7
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The rocks of this sheared zone are in general highly cal-
careous. They include shales and calcareous slates, argillites,
and phyllites.

McConnell gives the results of a chemical test of these
sheared rocks from the Ottertail valley made by F. D. Adams.!
The test gave:—

CEYDODRNS, «is s 00554 e s 57-476%,
Insoluble residue.......... 42.5249,

The insoluble portion is argillaceous with an admixture of
quartzose material. The soluble portion contained a trace of
alumina and ferric oxide as well as lime magnesia. Besides the
more argillaceous rock varieties there are some beds of massive,
blue limestone, usually less than 20 feet thick, and bands of
thin-bedded blue limestone that may be several hundred feet
thick. In the top of Mt. Dennis a thick band of the thin-
bedded limestone is especially prominent and forms a good
horizon marker. In this ridge it dips to the west at varying
angles of over 30 degrees; it was traced to the west down Boulder
creek where it flattens out and in places assumes a horizontal
position. A similar band of thin-bedded, blue limestone out-
crops at the Ottertail falls, 12 miles up the valley (Plate IX).

The highly cleaved character of the strata is especially
well displayed in Mt. Duchesnay and Mt. Owen. The cleavage
faces frequently have a silken lustre and glisten with a silvery
appearance due to the development of sericitic mica and chlorites.
The rocks in the zone, on account of their crushed and sheared
character, are less resistant to weathering than they otherwise
would be, and form rounded or even slopes to the mountains

and ridges. Plate XI, A, shows the smooth slopes of Mt. Owen
contrasted with the bolder topography developed by the Middle
and Upper Cambrian beds in the distance to the right.

Some of the phyllites contain numerous leaf-like particles,
lenticular in shape, sometimes less than 1 millimetre wide and
about three times as long as wide. These particles suggest
chiastolite or andalusite. They lie parallel with one another
on the cleavage faces of the rocks, thus indicating that they
probably developed during the period of shearing.

! Annual Report, Geol. Survey, Canada, 1886, p. 26 D.
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In places, the shearing has been so intense that the argillites
cleave along faces so smooth as to appear polished. In many
slates there are two planes of cleavage, but one is always domi-
nant. The bedding is sometimes obliterated or appears only
as minute bands of lines crossing the cleavage faces.

The colour of the sheared rocks varies very widely, being
grey, greenish blue, drab, or purple on fresh surfaces and steel
grey, buff, fawn, brown-red, or scarlet on weathered surfaces.

Rapid alternations of very thin layers or beds are very com-
mon. In some places, as on Mt. Duchesnay, the slates are
grey in colour and the bedding is indicated by dark or black
carbonaceous layers, or bands of layers; sometimes an indi-
vidual layer may be less than 1 millimetre thick. Similar beds
are exposed in the coutheast end of the Van Horne mountains.
A chemical test on :hese gave!:—

Insoluble residue..........coo000vuenee 82:7199,
Carbonater............coovvvinnnnnnn. 17-2819,
The insoluble residue was found to be argillaceous material,
the rock being a dolomitic argillite.

A characteristic feature of these rocks is their banded char-
acter as developed on weathered surfaces. A rock may be
dark grey on the fresh surface, but where weathered it appears
to be composed of bands of grey, alternating with others of
red, yellow, or brown colour. In other examples the fresh rock
may be a blue limestone or calcareous slate, and yet where
weathered it shows a distinct banding due to alternating bluish
and buff coloured layers, or bluish and yellowish layers. Again,
as it frequently happens, certain bands resist the action of the
atmosphere and stand out as ridges on the weathered surface.
It was found that in some cases these harder layers were siliceous,
while the softer ones were calcareous. In other instances the
harder layers were dolomitic, and the softer, calcareous, or the
harder might be calcareous and the softer argillaceous. At
different localities several hundred feet of sediments were found
displaying the results of such differential weathering.

One of these localities is the southeast slope of Mt. Owen.
The alternating layers vary from the fraction of an inch to 1}

'!McConnell, R. G., Annual Report, Geol. Survey, 1886, p. 26 D.
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inches in thickness. When the thickness of the alternating hard
and soft bands is about the same, the weathered surface has a
very striking appearance. Certain of these banded beds break
up into long narrow fragments.

