
GEOLOGICAL AND NATURAL HISTORY SURVEY OF CANADA 
ALFRED .P.. C. SELWYX. LL.D., J<'.R.S., J<'.G.S., DIRECTOR. 

PRELIMINARY REPORT 

ON THE 

PHYSICAL AND GEOLOGICAL FEATURES 

OF THAT PORTION OF 

THE ROOICY MOUNTAINS, 

BETWEEN LATITUDES -!9° AND 51° 30'. 

BY 

GEORGE M. DAWSON, D.S., F.G.S., 

Associute Royal School uj .llines. 

PuBLISHED BY AUTHORITY OF PARLIAME:KT. 

MONTREAL: 

DAWSON BHOTHERS. 
1886. 

kimlove
regular black





To ALFRED R. C. SELWYN, LL.D., F.R.S., 

Director of the Geological and Natural History Survey·oj Canada. 

Srn,-I beg to submit herewith a report on a portion of the Rocky 
Mountains extending from the International Boundary northward to 
t he head-waters of the Red Deer River. 

I have the honour to be, 

Sir, 

Your obedient servant, 

Ottawa, July, 1886. GEORGE M. DAWSON. 



N OTE.-Where not othe1 wise stated, the bearings thrnughout tbi!'J 
report are with reference to the true meridian. 

With the exception of the heights of stations on the railway line, 
the elevations given are ba ·eel on barometric determinations, checked 
by comparison with barometric records at Calgary, Benton and Spokan 

. Falls. 



PRELIMINARY REPORT 

OK TflE 

PHYSICAL AND GEOLOGICAL FEATURES 

OF 'l'lIA'l' PORTION OF 

THE ROCKY MOUNTAINS, 

BETWEEN LATITUDES 49° AXD 51° 30'. 

This report is intended as a preliminary geological and general Areaembmced 

:account of that portion of the Rocky Mountain range included between 
the 49th parallel on the south and the upper waters of the Red Deer 
River, (about latitude 51° 30',) to the north. The Rocky Mountain 
Range proper, in this region , is definitely limited to the south-west by 
the great Columbia-Kootanie Valley, which separates it from ihe 
.Selkirk and Purcell ranges, while to the north-east, the edge of the 
Palaiozoic rocks may be regarded as its boundary. The width of 
the range, thus naturally outlined, is about fifty miles. The length 
of the portion of the range here treated of in a north-west and south-
east bearing is about two hundred miles, while the approximate total 
.area covered by this report and the accompanying map is about ten 
thousand square miles. 

The summit of the Rocky Mountains here constitutes the line of River systems 

watershed between the Columbia and its tributaries and the South draining the 
' area. . 

.Saskatchewan, the former flowing to the Pacific, the latter eventually 
reaching Hudson Bay. This report includes, on the north-ea;;t slope 
of the range, almost all the sources of the tributaries of the last­
mentioned river. These, in order from north to south, may be enume­
rated a1> follows :-The Red Deer; the Bow, with its tributaries, the 
Kananaskis, Elbow, Highwood and Sheep; the North, Middle and 

outh Forb of the Old Man, with Mill Creek, Pincher Creek and the 
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W aterton River. The Kootanie and Columbia rivers, flowing in 
opposite directions along the south-west side of the range, are fed by 
numerous rapid streams, the courses of most of which are compara­
tively short. The Kicking Horse River is the only notable affluent of 
the Columbia in this district. Of the rivers joining the Kootanie on 
the east, Wild Horse Creek, the Bull, Elk and Tobacco Rivers are 
the most important. The Flat-head River, which drains the central 
part of the range near the 49th parallel, flows southward, but eventu­
ally also joins the Kootanie. 

Order observed The method followed in the arrangement of the matter in thi& 
in report. . 

report is as follows:-

A brief account is :first given of previous geographical and geologi­
cal explorations in the part of the Rocky Mountains to which it 
relates, with other part iculars of an historical character for the district. 
A general description of the physical features and the bearing on these 
of some points of the geological st\ucture follows, together with notes 
on the climatic features and general character of the vegetation. To 
this succeeds a description, in such detail as is deemed essential, of the 
various routes followed and surveyed, with which are incorporated 
the geological observations made on these routes. This portion of 
the report naturally resolves itself into a descriptive account of a 
number of passes which afford routes across the mountains and of the 
geological sections met with on these, together with similar details 
respecting a number of trails and valleys connecting these passes or 
lying between them. The routes followed during the exploration were 
selected either as those most easy of travel, or as those likely to 
afford important information as to the character of the country. 
Though considerable intermediate tracts remain as yet unexamined, 
they are, as a rule, those less likely to be entered by travellers or ]H'O­

spectors, being comparatively difficult to penetrate, owing to the dense 
character of the forest growth or to other circumstances. 

The system adopted, of incorporating the geological observations 
with the general description of routes, is not one in general to be com­
mended, but is justified in this instance by the purely reconnaisance 
character of the work reported on, and by the convenience of refer­
ence to the main facts of whatever class met with in each part of the 
district, which are thus together embodied in a given part of the 
report. These general descriptions are, however, supplemented in 
a subsequent chapter by a systematic, synoptical description of the 
geological features, to which are appended details of the useful 
minerals afforded by the district or known to occur in it . 
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Geographical Exploration and Data for Map. 

Previous to the preparation of the accompanying map, the only Previous map~. 
original map giving with approximate accuracy the general features 
of the district has been that publit;hed in connection with Captain 
Palliser's report.* This is based on track-surveys made in part by Palliser's map. 
Captain Palliser himself, in part by Captain Blackiston, but chiefly by Dr. 
Hector, who acted as geologist to the expedition under Captain Palliser. 
The representation of this part of the mountains on general maps of 
British Columbia and the North-west Territory are substantially copies, 
more or less accurate, of Palliser's map, the changes introduced from 
time to time being seldom in the direction of greater accuracy. The 
time spent by Captain Palliser and the members of his expedition in this 
particular district was, however, necessarily very limited, its examin-
ation being a portion only of a much more extended expl@ration ; 
and the scale of his published map is too small for the representation 
of any but the more important featut·es in a generalized manner. No 
portion of the geographical outlines. of Palliser';; map (with the ex-
ception of the western part of the Kananaskis Pass) lhas, therefore, 
been incorporated in that accompanying this report, though care has 
been taken to retain the namei! then adopted for peaks, rivers and 
mountain ranges. 

The joint maps of the North American Boundary Commission, Bound.arr 
. Comm1ss10n 

1858-1862t represent a belt of about ten mtles near the 49thmaps. 
parallel, (which constitutes the International boundary), in consider-
able detail, on a scale of moo . While, however , the main lines shown 
on these were instrumentally surveyed with sufficient accuracy, much 
of the topography is represented in a very unsatisfactory manner, 
and where checked by myself, has been found in many places to be 
largely hypothetical. The Boundary Commission of 1872-1874, work-
ing eastward, defined the -!9th parallel up to the point on the main 
watershed at which the work of that above alluded to stopped. The 
joint maps subsequently published t overlap those of the first com­
mission by about ton miles and represent a belt of country of similar 
width, the topographical features being given with general accuracy. 
While, therefore, these maps have been used as a basis for the r~pre­

sentation of the part of the district to which they apply, the 
topography has been improved wherever our examinations rendered 
this possible. On the north-east, some of the lately run lines of the 

•Index and Maps to Captain Palliser's Reports. London, Government, 1865. 

t Detailed maps of the North-West Boundary between United States and British possessions. 
t Joint maps of the Northern Boundary of the United States. Washington, Governm~nt, 1868. 
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Dominion ·Dominion Land Survey reach the base of the mountains propel', and 
Land Surveys. 

serve to fix cet·tain pointH with accuracy. The line of the Canadian 
Pacific railway, following the Bow and Kicking Horse rivers, is also 
the result of instrumental survey, to which much has been added by 
lines run (in 1884) by Mt'. T. Fawcett. D.L.S., up the Bow Valley to 
the head-waters of the river. Connecting with these are some local 
surveys made for the purpose of defining timber limits on the Kanan­
a:;kis and Spray river . 

~nforrnation . With the exception of the lines above detailed, no instrumental surveyf' 
incorporated in 'l bl " th d' . t d b 'd h h B d present map. are ava1 a e ior e istrtc , an es1 es w at appears on t e oun ary 

Connection 
with Bow and 
Belly Rivers 
map. 

Surveys. 

Commission maps, little attempt lrns been made to indicate the topo­
graphy on these lines in any systematic manner. In conducting the 
geological examination of the region, it has, therefore, been necessary 
throughout, to maintain a system of careful track- or paced-survey:-; 
which, in constructing the map, have been tied-in with fixed points on 
the instrumental lines as far as the e are available. The longitudes of 
intermedi:lte points have been fixed as far as possible by long bearings 
on prominent summits, and the latitudes of about one hundred places 
have been determiucd with a good 7-inch sextant. From the proved 
general accuracy of these track- and paced-sutTeys, and their inter­
dependence, it is believed that the outlines represented on the accom­
panying map will be found correct within small limits of error. The 
topographical detail is filled in from sketch-plans and profile sketches, 
and in the vicinity of the lines of travel is substantially accUI"ate. 
That indicated at some distance from travelled routes is less trust­
worthy, but where the mountains have not been actually sketched no 
attempt has been made to delineate them. While the present map 
must therefore be considered as merely preliminary, its publication is 
justified by the want of any detailed information respecting the district, 
which is now attracting the attention of explorers for coal, metalliferous 
minerals and timber. 

In the geological map of the country in the vicinity of the Bow and 
Belly Rivers, published with the report of 1882-8-!, the mountains con­
stituting the eastern outline of the Palreozoic rocks are indicated, 
together with a part of the Cretaceous basin which occurs we:;t of the 
first limestone range and within the area of the mountains proper. 
The present map, therefore, to some extent overlaps that one. 

The writer first visited the region here reported on in 1874, as geolo-
gist to the second of the above-mentioned Boundary Commissions, but 
his observations were at that time confined to the immediate vicinity 
of the eastern half of the South Kootanie Pass. In 1881 he re­
examined the same portion of this pass, and explored the eastern slope 
of the Crow Nest Pass, and the upper part of the Bow River n~arly to 
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the position now occupied by Canmore station. In 1883, about twelve 
weeks were spent in this part of the mountains, and in 1884 the 
gl'eater pal't of the working season, or about seventeen weeks, were 
·devoted to the region. In 1883 he was assisted by Mr. J.B. Tyrrell, B.A., 
and in the ensuing year by Mr. James White, C.K, both these gentle­
men being chiefly occupied with geographical and topographical work. 

Though this portion of the Rocky Mountains had been traveesed Kn9wl~dgc o.f 
by Howse in 1810, who followed, (according to Dr. Hector,) the North regwn m 

185
' · 

.Saskatchewan and Blaeberry rivers, by Sir George Simpson in 1841, 
( aK elsewhere more fully noted), by James Sinclair, and by at least two 
parties of 'emigrants' in 1841 and 1854,* no authentic information 
for any passes south of the Athabasea Pass was available at the time 
of the inception of Palliser's expedition in 1857. The Athabasca 
Pass, north of the region embraced by the present report, bad long 
.been. employed as a route of trade by th~ Hudson Bay Company. It 
was traversed in 1810 by ");he geographer, David Thompson, and was 
followed by the botanist, Douglas, in 1827. 

So far as I am aware, the first published account of travel in this S!r Geor?:e 
part of the mountains is that contained in the narrative of Sir George~~~~W~e~ 

impson's journey. Ue crossed this portion of the range on his way 
to the Pacific coast in August 1841, but his narrative did not appear 
till 1847.t His descl'iption is very indefinite, so much so, that without 
actual local knowledge of the region it is impossible to identify his 
route. Having, however, satisfied myself on this point, it may be of 
interest to place the result on record, as his journey dates back about 
to the pre-historic epoch for this region. After travelling south from 
Edmonton be entered the mountains by the Devil's Gap, north of then· t 

is rou e. 
iBow River (as surmised by Dr. Hector) and passed along Devil's 
Lake, which he says he named 'Peechee Lake,' t after his half-breed 
guide, whose usual hunting ground was in its vicinity. Peechee, 
though a half-breed, was at that time a chief among the Rocky Moun­
tain Crees. Simpson then crossed Cascade River and Forty-mile 
Creek (mentioning the mountain now called Cascade Mountain) and 
travelled, I believe, up tne Bow Valley' to Hole-in-the-wall Mountain, 
to which his remarks on p. 119 (Vol. I.) refer. He crossed the water­
shed range by the pass designated by bis name on the map, as 
·rendered evident by the time (seven hours) occupied in travelling 
from the Bow River Crossing to the summit. Had he gone by the 

* See Blackiston's report in Further Papers, etc., p. 66 and Sir G. Simpson's Narrative. 
t Narrative of an Overland Journey Round the World. London, 1847. 
t This name has never, I believe, appeared on any map, or obtained any currency. The lake 

is now so well known as Devil's Lake that I have not endeavoured to revert to Sir G. Simpson's 
imme, but have attached the name of Peechce to a high mountain to the south of the lake. 
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White Man's Pass the travelling time would have been much greater, 
by the Vermilion Pass much less than that specified. The White 
Man's Pass was, however, probably that taken by the party of 
'emigrants' to which he refers as having crossed in the same year 
(p. 126) ; the emigrants being guided by an Indian known as Bras 
Croche. 

Simpson then followed down the Kootanie Valley for some milef>l, 
and crossed to the Columbia Valley by the Sinclair Pass. He describes 
the wild gorge on the west end of that pass and refers to the ' Red 
Rock,' a conspicuous feature there. Near the mouth of this pass 
he met a half-breed named Berland, sent with horses for him from Ft. 
Colville. He visited the hot springs near the lower end of the 
Upper Columbia Lake (p. 128). From the Columbia-Kootanie Valley 
he struck across south-westward to Colville by the Grand Quetc River 
and lakea-the Choe-coos River of Palliser and 1\Ioyie of later maps. 

Routes The routes of Captain Palliser and mem hers of his party in this }Jart 
i~fifsi~r~~ ~- of the mountains were as follows,-In August and September, 1858, 
pedition in l 85S Captain Palliser traversed the Kananaskis Pass westward, followed the 

Kootanie Valley southwai·d on the we:>t side of the range, and returned 
to the east side by the North Kootanie Pass. Captain Pallisernotes that 
he had been informed of the existence and situation of the Kananaskis 
Pass by a half-breed named James Sinclair, in 1848, when in the west­
ern Indian country of the United StatcR. 

In the same yeat·, Dr. Hector entered the mountains by the Row 
Valley, crossed the watershed by the Vermilion Pass, followed down 
the Vermilion River and up the Kootanie to its source, down the 
Beaver-foot, and back over the watershed range by the Kicking Ilorse 
Pass, now adopted for the railway. Ile then followed the Bow River 
to its source, and the Little Fork and North Saskatchewan rivers ot1t 
to the eastern foot-hills. 

Captain Blackiston, during the same summer, traversed the North 
Kootanie Pass westward, returning eastward by the South Kootanie 
or Boundary Pass, and rejoining the c:xpcdilion at the winter quarters 
at Fort Edmonton.* 

Routes In the summer of 1859, Dr. H ector again entered the mountains by 
followed in 1859 

the Bow Valley, and crossed from it northward by the Pipe-stone Pass 
to the North Saskatchewan. Ile then followed the latter up and 
reached the Columbia by the Howse Pa:;s, and finding it impossible to 
proceed further west or north-west, travelled southward by the Col­
umbia-Kootanie Valley to beyond the 49 th parallel. Captain Palliser, 

* Further Papers relative to the Exploration by the Expedition under Captain Palliser, etc. 
London , Government, 1860. 



DAWSON . ] GEOGRAPHICAL EXPLORATIONS. 11 B 

during the ame season, again crossed the mountains by the North 
Kootanie Pass on his way westward to the Pacific coast. 

Within the limits of the region embraced by the present report, a Origin ofnameSc 

few features, such as the larger rivers, had appeared by name on maps 
pre-vious to the date of the expedition under Captain Palliser. Other 
names introduced on the map resulting from that expedition, were 
those locally in use by half-breeds or Indians, or translations of these, 
but a considerable number of names were also given by the members 
of the expedition. It has not always been easy to identify the features Identification. 

to which some of these names were intended to apply, particularly in 
the case of mountains, which-owing to its small scale-are shown in 
a very generalized way on Palliscr's map, and do not always corres-
pond with the description of their position given in the text. In 
placing the names on the accompanying map, I have carefully com-
pared Palliser's reports and map in the light of my own knowledge of 
the localities, with the purpose of doing foll justice to the work of the 
expedition. While doing so I have drawn out the subjoined list of 
places named by the several members of Palliser's expedition, which 
may be useful for reference.-

Named by Captain Palliser.-Kananaskis Pass, Palliser River, Mounts Names given by-
. Capt . Palliser. 

Fox, Back and Sabme, and the Stanford, Hughes and Macdonald 
Ranges. Windigo Mountain and Deception Mountain cannot be iden­
tifled. The name Dunraven Range was applied to an irregular region 
of hills and plateaus which cannot be individualized, and is conse_ 
quently omitted. 

Named by Dr. Hector.-Cascade Mountain, ]\fount Rundle (after the By Dr. Hector. 

missionary of the same name), Mount Ball (after the Under Secretary 
of State for Colonies in 1857) , Mount Lefroy (after General Sir H. 
Lefroy) , Brisco Range (after Capt. Brisco, of the 11th Hussars, a 
fellow traveller) ; Mounts Hunter, Goodsir, Balfour, Murchison, Forbes, 
Lyell, Richardson and Molar ; Sullivan's Peak, (after a member of the 
exp0'1 · · , vastle Mountain (N), on the Bow Valley; Terrace Moun-
tain, Saw-back and Mitchell Ranges, (the latter after a travelling 
companion of Capt. Brisco,) Kicking Horse River and Pass, Blaebeny 
River, Howse Pass and Simpson Pass. A few of these localities lie 
beyond the northern limit of my map. 

Named by Captain Blackiston.-Gould's Dome (doubtfully identified, By Capt. 

but retained), Livingstone Range, Castle Mountain (S) , North and Blackiston. 

South Bluffs on the Wigwam River, The Steeples, Galton Range. 
' The Family' and 'The Pyramid' mountains, seen from the foot-hills 
south of the Kananaskis River, cannot be identified. 
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Named by Mr. Bourgeau, Botanist to the expodition.-Grotto, Pigeon 
and Windy Mountains and Lac des Arcs. 

·()thernamcson Mounts Yarrell and Kfrby and Spence, and \Vaterton Lake, are on 
Palliser's map. BI l · t ' t 1 l · d P 11' ' Tl 1 t-

Names on 
Boundary 
Commission 
maps. 

Names now 
added. 

ac n s ons rou e, anc appear on 11s an on a iser s map. rn as 
mentioned name was, with littl e doubt, given by Blackiston, as ho 
refers to it in bis r eport dated Fort Carleton, 1858. The two fo1·mer, 
with Newman's Peak and Mount \Vilson, wore probably also g iven by 
Blackiston, though nothing is said of them. 

The following names in this district appear, so far as I have been 
able to ascertain, for the first time on Palliser's map, but are either 
not mentioned in the reports, 01· at least no statement is made as to 
their origin :-Palliser Range, Goat Mountain, Mount Vaux, Fail'holme 
Mountains, Pipe-stone Creek, Beaver-foot River, Fisher'<; Range, Mount 
Robinson, Mount Fox, Mount Back, Mount Nelson, Mount Head 
(doubtfully identified) , Crow's Nest Mountain, and Lussier River, 
Skirmish River (now known as St. Mary River), Bad RiYer (now Bull 
River), and Wigwam RiYer. 

The following are names of places which appear on the maps of the 
first International Boundary Commission. -A-kwote-katl-nam Lake 
(now Waterton Lake), Kin-nook-kleht-nan-na Creek (now Kootanie 
Brook), Camp Akamina, Kish-e-nehn Creek, Kintla Lakes, Kish-ne­
neb-na Mountains, Boundat·y Mountain::i, Kintla Mountains, Yak-in-i-kak 
Creek, ·wigwam Rivet", Ak-o-no-ho Creek, Tobacco River. 

In adding the names of places which appear for the firtJt time on the 
map accompanying this report, I have endeavorod, as far as possible, 
to ascertain and pel'petuate those which have come into common use. 
A number of these date back only to 1881, when the railway i:;urveys 
in this distl'iot were first undertaken, and othel's have been g iven 
since the completion of the line. 

Where found necessary for descriptive }JUrposes, I have taken the 
liberty of naming a number of featut'es not previously deHignated. 

Paucity of Where Indian names exist, these or their equivalents in English 
Indian names. are employed, but it is a remarkable circumstance that the Stoney 

Indians attach definite names to very few of the features in the region, 
whether mountains or rivers. As these Indians are known to be 
recent immigrants, and to have occupied the district for about forty 
years only, the paucity of names might be supposed to be accounted 

Cree ancl . for by this fact. The Stoney ' however, have since incorporated 
Stoney Indians . h l 1 h f: · 1 · f M t . rt.. b fi l h t d recent immi- wit t 10mse ves t e am1 ies o oun am v1·ees w o ormer y un e 
grants. here, and many of the names which can be ascertained are either 

Cree or their equivalents in Stoney. I am, therefore, led to believe that 
the Crees themselves had come comparatively recently into possession 
of the region, from which they expelled some hostile tribe, probably 
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of the Kootanie (Kootenuha) stock. This supposition findt:> confi.t·m­
ation in the statement of the missionary, De Smet, who says that 
some years previous to the date at which he Wl'Ote (1849), the Cree 
and Assiniboines inhabiting the Athabasca r egion had been forced to 
move southward, owing to the t>Carcity of game, in seal'ch of buffalo. 
It may probably have been at about this time that the Creos 
pushed their way into this part of the mountainR. The present tribe 
of Rocky Mountain Stoneys (01· .A.ssiniboines) i;;; known to be related to 
the Athabasca .A.ssiniboines. These, according to De Smet, separated 
from the main body of the same people to occupy the .A.thabasca 
region about sixty years before 1849, O L' in 1790. * 

More detailed enquiry among the Kootanie people than I have been 
able to make, might settle the question as to their former territorial 
claims. It is certain, however, that tradition relates constant feuds 
and repeated raids across the mountains between the Kootanie and 
Lbe Blackfoot tribes, and that the formel' have been accustomed from 
time immemorial to cross to the eastern plains to hunt buffalo. It is 
also probable from the habits of the Blackfoot people, who are essen­
tially plain Indians, that tboy would not willingly inhabit fol' any 
length of Lime the e mountain fastnesses . 

Previous Geologir'al Explorations. 

The first 1mblished o:eologic::d information for tbi · part of the Rocky Dr. lfector's 
~ reports. 

Mountains is that contain ed in Dr. Rector's report,; and journals -1- in 
connection with Pallisel"s Expedition. The ~u b:ilance of the geological 
reports is also given in a systematic form in a paper, accompanied by 
a map, by Dr. Hector, in the Qual'tol'ly Journal of the Geological 
f:lociety. t 

In 1861 , Ml'. H. Bauel'man, attached a:s geologist to the first of the .\lr.Bauernrnn'So 

Bonndal'y Commission expeditions above refol'red to, visited and report. 

examined that part of the present district near the 49th parallel. The 
result of his investigations, however, remained unpublished till 1885, 
when it appeared in the latit report of the Geological Survey (1882-84), 
)fr. Bauerman lrnYi.ng kindly communicated his manuscript report fo1· 
that purpose. 

•Western llli ss ions and Missionaries, Rev. P. J. De Smet, New York, 1859. 

t Papers relative to the Exploration by Cltptain Palliser, etc. London, Government, 1859. 

J ournals, Det:iiled Reports nnd Observations relath·e to the Exploration by Cl>ptaiu Palliser, 
etc. Loudon, Government, 1868 . 

t \'ol. X\'II., p. 388, sec a lso Edinburgh New Phil. Jour., N.S .. October, 18G1. liaving hacl 
occasion to re-examine many of Dr. llector's routes in the North-west •rcrritory ancl Rocky 
~\fountains, the writer wishes to note the great general accuracy n.nd value of the work done by 
JJr. llector, whether geographical or i:cological. 
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Under the title of "Physical Geography of the North-west Boun 
dary of the United States," Mr. George Gibbs published, in 1872, 
in the Journal of the American Geographical Society, a paper giving 
an account of the orographic features of the region in the vicinity of 
the 49th parallel, with some notes on its geology. This paper is 
founded on information gained by Mr. Gibbs while connected with the 
United States contingent of the same Boundary Commission, to which 
J\fr. Bauerman was attached. Mr. Meek subsequently described a few 
Carboniferous fossils obtained by J\fr. Gibbs at Katlahwoke Creek, in 
the Rocky Mountains.* He states his belief that this locality is the 
fm·the t north in the range at which rocks of this ago had been deter­
mined by organic remains, but in this belief ho was in error, as Dr. 
H ector had many years previously recognized Carboniferous lime­
stones much further north.t 

In The Professional Papers of the Royal Engineers (Paper 14, Vol. 
III., read January 22nd, 1864,) Lieutenant Wilson, R.E., gives some 
account of the geography of the same region described by fr . Gibbs, 
together with details as to the mode adopted in fixing the boundary 
line. 

In 1 74, the writer, as previously stated, made a geological examin­
ation of a portion of the South Kootanie Pass and its vicinity, including 
t he valley of Akamina Brool~ to the boundary monument on the sum­
mit ridge. The result of this work forms Chapter III. in the Geology 
and Resources of the 49th parallel,j where a geological section 
of the portion of the pass examined and several sketch sections of 
mountains are given. The featm·es of the region are again summar­
ized in a sketch of the geology of British Columbia, published in the 
Geological Magazine,§ and in the Sketch of the Physical Geography 
and Geology of the Dominion of Canada.II Preliminary notices 
respecting the general structure of the part of the range included in 
the present report also occm· in the reports on the district in the 
·\icinity of the Bow and Belly rivers.fl 

]\fr. H. H. Winwood, in a letter to the Geological Magazine, in 1885, 
announces the discovery of Cambrian fossils in the Kicking Horse 

Pass.** 
The publications above noted are, I believe, the only ones bear ing 

on the geology of the region previous to the report herewith presented. 

n, •-Bull etinU:s. Geot.& Geog. Survey, Vol. II.,p. 351, 1876. 
: t See his report and paper above cited. 
t M~ntreal, 1875. 
§ London, April and May, 1881. 
II Published by the Geological Survey, 1884. 

Reports of Progress, Geological Survey, 1880-82 and 1882-84. 
" • N .S . Dec. III., Vol. II., p. 240. Sec also 'Science,' Vol . IIL, p. 647. 
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GENERAL OROGRAPHIC FE.'\.'fURES. 

The portion of the Rocky Mountains embraced by this report may Interest 

be regarded, for several reasons, as one of particular interest and ~~~;:~ro~~o 
importance. It is the most northern portion of the range of 
which any systematic geological-or indeed geograpbical-explora.. 
tion of a connected chal'acter has yet been made, and it differs 
very considerably in character from that part of the range which 
travet"ses the territory of Montana, where the mountains are com­
paritively diffuse and irregular in outline. The northern portion of 
the district is now traversed by the Canadian Pacific railway, which 
renders it easily accessible, and whether from the point of view of the 
geologist, botanist or zoologist, or regarded merely as an alpine region 
affording the m'ost stl'iking and attractive scenery and unlimited 
opportunities for mountain climbing and exploration, it is likely to 
attract in the near future many visitors. Apart from tbe circum-
stances of the discovery of various metalliferous deposits already made, 
the existenee of extensive basins of newer rocks holding numerous 
seams of excellent coal gives promise of important developments in the 
near future. 

The term Rocky Mountains is frequently applied in a loose way 'fhe Cordillera 

to the whole mountain region bordering the west coast of North belt. 

America, which is more appropriately-in the absence of any other 
general name-denoted as the .Cordillera belt, and includes a number 
of mountain systems and ranges, which on the 40th parallel have an 
aggregate width of about one thou and miles. Nearly coincident, 
however, with the latitude of the head-waters of the Missouri, a change 
occurs in the character of this Cordillera region; it becomes com-
paratively strict and narrow, and runs to the 56th parallel or beyond, 
with an average width of about 400 miles only. This narrower portion 
of the Cordillera comprises the greater part of the province of British 
Columbia and consists of four main ranges, or more correctly speaking, 
systems of mountains, each composed of a number of constituent 
ranges. These mountain systems are from east to west, (1) The 
Rocky Mountains proper; (2) Mountains which may be classed 
together as the Gold Ranges; (3) The system of Coast Ranges 
sometimes improperly regarded as a continuation of the Cascade 
Mountains of Oregon and Washington Tenitory; (4) A mountain 
system which in its unsubmerged parts constitutes Vancouver and 
the Queen Charlotte Islands. This last is here actually the bordering 
range of the continent, as beyond it, after a submarine plateau 
of inconsiderable width, the bottom sheh·es very rapidly down to 
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to the abyssal depths of the Pacific. The Tel'tiary coast ranges of tho­
south are here entirely wanting. Between the second and third of the 
above mountain systems is the Interior Plateau of British Columbia. 
with an average width of about one hundred miles, a mean elevation 
of about 3,500 feet, and peculiar chaL·acter and climate. 

Th e present report refers more particularly to a portion of the 
Rocky Mountains proper. This system of mountains has, between th e 
49th and 53rd parallels an average width of about fifty miles, which 
in the vicinity of the Peace River decreases to forty miles, the 
general alLitude of the range as well as that of its supporting plateau 
at the same time becoming less. Beyond the Peace River region 
these mountains are known only in the most general and unsatisfacto1-y 
way. The portion of the Rocky Mountains which has been e:xplorecl 
is bordered to the eastward by the Great Plains, which break into a 
series of foot-bills along its base, and to the westward by a remarkably 
straight and definite valley, which is occupied by portions of the 
Columbia, Kootanie and other rivers, and is known to preserve its 
gene ral direction and character for over six hundred miles. 

The general trend of that portion of the Rocky Mountains here par­
ticularly described,-between the parallels of 49° and 51° 30'-is about 
N.N.W.-S.S.E., but when more closely examined it is found to includ e 
three subordinate trends. 'rhaL portion of the syst.em, extending on 
the east side, from the 49th parallel to lhe SouLb Fork of the Old Man 
River, bas a general bearing of N. 35° IV. Thence northward to the 
point at which the Higbwood leaves the mountains, the general trend 
is N. i 2°·w., after ,.,-bich the bearing again becomes about N. 35° W., 
and so continues to the northern limit of 1he map. Notwithstanding 
the changes in general trend, the average width it:i preserved through­
out with considerable constancy, though it becomes greater than 
usual in the nurlh-and-south trending portion, where ]al'ge Cretaceou:; 
infolds occnr, as elsewhere more fully described. The constitucn L 

ranges ancl ridges conform very1111al'keclly to the Yarying direction~ 
above stated, and while these are most clearly shown by the outer 
eastern range, the three directions of trend are scarcely leso; eYident on 
the we;itern border. The least regular and most tumultuous portion 
of these mountains is that in the neighborhood of the 4flth parallel. 

The base-level of the Rocky Mountain range is much higher on 
the eastern than on the western side. On the east, as ascertained by 
taki11g the average level at which the larger streams leave the mou1L 
tains proper and pass into the foot-hill region, iL is about 4,360 feet. On 
the west, the average elevation of the Colnmbia-Kootanie Valley is ap· 
proximately 2,450 feet. In consequence of this difference, the pas~cs 
traversing the range have, (a" fast noted by Captain Palfo;er), a steep 
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and sudden descent to the west of the watershed in contrast to the 
more gradual slope to the east. 

The foot-hills, though they might be regarded structurally as a portion Stru.cture and 
. . ' . origin of the 

of the mountarns, being composed of rocks flexed and disturbed root-hills. 

parallel to and contemporaneously with those of the mountainR 
proper, differ much in their general appearance and character from 
them, and seldom equal even their outer and lower summits in height. 
The amount of distuL"bance in the foot-hills is not Jess than that 
found in the mountains, and in many places is even gL"eater, the beds 
being often vertical, or even overturned, in transverse sections several 
miles in length. They arc, however, composed of the Cl'etaceous and 
JJaramic rocks, which , further east, in nearly horizontal and unbroken 
sheets, form the substructure of the Groat Plains; while the moun-
tains proper are compo~od of the older Palmozoic rocks which never 
appear at the surface in the al'Ca of the plains. To the less resistance 
to denudation which the newer and softer rocks have offered, must be 
attributed the inferior present elevation of the foot-hill region, and the 
comparatively rounded outlines of its hills and ridges, which are almost 
everywhere covered with Yogetation. During the time intel'vening 
between the close of the Laramie and the earliest Miocene, a truly 
surprising amount of denudation must have occurred. of which in thiR 
region no geological record remains. 

The average width of the foot-hill belt may be stated as about fifteen C
1
h:trrnctebr.o

11
f' 

I 1c oot- 1 s. 
miles, and its eastern margin, where the sharp flcxures abruptly sub-
side, forms a line which ii:; almost exactly parallel to the trend of the 
base of the mountains provious~y alluded to. The eastern base of th e 
rugged and bare mountains coincide~ everywhere so closely with that 
of the Palmozoic rocks, that this geological lino may be taken as 
defining also the boundary between the mountains proper and the foot-
hills. The foot-hills region is characterixcd by series of' long ridges, 01· 

bills arranged more or less definitely in linear series, the positions of 
which baYo been determined by the existence of zones of hal'dor rock-
goncrally sandstones. Between tbo,.;e ridges are wide valleys in which 
the smaller streams course, while the la1·ger river>:, having Lheir soure;.; 
in the mou,n tains, generally cut across nearly at right anglol'i. Though Foot-hills low 

very well marked south of the Old Man River, these ridges MO there to the south . 

usually Tatber low, and the proportion of wooded country being quite 
small, the prairie may be said to spread up to the very base of the 
mountains l)]'Oper. North of t he North Fork of the Old Man, however, 
the hills and ridges g1·ow higher and more abrupt, and the wooded areas 
become more considerable till, about the Highwood River and Sheep Hi~hor 
Creek, extensive forest areas, interspersed with tracts of burnt woods, northward. 

l'ender the base of the mountains well nigh imipproachable, except 
3 
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along the river-valleys. The greater height and roughness of the 
foot-hill region in the vicinity of the Highwood River, Sheep Creek and 
the g1bow River, is co-ordinate with an increased height of the base­
level of the mountains, which here attains its maximum; the levels at 
which the Highwood and Elbow Rivers leave the mountains being ap­
proximately 4,'780 and 4,800 feet respectively. The streams which issue 
from the mountains at the lowest levels are the South and Middle Forks 
of the Old Man and the Bow River. The two first may be considered 
together as occupying a structural break in the front of the range, and 
have a level at this point of little over 4,150 feet. The Bow River, but for 
its greater size and erosive power, which have enabled it to produce a 
great "Valley, would probably have at its exit from the mountains, a 
height as great as ihat of the Elbo"· or the Kananaskis at a correspond­
ing point, but it actually cro8ses the outer range \Yith an elev:i.tion 
4,1 '70 feet only. 

Appearance Where the summits of the foot-hill ridges are not Cl'ested with out­
of ~he foot-hill crop1)ing ledges of sandstone their outlines are o-enerally rounded and 
i·eg1on . ' o · 

flowing. The parallel valleys contain a deep, rich, black soil, and 
under the influence of a sufficiently abundant rainfall, the vegetation is 
wonderfully luxuriant. There are indications of a very palpable 
character that the southern foot-hills were at a time not very remote, 
much more thickly wooded than at present, and that the recurring 
fires ha"Ve much extended the open ccuntry. Before many years have 
passed, the same influence will have produced great changes in the 
northern parts of this region, still thickly wooded, and districts now 
almost impenetrable from tangled forest and windfall will have become 
open pasture lands. 

Few regions in a state of nature can compare with the southern 
part of the foot-hills in beauty. The long grassy slopes covered with 
a,n infinite diversity of wild flowers, the rivers fresh from their moun­
tain sources, rapid, cold and clear, and the ever-changing views of the 
great background of mountains, combine to form a most attractive 
landscape. 

tructure of the .As in most mountain regions (and hern specially apparent on 
mountains. account of the strict parallelism of the rock-folding), the ruling 

Jeature of this part of the Rocky Mountains may be described as a 
system of parallel ridges, crossed nearly at right angles by a series of 
transverse breaks. These are abundantly evident, whatever their 
cause, which from a geological point of view is not very clear. On a 
larger scale, the plan of the foot-hills is repeated in the mountains, and 
some of the more evident breaks are continued quite through the foot­
hills to the eastern plains, while in other parts of the foot-hills-as 
between the Middle and North forks of the Old Man-a series of simila1· 
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breaks is found traversing the foot-hills themselves, but not affecting 
the mountains. It is an interesting question, but one on which, as yet, Two systems 

. . of valleys. 
we have scarcely sufficient evidence for dec1s10n, whether such trans-
verse breaks are due to lines of comminuted fr::.cture and shatter-
ing of rocks, or whether they repl'esent portions of the older draioage-
valleys of the axis of elevation, which, by drawing to themselves the 
waters of the smaller streams of the longitudinal valleys, have suc-
ceeded in maintaining their supremacy as drainage channels even to 
the present time, though the longitudinal valleys have become the 
most noticeable features. It appears highly probable that both causes 
have been concerned in theit- formation. 

So far no evidence of extensive faulting has been discovered in con-Rhoutes actro~s 
t e moun ams. 

nection with these transverse lines. In no case, however, in the 
region now described, does such a transverse break preserve its char-
acter so definitely across the whole breadth of the range as to form 
a direct 'pass' or practicable route of travel, though the North 
Kootanie Pass closely approaches thi · condition. The routes offering 
the greatest facilities for crossing the mountains, generally follow zig-
zag courses, partly along the longitudinal valleys, and seek the lowest 
points at which to traverse the inlervening mountain ridges. In con-
sequence of this, the lengths of the various transverse passes are often 
considerably greater than the actual widlh of the mountains. In the 
following list, the known passes in this part of the range arn enume-
rated in order from south to north, with the length of each measured 
along the direction of the trail from the eastern to the westem base of 
the mountains. The altitude of each, at the watershed or main summit, 
is given in the second column.-

South Kootanie or Boundary Pass .. .. ........ . 
North Kootanie Pass ...... . ... . ..... . ...... ... . 
Crow Nest Pass .. .. .. ...... ... .. . ..... ... ... . 
North Fork Pass (1) .......................... . 
Kananaskis Pass . ... ........... ..... ........ . 
White Man's Pass (2) ........................ . 
Simpson Pass (3) ...... . ............•• •• .. .... 
Vermilion Pass ( 4). . . . . . . . . . . . . . . . ...... ..... . 
Kicking Horse Pass ........... . ......... . .... . 

Length 
in 

mile~. 

66 
48 
56 
46 
85 
70 
70 
88 

10-± 

Elevation 
at 

watershed. 
7,100 
6,750 
4,830 
6,773 
6,200 
6,807 
6,670 
5,264 
5,300 

{l ). Measured from the Elk River Crossing in a straight line to the 
Kootanie Valley, the western continuation of this pass not 
having been explored . 

.(2). Measured up the Bow Valley on the east, and at the west end 
crossing the Brisco Range by Sinclair Pass. 

List of passes . 
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(3). Measured up Bow Valley on the east, and across the Brisco Range 
in a direct line, by reported pass. 

(4). The eastern and western ends of this pass are identical with the 
last. 

(5). By the railway line, 111 miles. 

It is probable that even within this district there are other passes. 
across the watershed range beside those here named. The Indians, 
in the course of their hunting expeditions, travel on foot in every 
direction across the mountains, but designate a · passe8 only the route:; 
which are not too steep or rough for horses. 

Character and Most of the passes above enumenited cross subsidiary summits of 
~~.f~~;~~~.e of some height west of the main watershed. The South and North Kou­

tanie Passes have long been in regular use by the Indians, and both 
these, after descending into the 'Flat-head Valley, in the centre of the· 
mountain region, cross a second high 'divide' between this river and the· 
Kootanie Valley. The Crow Nest Pass was little used by the Indian8, 
owing to the thick forest prevailing along pal'ts of it, but it was some 
years ago chopped out, and rough bridges were thrown over some of 
the streams, to provide a route for taking horses and cattle eastwan.i 
across the range. The North Fork .Pass appear;; for the first time on. 
the accompanying map, and was not known, except by Indians, till 
cro sed by myself in 1884. The Kauanaskis Pat:!S was trnveri:;ed by 
Captain Palliser in 1858, and ha:; been much used by the Indiam-1. The­
White Man's Pass probably derives its name from the circum:stance or 
its use by emigrants in 18.U (seep. 10 n). Sir George Simpi:;on in 
the same year, crossed the mountainis by the pa ·s to which his name i:i 
now attached. The Vermilion Pass has long been a much-travellell 
Indian route, and take:s its name from copious chalybeate spring 
which deposit large quantities of ochrn. The Kicking Horse Patis was 
li ttle known, and scarcely used by the Indians, probably on account or 
the thickness of the woods and rough chamcter of parts of the valley 
for horses. 

Howrn nncl _ About fifty miles north of the last-named pass, and beyond the limitis­
~!~~~'."ca of the accompanying map, is the Howse Pass, and thence to the Atha-· 

ba ea Paso:, a further distance of sixty-thTee miles, no practicable route itl 
known across the axii:; of the mnge. In 1884 I learned from the Stoney 
Indians that aihunting party, having heard r eport:; of abundance of· 
game in the region, had during the .summer tried every valley betwePn 
the Athabasca and Howse passee, but had been unable to get thei1: 
horses over, being repulsed either by impassable rocky mountain!. 01· 

by g laciers and snow-fields which filled the intervening valleys. 
Constituent The ancient crystallin e rocln1 form no part of thi;; portion of the 
:n~!~~;:e Rocky :Mountains, which is chiefly composed of Cambrian, Devonian 
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11nd Carbonifel'ous stl'ata, violently flexed and often completely over­
tumed . The differences in resistence to denudation of these rocks 
al'e not on the large scale considerable, and t he regions of greater and 
·leRs elevation thus depend closely on t he nature and volume of the 
folds of the component stra1a. The most important interruption to 
the uniformity of this pal't of the range is found in the fact that the 
fo lding has in several places been so extensive as to include lal'ge 
al'eas of Lower Cretaceous rock , which appear, previous to the 
main era of mountain elevation, to have O\erlain this Tegion in great 
volume. Wherevet· these roclrn constitu te considerable areas of the 
present surface, we find a partial repetition of the conditions obtain ing 
in the foot-hills, characterizing tracts which are snrrounded by ranges 

• 
-0f limestone or other Palmozoic rocks. Where such areas are exten- Higher and 

. . t'· . b I th K t . p th 11· h lower areas ~1 ve-as m Lle reg10n etween t Je or oo ame as!'I, e 1g - · 
wood River and the Elk-the neighbouring and intervening Palfeozoic 
Tanges, are, though still very prominent, owing to a lack of support 
a ncl the moTe rapid and uniform wearing away of the softer Cretaceous 
rocks, of less elevation than elsewhere, and the genernl height of 
the mountain region is inferior. Where such softer areas are wanting, 
{IH neal' the 49th parallel and about the head-waters of the Bow 
Rivel', the general altitude is COl'rebtively inc1·eased. 

The culminating point of the Bocky Mountains is doubtless to be Height and 

found about the 52nd 11arnllel of no1·th latitude, or between t his and ahppearance .or 
t e mounta101. 

the 53rd }Jarallel, where Mounts Brown and Murchison, occur with 
reputed altitudes of 16,000 and 13,500 feet respectively, and Mount 
Hooker, al o reported to be very lofty. These heights, however, are not 
gl'eat in comparison with t hose found in some other mountain ranges, 
·and those :met with in the region here particularly described are even 
le ' S. Th e height of the adjacent country, and the yet more con-
-Riderahle elevation of the drainage level within the area of the moun-
tains1 moreover, reduces the apparent magnitude of the range, and 
mountains rising more than 5,000 feet above the point of view are 
'Seldom encountered. The scenery is, therefore, not of Lhe imprns-
sive magnitude of that met with in such mountains as the Himalayas, 
or even the higher portions of the Alps. It has, however, a char-
acter of its own, and 'vhat it may want in actual dimensions is 
compensated by its ruggedness and infinite variety, the mass of 
·its broken escarpmeuts and the height of its bare cliffs, which 

·rise often over valleys densely filled with primeval forest. The 
.contt'ast in respect to form is very marked between these moun-
tains and thoee belonging to the Selkirk and Purcell r anges, on the 
-Opposite side of the great Columbia-Kootanie Valley. Along the 
.eastern side of this valley, the outer range of the Rocky Mountain 
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system forms an almost continuous wall of bare and shattered, though· 
not very lofty, limestone }Jeaks. The Selkirk and Pmcell ranges, on. 
the contrary, begin to assume a rugged character only in the vicinity 
of the axis of the mountain system, while the flanking hills, for a. 
number of miles back from their base, show gently swelling outlines, 
and are, as a rule, thickly covered with forest. 

That portion of the mountains south of the North Kootanie Pass. 
presents but little of the structural regularity elsewhere met with, and. 
the characteristic parallelism of features appears to be obscured by a 
geological uplift which brings considerable areas of Cambrian rocks to 
the surface in the vicinity of the South Kootauie Pass. Whether con-
nected with this uplift, or due to other causes, the 1mrallel folding of 
the rocks of the mountains, elsewhere referred to, is not here well 
marked, or acute, and the beds for the most part lie at remarkably low 
angles. The ea tern base of this part of the mountains is also anoma­
lous in charactel', being, between Waterton Lake and the South Fork of 
the Old Man, cut by a number of small but deep valleys with north­
east and south-west trends, which rise some miles back from the outer 
edge of the range and bold the tributaries of the Waterton River and 
the South Fork. The block of mountains bounded by the South and 
North Kootanic Passes, tb e Flat-head Valley and the eastern foot-bills is, 
in fact, peculiar in that it discharges its drainage nearly equally in all 
directions. Castle Mountain (S), the summit of which is evidently com­
posed of massive and nearly horizontal beds of limestone, is one of the 
higher and more remarkable peaks of this group of mountains. The 
other central mountains are not known. 

Mountains Beyond the North Kootanie and Crow Nest passes, the parallel moun­
r;:~~~e ~~d.th tain ridges become well defined. The Livingstone Range, continued 
~:::~.ask.is further northward by the Righwood Range, forms the outer ridge of 

the mountains, and extends with slight interruption for a distance of 
eighty miles, to the Elbow River. A second limestone ridge is formed 
by the Flat-head and High Rock Ranges, wh ich lie nearly parallel to the 
first, and have like it a slight convexity eastward. The Elk Mountains 
continue this line to the sources of the Elbow, where the space between 
this and the outer range having become comparatively small is nearly 
filled by the intercalated Misty Range. Further west, the Wi-suk-i­
tshak Range forms a third imperfect parallel, and beyond is the veey 
rough and high range to the west of the Elk River, between which and. 
the Hughes Range, bordering the Columbia-Koot:rnie Valley, a wide 
space remains unknown. 

Mountain The mountain regiou between the upper part of the Elbow River and 
r!;:~~skis Kananaskis Pass on the south, and the Bow River and Vermilion Pas 
i~~seY.ermilion on the north, wants the wide Cretaceous valleys found in the part last 
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described, and is composed of from eight to ten main ranges, with but 
two wide intervening valleys-one running from the head of the Kan­
anaskis to Spray River, the other holding the head-waters of the Koo­
tanie. The parallelism of these ranges is not less well mar.keel, but their 
continuity is frequently interrupted both by transverse valleys and by 
an echelon-like arrangement which subsists between them. Fisher's. 
Range here consti.tntes the eastern front of the mountains. Behind it a 
second tier is formed by a somewhat irregular range, which ends in 
Pigeon Mountain on the Bow. The Opal Mountains and connecting 
elevations ending on the Bow in Mount Rundle, form a third range, 
while the Kananaskis and Goat Ranges, with Teri·ace Mountain, consti­
tute a fourth. The Spray and Bourgeau Mountains are the best known 
portions of a fifth parallel, while a sixth runs southward from Pilot 
Mountain, but dies out before reaching the White Man's Pass. The 
Blue Mountains and connected mountains ending in Mount Ball on the 
Ve1·milion Pass, form a wide and somewhat irregular seventh range. 
Between this and the important ridge formed by the Mitchell and Ver­
milion Ranges, there are probably two short intercalated ranges, of 
which the ends aee seen on the Cross River. The Brisco and Stanford 
r:tnges constitute the western elevation of the mountains, and are wider 
and more persistent than mo t of those above named. 

North of the Bow River and Veeruilion Pass, the parallelism of the Mountains 

constituent ranges, so far as known, is equally great, but the names BNorthR~f the d 
ow iver an 

Fairholme Mountains, Palliser a,nd Sa·w-back Ranges are there applied Vermilion Pass. 

to rather extensive blouks of mountains, the constituent ridges of 
which ha>e not yet been mapped. The Bow Range and Waputtehk 
M:onnlains, cut across by the Kicking Horse Pass, constitute together a, 
a very massive range, which to the west, in the vicinity of the pass, 
becomes broken up into rather irregular groups of mountains. The lofty 
Otter-tail Mountains are continued to the north-west by two ranges, the 
Van Horne Mountains and Mount Hunter, while the Beaver-foot Range 
(really a continuation of the Brisco Range) fronts on the Columbia 
Valley. 

As will have been gathered from the foregoing general description, Relations of 

DO single ridge Or system of elevations constitutes the watershed range r~f;;~ lo~~nt<> 
in this part of the mountains, nor does the portion of the mountains watersge,1. 

characterized by the greatest connected areas of high mountain coun-
try and crowned by most of the higher peaks, coincide with it. A line 
following this most elevated region would probably run from the neigh-
bourhood of W aterton L ake west-north-west to the vicinity of the Lizard 
Mountains, thence northward to the west of the Elk River, to latitude 
50° 30', and thence north-westward, passing through the Blue Moun-
tains and Bow Range. Only in the last-described portion of its length 
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would it be identified with the main water-parting. Therefore, other 
circumstances than the position of this line of greatest elevation must 
ban operated in determining the watel'shed; or that which was origin­
ally the highest part of this mountain system is still marked approxi­
mately by the pl'esent position of the 'main divide,' but £.as since 
beeome relatively depressed by the more active progress of denuda­
t ion. It is quite possible that the latter supposition is correct. The 
fltceper pitch and consequent greater erosive power of the westward­
flowing streams, with other minor circumstances not necessary here to 
detail, afford ground for the belief that the line of the watel'shed 
has, during the process of the denudation of these mountains, retreated 
eastward for a greater or less distance. 