It is somewhat difficult to realize under what conditions
these sediments were laid down in order to produce their banded
structures. [t seems to the writer that these alternating bands,
with their different qualities so prominently developed under
the influence of weathering, indicate seasonal variations of
atmospheric conditions during the period of deposition. That
is to say, the harder and more siliceous layers may each represent
the amount of sedimentation during the annual season of heavy
rainfall, when relatively coarse material would be washed down
into the inland sea, while the softer layers may represent the
product of the dry season when only the finer material would
be washed out from the shore. It would seem that only some
such regularly recurring annual change of conditions would
account for this alternation of layers of fairly uniform thickness.

SHEARED ZONE: AGE AND CORRELATION.—The relation
which exists between the lower portion of the Chancellor forma-
tion and the Sherbrooke formation could not be found in this
map-area; but to the northwest of Mt. Hunter in the Van Horne
range these relations were observed. The Chancellor formation
there is about 4500 feet thick; it is overlain by the massive
limestone of the Ottertail formation and underlain by the massive
limestone of the Sherbrooke formation, which is exposed on
this map-area 2 miles east of Leanchoil station.

Ottertail Formation.

NAME.—This formation, which consists of limestone, is
exposed in the map-area entirely within the Ottertail range,
and for this reason has been called the Ottertail formation.
It forms prominent escarpments wherever it outcrops. This
cliff-forming feature is especially well developed along the
northeast side of the Ottertail mountains from Mt. Hurd south-
east to the limit of the map south of the Washmawapta glacier,
a distance of almost 20 miles. '




85

DISTRIBUTION AND THICKNESS.—The formation is exposed
in the upper part of the Ottertail mountains lying between the
Ottertail and Beaverfoot valleys, to the south of the valley of
the Kicking Horse river. It forms the upper part of Mt. Hurd,
with the exception of a few feet at the tip belonging to the over-
lying formation, and the upper cliffs in Mt. Vaux and Chancellor
peak. It forms the steep escarpment just mentioned above,
which extends from Mt. Hurd 20 miles to the southeast. It
floors nearly the whole of Moose Creek valley, and wherever well
exposed it is an excellent horizon marker.

This feature is well seen in the Ice River valley. Since this
valley is of anticlinal structure the beds are dipping away on both
sides. On the east sidc of the valley, the limestone is exposed
between Sodalite valley and Zinc valley, the band encircles the
head of Zinc valley, along the base of Mt. Goodsir, where it is
dipping to the east, then, extending around the head of Ice
River valley, it forms the upper part of Chancellor peak, where
it dips towards the west. There it is split apart by a sill-like
projection from the intrusive mass. This feature is shown in
section (I-]J). These two bands of limestone quickly diverge;
the lower one forms the lower part of Garnet mountain, then
disappears below the talus in the floor of the valley. The upper
band forms the top of the ridge extending southeast from
Chancellor peak, and also forms the roof of the igneous mass.
It continues across the valley about 1 mile above the lower
bridge and is well exposed in the north—facing cliffs of Mt.
Mollison. The outcrop narrows in this mountain and disappears
before the summit of the ridge between Ice river and Moose
creek is reached, but this is due to a down folding of the lime-
stone beneath the overlying formation. It outcrops again on
the Moose Creek slope and floors almost the entire valley. In
this valley its lower contact is not exposed, but its upper limit
can be traced almost around the valley sides, except where
covered by talus.

To the east of Moose Creek valley the Washmawapta snow-
field lies directly on this limestone. The southeastern portion
of the map-area is occupied largely by this formation, with the
exception of a small patch of the underlying red-weathering
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shales and meta-argillites of the Chancellor formation, which
outcrop in the bottom of the valley of Dainard creek. This
limestone formation can be readily traced by aid of field glasses
for many miles down the range to the southeast.

The thickness of this formation does not vary widely.
In Mollison creek, on the east side of Ice River valley, the lime-
stone has a measured thickness of 1550 feet, but at this point
it is in contact with the igneous rock, so that the total thickness
of the limestone is not exposed, some of it having been cut away
by the intrusion of the igneous mass.