11.ctual position From the South Kootanie summit, the actual watershed runs north-
of the water - d K · b bl fi · shed. westwar to the north ootanic oumm1t, pro a y ormmg a very 

Most lofty 
mountains. 

sinuous line, as it does not here appear to coincide with any single 
range. Thence it follows the Flat-head Range for some distance, but 
on the Crow Nest -Pass is found to lie in a comparatively low tract 
several miles west of that range. Thence, for many miles northward, 
the lligh Rock Range forms a definite line of water-parting. At the 
northern encl of this range it is quite probable that the wateri,hecl lies 
to the east of its axis, though this point has not been determined. It 
next follows the Elk Mountains for a few miles, crosses the wide longi­
tudinal valley in which the Kananaskis and Elk head in a common, 
swampy tract, and after following the southern continuation of the 
Spray Mountains round the head of the Upper Kanauaskis Lake, falls 
back on the White Man's Pass to the next range to the west. Thence, 
after following the Blue Mountain Range, it is found to the east of 
the main axis of elevation on Simpson Pmis, after which it becomes 
identified with this axis in the Bow Range and Waputtehk Mountains . 
.Regarded as the eastern boundary of the province of British Columbia, 
it presents on the map an undesirable sinuosity, but possesses a practi­
cal advantage in being always easily determined on the ground in each 
pal'iicular locality, and requiring no elaborate survey of system or 
land-marks to fix its position. 

In the region embraced by t.he map, Mount Lefroy (of Hector), 
with an altitude of 11,658 feet above the sea, appears as the highest 
peak. It is the most lofty of which any actual measurement has been 
made, but others may still be found with an equal or greater height. It 
is quite probable that the blunt summit a few miles north-west of Mount 
Lefroy, in the same range, and forming the centre to which the 
spurs seen on the south side of Kicking Horse Pass attach, is 
higher. The remarkable peak called Assiniboine Mountain, of which 
I estimated the height, as seen from a considerable distance, at 11,500 
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feet, may also proyo to exceed Mount Lefroy when it shall be meas­
ured, and there are some \ery lofty mountains in the unexplored tract 
west of the Elk River, which have been seen only from high points 
.east of the Elk many miles distant. 

A number of mountains shown on the map arc known, however, to 
.exceed 10,000 feet in height, while whole ranges and groups of peaks 
in the district smpass 8,000 feet. 

The typo of mountain structure most extensi\clr developed in this i::scarpment: 
J like mountams. 

region is that of the escarpment, with cliff,,; or very steep slopes on one 
side, and long and comparatively light slopes on the othel'. The steeper 
slopeoi generally face eastvrnrd, in consequence of the prevalence of 
westward dips, though the conditions are reversed on the west side of 
the range. The ridge;, are very often composed of massive beds of lime-
stone, and these lighter slopes are at an angle sometimes identical with 
the dip of the beds; in which case inclined surfaces of rock, almost as 
bare as the more abrupt, eastward-facing cliffs, are often formed. 
Among the more striking instances of this type of mountains may be 
mentioned, Prow Mountain, on the Red Deer, Mount Rundle and the 
range running south from it, and others in this vicinity, also part of 
the Righwood Range south of Mount Head. Mountains of this form 
are, however, numerous eve1·ywhere in this district. Whore the 
mountain tops are formed of nearly horizontal beds of the massive 
limestones, as not infrequently happens, the easy disintegration of these 
rocks along jointage-planes, at right angles to the bedding, produces 
summits with very striking forms, of which the upper parts arc almost 
sheer cliffs, often of very great height. The conspicuous, block-like Block-ljke 

't f Ch' f ~1 t . . d . t f th' th mountams. sumn11 o ie ~· oun am is a goo ms ance o is type, o ers are 
the Crow's Nest and Boe-hive Mountain, with summits resembling 
broken columns, and Castle Mountain, on the Bow River, with its long 
ranges of vertical, rampart-like cliffs. A later stage in decay of 
mountains of this type produces chimney- or spire-like peaks, such as 
are found running north from the Crow's Nest, at the eastem extremity 
of Castle Mountain (N), and in a very picturesque peak at the head of the 
short valley which joins the North.west Branch of the Old M:an River 
near its head at the fall. The index-like pinnacle, at one end of 
Castle Mountain, of the southern part of the range, is another instance. 
When the limestone series has been turned completely on edge, as in 8 t d erra. c ranges 
the western ridge of the Saw-back Range, in the Opal Mountains and 
elsewhere, the limestones entirely lose their characteristic massive 
appearance and produce ranges with a very straight crest, but narrow, 
and with saw-like outlines. 

The rocks of the underlying quartzite series, though in themselves 
hard, arc not in such thick beds as the limestones, and are, moreover, 

4 
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Quartzite lllld very much shattered by innumerable jointage-planes. As a consequence· 
~latemountarns f th d't' h f' f h . d f h 

Unex plored 
region. 

Normal 
conditions of 
drainage. 

o ese con i ions, t e orms o t e mountams compose o t em are 
not so striking nor so much individualized. They tend to form systems 
of angular, steep-sided ridges, separated by V-shaped valleys, which 
radiate in all directions from the higher parts. If of inferior height, 
or when erosion has not proceeded so actively, they may become 
almost rounded in outline. The slate mountains on the Bow River, and 
the Van Horne Mountains on the Kicking Horse, may be mentioned as 
illustrations of these. 

The largest part of that portion of the Rocky Mountains represented 
on the accompanying map which yet remains completely unexplored, 
is that alluded to as lying between the Elk River and the Kootanie. 
This region is· known to be one of great difficulty, not only from 
its rugged, mountainous character, but from the fact that owing to its 
abundant rainfall , the forest growth is there particularly impenetrable. 
Judging from our expel'ience elsewhere, however, I believe it would 
not on actual trial prove nearly so difficult as reported. It was not 
entered by us, merely because the time at our disposal was not more 
than sufficient for traversing the main routes, and for the delimitation 
of t he more important Cretaceous areas in the region. The cause of its 
being avoided by the main traili:; is probably to be found chiefly in the· 
position of the Elk River, which constitutes at all but its lowest stages, 
a well-nigh impassible barrier, being as a rule too deep to ford with 
animal , and too swift for rafting. In view of the gold-bearing charac­
ter of Wild Ilorse Creek and the Bull River, both heading in this 
unexplored tract, it would appea1· to be one worthy of the attention of 
the prospector. 

The transverse valleys, previously described as constituting one of 
the well-marked structural featui·es of this part of the Rocky Mountains, 
are so numerous, that it would appear to be the normal condition for 
each of these to unwater a comparatively limited tract of the mountains, 
receiYing as tributaries the streams from the longit,udinal valleys. 
To such an arrangement the valleys of the several branches of the Old 
Man, together with those of t he High wood, Sheep, Hed Deer, and several 
others, conform pretty evidently. In other cases, however, owing prob­
ably to causes explicable on gl'ounds of geological structm e, the longitu­
u.inal valleys have become the main water-ways, and collect the streams 
of a number of areas which drain toward them through smaller trans-

Longitudinal verse breaks. Of this, the Elk River is the most r emarkable exam pie, 
intercepting 
streams. and the determining cause in this case is evidently t o be found in 

the existence of the long infold of the softer Cretaceous rocks which 
it follows. The upper part of the Kootanie River is another case 
in point, but the importance of the valley is there due to the existence 
of an anticlinal axis of Cambrian rocks, which is continued nort,hward 
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in the Beaver-foot Valley. Both these streams eventually break across 
the intervening ranges to the west. The Flat-head Valley is another 
instance of t he same kind, but the cause of its existence is not so 
obvious. It is worthy of note that all these large, intercepting, longi­
tutlinal stl'oams flow southward. 

The course of the Bow River in the mountains, is very remarkable. 'rheBowValley­

After first flowing in an anticlinal Cambrian valley, it turns eastward 
and breaks completely across t he series of mountain-ridges which 
form the Saw-back Range. It then reaches an important Cretaceous 
infold, and afto1· following it for a number of miles to the south-east, 
again t!lrns nearly at right angles, and breaking through the outer 
ranges, reaches the foot-hills. It is highly probable that the Bow 
at one time flowed through the valley now occupied by Devil's ~~!~-~~~re~s. 
Lake, the singular characters of which are cl ewhere descl'ibe<l, and 
that the change in its course took place either during or subsequently 
to the glacial period. Such a chaugo might have happened in con-
sequence of the more prolonged blocking of the Devil's Lake valley 
by g lacier ice de rivetl from the high mountains surrounding it. The 
only other instance which need be referred to of a now disused channel, 
which evidently at a former period cal'riod a large stream, is that of the 
valley which opens at each end on the Spray River and runs to the 
east of the Goat Range. 

In so mountainous a region, such changes must necessarily be quite Antiqu\ty of 

t . I d . h 1 t bl. h d ll. lthcdramage· oxcep 10na , as rarnage c anne s once es a is e wou c in genera system. 

be very persistent. Evidence of the great antiquity and ponuancnce 
of the channels of drainage is abundant. Except it were the complete 
blocking of valleys by masses of glacier ice, circumstances under 
which the larger streams would be divc1·ted from the depressions they 
have now produced, are well nigh inconceivable, and most of the rivers 
appear to have simply re-occupied those old coursetrnfter the ice of the 
glacial period had passed away. The transverse valleys are supposed 
to be, geologically, the most ancient, as they are those for which least 
apparent determining cause can be found at Lhe present day. A circum-
stance indicating their vast antiquity, is that the lowest summits 
between the tributaries of contiguons transverse valleys, arc in several 
cases as high as, or higher, than those of the main watershed of the 
mountains in 1.he same neighbourhood. A marked superiority once 
obtained by any of the larger streams is of course likely to be perpetu-
ated and to increase at an accelerated ratio in consequence of the greater 
erosive power thus gained. The formation of such main water-courses 
as the Bow, Elk, etc., is probably due to such cumulative increase. 

The lakes found in or adjacent to this part of the mountains are not Lakes. 

Yery numerous or important. ·The largest are the Columbia Lakes, t he 
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character and origin of which arc elsewhere spoken of. The upper 
lnkc is nine, the lower about eight miles in length, t he width of each 
being in some places about a mile. Devil's Lake, ten miles in length, 
but narrow, has been referred to as probably occupying part of a forme 1· 
river vall ey. Trout Lake on the ·white Man's Pass is of the same 
character, but much smaller. The upper and large!' of the Waterton 
Lakes, nine miles long, is pretty certainly held in by t he accumulation 
of debris brought down by the Kootnnie Brook, though perhaps also 
in part dammed by moraine rnatcl'ial. In any case it certainly 
occupies the position once held by a g lacie1· in the same valley. The 
lower ·waterton Lake is p robably al~o moraine-dammed. Bow Lake 
doubtless occupies the bed of a former extension of the glacier still 
existing at its head. Several smaller lakes such as that on the summit 
of the Vermilion Pass have evidc11tly been produced by debris from 
tributary streams or torrents blocking up the valleys. Kicking 
Horse lake flows westward over a lip of rock. lt occupies part of the 
bottom of a wide valley transverse to the watershed range, which 
probably drained eastward before it became filled by glacial drift 
deposits in the vicinity of Stephen station. There are also a number 
of small lakes and pools which lie in cirques or occupy the upper ends 
of deep valleys beading in the mountaini;, and some of these may rest 
in true rock-basins of glacial origin. 

The Columbia-Kootanie Valley, bordering the Rocky Mountains on 
the west, has already been referred to as an orographic feature of the 
first importance. The portion of this valley included in the present 
report and map extends from the 49th parallel to the mouth of the 
Kicking Horse, with a length of one hundred and eighty-five miles. 
The eastern side of the valley is here formed by the escarpment-like 
western range of the Rocky Mountains, while the slopes on its western 
side are, as has already been stated, longer and lighter. 'The general 
direction of dip of the rocks of the first-mentioned range being east­
ward, this great valley may be considered as an exaggerated in stance 
of the strike valleys elsewhere met with in this region. Indications 
are not wanting of fracture and disturbance in the rocks along the line 
of the valley, but it appears probable that it has been produced for the 
most part by the normal action of streams cutting along t he basset­
edges of the strata, and that as it has increased in depth, it has also 
changed its position laterally, moving to the eastward. 

Active erosion is, however, not now in progress in this great valley. 
Like most of the larger valleys, it is evidently of pre-glacial origin, 
and is deeply filled with drift materials. We cannot even certainly 
tell in which direction it discharged in pre-glacial times, t hough 
it was probably southward. The present condition of the valley 
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in regard to it,; tl1 ainage is both peculial' and anomalous. The Cours_es of the-

e I b. R" fi .1 · . f h t . th U C I b" two nverF. o um ia 1vcr, nurng its urt cs source m e pper o um ia 

Lake, flow::; thence through the second or lower lak e northward for about 
one hundred and seventy miles to its g reat bend at the month of the Canoe 
River, while the Kootanie River enters the same wide longitudinal valley 
nearly abreast of the head of the Upper Columbia Lake, and flowing 
tiouLhward, eventually joins the Columbia at a much lower point. The 
Kootanie, where it enters this great valley through a gorge in the west-
oro range of the Rocky }\fountains, is already a large stream, which can 
be forded at low watet· only. It is very rapid, and its whole course as 
far as and beyond the 49th parallel is swift and interrupted by numel'ous 
rnpids or 'riffles.' The Co lumbia, owing to the considerable number 
of streams and springs which feed the upper lake, may rank as a river 
where it leaves that body of water, but, in contrast with the Kootanie, 
is a stream with very gentle cuuent, and may even be called sluggish 
in many places northward to the mouth of the Kicking Horse, where 
it pa;;ses beyond the limit of the present map. The amount of fa ll of 
the Kootanic River from the place at which it enters the valley to the 
forty-ninth parallel, is over 500 feet in a distance of eighty-five miles in 
a straight line; that of the Columbia, from the Upper Columbia Lake 
to the mouth of the Kicking Horse, is approximately, 200 feet, in a dis-
tance, similarly measured, of eighty-three miles. The distance between 
the head of-the lake and the nearest point on the Kootanie River, 1s 
about a mile and a half, the intervening country being a fiat terrace, 
and the water of the Kootanie being actually highe1· than that of the 
Co lumbia Lake by a few feet. The cause of this singular relationship 
of the two rivers ·will be rcfel'l'ed to later. 

The Col um bia-Kootanie Valley, as it now exists, has an average Great width or 
width of about five miles between the tlteep slopes of the mountains the valley. 

bounding it, and though in some places much wider, it ii:; in the main, 
a great flat-bottomed, parallel-Bided trough. Except in the vicinity of 
the steeper bordering mountain-8lopei:; , oolid rock seldom appears 
at the surface, and then gcnernlly as bosses or ii;olated masi:;es ri~ing to 
an inconsiderable elevation above the detrital deposits, bywhich it ha::i 
been filled, which are evidently of great thickness. Regarded as 
a whole, however, the valley is widest in its southern part, and thi;; 
coni;tiLute8 ono argument in favour of ittl original southern outflow. Ati 
an exception to the general character above given may be mentioned 
the existence of two ridge-shaped, longitudinal elevations which occur 
between latitude3 50° 30' and 51°. These lie in the centre of the 
Yalley, west of the present position of the Columbia River. 

The detrital deposits which now floor the valley are markedly ter­
raced at several different levels, which do not appear to preserve any 
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great constancy in relative height. In a number of places, however, 
extending all the way from the 49th parallel to the norLhern edge of 
the map, collections of irregular mounds and ridge occur, which are 
almost certainly morainic in character, and very frequently the ter­
raced surfaces are broken by groups of projections of the same class, 
more or less degraded by waLer action, and evidently pal'tly buried in 
the later horizontal deposits. These, with frequent intcrcalations 
of sand and gravel, are lai·gely composed of fine, pale silts, which 
show a tendency to form vertical blufftl along the streams, and are in 
some places almost pure white. Remarkable examples of this silt 
occur on the Columbia about three miles below the lower lake, on the 
Kootanie between the mot1th of Tobacco River and the Elk, and else_ 
where. Similar silts, forming probably part of the same formation, 
may be traced some distance up the Kicking Horse Valley, and in the 
valley of the lower part of the Wigwam, in which localities they 
reach a height of about 3,500 feet above the sea-level. 

Since the terrace-forming epoch, however, a wide, depressed, flat­
bottomcd trough has been formed in the dctrital deposits along the 
centre of the great valley, and the Kootanie and Columbia rivers, 
though in places impinging upon the edges of i.he higher terraces, in 
general follow a more or less tortuous course in the bottom of this sec­
ondary trough, which varies from about half a mile to a mile or more 
in width, and neither of these streams normally flow upon the actual 
rocky bed of the great valley. As elsewhere stated, there is reason to 
believe that deposits of latct· Tertiary age (probably Miocene) occupy 
part of the bottom of the wide valley of the Kootanie beneath the 
detrital deposits. 

It would thus appear that the origin of the Columbia-Kootanie 
depression must be sought at a remote period of great or very long­
continued erosion subsequent to the era of mountain elevation at the 
close of the Laramie, and the facts are in favour of the belief that the 
river producing it flowed to the southward. In later Tertiary times 
there was already a great valley, in which, owing to some change in 
relative elevation, stratified deposits \\·ere formed, and during the glacial 
period a portion of the ice accumulating on the adjacent ranges dis­
charged southward by this valley. On the withdrawal of this great 
glacier, morainic accumulations were formed along its retreating edge 
and by smaller glaciers, at the mouths of the lateral valleys. At this 
time, or not long thereafter, owing to some combination of circum­
stances which we need not here })ause to discuss, the valley was flooded 
to a considerable depth, and the white silt deposit -the material of 
which was directly clue to the action of glaciers still existing in the 
neighbouring mountains-were laid down, the coarser intercalated 
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beds being doubtless produced near the mouths of lateral streams 
during times of flood. 

When the body of water in which the white silts and associated Post-glacial 
• .c d t ll d . d 't . 1 th t tb southward deposits were iorme was even ua y raine , i is very c ear a edrainage of 

river which then occupied the great valley again flowed southward, valley. 
and produced the axial trough by erosion of the detrital deposits floor-
ing the valley. The direction of the flow is well shown by the delta 
·Or 'fan' produced at the mouth of Dutch Creek, at the north end of 
the Upper Columbia Lake. This fan has been largely formed by the 
·ei·osion of the white silt terraces, across which the stream flows near 
its mouth, and is quite lop-sided, tailing off to the southward in the 
direction of the flow in the main valley, while at a still late I' date the 
stream has cut a shallow gorge in the material of its own old delta 
.deposit. Had the relative levels remained unaltered is is uncertain Probable lower-

' rng northwitrd. 
whether the southward flow of the drainage of the valley would have 
been sufficient to maintain an uninterrupted waterway-as is still the 
case in that portion of the valley occupied by tbe Kootanie. The 
great quantities of coarse detritus brought in by the lateral streams 
would haYe a tendency, by interrupting thi flow at various points, to 
produce a series of long lakes. The actual exceptionally light slope of 
the portion of the valley occupied by the Columbia, however, with 
the fact that the flow is now northward instead of to the south, favour 
the belief that a change in level occurred, by which the northern 
part of the district was relatively lowered, and that this, in con-
junction with the great deposit formed by the Kootanie at the Determination 

place at which it enters the Yalley, determined the present position~,.fg;~~~d. of 

of the watershed between the two streams, and reversed the direction 
of flow in that part of the valley now occupied by the Columbia. 
The Columbia lakes evidently occupy portions of the axial trough in 
the drift deposits which have been subsequently dammed off by the 
.deposits of smaller lateral streams. From the lakes northward, all the 
way to the mouth of the Kicking Horse, the Columbia pursues a tor-
tuous course thl'ough a series of morasses and lakelets which occupy 
t his axial trough, the immediate borders of the river being generally 
marked by raised parallel banks supporting popla1·s, willows, and other 
t rees, and separating the stream from the bordering swamps and ponds 
which render it in most places well nigh impossible of approach. The 
Kootanie, on the contrary, though flowing in the opposite direction in 

· the continuation of the same axial trough, is bordered on alternate 
sides by grassy or partly wooded flats, which, though in places swampy, 
.are frequently dry, or flooded only during periods of exceptionally high 
water. 
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Glaciers ancl 'l'broughout the whole of this mountain region large patches of peren-
snow-ficlds. l f l · h l · " 

Differences in 
rain-fall. 

nia snow are requcnt y met wit at e evat10ns surpassing 6,000 ieet, 
and on northward slopes, and in retired valleys at low6r heights. There 
are even some rather extensive Rnow-fields, but no large connected por­
tion of the mountains rises to such a height as to show a well-marked 
snow-line. In the higher mountains near the forty-ninth parallel, 
masses of bard snow and ice exist which might be denominated glacierti, 
but further north, true glaciers occur, with all the well-known charac­
ters of those of the Alps and other high mountain regions. Such glaciers 
may be seen on the North Branch of the Kicking Horse, at the heads of 
the lakes forming the sources of the Bow, at the bead-waterR of the Red 
Deer and elsewhere, and ::tre fed by snow-fields, the areas of which 
have not been accurately mapped, bnt must in some cases be >ery 
extensive. 

At altitudes exceeding 6,000 feet, snow falls more or less frequently in 
every month in the year, and toward the first of October it may be 
expected to occur even in the lower valleys within the mountain r egion .. 

In regard to precipitation, the circumstances differ remarkably in the 
different portions of this comparatively limited tract of mountains, tbe 
rain-fall being small in the Columbia-Kootanie Valley, heavy on the 
a.djacent western slopes of the r·ange, and again inconsiderable on the 
eastern slopes. The Selkirk and Purcell ranges, to ihe west, constitute 
a region of heavy rain-fall , and the position of the Col um bia-Kootanie 
Valley in their lee, with reference to t he prevailing westerly currents, 
ex1Jlains the dry character of its climate. Meeting the westem slopes 
of the Rocky Mountains proper, these air-currents are still sufficiently 
laden with moisture to give ri se to the abundant precipitation of that 
region , but on passing still farther eastward, beyond the summit eleva­
tions, the conditions are unfayourable to foethe1· rain-fall. Superimposed, 
however, on these main features is a tendency to greater rain-fall toward 
the north, which is especially noticeable-whether from an increased 
elevation of mountain-barriers to the west or other cause-in comparing­
the conditions in diffe1 ent }Jart · of the Columbia-Kootanie Valley. 

Reoentincrense Evidence of a remarkable character has been found, which tends to 
in rain-fall. show that a somewhat rapid increa-,e in the total annual precipitation, 

has taken place during late years, and deserves to be recorded here. Tl1 e 
evidence referred to iEJ that afforded by the abnormal height of small 
lakes, without outlets, occurring in regions characterized by morai.nc 
hills. These serve as natural gauges, but instead of measuring 1.b e actual 
rainfall give a result, dependent on this and the counteracting effect 
of evaporation. The abnormal charncter of the ri se of the water in 
these lakes is shown by the facts that it has killed a belt of trees, 
tiOmc of large size, and ut least fifty years in age, along parts of the. 
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margins of some of these lakelets. Both the Douglas fir :ind the 
yellow pine-the latter, never naturally growing eYen in tlamp t:>oi l,­
have been found in numbers thus killed . The condition of the trees 
shows that they have been killed within a few years, and their size 
indicates that the waten; of the lakes in question have not been for 
any considerable time during a period of fifty years 01· more, at the 
preRent high level. These observations were made both in 1883 
and 1884. The lakelets observed to be so affected were numerous 
and scattered ovel' a belt of country along the western part of the 
range for a length of about 140 miles; three of the principal districts 
at which such facts were noted being the Tobacco Plains, the Kootanie 
Valley between the Luss iet· River and bead of Columbia Lake, and the 
upper valley of the Kootanie neat· the mouth of the Vermilion. 

I noted also of the Columbia Valley south of the mouth of the Heav floods 

Kicking Horse, in August, 188±, that most of the small streams coming in i8l4. 

from the mountains to the east showed marks of excessively heavy 
flood-water in the earlier part of the same year. This evidence was 
of such a character in relation to trees of great age which had been 
undermined , and belts of wood through which the watel' had ruRhed 
with devafltating force, that I was led to believe that no such flood could 
have occu1·1Ted for fifty or a hundred years previously. New channels 
cut out in old fan accumulations, revealed also layers reddened. by forest . 

An01ent 
fires, which must have occurred centuries ago, showing that destruc-fires. 
tion of the forest by fire was even then in progress. It may be added 
here that evidence of the same nature with regard to very old forest 
fires, was noticed in railway cuttings on the Kicking liorse Pass, and 
also in one place on the Bow River, where modern forests, at least a hun-
dred years in age, were growing above the reddened layer, still holding 
pieces of charcoal, which evidenced the dei;truction of a former 
gl'owth , 

The charaetel' of the Ycgetation is the most important index of Vegetation an 

l. d . h' ]' . . 1 t' d t' t l h f' l . index of c imate, an w1L 111 im1t:; m a tLn e sores w et as t ose o tie region climate. 

at present considered, the influence due to position on the ea1·th's 
surface may almost be disreg:wdcd. 

In the region here described, the total annual precipitation is doubt- Vegetation of 

less least in that pal't of the Columbia-Kootanie Valley near the 49th ~l~t~f~rstcon­
parallel, which is known as the Tobacco Plains. Much of the 1;urface trasted. 

is there open, covered wi~h bunch-grai:;R and dotted with open groves 
of yellow pine (Pinus ponderosa), intel'sper,.;cd with the western larch 
(Larix occidentalis) and Douglas fir (Psewlotsuga 1Jouglasii). While 
drought-loving plants such as Purshia tridentata, several species of 
Artemisia, the low-gl'owing cactus, Bigelovia grave' lens and Balsamorhi::a 
sagittata abound. Northward, in the va ller, these fo1·ms (with the 

5 
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exception of the Douglas fir) gradually disappear. The western larch 
and yellow pine cease abruptly at the bend of the Uppel' Columbia 
Lake, and beyond this point, the shrubby and herbaceous plants 
enumerated are found only sparingly on dry slopes. The open woods 
characteristic of the part of the valley occupied by the Kootanie, are 
also replaced by denser forest, of which the black or scrub pine 
(Pinus Murrayana) and Engelmann's spruce (Picea Engelmanni) form 
a large part. Near the Columbia lakes and southward, irrigation is 
necessary for the growth of crops, but where this has been attended to, 
excellent results are obtained. Cultivation has so far been attempted on 
a limited scale, and in a few spots only, but mountain streams available 
for purposes of irrigation arc, fortunately, abundant, and though much 
of the soil in this part of the valley is rather light, it will eventually 
become of some importance from an agricultural point of view, its 
lower altitude and consequent less prolonged and rigorous winter being 
in its favour. 

In the Flat-head Valley, the character of country described as 
occurring on the Kootanie is repeated to some extent, but in a less 
pronounced way, and a few miles north of the 49th parallel the valley 
becomes blocked by dense forests. 

Eastern slopes. On the eastern slopes of the mountain region, and particularly in 
the lower valleys of the foot-hills, and those traversing this part of 
the mountains, these conditions are again to some extent repeated; and 
even within the outer range, rather extensive dry prairie-patches and 
slopes covered with bunch-grass arc found in the lower parts of the 
depressions of the various passes. Neither the western larch nor the 
yellow pine, however, re-appear on this slope, and the Douglas fir, 
though abundant in the foot-hills and as far east as the Porcupine 
Rills, does not climb many hundred feet up the mountain-slopes, and 
is wanting in all the higher valleys. · 

<)ha..aeteristic The tree most characteristic of the valleys on the western well­
troes and plants watered slopes of the range is the western cedar, or arbor-vitai (Thuya 

gigantea). Tbis tree, though found only in a few places to the north, 
in the part of the Columbi a-Kootanio Valley included in the present 
report, occurs in greater or less abundance in the lower part of all the 
mountain valleys opening westward, from the Kicking Horse to the 
49th parallel, but was not anywhere observed to the east of the water­
shed. In the southern part of the district, the bracken (Pteris aquilina, 
var. lanuginosa), occurs in the same valleys. Pachystima myrsinites, a 
low, evergreen shrub, is very generally found in the same districts 
with the cedar, but fiou1·ishes as an undergrowth in woods and valleys 
even higher and cooler than those in which the cedar grows. It is 
scarcely ever found east of the watershed, and though a rather incon-
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spicuous plant, is specially worthy of mention from the constancy with 
which it appears everywhere in B1·iti::;h Columbia as a characteristic 
mark of a cool, moisture-laden atmosphere. The devil's club ( Fatsia 
.horrida), thriving in conditions of still greater moisture, was observed 
only in one place on the Kicking Horse (near the mouth of Porcupine 
·Creek), in Tbe Gorge of the Vermilion, in the deep valley of the 
Elk where that river breaks through the outer range, and in the 
.Sinclair Pass-all retired and shaded Rpots on the west slope of 
the mountains. The western white pine (Pinus monticola) is found 
-0n the western side of the range, but never in large gl'Oves, and 
iis confined apparently in tbe Rocky Mountains to the southern parl 
.of the district. Pinus jf.ex ilis occurs sparingly along the B0w River 
in the foot-hi lls and in the eastern parts of the vall ey of the 
.South Kootanie and other passes. The cottonwood (Populus tricho­
·Carpa), balsam poplar (P. balsamifera), aspen (P. tremuloides), and birch 
(Betula papyrifera), occur along valleys on both sides of the range. 
'The western birch (B . occidentalis) was observed on both sides of the 
range, but not within the mountains. The rowen (Pirus Sambuci­
folia), sparingly in one or two places. 

By far the greater part of the forest growth, however, of this Most abund .. nt 

portion of the Rocky Moun tair1s is composed of Engelmann's spruce forest trees. 

:and the black pine. These are equally abundant and characteristic 
in all parts of the range, and in cool and sub-alpine localitie3 become 
a:nixed with the western balsam spruce (Abies subalpina), which often 
forms extensive groves. More strictly ..Alpine in habit is the white-
.barked pine (Pinus albicaulis); and Lyall's larch (Larix Lyallii) 
.abounds only at the upper limit of arboreal growth. It appears with 
the greatest constanry at an elevation of 7,000 feet, which may be 
-considered as the timber-line, as about this height, even in localities 
-0therwise well suited for the growth of trees, they cease to be able 
to maintain themselves, the slope above supporting only low alpine 
and boreal plants. When the leaves of this little larch begin to turn 
yellow, in September, its zone of growth in some places may be 
traced by this colour with the regularity of a contour-line along the 
higher mountain slopes. 

It was originally in tended to include as an appendix to this report a Plants collecled 

list of plants collected in this part of the mountains, but during the 
summer of 1885, Professor Macoun visited that part of the region 
near the line of the Canadian Pacific railway, and procured much 
more extensive collections than I had been ab le i.o make in connection 
with my geological work. References to the species obtained are 
.g iven in his Catalogue of Canadian Plants (now in course of publica-
i:tion), rendering any attempt at a complete enumeration of the plants 
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h ere unnecessary. Professor Macoun, however, informs me that a­
considerable percentage of the plants obtained by myself in the South 
and North Kootanie passes and mountains adjacent to them, are not 
met with in the part of tho range in which he hai:; collected, a number 
of mountain forms apparently not extending more than a short dis­
tance northward beyond the 49th parallel. This circumstance is prob­
ably explained by the greater humidity of the northern region, in 
connection with the partial break in continuity of the highe1· eastern 
ranges, which occurs about the head waters of the Old Man River. 
Xerophyllurn Douglasii is a r ep:1arkahlc case in point, this plant being 
quite conspicuous in the South Kootanie Pass, but neve1· found north 
of the Crow Nest Pass. 

As differences in the composition of the forest growth of the various 
parts of th e mountains form the most conspieuous indications of the 
different climatic zones, iL may be usefu l to recapitulate the relative· 
order in which the more abundant and constant trees met with in thi::< 
region, naturally follow in this regard. This order is as follows.-

f;arix Lyallii (Lyall 'i:; larch ) . Strictly Alpine. 
Abies subalpina (Western balsam sprnce). Alpine and sub-alpin e, and 

oxtending downward to the hig her and cooler valleys. 
P icea Engelrnanni (Engelm ann ':; spruce) and Pinus Murrayana· 

(black pine). Snb-alpinc and extending downward. 
Thuya gigantea ( Westel'11 cedar). West slope only. 
Pseudotsuga D ouglasii (Do nglas fit-). Lowel' valleys on boLh slopeR. 
Larix occidentalis (W estern lal'ch). Bae of mountains on the west. 
P inus ponderosa (yellow pine). Base of moun Lains on the we~t. 

Deducting from this li~t Thuya gigantea, which appears to require 
a special degree of' moislure in add ition to othc1· conditions, the order 
of enumerntion proceeds from those trees tolerant of greate::;L co ld and 
least warmth of summer temperature, lo those which, though able to 
endw·e considerable winter cold, require a greater summer heat. 

N otwitb tanding the eddence previou:sly mentioned of the occasional 
occurrence of forest fires in ancient times in these mountains, it i;; 
only wiLhin the historic period for the region (probably not bcfol'e the 
beginning of the century) that :;uch fires became common, and during 
the past few years their freq ueney has increased in a g1 eatly accele­
rating raLio. The effect of such fires is most di~astrous. Large 
quantities of valuable timber are destroyed and whole region:; become 
so blocked with tangled burnt woods and wind-foll as to be practically 
inaccessible, while the fino mountain cenery is soi iously marred. These 
dcstn1ctive fires in most cases arise through sh0ct· carelessness or 
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wanwnne::;s and the most stringcnL mcasul'es should be taken to pre­
vent them befol'c it is too late. .As the class of persons most care:ess 
in thi · re~pect is generally Lhr.t. least desirable to retain in any 
country, the authol'itics would find the respectable portion of the 
community in full sympathy with them in any measures adopted to 
check i.hii:; evil. It is often i:;tated thaL the Indians arc re pon iblc for 
much of 1 hiR destruction, and it is doubtless true that since they find 
the whole 1·egion in process of being raYagcd by fires which they can 
not prevent, they have become more careles,; than before. They 
would not, howeYer, willingly destroy their own hunting grounds, and 
the best eYidence of their cal'e is found in the fact that, while along 
the North Kootanie Pass, (which i:;o far has been scarcely used, cxcepL 
by the Indians,) the woods are generally unblli'nt, those in the vicinity 
-0f the parallel Crow :rest Pass, which has now been for a few years 
a route used by whites, arc entirely destroyed and represented only 
by bleaching ot· blackened trnnks. 

GEOLOGICAL AND GENERAL DESCIUPTION OF TIIE R.EGCON. 

-1.1£ountains in the Vicinity of the Forty-ninth Parallel and near the South 
Kootanie Pass. 

In LreaLing of the geology and general feature· of this part of the Previous. 
. . explorations_ 

mountains, as far west as the mouth of Akamma Brook, where my 
work in 1874, in connection with the Boundary Commission, may be 
l:)aid to have terminated, the description given in the Geology and 
Resources of the 49th Parallel will be in part quoted, with such aclcli-
itions as subscq uent investigation render necessary. As already stated 
fo the pl'eliminary portion of this report, the South Kootanie Pass* 
was traversed in 1858 by Captain Blackiston, who was originally 
attached to Captain Palliscr's expedition. He gives a map and profile 
-0f' it in his report to the Imperial Government, t but has not furnished 
.any geological notes. .M:t·. H . Bauerman gives some geological indica-
tions for this pass which will be found in his report, published for the 
first time in the report of the Geological Survey fol' 1882-84, togeLher 
with some explanatory notes by the writer. 

Where intersected by the 49th parallel, the Rocky Mountain,; differ Character of 

·Considerably in geological character from their northern extension so mountains near 
' 4~th parn.llel. 

far as included in the accompanying map. On this lino the eastern 

• Namecl the Bonndary Pass on some maps, and also, from an altemative name of the 
'Tobacco River in the Koota11ie Valley, Grave Creek Pass. 

t Fui·ther pa11ers relative to the Exploration under Capt. Palliser, &c., 1860. 

, 
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face of the range is very definite and wall-like, and in following th 
South Kootanie Pass, the rocks of the Cretaceous are not found to 
re-appear within the mountain region. Further north, particularly 
about the solll'ces of the Old Man River, as first observed by the­
writer in 1881, the flexures of the rocks are such as to include long 
troughs of Cretaceous rocks, which divide the mountains into severa1 
well-defined subsidiary ranges, as fully described in connection with 
the northern passes. The rock exposures in the vicinity of the South. 
Kootanie Pass are also particularly comprehensive and clear, render­
ing it possible, even with cursory examinations such as those of 1874, 
to correctly outline the main sub-divisions of the Palreozoic rocks. A 
remarkable spur or echelon range of the mountains, however, almost 
exactly coincides with the position of the International boundary line. 
Of this the remarkable peak known as Chief or Chief's Mountain* is 
the most prominent point, and though placed on Palliser's map on the 
boundary line, proved, when that line was accurately defined, to be· 
nearly :five miles south of it. The line, however, strikes into the hills 
and abrupt ridges sunounding its northem base, and then crossing: 
the narrow valley of the Upper Belly River, passes over the Wilson 
Range, and bisects Waterton or Chief Mountain Lake, which lies at 
the foot of the pl'incipal range. Tho line thus runs fol' about fourteen 
miles through an outlying hilly and mountainous country, which by 
a detour of a few miles to the north may be entirely avoided, and 
waggons brought to the north end of "\Vaterton Lake without diffi­
culty."! 

W aterton Lake! is the source of the rive1· of the same name which 
runs northward to join the Belly. lt is separated, by a rocky spur 
of Sheep Mount~iin, into two parts, of seven and two and a half miles 
L"espectively in length. The first or upper portion is almost entirely 
urrounded by high and rugged mountains, while the northern part, 

making a right angle with the former, lies along the base of Sheep 
Mountain , and is bordered by low land to the no1·th. A river of about 
a mile in length , leads from the lower end of the lake to a third 
expansion, of about two miles in lengtb , which is suL"rounded by low 
hills only. The average width of these lakes is about three-quarters 

• Nina-stokis of the Blackfoot tribes . Doubtless the same with" The King" of Arrowsmith's­
map ofl795. 

t In tho Explorations and Surveys for a Rai lroad Route from the Mississippi River to the 
Pacific Ocean, Vol. I., p. 549.Mr. J ames Doty, in hi s report of an exploration n9rthward, from 
Benton along the base of the Rocky Mountains, in 1854, describes us Chief Mountain Lake a Jake 
which may be that at the head of the St. Mary River. It is certain ly not the Waterton or Chief 
Mountain Lake of later maps. From bis description it appears almost certain that the riverr 
which he followed northward to about. latitude 49° 30', was that now known as the St. Mary. 

t Named A-kwote-lwtl·nmn on the map of the first Boundary Commission. 
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of a mile ; the water is deep and clear,* and the scenery in the vicinity is 
not excelled in grandeur and beauty by that of any part of the mountains. 

The rocks exposed in the mountains near W aterton Lake, and in 
the adjacent portion of the South Kootanie Pass, embrace the greater Gener&l section 

part of the section represented in the entire region. The total thick-
ness of the beds here shown, was estimated, in 1874, at 4,500 feet; and 
though this must be regarded as an approximation only, it is probably 
not far from the truth. The local section is thus given in my previous 
L"eport, in descending order, the supposed age of the various portions 
of the series being added.-

r H.-Fawn-colored flaggy beds, seen only at a distance, but prob-
-~ I ably composed of magnesian sandstones and limestones. 
~ lOOfeet. 

·;::: 

""' I 6 

~j 
G.-Beds characterized by a predominant red colour, and chiefly 

red sandstone, but including some thin, greyish beds and 
magneRian sandstones. The whole generally thin-bedded, 
though sometimes rather massive. Ripple-marks, etc. 
Weathers to a steep rocky talus where exposed in the moun­
tain sides. Passes gradually down into the next series. 300 
feet. 

t.l 

-~ I 

i 1

1 

'§ 
~ 

F.-Fawn-colored, flaggy beds of magnesian sandstone and lime­
stone. Some red sandstones occur throughout, but are 
especially abundant toward the top. Apparently a continu­
ation upward of the limestone D, and only separated from 
it by the trap outflow. 200 feet. L 

E.-Amygdaloidal trap; (Diabase) dark-colored and hard. 50 to 
lOOfeet . 

.d2'"0 cl ( D.-Corupact bluish limestone, somewhat magnesian, and 
·a § -~ I weathering brownish. This forms some of the boldest 
2 f!5 § i crags and peaks of the mountains, and rests uncon-
M 0 > . 
~ ,.. A L formably on Series C. 1,000 feet. 

r C.-Sandstones, quartzites and slaty rocks of various tints, but 

I 
chiefly reddi h and greenish-grey; the individual beds 
seldom of great thickness, and the colour and texture of 

j 
approximate beds rapidly alternating. In this series occurs 
a band of bright red rocks of inconstant thickness, also two 

@ or more zones of coarse magnesian grit. 2,000 feet or more. 
] B.-Limestone, pale-grey, cherty, and highly magnesian, hard, 
~ 1

1 much altered and weathering white. It includes at least one 
U band of coarse magnesian grit, like that found in the last 

series, which weather, brown. 200 feet. 

I A.-Impure dolomites and fine dolomitic quartzites; dark purplish 
and grey, but weathering bright brown of various shades. 

l 700 f eet or more. 

~ Capt. J. F. Gregory states that at a di stance of 300 yards from the west shore, where inter­
Mcted by the 49th Parallel, he was unable to reach bottom with a line 300 feet long. Capt. 
Gregory gives a detailed map of the shores of the lake in his report. Survey of Northern Boun­
dary of United States. 
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Rocks near Disregarding for the present the eastem outlying mountains above 
Waterton Lake. £' d I l 11 d 'b tl k . th . . 't f ·nr t re,erre to, s ia escr1 e 1e roc -s seen m e v1c1111 yo . "ater on 

Lake. The lake is at an elevation of about 4,245 feet above the sea­
levcl. The mountains surrounding it arc often 8,000 feet above the 
same datum, and, like most of those in the eastel'!1 part of the range, 
are singularly bare and rocky an<j. afford fine sections, even as viewed 
from a distance. They form a number of high ridges, which, on both 
sides, abut. nearly at right angles on the lake shores, and are separated 
by deep intervening valleys. These ridges are as a rule capped by the 
massive limestones of series D, which are nearly horizontal , and 
rest upon the part of the Cambrian series which in the preceding table 
has been denoted by the letter C. .A.t The Narrows, where the lake 

Series A. makes a bend, both shores al'c composed of rocks of series A, 
which appears to be brought to the surface by a low, irregular anti­
clinal flexure which cros;:;es the lake in a north-west and soutb-east 
direction. The dolomitic rocks, which, for convenience of reference, 
haYe been denoted by the letter A, present a very remarkable appear­
ance in the bare mountain sides, from the peculiarity of the tints 
assumed by them on weathering, which are for the most part bright 
reddish and yellowish browns, and altemate in broad belts according 
with the stratification. The bedding is very regular, and is marked, 
besides the difference in tint, by the erosion of some softer layers 
-composed of thin, flaggy beds, which altel'l1ate with massive, compact 
'layers several feet in thickness. The fracture of the more massive 
portio;:;s is conchoidal, with a dim lustre, and the colours of freshly 
broken surfaces are much lesi:; marked than those of the exterior, 
val'ying from light to dark grey, dull purplish and, in some cases, pale 
greyish pink. 

The structul'e of the rock is generally \'"ery close and fine, and from 
the preponderance of sedimentary matter, it frequently resembles 
more a hardened argillite than a true dolomite. It does not effervesce 
in cold dilute acid, but on heating gently, a brisk action is induced, 
and when the whole of the calcareous and magnesian matter has been 
removed, there remains a coherent though tender mass composed of 
argillaceous and siliceous particles. The exposed surfaces are generally 
decomposed to a small extent. 

Of these rocks, at least seven hundred feet in thickness is exposed. 
They are well shown at the cascade* on the western shore of the lake, 
but to the south soon dip out of sight, the overlying beds coming down 
to the watel'-level. In 1874, and again in 1883, careful search was 

*Ono mile from 'L'be Narrows. Called Cameron's Fnll on plate opposite p. 312, in Survey of 
Northern Boundary of United States. 



'DAWSON.] \'ICINITY m' \YATERTON LAKE. 41 B 

made in these rocks and also in the higher members of the Cambrian 
·of this vicinity for fossils, but without succc 'S . 

Resting directly on these peculiar dolomites is a very ma siYe bed of Serie B. 

lime:itonc, alRo dolomitic, which forms a pl'ominent fcatul'e from the 
chalky-white aspect of its weathered sul'faces. It iH designated by the 
letter B, in the general section previously given, and i8 about two 
.hundred feet in thickness. 1t includes at least one well-marked barn.I 
of coar se magnesian grit. The limestone, on fresh fracture, is of a 
pale grey colour, Yery close-grained and compact, and b1·caks with a 
splintery fracture, the original planes of deposition being almost 
entirely lost. Some layers are exceedingly cherty, the siliciom; 
matter being in places aggregated into well-defined nodules, but more 
u ually di scminated, and forming an irregular skeleton, which 
gives to some weathered surfaces an exceedingly rough appearance. 
With acid, i.hc rock scarcely etfe1Tesces in the cold, but on heating i;, 
rapidly dissolved, leaving a comparatively small amount of residue, 
which, under the microscope, seems not to be of a detrilal nature, bu1. 
to bear the form of minute concretions produced by the rearrangement 
of the silica. This limestone appears i.o be perfectly conforn.;i.able with 
the rocks of ;;erie A and 0, below and above it; constituting, in fact, 
merely a ~ubordinate portion of thi great Cambrian formation. 

The rocks designated by the le tter C, which overlie the last, are Series c. 
well exposed in the b::tre sides of the mouni.ain:s on both shores of the 
northern end of '\Vaterton L::tke. On the cast side they form a great 
-portion of the west side of Sheep Mountain.* while to the west a 
mountain, rising about 4,000 feet above the lake and extending to the 
entrance to t he South KootanicPass, is almo;;t entirely composed of these 
beds, which have there been subjected to violent flexure. As a whole. 
this division of the section may be described as consi;iting of quartz-
ites and hard quartzose sandstones, sla1.es and sbalcs; and its mo i 
remarkable feature is the rapid altemation of beds differing in colou l' 
and textnre. Various shades of green, purplish-brown, red, and white 
.ar e most prevalent. 

In the almo. t vertical western side of Sheep Mountain, the total ~i~~tain . 
exposed thickness of beds of eries 0, must be about 2,000 feet. These 
rest directly on the limestone B, and are overlain by the limestone series 
D, the latter r esting with evident unconformity on them. This uncon-
formity i shown very clearly by the existence of a thick belt of bright 
red rocks, forming a part of series C, which is observed to run out 
altogether beneath the upper formation at one end of the mountain. 

•Referred to as ]\fount Wilson in the Geology nnd Resources of the 49th Parallel. It ha~ 
<ince become known locally as Sheep llfountoin, and the former name is perhaps more appro­
priately applied to the entire outlying range of which thi" peak forms a part. 

6 
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In 1881, Mr. R. G. McConnell, then acting as my assistant, ascended 
Sheep Mountain and measured the following section on its northern side, 
including part of the capping beds r eferred to the Devonian or Car­
boniferous limestone series (D) and a considerable portion of series C. 
The section is as follows in descending order:-

FEET. 
1. Greenish-white, rather coarse-grained sandstone, moderately 

compact, in beds 3" to 1' thick........ . . .. . . . . . . . . .. . . . . 45 
2. Greenish-white sandstone, weathering to a light yellowish 

colour, in beds l" to 3" thick. Rather compact. . . • . . . . . 30 
3. Greenish shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 70 
4. Red shales. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
5. Green shales . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 15· 
6. Greenish sandstones. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
7. Light-greenish shales, very hard, and passing into quartzite 

in some places.... . . . . . . . . . . •. . . . . . . . . . . • • .• . .. . .. . . . . . 80 
8. Yellowish sandstones, somewhat flaggy and ripple-marked... 60 
9. Light-yellowish sandstone in beds l' to 21 thick, alternating 

with thin beds of dark shale ......... ............ · .. · · · 85 
10. Drab-coloured limestone in beds l' to 21 thick , greatly flexed 

in some places, conformable with beds above, but uncon-
formable with rocks below ...................... · • ... · · · 355 

11. Green shales, scbistose in places, altP.rnating with occasional 
beds of coarse, grey sandstone, some of the upper beds 
reddish ..... . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 71> 

12. Bright red shales, holding occ~sional beds of greyish and red­
dish sandstone, greenish shales and jaspery conglomerate, 
some beds of sandstone ripple-marked ....... . . .. .. .. . · · 700 

13. Greenish and reddish shales alternating with some grey 
sandstone . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 

14. Fine-grained, greenish-white sandstone, weathering light 
yellow, some of the beds very hard and passing into 
quartzite 100' or more..... . . . . . . . . . . ........ .... ..... · 100 

1,955 

The beds from the summit to No. 10 inclusive are referred to ;;eries D. 
The appearance of so great a thickness of sandstones and shales with 
the limestone series is exceptional, though sandstones and quartzites 
of considerable thickness are found in association with it in some other 
parts of the mountains. 

Wilson Range . The outlying or counterfort range, situated to the east of Waterton 
Lake, and designated the Wilson Range, has a width, from west to east, 
between the lake shore and the upper part of the Belly River, of seven 
miles. Its western side and north-west angle is Sheep Mountain. Several 
of its summits and ridges, a short distance south of the 49th parallel, 
reach 9,000 feet in altitude, and its highest peak, situated about three 
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miles south-eat>t of the upper encl of Waterton Lake, reaches a height 
of 10,535 feet above the sea.* As viewed from the north, the front of 
the Wilson Range is chiefly composed of the rocks of series C, in 
which the bl'ight red band, before described, is conspicuous in several 
places. The centl'al and higher parts of the range al'e of the lime­
stone and associated rocks of series D. Rocks differing in appearance 
from the rest, and apparently brought np by a fault, occur at the 
north-eastern corner of the range. The3e were seen from a distance 
only, but may represent those of sl3ries B. 

CIIIEJF MOU "'l'AIN, FROM 'l'HE NOR'l'II, ABOU'l' FOUR MfLES DIS'l'AN'l'. 