Another section was made on the precipitous escarpment
on the south slope of Ottertail valley, and on the shoulder divid-
ing the slopes towards Silver Slope creek and Goodsir creek.
At this point the total thickness of the limestone is well exposed. :
In this section, which was partly measured and partly estimated,
the formation is 1640 feet thick. About 3 miles farther east,
in the cliff between Goodsir glacier and the first glacier to the
northwest, a trigonometrical estimate gave 1575 feet for the
total thickness of the formation, but at this point a small amount
at the base may be covered by the ice moraine. There is,
however, apparently a thickening of the limestone to the south-
east, for although no measured sections could readily be made
in Moose Creek valley, yet by rough estimation there is a greater
thickness exposed in this valley than in any of the sections
named above. This thickening or apj wrent thickening of the
formations is better illustrated in the case of Limestone peak
to the north of Washmawapta snowfield. As will be seen in
the photograph (Plate X), this cliff is almost vertical and quite
inaccessible. The lower contact of the limestone formation is
represented by the top of the talus slope at an elevation of about
7000 feet, while the top of Limestone peak is 9442 feet high.
Since the beds are nearly horizontal there is apparently an
approximate thickness of over 2450 feet of limestone contained
in this section. If this entire thickness belongs to the same
limestone formation as it appears to do in the field, it indicates
a thickening of over 800 feet in the limestone in a distance of
less than 5 miles.
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CHARACTER.—This formation is, in general, a lithological
unit, being composed essentially of limestone, massive and thin-
bedded, with intercalated layers of calcareous shale. The shaly
character of the beds is more evident towards the base of the
formation. On a fresh surface the rock composing the whole
band is characterized by its grey or bluish colour, while on weath-
ered faces it is light grey to black. The shale bands are so dis-
tributed between the more massive beds that they do not greatly
affect the steepness of the slope on the exposed face. The upper
and lower contacts of the formation are everywhere sharply
marked and can be located, especially when viewed from a
short distance, within a few feet. At the lower contact are the
red weathering beds of the Chancellor formation, while at the
upper contact is another thin-bedded slaty series very distinct
in character from the more resistant blue limestone of the Otter-
tail formation. This formation is, therefore, a unit, and can
almost always be readily distinguished from the overlying and
underlying formations and forms a good horizon marker. The
following partial analysis shows that the typical member of the
formation is a pure limestone. The soluble material gave a
trace of alumina and silica and about 2 per cent magnesia,
the rest being lime:—

CREDORRIIE: » vs v 0o s snsin vons 989%,
Insoluble residue............. 2%,

The limestone is more or less metamorphosed where it is
in contact with the intrusive igneous mass. This phenomena
is especially well displayed in the band of the upper part of the
formation forming the roof to the igneous body in the ridge to
the southeast of Chancellor peak. There the limestone has been
highly recrystallized, with a variable texture. At some places
the rock consists of small, white calcite rhombs loosely held
together; in others the texture may be so fine as to appear
almost aphanitic. Frequently the marmarosis is not complete.
In such cases much of the original limestone forms the matrix
of the rock and is held together by calcite. Where the lime-
stone was quite impure, the resulting metamorphosed rock
contains other minerals, especially green actinolite needles.



88

Along a greater part of the contact of the igneous rock with
the overlying limestone there is an irregular band of hornfels
which varies in width from a few feet to a maximum of about
300 feet. The bedding in the hornfels when visible is always
parallel with that of the limestone, but is very irregular at the
igneous contact. This hornfels is a compact and even aphan-
itic, dark reddish, drab, greenish, or grey rock having a flinty
fracture. Microscopically the hornfels consists of biotite, mus-
covite, clinozoisite, diopside, quartz, epidote, perovskite, mag-
netite, and some small feldspar laths. Numerous dark patches
are a constant feature in this hornfels. These patches are about
25 mm in diameter. They apparently consist of knots of minute
grains of clinozoisite, which are frequently surrounded by a
border of minute muscovite flakes. Some of the patches consist
of a cluster of rounded grains of epidote. This hornfels band was
originally a cherty or siliceous bed of argillaceous limestone, which
has been recrystallized by the heat and vapours emanating from
the intruding rock.

Fragments of the hornfels are enclosed in the syenitic rock
near the upper contact, as well as large blocks of the purer lime-
stone. The limestone fragments have been metamorphosed to
a dense rock consisting essentially of vesuvianite, lime-garnet,
diopside, and calcite, with as accessories, wollastonite, forster-
ite, zoisite, clinozoisite, and possibly some brucite and can-
crinite.

Some alteration has taken place in the beds underlying
a part of the igneous body, but the extent of this marmarosis
is much less than that of the metamorphism at the upper contact.