Chief Mountain , which projects still further to the eastward, is Chief Mountain 

one of the most remarkable mountain masses of this region. It is 
nearly isolated from the rest, though smrounded by rugged foot-hills, 
which are covered with dense woods and wind-fall, rendering it very 
difficult of approach. As seen from the eastward, it resembles the 
base of a broken column, and from this point or from the north it 
may be recognized from a distance of over a hundred miles. On 
three sides, the central mass of the mountain is precipitous, and its 
bare rocky cliffs are of great height. To the we;;t it appears to slope 
more gradually, and its summit is clefL by deep raviues. The pe1·pen-
diculal', central portion is composed of 1.he limestones of series D, in a 
nearly horizontal attitude, but broken off abruptly on all sides along 
jointage planes. The rocks of the foot-hills are softer and no doubt 
belong to series C. In the Crow's Nest and other mountains to the 
north, similar forms, dependent on the same geological condition , are 
reproduced. 

• Named K aiser Peak on Captain Gregory'd map referred to in a previous note, and stated to 
be 6,rno feet above the lake. In the height above given the revised elevation of the lake is added. 
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South Kootanie P ass. 

Entrancctothe The South Kootanie Pass has been from time immemol'ial one of 
pasE. the chief routes used by the Indians in crossing the mountains, and 

till a few years since was annually ti·aversed by the Kootanies when 
on their way to bunt the buffalo on the eastern plains. Like most of 
the main valleys in the eastern part of the range, this is for Rome 
distance not thickly forested, and is characterized by wide g rassy flats 
and open slopes. Country of thi~ character extends from the east­
ern moutn Qf the valley to 'The Forks,' a distance of seven miles. 
Th ern is scarcely any more stl'iking view to be found in the moun­
tains than that obtained from the hill over which the trail nms 
at the entrance of the pass, from which the eye follows the great 
trough-like valley for many miles to it;i termination at the base of 

" The Forks." 

ummit. 

the summit ridge. At the ,forks above refel'l"ed to, two streams 
of nearly equal size unite to form that which flows into ·waterton 
Lake, and is gene rally called the Kootanio Brook, though named the 
Kin-nook-kleht-nan-na on the map of the :first Bound ary Commission. 
Above the forks, both valleys may be described as generally wooded. 
The trail follows the southern branch, keeping on the northel'n side of 
t he str eam, passing along some rough hillsides and in one place wind­
ing between huge blocks, which have fallen from the neighbouring 
mountain. At about five miles from the forks, the trail begins the 
ascent of the summit ridge, and in a short dititance emerges on 
bare, rocky slopes, which pack an imals surmount with difficulty by 
a series of steep zig-zags. The watershed ridge has here an alti­
tude of 7,100 feet, very nearly.* Both to t he north and south of the 
point at which the trail crosses the summit ridge, its eastern face is 
extremely abrupt, consisting of rugged prec ipice.:; of great height . 
.Along its western side the descen t is more gradual, and n early follows 
the dip of the strata composing it. From the summit it may be 
observed that a number of the mountains both to the east and west of 
the watershed are much high er than the axial crest. 

Rocks of The following description of the rocks met with in the eastern por­
~:~~rn pitrt of tion of the pass is taken with little alteration from my report of 1875, 

previously referred to. Tbe edition of this report, published in con­
nection with the Bounuary Commission, having been limited, it is now 
completely out of print. 

The rocks forming the mountains on both sides of the pass to the 
base of the watershed ridge have a general light westward dip, and 

•In the Geology and Resources of the 49th Parallel its height is given as 6,673 feet; by Capt. 
Blackiston, from a single observation, 6,030 feet. The above is believed to be much more nearly 
-correct than either of these. It is the mean of observations made in 1881 and 1883. 
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compl'ise the entire series in ascending Ol'det· from C to .F, both inclu­
sive. An extens ive fault, with DOL'Lh-wost and sout h-east tlirection and 
dow nthrow to the north-ea t, evidently runs :ilong t he valley at the 
eastern base of the waten:1hetl ridge, and hero breaks Lho continuity of 
the secLion. 

The bod~ of Set·ies C, arc well displayed in the sid es of the eastern Subdivisions of 
. cries C. 

part of the pass, antl we l'e there sepal'atod, for convemence of r efer-
ence, into five sub-divisions . 

The 1·ock;; at tho entrance of the pasf> lrnYe a general south-westward 
dip. l'he lowest seen arc in the bod of the brook, antl must be well 
down in the set·i0s. They co nsist of vet·y hard, greenish shalos and 
comract, t hin-bedtled qua r tzitos. In the mountain on the north side, 
they were t::een to be ovCJ·laid by r eddi h, greenish and bluish-grey 
sandstones, with so me Bhaly beds, all much hardened, but forming 
a talus and no t well exposed. These were d:isignated sub-division 1. 

AbouL midway up the same mountain, a massi,-e bed of magnesian Magnesia.n grit. 

sandsto ne O L' grit appears, and constitules sub-divi::1ion 2. Jt mui:;t 
be about fifty feet in thickness, and g1·oat blocks which have bl'oken 
from it are now strewn along the slope a11d encumber the pasB. 
It ev idently corresponds to one of t he s imila1· bods described <ls ooou l'-
ring on Watel'ton Lake, and lithologically also boars a close r esem-
blan ce to t hat included in sorio-; B. It is composed of lal'ge, well 
rounded gr a,ins of transparent qnal' tz, with occasional darker pat·ticles 
-the whole imbod.docl in an opaq uo, white calcal'Oous and magnesian 
matrix, which turns bro1vn o n exposnl'e to the weather. 

:Next in the sei·ies, and forming the surnmit of this mountain, is a 
con>:1idorable thickness of red, greenish :tntl blui::1h-grey :iandstonos and 
sbales, which, by their a l tcrnation, gh·o the cli ffs n cmions band ed 
appearance. They resemble those of the fil'st snb-d iYision, and may be 
name([ sub-di visio n :} . 

On t he oppo:iite mountain, on the south ,.;ide of the pas;;, a series of 
b . I . 1 b I I . I 1 TI . . Reel rocko ng it 1·cu cc s appear over yrng t 10 a:lt. 11 constitute:; sub-di\·i-
sion 4, and i.- the :-:ame with that al l'Oacly noticed as occmring in Sheep 
Mountain and clsewhc1·e in the Wil:ion Hange. In following the trail 
westwal'd, t hi ;; zone is found to come down a lmost to the le\'Ol of the 
brook, at about a mile and a q ual'te1· from the entrance of the pass. Its 
thickno:ss at Lhi:i place must be about two hundl'ocl foot, and from the 
exceedingly bl'ight colour oftbo bod1:1, it constitute<:, wherevel' it occurs, 
an excellent roforencc horizon, a11<l may often be delecled even at a 
great di;;;tance. The bed s composing this 1;nb-di\·i,;ion are hal'd, rod, 
thin-bedded sandstonc1:1, wilh frequent thin in terca,l ations of rod :ngil­
Jacoou material, and one Ot' two minol' bod Cvmposod of pa le greenish, 
Rhaly quart;dte. A fifth ~uh-division, which into rYonos in some placol' 



eries B. 

Anderson's 
Peak. 

Rocks nea1· 
"The Forks. 

46 B TIIE ROCKY MOUNTAINS. 

between the red beds and the base of the limestones above, is not well 
seen in this part of the valley. 

At about thl'Oe mil-e from the entrance to the pass, in the bottom 
of the valley, and near the brook, are rooks, which though not 
closely examined, appeat· to belong to the limestone series B. These 
are probably continuously exposed in the valley which runs thl'ough 
to Cameron's Fall on the lake, being brought up along the axis of 
a low anticlinal. 

The mountains about the head of the valley, which runs north-west­
ward from the forks, afford fine sections and would merit careful exami­
nation in connection with the beds overlying the limestone series D, 
which are there well exposed. A very remarkable ridge-like moun­
tain lies in the angle between the two streams, and, as seen from the 
main valley, has a Rharp conical outline. This, on the map, I have 
named Anderson's Peak, in memory of the late Major S. Anderson, R.E., 
Chief Astronomer of the second Boundary Commission, and also a mem­
ber of the first Boundary Commission expedition ah,eady referred to. 

In following the valley of the southern stream, the trail, after cross­
ing the northern branch, runs for about half a mile parallel with the 
axis of a gentle anticlinal, which has an east-and-west course, and 
pa ses eventually into the ridge-like mountain in the angle. In the 
bed of the brook, and well down among the variegated sandstones and 
q uartzites of sub-divisions l or 3 of Series C, is an extensive exposure 
of coarse trap. It is not certain whether this is an inter bedded mass or 
an intrusion. Over twenty feet in thickness iis exposed. The rock is 
dark-colored and compact, and some large, loose fragments which 
appear to have been derivecl from the same bed, show remarkable 
stellar aggl'egations, several inches in diameter, of pale-g1·een felspar 
crystals. Below the trap, and in the bed of the brook, an extensive 
series of banded red and gl'een sandstones and quartzites appears. 
These beds all lie at low angles, and are not much disturbed, though 
somewhat corrugated on a small scale. A species of shaly conglome­
rate is here also not uncommon, though generally occurring in beds 
only a few inch~s in thickness. This rock is e:;sentially a greenish, 
white or reddish quartzite, which encloses small, irregular fragments 
of green ot· red fine-grained shaly rock. The included shale-fragments 
resemble some beds found in the 8ame series, and are probably the 
result of slight contemporaneous erosion. These peculiar conglome­
rates are not uncommon at several hol'izons in series C, and fragments 
of them have been recognized among the drift deposits far out on the 
plains. 

The upper part of the mountain already referred to as Anderson's 
.Peak, which occupies the angle between the two streams, is corn-
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.... 
posed of the thick limestone beds of series D of the general section. Forms of 

These weather light brown or fawn-colour, and constitute the summits ~~t~~i~~~s. 
of the hi§';her mountains on both sides of the pass. When, as in this 
instance, they form the c"rest of a peak or ridge, disintegration 
proceeding most rapidly along vertical lines of jointage, producefi 
extremely picturesque and rugged outlines. When, however, merely 
exposed in the side of a mountain and still covered by other bed~, 
they form steep terraced slopes or vertical cliffs of quite different 
-aspect. The lower beds of the limestone in this vicinity are much 
more massive than the upper. Mount Blackiston, the towering moun-
tain to the south, on the opposite side of the valley, probably includes 
the whole thickness of series D, with a small outlyer at the summit of 
series E, the contemporaneous t1:ap. 

At about three miles above the forks, the general westward inclinu-Bedded trap. 

tion of the rocks brings the base of the limestones down to the bottom 
of the valley, while the contemporaneous trap, above referred to, 
.appears at about the same place, capping the limestones in the moun-
tains on the nori11 side of the valley. The trap must here be at lea!:lt 
fifty feet in thickness, and great masses have fallen from it into the 
valley below. The rock is greenish, purplish or brown in colour, and 
shows numerous amygdaloida] cavities. It is probably a diabase, though 
under the micro ·cope it appears much decomposed. Series F and G 
:also occur overlying the trap in the summit of the mountains in this 
vicinity, but were not here examined. 

The rocks forming the watershed ridge, and seen on the trail Rocksofwe.ter­

from its eastern base to about three and a half miles beyond its shed ridge. 
summit, appear to belong entirely to series C. The fault previously 
referred to as probably running along the eastern base of the ridge was 
not actually observed, bt1t the r elations of the beds leave little doubt of 
its existence, and show also that a similar fault, but with a down-throw 
-On the west side, must cro s the valley of the trail, at the distance 
above stn,ted, west of the summit-the summit ridge thus consisting of 
·Cambrian rocks bounded by down-throw faults to the east and west. 
The steep ascent from the valley at the eaE;tern base of the ridge is 
about 1,022 feet; on the west, a little bl'ook is crossed at about three-
.quarters of a mile at an elevation 1,325 feet lower than the summit, or 
300 feet below the stream last crossed on the east side. The rocks of 
series C, here met with, dip at low angles to the west or north-west. 
Red sandstones are abundant on the eastern ·lope, while greenish and 
_grey schists and quartzites preponderate on the western. 

Near the point above defined as three-and a half miles from the Akn.mina 

ummit, the valley of Akamina Brook joins that of the pass, from the Valley . 
.southward. This valley was that followed both on the first and second 
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Boundary Commission expeditions for the purpose of reaching the 
terminal monument marking the intersection of the 49th parallel with 
the watershed. The rocks observed in this valley and near the monu­
ment will be noticed before the description of the main section on the 
Kootanie Pass to the westward i:; rontinued. 

Akam"ina Broolc. 

The valley of AkaminaBrook runs up south-eastward almost directly 
toward the position of ihe terminal boundary monument on the water­
shed. The rocks exposed in the sides of the valley are chiefly red, or 
reddish sandstones, generally rather thin-bedded, but sometimes mas­
sive. They belong, for the most part, to the upper reel series G .. 
Series R, composed of flaggy, fawn-coloured beds, which are no· 
doubt magnesian limestone or sandstone, form the soft-outlined and: 
crumbling summits of some of the mountains on the south-west side. 
These rocks (the highest observed in this part of the mountains) were 
not closely examined. Though a greater or less thickness of them was 
frequently seen resting on series G, and differing from it markedly in 
colour, it was always at a great height above the valleys. 

The spot known as Camp Akamina, the eastern terminal station of 
the old North-·we t Boundary Commission, is situated at the head of 
the valley just described. It has an elevation of about 6,000 feet above 
the sea, and is a sheltered hollow with thick spl'uce woods of fine 
growth. The Akamina Valley terminate;; just south of the 49th 
parnllel in a fine, though small, cirque, holding a little tarn which i · 
rimmed wilh sbattered blockt:> of limestone. The terminal monument 
of the first Bound·?ry Commission expedition stands in a saddle-shaped 
depre:;t>ion of the watel'Bhed ridge, walled in on t'rn sides by high, 
rocky })eaks, while the other two are bounded by an almost precipit­
ous descent. Its altitude is 7,056 feet, accordi11g to obse.rvations of the 
first Boundary Commission. FaL" dowll, on the east side of the ridge. 
is a lake about a mile in lengLh, frum which flows the brook forming 
the Cameron Fall on \.Valerton IJake. In the opposite direction the 
view extends for eighteen miles down the valley of the Kintla Lake,;, 
which al'c overhung by gigantic pl'ecipiccs and thickly-wooded slopes. 
Few landseapes to be met with in the mountains surpass those of thi" 
vicinity in grandelll'. 

Near Camp Akamina the l'O<;k8 are red sanclsto11cs, but are not well 
shown Ol' regular in po:sition. In the mountain side between the 
camp and the bounda1·y monument, ho,vover, the rocks are well 
ex1)osed, and here the character of :series F and G of the general sec­
tion was best seen, and over six hund L"ed feet actually examined. The· 
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section here embraces the lowe1· beds of series G, and the whole of 
sel'ies F. The highest beds examined consist almost entirely of 
flaggy, dull-red, compact sandstones, which are · frequently ripple­
madrnd. Above the.se, about two hundred feet of similar reddish beds 
is visible in distant hill-sides, and these again are ovel'lain by the 
upp0r fawn-coloured series H. Jn descending, from the bedA first 
mentioned, the red begin to alternate with grey and fawn-coloured 
sandstones, the latte1· magnesian, and white on fresh fracture. Lower 
in the section, while red and purplish-red sandRtones sti ll continue, 
whitish and fawn-coloured limestones-frequently concretionary-al'e 
intercalated, and become thicket' and more frequent toward the ba~ie. 
The lowest rock seen in sel'ie~ F, is a dark-purplish sandstone, and not Rir>J?le mar~s 

• . • • :l nd i mpresSions 
far beneath it, 1s the trap designated m the general section by the of salt crystals. 

letter E. Many of the sanely beds throughout the entire section are 
ripple-marked, and rain pitting and sun cracks are not infrequent. 
At several different le,·els, too, the surfaces of sandstone beds show 
impressions of salt crystal$, which have subsequently been dissolved 
and replaced by clayey matter. Some of these are as much as half an 
inch in diameter, and exhibit distinctly the peculiar hopper-shaped 
forms characteristic of sodic chloride. 

The division mnde between series F and G, and that between G and Relrttions of 

R, are probably not of great importance. No unconformity obtain , ~fl~~~t~~~bers 
and very similar conditions of clepo,,.ition appear to haYC prerniled 
throughout, the deposition of reddi"'h sand1;t.one alternating with that 
of pale dolomitic sanu,.;tonc and mngne::.ian limestone. 'The divisions 
are therefore recognized as a matter of convenience only, and arc 
founded on the ,different colours of the zones as they appear in the 
mountain sides. 

The trap E i~ still important at this place, though not so thick as in 
some other localitieR. It is dnrk-purpli~h in colou1" and full of irregular 
amyg<laloiual cavities, which arn lin ed with green chloritic matter 
and generallyfilleu with white calcite. H ere, as elcewhere, it OYerlic;.; 
the great limestone series. 

S outh Kootanie Pass (Continued). 

Akamina Brook is, as aheaciy mentioned, a tributary of the main Kisb-e-nehn 

stream followed 1y the South Kootanie trail. This stream, is on the Creek. 

map of the first Boundary Commission named Ki ' h-e-nehn Creek. My 
observations in connection with t.hc Boundary Commission extended 
only a few miles below the mouth of Akamina Brook, from which 
place the main valley ru11s nearly due south-ea1;t for about twelve 
miles to its junction with the Flat-head River, the total descent in that 
distance being about 700 feet. 

7 
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Below tlic mouth of the Akamina, the valley passes between two im­
posing mountain masses, named Mount Yarrell, and Mount Kirby and 
Spence, probably by Capt. Blackiston. For about five miles it is bordered 
on both sides by high mountains, rugged and bare about the summits; 
but beyond that point, lower wooded hills appear, which gradually 
decrease in elevation, and at the same time retire to a somewhat 
greater distance, the valley becoming more open. For the first five 
miles the trail is pretty rough, and the valley is generally wooded or 
encumbered with burnt forest. Further down there are some meadows, 
with good pasturage, and near the Flat-head River, a very pretty little 
prame. At about three miles from the Flat-head, the trail crosrns the 
forty-ninth parallel, where the observing posts and camping place 
occupied by the first Boundary Commission, in 1861, are still noticeable. 

Pinus jl.exilis (?) was observed growing with P. Murrayana on the 
river flats as far down as the mouth of the Akamina. A short distance 
further down the valley, the white birch (Betula papyrifera) was first 
seen, together with small specimens of larch (Larix occidentalis). 
Large specimens of the latter tree become common several miles east 
of the Flat-head Valley. 

The fault previously referred to as probably bounding to the west 
the rocks of series C, which compose the region about the summit of 
the pass, must cross the valley about four miles west of the watershed. 
At about four and a half miles, rocks evidently belonging to series C, 
are exposed, dipping N. 43° E.< 45°. or nearly the reverse of that met 
with at the last exposures to the east referable to the same series. 
The rocks are flaggy, red sandstones, often beautifully ripple-marked. 
To the south-west they are followed by the fawn-colored, shaly 
dolomites of series F, and these again by the contemporaneous amyg­
daloid which must here be at least fifty feet thick. Following 
this in regular descending order is the great limestone series (D) 
of the general section. The outcrop of this lim'estone is about 
a mile wide where it crosses the valley, the dip at an average 
angle of about 45°, and the thickness here probably at least 4,000 
feet. The upper part of the limestone, immediately below the trap, 
is shaly and dolomitic, like that overlying the trap bed, but becomes 
flaggy and thicker-bedded in descending, and passes into a peculiar dolo­
mitic limestone, which has apparently been shatternd and re-cemented 
by ordinary non-magne!lian, grey-weathering limestone. It is probable, 
however, that this appearance is really due to a segregative action. 
This is followed by limestone which shows many broad, rounded, con­
Cl'etionary surfaces of an almost botryoidal aspect, and this again by 
an ordinary fine-gl'ained cry8talline limestone. No trace was here 
observed of crinoidal limestone or of fossils of any kind, and the whole 
limestone sel'ies appears to be more or less dolomitic in character. 

/ 

I 
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In ~fount Yarrell, on the north-west side of th'3 valley, the great Mount Yarrell 

l . t · · · t f' t d · 1 · b · E F and Mount une one series is a promrnen iea .ure, an is over am y senes j, j Kirby and 

and G. The!:>e all dip uniformly to the north-east, forming a compara- Spence. 

tively gentle slope in that direction, while the south-west side of the 
mountain is scarped and steep. The trap (E) must be about 100 feet 
thick in Mount Yarrell. Mount Kil'by and 8pence, on the opposite side 
·Of the valley, with a height of 9,290 feet, has an analogous structure, its 
highest points being composed, however, of limestone, while the 
.higher series appear only on its north-eastern flanks. All the south­
wcstern and lower ummits of this great mountain mass, arn composed 
·Of the Cambrian rocks, above referred to as series C. These also form 
the so uth-western base of Mount Yarrell, and their line of junction 
with the overlying limestones crosses the valley at a point about six 
aniles from the watershed. 

The Cambrian rocks here underlie ·the limestone series wiLhout Contempor-

11 k d ,, . th fi b d , h b . aneou, trap in any we -mar e tmcon1orm1ty, e rst e s met wit eing Cambrian. 

greenish and grey quartzites, and hard quartzose and argillaceous 
shales. These a1·e followed in descending order by a contempo­
raneous trap, which is amygdaloidal, and much resembles that. which 
constitutes series E in the general section. The trap at this place 
was the first found in association with the Cambrian in this district, 
1but similar contemporaneous flows were subsequently discovered in 
these rocks in a number of places. Below the trap is a thick series Chnracterand 

·Of sandstones and shaly beds with a conspicuous red colour, though 5~i;;,i~r::,.0r 
including also beds of white quartzite and some greyish, hard shales. 
These beds have, in some places, almost a ribband appearance, and 
in 011e part of the base of Mount Kirby and Spence are corrugated 

\ .by a series of small plications. The last rocks seen in place in this 
valley are nearly opposite the termination of the high mountains 
:above referred to, and must be fat· down in the Cambrian. They are 
grey and blackish, fine-bedded sandstones and sandy argillites, highly 
calcareous; and though not unlike some of the beds of series A, seen on 
Waterton Lake, they do not., like these, weather to bright brown colours. 
·Carnful search was made in these beds for fossils, but without the least 
success. The minimum total thickness of the rocks underlying the 
.great limestone series-all probably referable to the Cambrian-must 
be about 11,000 feet. The dip is throughout uniformly toward the 
north-east at angles seldom less than 30 degrees. 

The point at which the Kish-e-nehn enters the Flat-head is about Flat-head 

three miles south of the International boundary. It was intended to Valley. 

follow the Flat-head Valley northward to its head, to connect with the 
traverse previously made by the North Kootanie Pass, but this proved 
.to be so extremely difficult, owing to the dense charactet· of the forest 
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and the numerous tangled wind-falls occurring in it, that after sponding 
two days in making a total distance of about ten miles, it was aban­
doned, and a return effected to the mouth of the Ki:sh-e-nehn. A fow 
days hard work would doubtless have enabled us to reach the northern· 
pass, but the wide Flat-head Valley afforded few exposures, and the 
atmosphere, dul'ing this part of the season (1883), was so densely laden 
with smoke that the motmtains bordering it were completely obscured 
and ve1·y little useful work was possible. 

Vegetation. The valley, so far as examined, is floored by wide-spread, gravelly 
and sandy terraces, and for about two miles north of the boundary line 
is diversified by numerous little grassy prairies. Further north it i& 
almost entirely wooded , the flats being characterized by cotton-wood, 
and spruce, the te1Taces covered with a thick gl'owth of P inus Murrayana. 
A few very large and many small larches (Lari.'IJ occidentalis) and 
some Douglas firs ( Pseudotsuga D ouglasii) also occur. Near the boundary 
line, thickets of Artemisia tridentata were observed, and this appears to 
be abot1t Lhe northern limit of a part of the valley having a relatively 
very dry climate. The river-bed is wide and stony, and the river swift; 
and often split up into numerom; sloug hs and Hide chann els. 

Tertiary rocks. Rounded fragments ofCretareous rocks are abundant in the river-bed r 
but were not seen in place. Tertiary rocks, resembling those assigned 
to the Miocene in the ccntl'al plalcau l'egion of Brifo;h Columbia, were 
met with in one or two small exposlll'es in the bed and banks of the 
river, but poorly displayed and much disturbed by slides. They con­
sist, so far a;; seen, of htn·d pale clays and sandy clayi:i. It is pl'Obable that 
they umlerlie a com;id01·able part of the width of t his g reat flat-bottomed 
valley, though thei1· extem,ion to the nol'th and south is quite inde­
terminate. 

Pass west of 
)?I,.t-hea.d . 

The wide, longitudinal depression occ11picd by the Flat-head Rive1'r 
separates the Rocky Mountains, in thi;; portion of their length, into t\YO 
parts. The elevation of Lbe Flat-head, where it crosses the 49th parallel , 
is about 4,000 feet. The trail crv~ses it three miles south of this 
line, at a ford, which, though easy at low water, would be impracllcable 
at high water. From this point the trail continues westward to the 
Kootanic River, nenr the 49th parallel, but a few miles southo f it all 
the way. It first follow.; up the valley of the Yak-in-i-kak Creek, of 
the map of the first Boundary Commission, to a frnmmit at an elevation 
of 5,280 feet above sea-level, ~Lt a distance from the Fial-head of thi1·tecn 
miles. Thence it descends to the Kootanie by the Tobacco River, 
(named Ak-o-no-ho Creek on the Boundary Commission map, and 
rnmetimcs locally known as Grave Creek) for twenty-three miles, the 
total fall to the Kootanie bei.ng about 2,800 feet. 

I 
I 
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On leaving the Flat-head, the trail runs for about two miles south- a~~~-i-kt.k 
ward acl'oss wide gravelly terl'aces covered with P inus Murrayana, to 
the bank of the Yak-in-i-kak, where it turns westward. Numerous little 
prairies occur in the valley of the stream, for about fom· miles, beyond 
which the mountains, which have gradually been approaching it and 
increasing in height., crowd closely upon it, and it becomes every-
where densely wooded. About a mile further on, the trail leaves the 
bottom of the valley, and climbing far above the stream, passes along 
:a steep and wooded mountain-side on the right, the valley itself being 
here canon-like and impracticable. This very nal'l'ow and rugged por-
tion of the valley, continues for about two miles, when it becomes some-
what wider, and the trail, gradually ascending, follows it, fol' the most 
part through woods, though occasionally on rocky slopes, on to the sum-
mit. The mountains increase very gradually in elevation from the edge 
of the Flat-head Valley, and everywhere present rounded outlines, trce-
clad to the summits. Just east of i.he wateTShcd, is a pretty little alpine 
meadow, from which the trail ascends steeply for a few hundred feet 
to the actual summit, passing there through a remai·kable, dry, rocky 
notch between the mountains. In descenc.ling the Tobacco River, the tl'ail 
'is in some places rough and the valley is wooded till the western edge 
of the wide Kootanie Valley is reached. The mountains are everywhere 
rounded in form-differing much in this respect from the rugged out-
lines of the range east of the Flat-head-and are generally wooded to 
the summits. 

The character of the vcg(ltation in thi western range indicates a Vegetation 

h b d t . " 11 th . h Ab. b l . indic>Ltin!I' muc more a un an ramnt an 111 t e eastern. ies su a pina abundant 

b b d t d I . th 11 d ,. . rain-fall. ecomes a un an · an arge m e va eys, an a 1cw specimens 
-0f P inus monticola are met wilh. The larch is seen occasionally 
in the valleys, both east and west of the summit, but this tree is not 
abundant or large, till the edge of the wide valley of the Kootanie is 
reached. About four miles west of the summit, the Cedar ( Thuya 
gigantea) and bracken ( Pteris aquilina, var. lanuginosa) appear simul­
taneously. Pinus ponderosa is first seen at the edge of the Kootanie 
Valley, where with the larch and Douglas fir, it forms open gl'oves of 
fine growth. Pachystima myrsinites-evcrywhere in these mountains 
characteristic of a cool, damp climate-disappears nearly at the point 
at which Pinus ponderosa first occurs. Xerophyllum Douglasii is abun-
dant along almost the entire length of this pass. The cross-sections of 
the mountains by the various passes included in the present report 
.oifer very similar features in regard to the distribution of trees and 
characteristic plants, though in this case complicated by the intrusion 
mid-way of the .dry Flat-head Valley. 
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Observations of Mr. George Gibbs, in the geological notes included in his paper 
Mr. Geo. Gibbs. 1 d t ' d* · d · · · l' f h l · 1· a rea y men 10ne gives a escnption, m out me, o t e gco og1ca 

Carboniferous 
outlier. 

features of the South Kootanie Pass, and refers to that part of the traif 
between the Kootanie and Flat-head with more than usual detail. 
His observations on the general appearance and lithological charactel' 
of the rocks are quite correct. Mr. H. Bauorman, in his report pub­
li hed for the first time in the last annual report of the Geological 
Survey, also describes the rocks occurring in this pass, and it will here­
be necessary to give only the main facts indicating the stratigraphical 
relations of the bods as now understood. 

In ascending the Yak-in-i-kak, the first rock met with in place is 
about throe miles due west of the Flat-head. It is a hard yellowish­
groy calcarnous sandstone, in some beds reddish, the bedding planes of 
which frequently show pitted smfaces, the pits being from a quarter of· 
an inch to half an inch in diameter and probably representing the posi­
tion of annolide burrows. It is nearly horizontal, and in continuing 
westward, was observed to pass in some places a little below or above­
tho plane vf the original exposures into l~ighly calcareous sandstones. 
About a m;.Je further on, grey crypto-crystallino limestone appears, 
in considerable exposures, and it is evident that this Randstone (which 
much resembles that observed at the summit of Shoop Mountain, p. 42 n) 
is closely associated with the limestone series. Where the limestone 
was first seen it is fossiliferous or at least composed of crinoidal and 
other organic fragments. Among specimens rolloctcd here, a Spirifer, 
a Productus, and a Fenestella have been recognised. Tllo limestones, in 
very thick boclt:1, are the rocks characterizing the cafion-liko part of th e 
valley previously described, and extend for at least two miles along 
the trail. These limestones are those referred to as a Carboniferous 
outlier by Mr. Bauerman, who states that they rest unconfonnablr 
on the rocks next described to the west-an observation not repeated 
by the writer, but without doubt correct. At the end of Mr. Bauer­
man's report is given a list by Mr. Salter of fossils collected from 
this outlier. Meek records Productos latissimus, Spirifer Keokulc, and 
Athyris subtilita as obtained here by Gibbs.t 

Cambrian rocks Beyond the limestone8, the hill-sides become covered with fragments. 
of shales and sandstones resembling those of series C, of the eastern 
part of the pass, arid doubtleos referable to the Cambrian. About two· 
miles further on, and four and a half from the summit, immediately to 
the west of the mouth of a large brook which enters the valley from the· 

• Journ. Am. Geog. Soc. Vol. IV. p. 382, which see also in connection with the eastern part 
of tho vass. 

t Bulletin U.S. Geol. fLnd Geog. Survey Vol. II. p. 354, llleek gives the locality as Katlahwokc­
Crcck. The name given by Gibbs to the stream is the same employed.in this report. 
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north-west, these rocks are well shown. They consist of flaggy, red sand­
stones, and :fine, grey and bluish, hard, quartzose argillites, which are 
marked in many places by sun-ceacks and rippling, Some beds show Red bedskwithd 

sun-crac s an 
many impressions of salt crystals, precisely like those described on a rippling. 
former page, though on a horizon so much lower. About a mile further 
on, rocks of the same series, consisLing of interbedded red and bluish-
grey quartzites, were observed dipping N. 15°E. < 10°,with rippled sur-
faces, indicating a flow in a direction of N. 33° E. Well-marked jointage-
planes also traverRe the beds at this place, with a course of about N. 60° 
E., or nearly parallel to that of the valley. At the summit, bluish-grey 
and greenish, close-grained quartzites, are largely developed, in associa-
tion with red sandstones; the former exactly resembling the Cambrian 
rocks seen near Elk River bl"idgc (p. 78 B) and probably representing the 
same horizon. Ralf a mile beyond the summit is a remarkable, broad 
zone of bright-red beds <lipping about N. 60° W. < 40°. Beyond this 
point the rocks were actually observed in place near the trail at two 
points only, but the mountains bordering the valley are doubtless com-
posed of the same series to where they disappear at the edge of the 
wide Kootanie Valley. The direction of dip appears to turn more to 
the west in descending the valley. 

The part of the Kootanie Valley here entered, which, between theKootnnie 
edge of the mountains and the Kootanie River, is about eight miles Valley. 
in width, is generally called the Tobacco Plains. It is described on a 
subsequent page. A little rocky projection, about three miles west of 
the base of the mountains, on the trail, shows a hard, greenish, amyg­
daloidal dioritc (?),with siliceous :filling, dipping N. 30° E.< 50° This 
is doubtless one of tbe intei·bedded masses of the Cambrian. With this 
exception no rocks were observed in this parL of the Tobacco Plains. 

North Kootanie Pass. 

The eastern end of the North Kootanie Pass is situated in latitude General 
49° 30'. The western may be stated to be at the mouth of the ~~:;.acter <>1 

Wigwam River, in latitude 49° 14' 30'', the distance from point to 
point, being :fifty-one miles in a general bearing of N. 64° E. This 
pass resembles the South Kootanic Pass in the fact that on it 
two separate high summits must be crossed, between which lies 
the valley of the Flat-head. Here, however, the extreme northern 
end of the valley is traversed, and the region between the two 
summitil is consequently of a considerauly greater elevation than 
tbe southern. In one respect the North Kootanie Pass differs remark-
ably from all others in this i)art of the range. The South Branch 
of the Old Man River-its eastern approach-occupies the centre 
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of a wide ga}J in the eastern range of the mountains, where the 
continuity of the edge of the Palrnozoic rocks is intenupted for a 
distance of about fonrtcen miles. The eastern entrance of the pass is 
therefore not so well defined as in other cases, but from the point which 
may be so designated, the trail passes for about fifteen miles through a 
broken, though scarcely mountainous country, resembling that of the 
foot-hills, before it reaches the first outcrops of the older rocks which 
constitute the actual summit range and watershed between the Sas­
katchewan and Columbia systems. 

The point above designated as the eastern end of the pass is about 
three miles west of Garnett Brothers' ranch, where the wide flats, here 
based on a belt of soft, dark Cretaceous sbales, end at the base of a line 
of bold, partly-wooded hills, where the trail crosses the steep valley of 
a small stream from the north. From this place, for about four miles 
westward, or up to the mouth of lhe Little South Fork, the valley is wide; 
and open prairie stretches of considerable size 11ot ouly c:haracterize the 
terraces and flats , but spread up over the bordering hills. Thence, for 
about nine miles, occasional smaller meadows occur, but the valley is 
more than half wooded, and trees also generally cover the adjacent 
slopes, the appearance of the whole being very attractive. Beyond the 
last of these meadows a densely wooded country is entered, and owing 
to fallen trees and transverse gorges, the trail is very rough, though 
with the expcndiLurc of a little labour it might easily be made excellent. 
From the last meadow to the summit is a distance of about six miles, 
but as the trail reaches the higher part of the vally, the limber becomes 
more scattered and open in growth. The source of the stream is found 
in two little intercommunicating lakelets about half a mile from the 
actual summit. The upper limit of the growth of trees is here nearly 
reached, and the bill-sides become almost bare, and are strewn with 
broken fragments of rock from the higher peaks. To the north, the 
eastern face of the watershed range, presents a fine series of limestone 
cliff'ti and crags running toward the Crow Nest Lake. The actual 
summit is crossed about half a mile from the lakes above referred to, 
at an elevation of 6,750 feet. It is a narrow defile between high rocky 
peaks, the trail passing ovc1· rough slopes of angular debris, almost 
entirely destitute of vegetation. 

In the eastern portion of North Kootanie Pass, there is a considerable 
quantity of good timber. So far as the valley of the main stream is 
concerned, the best of the timber is included in a stretch of about five 
miles east of the summit. It is composed of Douglas fir, spruce, and 
black or bull pine. 

The Cretaceous rocks met with between the entrance to the pass and 
the summit range, are all much disturbed and frequently sharply flexed 

I 
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wiLh probable overturning of folds to the eastward, and possible 
unproved faults. To work out their relations and present a complete 
section would require a very careful and detailed survey. The section 
-appended to the general map (No. 5) shows a probable outline of the 
structure. 

The rocks consist chiefly of sandstones of varying colour and 
texture, interbedded with shales, and in two places coal seams were 
observed, as described below. Some of the shales and sbaly sand-
stones present a peculiar dark-greenish or bluish-grey coloul'. Con-volca.nic rocks. 
glomerates are not extensively developed, but in three places certainly, 
and probably in a fourth also, ash-beds and agglomerates, like those 
de1:Jcribed in greatc1· detail on the Crow Ne1:Jt Pass, were found. 
It is probable that a closer examination would bring to light 
additional outcrops of these volcanic materials which appear to char-
acterize a definite zone at the same stage with those on the Crow Nest 
Pass, and as they are wide-spread, they will ultimately prove of gl'eat 
value in forming a refot·ence horizon in working out the complicated 
flexures of this pa1·t of the region. This volcanic intercalation has 
already proved rn;eful in indicating the part of the section including the 
coal seams. The places at which these rocks have been recognized in 
the North Kootanie Pass are as follows :-1. About a mile wc::;t of thePhlacesa.twhioh 

t ese outcrop. 
little brook at the entrance of the pass, in the bank of the main 
stream. The volcanic material is here considerably mixed with ordinary 
arenaceous matter and appears to be thinning out. 2. About six miles 
above the mouth of the Little South Fork in the banks of the stream, 
and forming part of a prominent hill on the south side. The only 
peculiar circumstance in connection with this outcrop is the occurrence 
of some obscure vegetable impressions, longitudinally striated. The 
carbonaceous matter has been removed and replaced by cryt;talline 
-calcite. 3. About three miles east of the summit. Small exposul'eS 
in a dense wood. There is probably a fourth outcl'op between 
this point and the summit. In all these places the dip is west-
ward at varying angles, and, indeed, the gl'eater part of the entire 
Cretaceous series here exposed, dips in the same general dil'ection, 
leading to the belief, as above stated, that a sel'ies of ovet"turned folds 
exist. The entire thickness of the volcanic material was not shown 
at any of these points, but it is evidently much less considerable than 
on the Crow Nest Pass. The rock has a greenish-grey colour and is 
often distinctly fragmental, sometimes showing distinct fragments of 
.amygdaloid an inch or more in diameter. It is generally speckled 
with greyish, greenish and reddish points, and is more or less cal-
careous throughout. 

8 
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Coal seams at The :first outcrop met with at the eastern end of this pass, in the· 
en trance to pa~s . . . 

Second coal 
outcrop. 

Beds adjacent 
to con.I. 

steep banks of a small stream crossed by the trail, is important as 
showing coal seams, which are with little doubt referable to the same 
horizon as those in the Crow Nest Pass (p 69n ). These are referred 
to on p. 99 c. Report of Progress 1882-84. The highest part of the 
section at this place consists of massive sandstones, twenty feet or 
more in thickness, below which is a coal seam two feet ten inches 
tbick, and though somewhat variable, capable of yielding at least one 
foot six inches of good coal. This is followed by about thirty feet of ' 
shales and sandstones of general dark colours, below which is a second 
seam of coal one foot five inches thick. The dip is S. 45° W. < 20. 
The coal, though thin, is of fair quality, and may prove to be of some 
value locally. The horizon of the seam is about 2,400 feet below the 
first exposure of the volcanic bed above noticed, and the series is 
apparently a regular ascending one between the two points. Some 
imperfect specimens of fos il plants were collected near the coal seam. 
Among these Sir J. W. Dawson has recognized Podozamites lanceolatus 
(Lindl.) and Zamites montana (Dn.)* 

The second locality in which coal has been discovered in this part of 
the pass, is about fom· miles above the mouth of the Little South Fork, 
where the immediate banks of the stream become steep and the valley 
canon-like. The exposures are on the south side of the stream and 
exhibit a considerable thickness of sandstones and shales, with coals and 
coaly layers or carbonaceous matter, at several stages. The beds are 
somewhat disturbed at this point, being bent into a small synclinal, and 
there is also a difference of appearance in different parts of individual 
layers, which may show that the great development of the coals at this 
place is a local phenomenon. No fossils were obtained, but the coals 
here are supposed to be at about the same horizon as those last 
noticed. The thickest scam shows nine feet nine inches of good coal, 
and is underlain by eight inches of shale, belo>Y which is a second 
l:leam fourteen inches in thickness, the whole being capable of yielding 
about ten feet of clean coal. Mr. Hoffmann's analysis of the coal of· 
the nine-foot seamt shows it to contain.-

Hygroscopic water. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 93 
Volatile combustible matter ................................. 23.23 
Fixed carbon ................................................ 57 .50 
Ash ............... .. ...........•............................ 17.34 

The disturbance of the measures would render this an unfavour­
able point for the actual working of the coal, but the scam 

* See Proceedings Royal Soc. of Canada, Vol. III., Sec. 4. 
t Report l\f, p. 8. 

) 
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might be traced up to some more s~itable locality in the neigh­
bouring hills. Some of the massive sandstones in this vicinity 
were observed to overlie the beds including the coal with apparent 
unconformity. This is the only place in which any appearance of 
unconformity has so far been met with, among the very thick Creta­
ceous series of the mountains, and it is probable that it may have 
resulted merely from local contemporaneous erosion and may here 
have no fundamental structural importance. 

The entire section obse1·ved at this place, as measured by Mr. J. B. Section includ­
ing coal. 

Tyrrell, is as follows , in descending order.-
FEET. INCITES. 

1. Thick-bedded, yellowish-weathering sandstone ........ . 
2. 'fhin-bedded sandstone. . ... . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 0 
3.Coal .. ... . . .......................................... 1 0 
-!. Sandy shale.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 0 
5. Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 0 
6. Shale.. . . ........ ... .... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 3 
7. Coal . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 9 
8. Shale................................................. 0 8 
9. Coal . . . . . . . .. . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . 1 2 

10. Sandstone and shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 0 
11. Coal . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 6 
12. Sandstone and ironstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 
13. Coal .... ... . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 3 5 
14. Sandstone.. . ... . ....... . . . .. . . . . ... . . . . . . . . . . .. .. .. .. 2 O 
15. Carbonaceous shale.... . ...... . . . . . . . . . . . . . . . . . . . . . . . . 6 0 
16. Sandstone and sandy shale.. .... ..... . . . . . . . . . . . . . . . . . 30 0 
17. Carbonaceous shale ...................... ,. . .. . . . . .. . . 2 O 
18. Sandstone and ironstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 0 
19. Coaly shale .. . ...... ... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 0 
20. Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 0 

Under thir:; lies a bed of dark shale, then a bed of light shale, and 
then another bed of dark shale. 

The rocks of the Cretaceous series :ire last seen about a mile and a Fault east of 

half from the summit, where the older formations of the Flat-head summit. 

Range appear. The junction of the two series was not seen, but it is 
almost certainly a faulted one, the Cretaceous being brought in by an 
extensive down-throw to the east. The older rocks dip nearly due west, 
:it an average angle of about 30°, and it might be supposed that they 
iorm an overturned anticlinal, like those so frequently met with in this 
part of the mountains, but that this is not the case is shown by the fact 
that they occur in regular ascending order, The first of the older Rocks 

rocks i:;een is a grey, compact limestone, which is followed ::tnd over- fi:,';~~~~~series 
lain by a series of yellowish-grey, flaggy;, more or less dolomitic 
limestone;;, at least 200 feet in thickness. These are followed by 
sandstones for the most pnrt red, which show ripple-marks, sun-
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cracks and pseudomorphous impressions of salt crystals. Over 
these lies a bed of conternporancom; trap, about 100 feet in thick­
ness, which can be traced running up the slopes of the mountains 
on both sides of the valley, forming bold cliffs. Thi~ is followed, 
in ascending order, by a second series of red beds, reproducing the 
characters of the first, but about 600 feet in thickness, above 
which is a series of flaggy and shaly dolomitic sandstones, weather­
ing to brown and fawn colou1·, and Rhowing in some layers impres­
sions of salt crystals. Dmsy cavities wel'e observed to occur in a few 
places, lined by smal l dolomite crystals, with a few of baryte and 
copper pyrites. The thickness of these rocks is again about 600 feet, 
They are followed by a similar volume of red beds, almost entirely 
sandstone, which frequently form rather thick layers. These con­
tinue to the actual watershed, and a1e the highest beds seen at the 
summit of the pass, where another extensi,,c fault causes them to 

·summit fault. abut on the older limestones. Near the fault, these sandstone have 
become locally changed into bard quartzites of a pnl'plish-gl'Cy colour, 
in which the iron appears to have become concentrated in certain 
layers while the intervening laminm have become almost colorlc s. 

{Jomparison The rocks here displayed evidently represent those from the summit 
;'~~s~f!~;'~~re of the great limestone series, to the top of the section as represented in 

the SouLh Kootanie Pass, or from series D, upward. They may be sum­
marized as below to facilitate comparison with the section on page :~ 9 B. 

It will be observed that "-hilc the genc1·al conditions of deposit indicated 
by the red and fawn-colored beds are similar in both sections, the thick­
ness and arrangement is somewhat different in the two locaiities, the 
most important change being the existence here of a considerable thick­
ness ofrcd beds below the trappean flow. There is every reason to believe 
that the trap occurring above the great limestone series represents a 
single period of eruption, as its continuity is unbroken for many 
miles, where good sections enable it to be followed, near the South 
Kootanie Pa s. This being so, it would appear that the conditions 
producing the red sandstones set in somewhat earlier to the north; 
and furth er , from its association, that the trappean eruption should 
be classed rathe1· as a portion of the red series than as a sepa1·ate 
member between this and the limestones. 

General section The entire section is as follows in descending order.-

FEIJiJT. 
1. Quartzites and red sandstones. .... . . . . . . . . . . . . . . . . . . . . . . . . . . 610 
2. :Fawn-coloured beds ... ..... ... .. ........ .......... . .. . (about) 6(JO 
3. Red sandstones, shales, etc. . . . . . . . . . . . . . . . . . . . . . . . . . . . " 600 
4. Amygdaloidal dionte (?). . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 100 
4. Red sandstones, shalef\; et.c . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
6. Yellowish, dolomitic, flaggy limestone, 200 or more.... . . . . . . . 200 

2,210 
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Little South Fork. 

Before continuing the description of the pass west of the main Cl t r· 
utrao er o 

summit, a few words may be adc.lcd respecting the Little South Fork. valley. 

This stream, the most important tributary of the South Fork, joins it 
foul' miles from the entrance of the pass. The Little South Fork is 
nearly equal to the main stream in vo1L1me and is formed, at a distance of 
about six miles above its mouth, by the junction of two rapic.l streams, 
each about thirty feet wide by six i11ches deep, fed by a number of 
smallel' brooks which issue from rngged valleys in the limestone 
mountains. A. well-beaten Indian trail runs up the western branch, 
and probably passes over the range to the head-waters of the Flat_ 
head, though it was followed about two miles only above the foL"ks 
referred to. The valley of the Little South .Fork is wide, with 
many patches of prnirie, and some of the adjacent hill-slopes have 
been almost completely denuded of timber by fire. The Cretaceous 

Rocks. 
rocks exposed along the stream arc generally sandstones and present 
no features of special interest, though a band of dark shalcs and 
shaly sandstones, several hundt"ed feet in thickness, occurs near the 
month. The strike is vel'y regular in the lower part <>f the valley, 
averaging N. 50° W. with dips at an angle of about 30° south-westwat'd. 
A. specimen of Pinna Lalcesii was found in sandstone on the west side 
of the stream, and with the exception of some fragments of Bclemnites, 
is the only fossil mollusc obtained in the Cretaceous rocks of this 
vicinity. 

Gl'avel banks ncaL"ly one hundred feet high, occur in 80me places 
on the stream, and these, towat"d the base, are hardened by calcal'cous 
matter into a species of conglomct"atc. No overlap of the Creta_ 
ceons rocks on the older beds of Lhc mouutaios was obscL"vcd, but 
it is probable that the irregular edge of these rocks to the south 
is pal'tly of this charactcl' and in pal't defined by faults. A.t this point 
the end is found of the impot'tant trough (Cl'OW Nest trough) of Cre­
taceous rocks which nrns northward behind the first range of the 
mountains for ninety-five miles . 

.l'{orth Koot anie Pass (Continued. ) 

From the cast or main summit on the North Kootanie Pass, the nen rl-watera 

trail descend_s rapidly to the south-west by the valley of a small brook, of Flat-head. 

which in three miles joins the Flat-head. It then follows the north 
bank of the Flat-head, crossing four considerable and several smaller 
brooks, and in fourteen miles ful'lhcr roaches the source of the river and 
the western summit. The valley is generally wooded, but in its lower 
part several little meadows ocenl', and near the western summit the 
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woods become open in consequence of tho altitude attained, and little 
alpine meadows al'e frequent. The ascent to the western summit is 
quite gradual, but on attaining tho cre~t, it is found to be a narrow 
ridge, broken off very ubru}Jlly toward the south-west. The summit 
is pal'tly open and remnants of snow drifts muy be found in sheltered 
hollows thl'oughout the summer. There is good pasturage for a few 
animals here in July and August. 

The height of this summit, where crossed by the trail is 6,850 feet, 
but the ridge might be passed at a lower level further to the south­
east. The lowest part of the trail between the western and eastern 
summits is quite near the latter, and bas an altitude of 4,925 fe::it. 

From the western summit, the whole basin which constitutes the 
head of the FlaL-head Valley is well i;een. The region between this and 
the eastern or watershed range, and northward toward the Crow Nest 
Pass and the Elk River, is occupied by rounded hills, which are 
an:mged more or less definitely in linear series, forming ridges with 
general north and south trends. The slopes are not usually abrupt, and 
both the hills and intervening valleys are almost evel'ywhere densely 
wooded and show but little burnt wood or wind-fall. There must be a 
very considerable quantity of good timber in this region , chiefly 
spruce. The summits of the hills are generally about equal in height, 
their average elevation being a little over 6,500 feet. 

The view from the west summit, looking down the go1·ge of the 
Wigwam River, must be very fine, but was much obscured by smoke 
at the time of my visit. To the south and south-east is a mass of high 
and wild limestone peaks forming the north em part of the Macdonald 
Range. 

WigwamRiver. The descent from this summit to the head-waters of the Wigwam 
Rivet· is at first extremely steep and rocky, and the trail passes in the 
valley through dense woods for nearly four miles before the first little 
opening in which pasturage can be obtained is reached. Three miles 
further on, the main stream of the Wigwam enters the valley. 
It rises, according to the Boundary Commission maps, quite near to 
the western summit of the South Kootanie Pass, a few miles south of 
the 49th parallel. Opposite the mouth of the main river is a high 
mountain, crested toward the 1:mmmit by limestone cliffs, and named 
North Bluff by Blackiston. West of this point the valley opens 
more widely, though the river still runs in a deep, narrow gorge 
in its centre. The trail here leave~ the stream and IJasses for 
nearly three miles over a high stony terrace-fiat, on which lie a 
number of large, detached, augular blocks. It then descends by 
several steep zig-zags to a lower terrace, ·which occupies the angle 
between the Wigwam and Elk rivers. I\ ear the mouth of the 
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Wigwam, the Elk may probably be forded at low water, but the 
trail now generally followed runs up the Elk River, on the east side, 
for about three miles, to the bridge which has been thrown across at 
the up pet· encl of the canon. (See p. 78 B.) This part of the trail is 
rough, following a broken slope above the edge of the chasm, several 
hundred feet in depth and with almost vertical sides, in which the E lk 
here flows. 