At various horizons in the formation, the beds consist of
alternating bands from % inch to 2 inches thick, of varying
hardness, so that on the weathered surface the rock has a dis-
tinctly furrowed appearance. Although in such cases the fresh
surface of the rock may appear to be uniform in composition,
yet in reality the harder bands are dolomitic or siliceous, while
the softer bands are calcareous. Cherty layers are very common
in this formation; they usually are less than 1 inch thick, but
their greater hardness causes them to form ridges on the weath-
ered surfaces. This banded or furrowed character is well exposed
in the limestone on the east slope of Garnet mountain.
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Another characteristic feature of the banded part of this
formation is seen where the beds have been crumpled and folded
into miniature folds. The harder, dolomitic, siliceous or cherty
layers being more resistant, in most cases have been shattered
into angular fragments, while the crevices between the frag-
ments have been filled in by the material of the soft, intervening
limestone bands, which in many cases has apparently acted as
a semiplastic mass. Sometimes the limestone is partly recrystal-
lized. Where the movements have been stronger the harder
angular fragments are scattered at random throughout the rock,
and are held together by the crystallized limestone. Very little
evidence can be seen of these structures on fresh surfaces, but
on a weathered face the hard fragments stand out in relief
and give the rock a very rough surface (Plate XII). In some
cases the nodular fragments stand out as much as § inch above
the rest of the rock.

All stages of the features just described are exposed on the
west and east slopes of Zinc mountain. Excellent examples of
folds of miniature size can be studied in some of these beds.
Synclinal, anticlinal, open, close, symmetric, and asymmetric
folds are represented even within a block of rock one yard square.
There are occasional layers of a compact, greenish argillaceous
limestone. It is common to find certain of these greenish layers
crumpled into small folds, with successive laminz about }
inch thick shoved slightly past each other and overlapping like
shingles on a roof.

Another characteristic form of weathering is shown by cer-
tain bands of limestone which are blue on fresh surfaces but on
weathering become mottled with very irregular, blue or very
dark patches, surrounded by buff or light grey-weathering ma-
terials. Both the lightand dark weathering materials are cal-
careous and weather evenly, but that part which weathers lighter
in colour is argillaceous, hence softer and less resistant to pressure.
The original more calcareous layers have evidently broken
under pressure and their fragments become more or less rounded.
There is also some evidence of flow in the argillaceous material

of the softer layers which offered the least resistance to the move-
ments.
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Since this limestone formation generally outcrops in pre-
cipitous cliffs, the best exposed and most complete sections are
usually at least in part inaccessible, so that accurate measure-
ments of the thickness can not be made. However, on account
of the thin-bedded less resistant character of certain bands
within the formation, there are places where less abrupt though
still steep slopes have developed and partial sections are exposed.
Where more gentle slopes have formed, since erosion is going
on very rapidly, the outcropping beds become covered with
talus to such an extent that no measurements of value can be
obtained. The dip slopes and basset slopes, usually gentle and
ledgy, are exposed about the heads of valleys or along the floors
of the valleys, as in Moose Creek valley, but in such places the
talus obliterates a great part of the actual thickness. There is
an almost complete section exposed in the bottom of Mollison
Creek valley, half a mile above where it joins Ice river. This
section has been measured in detail, but the lower divisions of
the formation are wanting and the section ends at a contact
with nephelite and sodalite syenite. The details of the section,
arranged in descending order, are given below:—

Section of Ottertail Formation in Mollison Creek.

Thin-bedded, grey limestone, interbedded with
numerous bands of grey, siliceous and calcareous shales 264 feet

Reddish weathering, compact, siliceous shale. . . . . . 73 “
Dark grey, compact, thin-bedded dolomitic lime-

GRDRD S 5 i TR S S VA e R e 85 “
Thin layers of siliceous shale with calcareous layers

S B T T R U S AR T SR 25 “
Black dyke, with large biotite phenocrysts......... 8

Limestone and dolomite interbedded in thin layers. 95
Thin-bedded limestone with a few thin dolomite
LT ROV LT [ S ORI ERIFOLE R SR G 180 “

Blue-grey limestone; some bands weather shaly,.. 290 “
Blue, fine-grained limestone, with a few leaf-like
layers of dolomitic limestone................ccoeeeen
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Massive, blue limestone weathering grey; con-
tains much granular calcite as a result of contact

OBLRIBONBBIIING o uls e 55 oo 0316 216 on i As 0 a8 ot 188 feet
Shaly limestone weathering dark grey............ 60 feet
Massive limestone, highly recrystallized and

g el SN B R S SR L 250 *“

(Contact with nephelite syenite)
Total thickness exposed in section......... 1545+

A number of partial sections were measured in Ice River and
Moose Creek valleys. The complete thickness of the formation
is, however, best exposed in the escarpment on the southwest side
of Ottertail valley. These cliffs are shown in the picture in
Plate V, A. A section was made up this escarpment between
the heads of the valleys of Goodsir creek and Silver Slope creek.
An attempt was made to actually measure the whole thickness
of the formation at this point, but it was found that the upper
800 feet was inaccessible, so that the thickness of this part was
estimated. The total section gave 892 feet as measured and 833
feet as estimated. The details of the various beds in descend-
ing order are given below. The overlying formation does not

occur at this point, so that the formation may be 50 feet thicker
than that given.