The valley of the Wigwam and adjacent hills and slopes are gene­
rally well wooded, particularly on the south side of the river, and as 
this pass has as yet scarcely been used, save by Indians, very little 
·destruction from forest fires has occmTed. 

No detailed section can be given of the rocks between the east and ~~s~k~n~e!~:~n 
west summits on the North Kootaoie Pass, as the country is all summits. 

densely wooded and exposures are few. The general structure is, 
however, sufficiently simple, being that of a synclinal of Cretaceous 
rocks, of which the east side dips westward, while the opposite side 
dips to the north-east. The rocky notch by which the trail crosses the 
eastern range is evidently a break produced by an extensive fault, with 
down-throw to the eastward. This has already been referred to (p. 60 B) 
.as the summit fault, and by it the red sandstones and associated Fanlts­

.rocks of the mountains on the east side of the notch, and sLream beyond 
it, are brought in contact with the massive Devono-Carboniferom; lime­
stones on the west. The throw of the fault must be at least 1,500 feet, 
and is probably much greater. It runs about N. 40° E. through the 
notch, but appears to turn to nearly due north on the east side of the 
summit. A nnmber of fossils were collected from the limestones near 
the summit, among which a preliminary examination shows the fol­
Jowing forms.-

Dendropora. 
Avlopora. 
Syringopora (?). 
Striatopora. 
Zaphrenti~. 

Prodv.ctus Hallanus (?), 

Strophodonta, Sp. 
Spirifera .Maia. 
Atrypa reticvla.ris. 
Atrypa 1pinosa (?). 
Retzia Verneuiliana. 

There are probably several other important faults in this neigh_ 
rbourhood, one of which must run between the western base of the 
-the summit range and the series of narrow ridges of Cretaceous rocks 
which lies south of the Flat-head, where it is first reached by the trail. 
This is rendered evident by the fact, that to the north of the river the 
Cretaceous sandstones rest directly on the limestones, while they are 
here brought in contact with the much highet· red rocks, and though 
;the Cretaceous and limestone series must be regarded as unconform-
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able, it is improbable, from analogy with other parts of the district, that 
they lie upon two such different portions of the older series within so· 
short a diBtance. The ridges last referred to run about north-east and 
south-west, and appear to form a system isolated by faults from those­
characterizing this basin generally. 

At the summit notch, the limestones dip northward at rather low 
angles. They form the mountains on the north side of the trail 
and Flat-head River, to the second large brook which is crossed (a 
stream of about ten feet by six inches), dipping, where last seen, nearly 
west, and having a total width at right angles to the strike of about five· 
miles. The gravel in the bed of the brook just referred to, is about 
half Cretaceous sandstone, the remaindc1· being either limestone or pale 
calcareous sandstone of the kind subsequently mentioned as forming 
the upper layers of the limestone series on the Crow Nest Pass. lt is 
probable that tbe Cretaceous here rests directly on the calcareous sand­
stones, as occurs a few miles northward at the upper Crow N e8t Lake. 

The main CI'etaceous ynclinal above alluded to, from this point, 
where its eastern range is reached, to the crest of the western summit, 
is almost nine miles wide, on the line of the trail. It may be com­
plicated by minor flexurns. It is conjecturally terminated southward 
on the map, according to the observed general strikes of the rocks, 
though · the region here lying between this and the South Kootanie 
Pass was not examined. The ascent to the western summit is made 
nearly on the slope of the beds which dip north-eastward at angles 
not exceeding twenty degl'ecs, and consist, so far as seen, of sandstone 
of the usual charaetcr, with some conglomerate. These arc well exposed 
along the crest and on the escarpment of the summit ridge on the Wig­
wam Rivet· side, where they dip in a similar direction at an angle of 
about, fol'ty degrees. A short distance down the escarpment, the sand­
stones become rather sha ly and one or more thin coal ,;earns occur. The 
Cretaceous series extends on the trail for about two miles beyond the 
summit and where last seen was nearly vertical. It would appear that 
the thickness of the Cretaceous series, from the rocks at the summit 
of the ridge downward is at lea8t 7,000 feet, though the section is not 
continuous. 

The rugged mountains already mentioned as lying to the south and 
south-east of the summit ridge, appear to be entirely or chiefly com­
posed of limestone, the Cretaceous rocks of the summit ridge terminat­
ing among them in the form of a bay. The range to the south shows 
from a distance a sharp anticlinal fold as its dominant structul'e. The 
pl'ecisc south-we~tern edge of the Cretaceous was not defined on the Wig_ 
warn, the rocks being concealed for some distance north.east from the first 
range through which the valley cuts. This and a second range, beyond 
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it, are composed of limestone of the usual character. Between these 
mountain masses, on the north-west side of the stream, is a small area 
of gl'eenish Cambrian quartzites. The lower hills about the mouth of 
the Wigwam a!'e entirely composed of Cambrian rocks. 

About the mouth of the Wigwam, and for a mile and a half north-cambrian rockg 
ward along the Elk, the Cambrian rocks are oxtrnmely disturbed and on the Elk. 
tihattered, and from the number of jointage-planes cutting them in all 
dil'eetions, weather into steep, bare, rubbly banks, which are often 
nearly vertical. Those assume pale tints where clayey matter has 
coated the joints, but in other places are bright-red from a coating of 
iron oxide. At the point last mentioned it is probable that a great 
fault or line of disturbance and comminution Cl'osses the Elk very 
obliquely, with a course of about N. 10° W., as after passing that line, 
the massive Cambrian quartzites and slaty shale are found nearly 
undisturbed, with light undulating dips, weathering out in block-
,;haped masses only, and forming the vertical-sided canon which is 
•Crossed by the bridge (p. 78 B). 

The character of the change found to occut· in the vegetation, and Vegetation. 
particularly in the timber, in crossing from the eastern to the western 
side of the Rocky Mountain range, having previously been noted in 

·Connection with the South Kootanie Pass, need not be repeated here. 
It may, however, be mentioned that the Douglas fir occm·s in the 
·valley of the South Fork, on the east slope, and near the mouth of 
the Wigwam on the west side. It is never an alpine tree in this 
region. The trees found near both summits al'e chiefly Abies subalpina, 
Picea Engelmanni and Pinus albicaulis. The vegetation about both 
1mmmits is, as might be expected from the altitude, quite alpine in 
cbal'acter. The little meadows on the west summit, still partly covered 
by patches of· snow, were gay with the bright yellow flowers of 
Erythronium minor on the 26th of July. On the east side of the 
~astern summit, a hill-side was observed a few days later completely 
·Covered with the beautiful Rhododendron albifiorum. 

Crow Nest Pass. 

This pass is that which bas of late years been most used as a means General 
of communication between the Great Plains and the Kootanie country. tg:~aac;tof 
A pl'acticable trail has been cut out, and bridges built over several of 
the larger streams, and considerable numbers of horses and cattle have 
boon driven east by it. The t l'ail, as now laid out, does not correspond 
·with any well-known Indian route, and though possessing some advan-
tages over the North Koojanie Pass, is by no means so direct. It 
.follows np the Middle Fork of the Old Man, or Crow Nest River to its 
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source, beyond the Cl'ow Nest Lake, crossing a low summit to the head­
waters of a branch of Michel Oreek, a tributary of tbe Elk. Another 
summit is crossed between Michel Creek and Coal Creek, also a 
tributal'y of the Elk. Coal Creek is then followed down to tbe Elk. 
After reaching the 11Jlk, the trail rnns along the east bank of the river 
to the canon where a bl'idge has been tbrown across. The wide Koo­
ta.nic valley is finally entered at a point only a few miles north of the 
western end of the N 01-th Kootanie Pass. 

The eastern end of this pass is well marked by the Livingstone or 
outer limestone ranges of the mountains, cut through by the Middle 
Fork in a deep, 1rnnow valley. This is usually designated "The Gap." 
Within the Livingstone Rsngc, the valley of the Middle Fork is wide· 
and open as far as the lake, or for about eight miles. This part of the 
valley is characterized by wide, grassy tel'races, and many of the bills 
bounding the >alleys to the north are open and grassed to their very 
summits. Those on the south, arc, however, generally wooded, and 
north of the valley, the whole country becomes either densely 
wooded or cove!'ed with burnt woods and wind-fall , after the first two 
or three miles. 1t waR my intention in 1883 to strike northward from 
this part of the valley to tbe :~fol'th Fork, but after loRing an entire day 
in making a very few miles, and seriously injuring one of our ho1·ses, 
this was abandoned. The hills to the north and south of the valley are 
in reality the ends of series of nearly parallel ridges, presenting 
remarkable uniformity and conforming in direction with the strike of 
the rocks. 

The valley of the Middle Fork, between the Livingstone Range and 
the lake, like all those in the eastern part of the mountains, where 
extensive meadows border the streams, is extl'emely attractive in appear­
ance. The Crow's Ne t Mountain, standing alone :imid lower hill s, three 
miles north of the trail, and the higb limestone peaks which crowd 
npon the lake on both sides, present fine rugged outlines. 

J<lG. 2. THE CROW'S NEST. FROM A IllGII RIDGE, ABOU'l' TilREE MILES EAST. 
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The height of the Crow's ~est was approximately detel'mined as Crow's Nest. 

7,830 feet above the sea, and though much less than that of other peaks 
in this part of the range, its nearly conical outline and iso lated position, 
render it a promin ent object as viewed from the plains far out to the 
south-eaRt. On one of the maps accompanying Captain Pallisei"s pl'e-
liminary report* it is named Loge des Corbeaux. Its Cree name, of 
which the others arc translations, i Kah-lca-ioo-wut-tshis-tun. Viewed 
from the pasR or neighbou1·ing ridges, its summiL is seen to be 
entirely composed of the great Devonio-Carboniferous limeston e eries 
in a nearly horizontal attitude. Its apex i;; blnntly conical and is 
bordered by almostverLical cliffs. To the north , a lower spur attaches 
to it, Cl'ested by several remarkable chimney-like columns of the same 
limestone. This mountain in its >1trncturo and genornl nppearance 
much re embles Chief Mountain, previously described. Th e highest 
peak on th e south s\de of the Crow Nest L ake has an altitude of 8,GOO 
feet. 

Geologi cally eonsidercd, t he eastern pnrt of t he Crow N est Pass Crow Nest 

affords a section of t he g l'eat eaRtern Cretaceous ti-ongb·r· parallel to fr·~~~~~~ous 
and about ten miles north of that of the North K ootan io Pass. The 
tl'ough is here, howeve1·, about seven mile;; only in width, and its 
eastem margin is strictly defined by the lim estone outcrop forming the 
Livingstone Range. Th e structm e met with in this pass is represented 
in a generalized way on section No. 4. Probably as a con,..ecin ence of t he 
protection afforded by the rnassiYe limestone rocks of the Livingstone 
Range, the Cretaceous rocks of th if' part of the t rough are much more 
rngular and undi sturbed than on the "orth Kootanie Pass. Just where 
the Middle Fork breaks through t he Livingstone Range, the strike 
of the limestonel:l and Cretaceous r ocki:i changes from neaely north, on 
the north side of The Gap, to south-east on the south side. It is 
probable that this change is connected with a line of fracture or weak_ 
ne. s which bas been followed by the river, though there is no reason 
to believe that actunl faulting occul's to any considerable extent. 

The precise character of the junction of the Crelaceous of the foot- Livingstone 

hills with the limestone of the east base of t he Livingstone Range at Hauge. 

this place, is doubtful, the rocks being much disturbed, and varying 
within a short distance from ver t ical to nearly horizontal. Immcdii,i,tely 
north of The Gap, however, a ma~ of Cretaceous sandtitoncs is seen on 
the flank of the lim estonerange,dipping at a low angle toward it, i.e. wol:lt-
ward. The limestone;; also dip westward at varying angle:;, averaging 

• P rtpers relative to the Exploration by Captain Prtlliser, etc., 1859. 

t This Cretaceous urea may be designated the Crow Nest trough, to di stinguish it from others 
in the mountains. It was first observed by me in this P RES in 1881. See Prelim. Note on Geology 
of Bow 11ncl Belly Rivers District, 1882. 
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about forty degrees, but in some places becoming nearly vertical. The 
impression at first conveyed is that the limestones are brought up by 
an extensive fault running along the base of the range parallel to its 
direction, but the proved existence in a number of places of overturned 
folds, and the resemblance of the limestone ridge hern to an anticlina1 
of this character, leads to the belief that it is an overturned anticlinal, 
combined with a fault with down-throw to the eastward. On com­
paring the parallel portion of the North ICootanie section, it even 
appears probable that the first largo overturned Cretaceous anticlinal 
on it may be the southern continuation of t he same fold, which bas 
here become so considerable as to bring the limestone to the surface. 

Outside the Livingstone Range, the Cretaceous rocks met with on the 
tl'ai1 eastward, to the wide, crumpled belt of dark shales which runs 
through from the South Fork (see map accompanying Report of Pro­
gress. 1882-84) , are chiefly sandstones, generally greenish-grey in colour, 
and sometimes shaly. In some beds, th e sandstone are brown-weather­
ing, and in others, pale grey, weathering to reddish tints. These rocks 
all dip very regularly to the south-west, at angles of 30° and 
upward. Tbe valley crosses them very obliquely, and no extensive 
beds of dark shaJes were observed. The sandstones are sometime::; so 
hard that they might almost be de cribed as qu;rtzites. On the east 
side of a large brook which joins from the north, less than a mile from 
the edge of the. limeRtone, rather ma. sive beds of conglomerate occur, 
with westward dip at an angle of about 10°. The pebbles are 
all well rounded, and consist lai'gely of chert from the limestones, 
together with quartzites and quartzose-schists like those of the Cam­
brian, among which a fine-grained, flesh-red quartzite is prominent. 

"There are also some pebbles of a grey, slightly porphyritic crystalline 
rock, of which the origin is uncertain. On the west side of the brook, 
·at a short distance, are thick beds of very hard, speckled sandstone, 
,vertical, with a strike of S. 20° E. 

In The Gap, the valley becomes quite narrow, but widens again 
·immediately the limestones are passed. The breadth of the limestone 
axis on the trail, which crosses it nea.rly at right angles, is about a 
mile and a quarter. At its western edge, the rocks dip with great 
regularity westward, and are overlain by the Cretaceous sandstones 
dipµing in the same direction and at a similar angle. Thence, fo1· 
three miles, the only rocks seen were sandstones, which in one place 
were obsciTed to become conglnmeritic, and in another to be composed 
largely of whitish felspar in sub-angulaT grains. The section is not 
·continuous, and could only be made so by including in an accurate 
survey the whole of the neighbouring hills; but the series appeai°"s to be 
a regular, .ascending one, and if not complicated by unknown flexurcs 
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or faults, must be about 7,000 feet in thickness.* At this point the trail Conl seams. 

is crossed by a brook from the north, in which rolled fragments of coal 
were observed, and at a distance of about half a mile to the north, the 
seams from which these fragments had been derived were found in the 
banks. There are three seams in all, included in an exposed thickness of 
about forty feet of brownish, greenish and dark-grey shaly sandstones 
and shales, the whole being overlain by massive grey sandstonet:i. The 
highest seam is two feet thick, and is separated tby about twelve 
feet of shales and shaly sandstones from the next, which is two feet 
ten inches thick, and about fifteen feet below it is a third, one foot 
five inches thick. The dip is here S. 85° W. < 30°. The coal is a bitu-
minous one, and yields a firm coke. An analysis by :M:r. Hoffmann 
shows it to contain only 1·82 per cent. of water; and 51·22 of fixed 
carbon. It yielded, however, 22·41 per cent. of ash. (seep. 6 M.) 

The appearan0e of the section including these coals is so close to 
that previously noticed as occurring at the entrance to the N 01·th Koo­
tanie Pass, that I believe the horizons represented to be identical. 

For a distance of a mile and a third from these exposures, grey Beds overlying 
the coals. 

sandstones, with occasional layers of cherty conglomerate and greenish-
grey shaly sandstones, are exposed at intervals. It is very probable 
that there is a considerable proportion of shales, but if so, these, 
owing to their soft character, are for the most part concealed. 

At this point the base of a great series of rocks of volcanic origin Volcanic rocks. 

crosses the valley, and it was here, in 1881, that materials of this 
character were first observed in the Cretaceous of the region.t These 
rocks are chiefly, if not entirely, fragmental, consisting of agglomerates 
of varying coarseness, which are frequently so fine as to be designated 
volcanic ash rocks. They are for the most part greyish-green or 
purplish in colour, and toward the base, in some places, weather easily, 
forming rounded, crumbling masses. There are also reddish and 
grey, fine, shaly layers here and them, and small segregations of 
CO])per pyrites were seen forming scattered granules in some of the 
agglomerates. They are generally, if not in all cases, distinctly calca-
reous, effervescing freely on the application of an acid, and nepheline 
appears to be present in addition to felspar. 

These rocks, owing to their greatet· homogeneity and resistance to 
weathering, form a high, straight strike-ridge, running for a number 
of miles to the north and south . Where they cross the stream, its 
immediate valley becomes narrow and steep sided. 

• This is identical wi•h the thickness-independently estimated-from the base of the forma­
tion to the horizon nt which thin coal seams (probably the same with these) occur on the North 
Kootanie Pass. p. 64 n. 

t It may be observed in this connection that Prof. J. J. Stephenson notes the occurrence of 
volcanic rocks and volcanic ash in the lower portion of the Cretaceous in Colorado. U.S. GeoL 
Snrv. West of 100 Merid., 18i5, Vol. III., p. 500. 
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The thicknei;s of the sedimentary bods interven ing between the coal-
bearing horizon and the volcanic rocks is here apparently considerably 
greater than where previously estimated at the entrance to the North 
Kootanie Pass, being about 3,350 feet. The thickness of the agglome­
rate and ash beds is about 2,200 feet, which is so much in excess of 
that elsewhere observed, as to lead to the belief that this place is not 
far r emote from the centre of eruption which has produced this inter­
cabtion. 

Probable faults If the order of succession observed on the North-west Branch of the 
North Fork obtains hel'e, a considerable thickness of shales should 
overlie the agglomerates. These, however, were not observed, and if 
pre~ent, must occupy a small breadth only. This fact, taken in 
connection with the circumstance, eslabli heu on other grounds, that 
at the east base of Crow's Nest Mountain there is almost ceJ'tainly a 
fault, with extensive down-throw to the east, which might be expected 
to crnss the \alley hel'e, leads to the belief that the rocks met with 
west of the volcanic series, to the end of the lake, pl'obably represent 
those underlying the coal horizon. So far as the expornres enable an 
opinion to be formed, the rocks are sandstones of similar character 
to those previously seen, with similar westward dips. The distance 
from the summ it of the volcanic series to the last sandstone expo­
sures at the lake, is three miles, and if regular and not disturbed by 
further faults, the thickness of the beds should be about 9,800 feet. 
The junction between these rocks and the limestone series, next met 
with, is eviden Lly a faulted one. 

CrowNestLake The Crow Nest Lake, with an elevation of 4,250 feet above the sea, 
is about two miles in length, with an extreme width of a little more 
than half a mile. It lies in a deep, transvel'se valley which here cuts 
thl'ough the central limestone range of the mountains, and which 
enables the Middle Fork of the Old Man to draw a pol'tion of its water 
from the country to the west of this range. The mountains rise in bold 
cliffs and scarps on both ides of the lake, rendering this, one of the most 
picturesque spots in the mountains, which is easy to reach. The old 
trail, turning to the north at the east or lower end of the lake, ran 
westward, neal'ly pal'allel to it, in a nanow, dry valley. ..A. better track 
has lately, however, been found along the north shore of the lake itself. 

Remarkable Halfway up the lake, also on the north side, is a very remarkable spring 
spring. which constitutes the chief feeder of the lake, and may be designated 

the source of the Middle Branch, or Crow Nest Ri,er. The :spring issues 
fro a large, overhung grotto in the face of the limestone cliff, the 
water welling up from the interior of the grotto, and filling a deep, clear 
pool at its mouLh. It then falls about twenty feet to form a large, rapid 
brook, which, after a course of a few yards, loses itself in the 
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lake. The water has worked its way through the limestone along a 
neal"ly horizontal crack or jointage-plane, and is probably supplied by 
the drainage of the. .-alley to the north of the mountains already 
referred to. 

The immediate border of the lake is low at the west end, but a 
steep hill rises at no great distance back. At the base of this the 
valley bifurcate;;, the south-western branch conveying a stream of some 
size to the lake, the western, occupied by sloughs and woods, is followed 
by the trail, which, in a little over a quarter of a mile, reaches the nar-u I k pper ,o, e. 
row extremity of a second lake, which is between three-quarters of a 
mile and a mile in length. No water was observed to flow between 
the lakes, but it is evident that that last-described empties into the Crow 
Nest Lake at seasons of flood. Running northward from the upper lake 
is a fiat-bottomed valley, in which, though not connected ·with the lake, 
a small stream rises, and flowing to the north and then north-westward 
doubtless eventually joins Michel Creek. The actual watershed Wa.tershed 

between the Old Man and Elk River systems may therefore be said to region . 

be at the level of the upper lake, or 4,400 feet. The trail, however, at 
the west end of the upper lake, turns southward, following a small 
stream which enters the lake, then south-westward, crossing several 
rills which flow toward the stream previously described as falling into 
·Crow Nest Lake, and eventually crosses the watershed at a IJoint three 
.ancl a half miles south-west of the upper lake, at an elevation of 4,830 
feet. The actual height of land is therefore lower on this pass than on 
any other known south of the Yellow H ead Pass. 

Rocks of the limestone series extend from the lower end of Crow Limestones on 

Nest Lake to the west end of the upper lake, with a width of three and Crow Nest Lake 

.a half miles. The limestones constitute an almost unintc1-rupted sec-
tion along the north side of Crow Nest Lake, and were ascertained to 
have an apparent thickness of 9,610 feet, with regular dip at an angle 
of about 30 degrees between S.W. and W. There i;; no appearance of any 
repetition by faulting in this section, and while the structure of the 
mountains elsewhere would suggest the probable existence of compressed 
and overturned folds, no distinct evidence of such folding could be found 
here. Compared with the thickness of limestone elsewere developed 
in the mountain region, however, that in this section is so great, that 
the thickness here may probably be actually due to repetition by 
folding, as indicated hypothetically on one of the sections attached to 
the map. The entire section, from west to east, in descending order, 
is as follows :-
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FEffi'-
1. Cherty crinoidal limestone. ..... • • . • . .. .. • .. .. .. . .. . . . • . . . 1,680 
2. Compact, slightly crinoidal limestone..... . . . . . . . . . . . . . . . . . . 1,480 
3. Wbite,crinoidal limestone... ....... .. ..................... 1,710 
4. Brownish-weathering, cherty limestone......... . . • . . . . . . . . . 1,040 
5. Massive grey limestone... .... . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 1,220 
6. Grey and blackish limestone . . . . . • • • . . • . . . . . . . . . . . . . . . . . . . . 460 
7. Fine-grained, grey limestone...... .. . .. . . . . . . .. . . .. . .. . . . .. 1,420 
8. Cherty grey limestone . . . . . . . • • . . . . . . . . . . • • • . . . • . • • • . . . . . . . 600 

9,610 

On the basis of the hypothetical folding indicated on the gene1·al 
section (i .e., two compressed and overturned anticlinals, with an inter­
vening synclinal) the actual rock-series exposed here would be a 
follows.-

FEEJT. 

1. Calcareous sandstones (described below), at least.. ... .. .. . • • . 300 
2. Cberty crinoidal limestone ....... ... •• .. .. .. . .. . .. . . .. . .. . • . 1,680 
3. More compact and less crinoidal limestones . ...... ........ .• 1,595 

3,575 

Fossils, which were obtained at several different points on the line· 
of the measured section, favor the view of a repetition of the beds, as 
they offered no distinct evidence of such a change in horizon as might 
be expected to occu!' between different parts of so great a thickness of 
strata. Th e principal fossils represented, most of which are charac­
teristic Devonian forms, are included in the following list.-

Stromatopora, sp. 
Crinoidal fragments. 
Polypora stragula ? 
Syringopora, allied to S . perelegans. 
Diphyphyllum, sp. 
Zaphrentis, sp. 
Ohonetes mucronata. 
Productus sp. 
Orthis, like 0. Tulliensis. 
Rhynchonella castanea. 
Atrypa reticularis. 
Spir1fera, sp. 
Oyrtina Davidsoni. 
Platyceras (two or more· species). 
Euornphalus, sp. 
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Overlying No. 1 of the fil'st i:;oction, on the west side of the valley, Calcareous 
at the upper lake, are hard, whitish, more or less calcareous sand- sandstones. 
stones, which in some layers i:;how cherty concretions, and are evidently 
a conformable upper portion of the Palreozoic limestone series. Simi-
lar sandstone;; wore seen in the same position in many other parts of 
the mountains, and in some places have yielded Carboniferous fosei ls. 
These sandstones also constitute the ridge on the west side of the 
valley at the bead of the upper lake, but in the next ridge, 
separated from this by a narrow valley only, sandstones outcrop, Base of 
which evidently belong to tbo Cretaceous series, the line of junction ofCretaceusserie 
the two forma-tions following the narrow valley between these ridges. 
Thence to the summit crossed by the trail, though at a considerable Brokend,driftt-

covero coun ry. 
elevation and in the heart of the mountain , the couutry is character-
ized by low, broken hills and ridges, composed of or deeply covered by 
drift material resembling boulder-clay, and cut up by little ravines. 
Terraces are distinctly traceable to levels about 500 feet above that 
of the summit, and some of the ridges are evidently morainic in 
or1gm. This peculiar tract is shut in on all sides but the nol'th-west 
by high and rugged mountains. It is thickly strewn with angular 
debris of Cretaceous sandstones, and its occurrence doubtless depends 
on the softer character of the rocks of that series. To the southward 
are two valleys. One, which holds a small tributary of the stream flow_ 
ing to Crow Nest Lake, ends in a rather extensive snow-field; the other, 
further to the west, and wide, though not low, probably leads along 
the western foot of the main limestone range to the Flat-head Valley. 
The woods have been almost entil'ely removed by fire from the broken 
country about the summit. 