Section of the Ottertail Formation in the Ottertail Escarpment.

Massive blue limestone weathering grey. ... .. 425 feet
Massive blue limestone with a few shaly bands. 408 *

Thickness estimated. .............. 833 “
Massive limestone, some beds 15 feet thick........ 100 feet
Massive limestone with a few interbedded dolo-
T L RPN e S SO RSP e A g e 9
Blue limestone, thinly bedded, with oolitic layers
B0 TRRRRNIBIE « 66 5t snd 5t dwid s i e s S48 » 26

Massive bed of blue limestone, shows irregular
lentils on weathered surface “
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Concretionary, bluish limestone, weathers dark ?
R R O e S S e 62 feet §
Shaly blue limestone, weathers into lens-like "
BEREIOREN. 1505 5.5.05 05,0 55 Pncb it bodie ATF o 3R 0T i B ¥ 90 *“
Massive blue limestone in thick beds............. 100 “ ;
Arenaceous limestone with calcite stringers.. ... .. &Y i
Limestone beds about 5 feet thick, some grey len- )
tils on weathered surface. ........cocco0vvevorsescns 25 ¢ 4
Thin, alternating layers of calcareous and dolo- 4
mitic limestone weathering grey and black........... 10 “ ?

Massive beds of blue limestone weathering grey, §
and showing bluish, irregular lentils; interbedded with '
beds of shaly limestone and calcareous shale. Other
bands are thin-bedded limestone.................... 150 *“

(The relative amounts of the various types in the
above 150 feet could not be distinguished. A dark
green dyke cuts vertically through these lower beds,
and pinches out in a distance of a few yards.)

Thin-bedded limestone weathering into grey and
blue bands, the former are more argillaceous. .. ....... Ll 1

Exposed to west of section: cherty limestone weath- '
ering with hard nodules, and interbedded limestones
weathering into roughly pitted shaly fragments with
agraty feel. In contact with slates and shales of the over-

L0

; VIR TOPMMBEION . < o csivves s mnsivn sainas 38 FAWIP T w90 160 *
Total thickness measured............... 892 “
Total thickness for Ottertail formation....... 1725 “

By comparing this section with the one measured in Mollison
creek it will be noticed that the strata are more shaly and thin-
bedded in character. This is due to the effects of contact meta-
morphism by the adjoining igneous rock, and also to the severe
crushing to which the strata have been subjected since the in-
trusion of the igneous mass which acted as a resistant block
while the weaker, overlying limestone was intensely sheared.
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In the section measured trigonometrically at the head of
Goodsir creek, between the cliff glaciers of Mt. Goodsir, the
details of the beds were not determined. Here the beds form
a precipitous escarpment. The thickness obtained was 1575
feet, but the base is covered by morainal detritus. The character
of the beds in the vertical escarpment to the north of Wash-
mawapta snowfield in Limestone peak, shown in Plate X, was
not determined. However, several hundred feet in the upper
part of the formation consists of massive beds of blue limestone,
some of the beds of which are 50 feet thick and form a perpen-
dicular face. The formation seems to have a thickness of about
2450 feet in Limestone peak, which means a considerable thick-
ening of the formation to the southeast.

AGE AND CORRELATION.—The palzontological evidence of
the age of the Ottertail formation is meagre. Many fragments
of fossils were found, but from this material only two genera
could be determined :—

Ptychoparia sp.?
Lingulella sp.?

These fossils were found in the amphitheatre at the head of
Hoodoo creek between Mt. Vaux and Chancellor peak, and on
the north slope of the latter. This formation has been examined
closely in many localities, but evcept at the one place no trace
of fossils has been found, although the nature of the beds is such
that if life were abundant in the sea when these limestones were
deposited some evidence of their remains should be preserved.

The age of the formation is, therefore, not definitely known.
Lithologically, the formation can not be correlated with any of
the Upper Cambrian formations in the Bow 