On descending from the summit, westward, by a rather narrow Dc·cent to the 
11 th t b I. . l h . d . h t d westward. va ey, e coun l'Y ecomos t 1strnct y more um1 m c arac er, an 

the trail passes for several miles through fine woods. A mile and 
three quarters from the summit, it reaches the bank of the East Branch 
of Michel CL"eok, a large, rapid stream issuing from a wide valle.v 
running off to the south-east. This is followed for about a mile, when 
it is cros;;cd by a ford. The track then runs over a wooded point 
and along some tenaces, till, in throe quarters of a mile, it reaches 
the east side of the West Branch of Michel Creek, a titroam forty 
feet wide by ten inches deep. This is crossed by a bridge, and 
the steep hill-side forming the left bank of this stream is followed by 
a rough, difficult trail, till a descent is again made to the water-level at 
the mouth of .Marten Brook, which joins from the north. • 

From the summit to this point, the surrounding country is a mass 
0 

. retaceous hill 
of low, steep-sided, Cretaceous mountains, which seldom rise 2,000 
feet, and often only 1,000 feet above the level of the stream. The 

10 
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valleys, whi ch intersect them in all directions, are narrow and rugged. 
These bills, and those further west, to the Elk River, ar e an extension 
of the Cretaceous area which is OYcrlooked from the we:tcrn sum­
mit of the :~forth Kootanie Pass (p . 62 B). The bill-sides are t hickly 
covered with reddish boulde1·-clay, which is packed with stones of 
proximately local origin, and does not in clude limestone fragments. 
The same material forms terraces in lower places a long the valleys, 
but at no very great elevation above the stream:;. With t he exception 
of very r estricted patches of living wood in the Yall eys 01· on remote 
slopes,. the surface bristles with stand ing dead trees or is covered 
with fallen burnt logs. 

Crossing Marten Brook, which is a small stream in a uarrow rocky 
valley, the trail ascends rap idly, following a little stream from the level 
of the brook (4,800 feet) to that of the western summit on the Crow 
.I est Pass, with an elevation of 5,500 feet. In less than two miles a 
descent is then made by the valley of Coal Creek, of more than 1,100 
feet, after which the stream has a less rapid descent, and in e ight miles 
falls into Elk Rive1·, which at this point bas an elevation of 2,200 feet. 

The second or western summi t on t his pass, though actually higher 
than the main watershed, only separates the head waters of Michel 
and Coal creeks, both tributaries of the Elk. The trail crosses to 
avoid the necessary detour and thick timber which would be met with 
in following Michel Creek north-westward from the point where it is 
first r eached, to t he Elk. In taking this direct route, t he trail r eaches 
at the summit a heigh t only a few hundred feet inferior to that of the 
surrounding Cretaceous hills. The appearance of the whole country 
from Marten Brook to the E lk, and in the wide valley of the latter, is 
desolate in the extreme, the forests with which it bas been covered 
having been almost entirely destroyed by repeated fires, which have 
swept over the region since the Crow Nest Pass has become a travelled 
route. The valley of Coal Creek is deeply cut among the Cr etaceous 
hills of monotonous and plateau-like outline, and no wide view of the 
country is obtained ti ll the E lk is reached. 

The geological features of this part of the pass are sufficiently simple. 
Near the point at which the East Branch of the Mich el Creek is first 
reached, C1·etaceous sandstones occur, but are immediately followed by 
whitish calcareous sandstones, underlying the last and representing 
those before described as attaching to the limestone series. These 
occur on both sides of the stream where it is crossed, and dip eastward 
at an angle of 35°. Th e calcareous sandstones probably occupy a small 
area on ly, as they were not again seen, and the fragments generally 
strewing the rnrface are so uniformly of the bl'ownisb Cretaceous sand­
t:!tones and conglomerates as to indicaLe, even in the absence of expos-
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11res, that these cha!'actcrize almost the entire region. As, for three 
miles further, no exposures were met with in the valley of the West 
Braneh of Michel Creek, it is uncertain whether Lhcse calcareous sand­
stones are cut off by a fault to the west, or form the salient angle of a 
fold. 

Before reaching Marten Bl'ook a low anticlinal of Cretaceous rock'> Coal seams on 
similar to those above alluded to, is crossed, and on l\farten Brook Marten Brook. 
the strata have a westward <lip at angles of 25 to 30 degrees. 11'.fal'ten 
Bl'ook nearly follows the strike, and is interesting on account of the 
occurrence of coal on it. In a section at the trail-crossing, on the west 
side, is a seam showing a thickness of at least three and possibly 
four feet of very fair coal, with one stony pal'ting of about two 
inches. Just above the crossing-place three thin tieams are seen, 
one with nearly two feet of coal, the others .less than a foot in 
thickness, and all irregular. .A specimen from this ::ie:im, examined 
by Mr. Hoffmann, was found to yield a firm coke. It contained 2·12 
per cent. of water, 43·48 per cent. of fixed carbon, and 27·48 of 
ash. The great proportion of ash being, howeve1", pal'tly due to adhe-
rent earthy matter in jointage-plancs. (See p. 9 M.) A mile above 
the crossing are four seams, included in about a hundred feet of meas-
ures, all less than a foot in thickness, and 8imilarly irregular. The 
beds associated with the coals are mas,,ive or shaly t<andstones whieh 
often weather to yellowi$h or reddish tints, with grey and blackish 
shales and cherty conglomerates. .A number of well-preserved fossil Fossil plants. 
plants, characteristic of the Kootanie group, were collected here, includ-
ing the following species.-* 

Dicksonia, Sp. 
Asplenium Martinianum, Dn. 
Dionites borealis, Dn. 
Podozamites lanceolatus, Lindl. 
Zamites rnontana, Dn. 
Zamites acutipennis. Heer. 
Sphenozamites, ;op. 
Salisburia Siberica, Heer. 
Salisburia lepida, Heer. 
Baiera longifolia, Heer. 
Pinus Suslcwaensis, Dn. 

Between Marten Brook and the west summit, the dips continue west-Beds overlying 
·ward at angles of 20 to 25 degrees, and fully 1,500 feet in thickness of coals . 
. beds must here overlie the coals. The rocks, so far as exposed, con-

•Trans. Royal Soc. Canada, Vol. III., Sec. IV., p. 8. 
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sist of sandstones and conglomerates of the usual character. At the­
summit some very mmisive conglomerates were observed. On descend­
ing westward, the beds dip nearly at the angle of the slope, but after­
wards turn northward, the strike then nearly coinciding with the 
direction of the valley, and the outcrops of the sandstone beds showing 
in the adjacent hills as horizontal or gently undulating Jines. Five and 

Coal Creek. a half miles west of Marten Brook, on Coal Creek, coal sea'1.is of a few 
inches in thickness occur, associated with beds precisely like those of 

Fossil plants. Marten Brook, and holding fossil plants of the same species, among 
which the following forms have been recognized.-

Coal-bearing 
horizon. 

Elk River . 

Asplwium Dicksonianum, Heer. 
Podozamites lanceolatus, Lindl. 
Salisburia lepida, Dn. 
Pinus Suskwaensis, Dn. 
Sequoia Smittiana, Heer. 

The horizon is pl'obably identical, and the general effect of the 
section as shown on the trail, from Marten Brook to this point, 
is that of a wide, low synclinal. There is also every reason to 
believe that the coal-bearing hol'izon here met with, is the same with 
that described east of the Crow Nest Lake, and though the exposures 
are few near the main 01· watershed t:iummit, it is not improbable 
that the same horizon may recur there, occupying the trough of a 
:synclinal midway between the upper lake and the crossing of the Emit 
Branch of Michel Creek. 

Near the mouth of Coal Creek, high eastward dips were observed, 
but these appear to be local, as the general aspect of the outcrops in 
the higher hills is nearly horizontal, with a slight though distinct ten­
dency to dip away eastward from the valley of the Elk. In this 
part of the Elk Valley small exposures of soft crumbling sandstones 
were seen, but the valley i · generally floored by terraced drift deposits. 

At this point, the Elk is a swift, clear, blue, mountain river, about 
300 feet wide. Its valley has not been examined, northward, for a dis­
tance of twenty-eight miles, but i.he gravel forming its bed here 
consists of Cretaceous sandstones and conglomerates, with much lime­
stone, and there is no reason to believe that any rocks underlying the 
limestones come to the surface along this part of it s course. Nearly 
opposite the mouth of Coal Creek, a stream which is evidently of 
considerable size and is known as J_,izard CTeek, joins the Elk from the 
opposite side. The valley of this stream is wide and straight, and is 
bordered by high mountains, pal'ticularly on the south side. From 
the high terrace on the east side of the Elk, it can be seen for about six 
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miles, running nearly due west, in which direction it appears to termi-Lizard Creek. 
nate among high, densely-wooded mountains. It would afford a direct 
route for the continuation of the Crow Nest Pass trail to the mouth 
of Bull River, on the Kootanie, and avoid the present detour to the 
south; but apart from the probably rough character of the in lervening 
mountains, it is rendel'ed impracticable by the impossibility of fording 
the Elk except at very low stsges of the water. 

This part of the Elk Valley runs nearly north-and-south in the heart Elk Valley . 
.oft.he Roc:ky .Mountains. Following along the left or east bank of the 
1·iver, the trail tums southward, and conLinues in that direc(,ion for 
eleven miles. The valley is from a mile to a mile and a half wide 
between the bases of the hills, and is occupied by terraces which are 
sandy and much cut up by denudation. The whole region, with the 
exception of some sheltered valleys along the west side, has been burnt 
over. The mountains on the east side rise about 2,000 feet above the 
river, with uniform outlines, and are all composed of Cretaceout:> rockR. 
Rocks of the same series arc seen in the valley in a few places, and the 
depres ion appears to follow the strike of a belt of soft, shaly beds and 
sandstone,;, which must be low down in the C1·etaceous. On the 
west side, the mountains are higher and more rugged in outline, and con-
stitute the continuation of those mentioned as occurring to the south 
of Lizard Creek. These may be called the Lizard Mountains, for 
convenience of description. They are evidently composed of rocks of 
the Palmozoic serie::;, which dip sout,h-westward at an aver3ge angle of 
about 40 degrees, producing a steep eRcarpment-like front to the east. 

The river next flows south-westward for three miles, and then west"The Canyon." 

for a I ike distance, in this part of its course cutting across the range 
just described. The valley is here narrow and bordered by high 
mountains, and is generally referred to as' The Canon,' though no really 
vertical rocky cliff:; rise from the 1irnr, and at the lowel' end the 
mountains recede gradually, leaving rather wide fiats, which are 
covered with fine timber, still unburnt, including much ceda1·. The 
rocks of the J"ange cut through by the river are chiefly limestones, 
those seen near the trail resembling those of the lower part of the 
section on Crow Nest Lake; but higher up the slopes, much crinoidal 
limeRtone, like that of tbe upper part of the Crow Nest Lake rnction, 
must occur, as the debris in rock-slides is largely of this charactel'. 
Specimens of fossils, including a small Productus, which re:sembles P. 
Hallanus, were collected here. This would indicate a Carboniferous age 
fo'l' the limestones. On the west ide of the range, rocks of the 
Cambrian series, coming out beneath the limestones, owing to the 
easterly dip, form all the lower hills. 
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On reaching the west side of the range, the river tums abruptly to 
tbe south, reaching tbe Elk River bridge a mile and a half lower 
down. After nine and a half miles of a south-westerly course, the Elk 
flows into the Kootanie River. The Crow Nest Pass may be said to 
terminate at the bridge, where the description of the North Kootanie 
Pass, given on a former page, nlso ends. 

Cambrian rocks The Cambrian rocks above alluded to are well exposed on some 
at the bridge. 11 '<l fi 11 d b h l high hi -s1 es, o owe y t e trai near the west end of the nan·owed 

portion of the Yalley; also in the banks and hills overlooking the 
riYer from a i"hort distance above 1o several miles below the bridge. 
The most characteristic rocks a,re here greenish and greenish-grey 
quartzites, often of a very fine grain and regularly bedded. In these 
some layers are calcareous, weathering to a brown colour, the ciil­
careous material being finely interlaminated with the s iliceous, and in 
many cases forming remarkably twisted layers. These arp evidently 
rocki,; of the same character as those described as "elephant's tooth 
limestones" in Mr. Bauerman's report, previously referred 10.* 

Elk Ri ver Some of the calcareous layers hold numerous small, spherical, s ili­
bridge beds. cious concretions of an oolitic character. Quartzosc argillites are also 

present, and some beds of red ripple-marked sandstones. The attitude 
of the Cambrian strata is here not for fi om horizontal, and the massive 
greenish quartzites are supposed to occupy a positiou far down in the 
groat Cambrian series of the mountains. For convenience of reference 
they may be p1·oyisionally designated the Elk River bridge beds. 

Canyon. The bridge is thrown across between two rocky cliffs, at a height of 
about fifty feet above the stream, which hel'e begins its plunge over a 
series of small falls and through wild rapidR into the deep and narrow 
gorge-a trne canon on a timall l:lcale-which it occupies from the 
bridge to the mouth of the Wigwam. This canon is due to the fact 
that the massive quartzitcs arc regularly jointed at right angles to 
their bedding planes, enabling the stream to quar1·y them away block 
by block and leave wall-;,icled cliff~. 

Veget:ition Th e change in character in the vegetation met with in crossing from 
and timber. 

the cast to the west side of the Rocky _jfou11tain Range has alreacly 
several times been adverted to, and is of the same general eharacter in 
all the pa~~es, being that from a dry region to one of very considerable 
precipitation. It is nevertheless of interest to note the point at which 
some of the more characteristic forms appear in each in1:1tance. On 
the west Rlope of the eastern 01· watershed summit, the woods, already 
described as of fine growLh, consist of Picea Engelmanni, Pinus Mur­
rayana, P seudotsuga Dougla!ii, and Abies subalpina. Pachystima rnyrsin-

· • See Report of Progress, 1882-84, p . SO n. 
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ites was seen for the first time near Marten Bl'ook. The cedar (Thuya) 
was first ob:>erved near the head of Coal Creek, and is abundant along 
the route followed t hence, westward. Sphceralcia rivularis, Spircea 
betulifolia, Pteris acquilina, var. lanugirwsn, and in the same vicinity 
white birch ( Betuln papyrifera), were noticed in undel'growth on Coal 
Creek. J;arch (Larix occidentalis) first appears about two miles 
from the mouth of the same stI"cam. Fatsia lwrrida, not abun­
dant in any lJftrt of t he Rocky Mountain Range, p:·operly so called, is 
established in a few place. near the narrow portion of the Elk Valley. 
On emerging on the wide valley of the Kootanie, we pass at once from 
a humid mountain climate to a dry, lightly-ti mbered plain, which is 
often quite park-like, with an open growth of Pinus ponderosa, P seudo­
tsuga D ouglasii, and Larix occidentalis, the last· mentioned appearing as 
tall, nanow, scanty fo liaged trees, in many cases one hundred and fifty 
feet in height and three feet through at the base. Purshia tridentnta i. 
here commoD, aDd B alsamorhiza sagittata, last seen in the eastel'n foot­
hills, reappears. 

Head-waters of the North Forl~ of the Old Man R iver, and 
North Fork Pass. 

Like the Middle Fork of t he Old Man, t he North Fork brcal;sDraiunge area_ 
through the outer or Livingstone Range as a large str eam, cal'l'ying the 
waterfl of an extenf'ive tract of Cretaceom; bi lb which foI"ms the conti1rn-
ation of t he Crow Nest Cretaceous t l'ough, and intel'venes between the 
L ivingstone and High Rock ranges. Unlike the Middle Fork, ho,Yever, 
the North Fot'k derives none of its waters from t he westem side of the 
High Rock Range, thi:; range here constituting the actual watershed. 

Tn 1881 our survey!'\ were canicct as far as the outer edge of the Palrr-o- Sun·eys. 
7.0ic rocks of the LiviDgstone Range, but as it wa8 late in the autumn, 
and heavy snow-stornu•, with cvc1-y appearance of winter had set in , I 
was unable tO penetrate th ii:i range for the purpose of ascertaining 
whether the Urow Nest troug h, which had been discovered a few 
days previously, extended so far to the north. In 1883 a special 
trip was made for t his pu1·pose, but 11 aving been unable to learn 
anything of the character of the country within this part of the 
LivingRtone Range, we were not prepared for so great an ex-
tent of M.e~ozoic rocks a1; actually exists, nor to find so many and 
such long tributaries; so, after examining the Sonth-wcst, North and 
North-west Branches to their sources, and exhausting ou1· whole 
:;tock of provisions, we were obligeJ to return. In 1884, the head 
of the West Branch was reached by the North .Fork Pass, from the 
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Elk River, and a survey carried through from the North-west Branch 
to the southern sources of the Dighwood River, thus completing the 
examination of all the main tributaries of the Old Man River. 

NorthForkGap The Livingstone Range,* where cut through by the North Fork, is 
quite narrow and abrnpt, and though probably nowhere much smpass­
ing '7,000 feet above the sea-level, is, owing to its rocky character, 
almost destitute of trees. 'The Gap' of the North Fork, as it is locally 
named, is anaITow rugged gorge crossing the range with a double curve 
somewhat in the shape of the letter S, and about a mile and a half in 
length. The rivet· i t:i very rapid in this part of its course, but shows no 
abrupt fall, and though the track at present existing through The Gap is 
rough, it would not be impossible. with a small expenditure, to make a 
practicable cart road to the open country beyond. The trail follows the 
south side of the stream, at first at a considerable elevation above it, but 
toward the west end, coming down to its level. Near the eastern end arc 

Indian cairns. three cairns; the first, a wide mound, about eight feet high, composed of 
,;tones and small bouldern, and evidently very old, the two others smaller. 
As these are of no use a:; landmarks, they have probably been formed 
in the course of years by the addition of a stone by each Indian enter­
ing the mountains by this route, 'for luck.' On a narrow piece of flat 
open ground, a sho1·t distance further on, are the oh~cure remains of a 
couple of rectangles formed of larger t:itones. This place is well known 
to all the Indians, and nametl by them the "Old Man's playing ground." 
It is from this spot that the Old Man River derives its name, many super­
stitiom; attaching to the neighhorhood. The 'Old Man,' Wi suk-i-tshak 
of the Crces, is a mythical character, with supernatural attributes, 
familiar under one name or other, to all students of American folk-

Livingstone 
Range. 

lorc.t 
The Livingstone Range here appears to ha\e the structure of a corn-

pre.;sed anliclinal, slightly overturned ea::itward and with a sharp syn­
clinal pucker near the top, in consequence of which a few beds of flaggy 
dolomite, of an arenaceous character like those often found near the 
summit of the limestone series, are folded in at the crest of the range. 
The same beds are found dipping westward at the west end of the gorge. 
The mountains i:,eem to be entirely composed of limestone, which in 
most places resembles the chcrty upper portion of the series, as seen on 
Crow Nest Lake. 

• In a mnp compiled by J. Arrowsmith (1862). Tbc part of the Livingstone Range of Black­
iston, between the ?forth Fork and H ighwood River. is named Comagh Mountains. See, British 
Columbia >ind Vancouver Island, by D. G. F. llfucdonald, London, 1862. 

t The name of the Old 1\fan River in Cree is Js-e-enoo-1m t-ewc-win-si-1Ji; in Stoney, Is-sa-goo­
win-ih-ska-da-tv•tP·ta. It will be sufficiently obvious why these names have not passed into 
common use. 
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The Livingstone Range once passed, a country of lower rounded hills Valleys west 

is entered, which resembles in all essential respects the rougher portions of range. 

of the eastern foot-hills. The lower parts of the valleys which converge 
in it towards The Gap, are wide, and show long stretches of meadow 
and prairie, the total area of which, including that of open hill-sideB, 
cannot be less than 19,000 acres. There is reason to believe that 
the snow-fall here is less than in the higher foot-hills, and a consider-
able number of cattle or horses would find abundant pasture.* 

Just wiLhin The <rap, the valley of the North Fork bifurcates, the 
main hollow running north along the inner side of the Livingstone 
Range, the second, occupied by a stream which may, from the general 
trend of its valley, be called the South-west Branch. This, and the 
other branches of the North Fork will now be described in brief terms. 

The valley of the South-west Branch rnns for about four miles in the South-west 

direction indicated by its name, and for this distance presents a sue- Branch. 

cession of prairie flats, with frequent open, grassy hill-sides to the 
north. It is in some places nearly half a mile in width. Beyond thi~ 
point, it is more contracted, and the hills on both sides are wooded, 
with numerous blll'nt patches and wind-fall, which obliged us to 
follow the bed of the stream itself. In this way we travelled a 
further distance of four miles, attaining a point within less than four 
miles of the base of the High Rock Range. The stream here became 
impracticable for our animals, owing to its rocky character, and it had 
dwindled to a ve1·y small size. Having ascended a high hill from which 
the countl'y to the west was complete ly overlooked, it was determined 
not to expend further time and labour in forcing a passage in this direc-
tion. This part of the axial range was observed to be an unbrolrnn and 
wall-like mass of limestone, with an average altitude of about 7,000 feet. -t~~!ock 
To its base, and running out from it at various angles, attach long, steep-
sided spurs of Cretaceous rocks, bare of trees, and more or less uni-
formly covered with grass and low alpine vegetation, their higher 
portions attaining elevations rather greater than 6,000 feet. They are 
separated by deep V-shaped ·valleys filled with dense green woods. 
Though not extremely rugged, the mountain scenery here, from its 
varied outline, and the contrasts in colour between the pale limestone 
peaks, the light-green meadows of the higher slopes and the sombre 
forests of the hollows, is i)eculiarly pleasing. 

Though cutting almost directly across the Cretaceous trough, the 
8 

.. 
ec.10n on 

geological section afforded by the South-west Branch is not particularly SBouth-hwest 
ranc . 

instructive. Immediately west of the edge of the limestone, sandstones 

• For some unknown reason the mountains in this particular region are known to the Indians 
as the' Home of the Cold,' Kis-in-wi-ki in Cree, or 1'i-sni in Stoney. 
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and conglomerates are found dipping westward, but at lower angles 
than the limestone. For some miles the beds are rather irregular, both 
strike and angle of dip varying much, so that it would require very 
detailed work to make out a clear section ; i.hey appear, however, to 
form a synclinal, followed by an anticlinal fold, which is succeeded by 
a great thickness of beds dipping generally westward at high angles. 
At a point six miles up the stream, one hundred feet or more of black­
ish sandy shales occur, the beds being nearly horizontal, and probably 
resting in a wide synclinal. These may represent the shales which lie 
several hundred feet above the coal-bearing horizon on the North-west 
Branch. Beyond this, as far as examined, the rocks have general west­
ward dips at angles of about 30 to 40 degrees. Fragments of Cretaceous 
volcanic rocks, like those described on the Crow Nest Pass, are found in 
some abundance in this stream, and it is pt'obable that the beds from 
which these fragments come, cross the stream at a point higher up than 
was examined, No fragments of coal were observed in the grav-el or 
wash of this stream. 

The West Branch joins the North Branch at a point two and qtiarte1• 
miles above The Gap. The valley leaves that of the orth Branch at 
a right angle, and runs nearly due west for ten miles to the base of the 
watershed range. For three miles it is somewhat narrow and cuts 
through a series of high sandstone ridges, which strike nearly north­
and-south. In this part of its length it is about half-wooded, with many 
little meadows and grassy slopes to the north. The hills then fall away 
and become lower, and an extensive prairie, with an area (without 
counting the grassy slopes of higher hills) of about a square mile, 
appears on the north side. This is known to the Stoney Indians by an 
unpronounceable name, meaning the" Prairie where the Kootanie child 
died." Thence for about six miles the valley is again rather narrow, 
but the bordering hills are low, and as viewed from a height, the country 
is almost plateau-like, and nearly everywhere wooded. This uniformity 
leads to the belief that the Cretaceous rocks are here little disturbed, 
which is further borne out by the attitude of the rocks themselves 
wherever seen. Along the valley is a considerable quantity of timber 
of fair growth, and very little of it has so far been destroyed by fire. 
The trees are spruce (Picea Engelmanni), black pine (Pinus Murrayana) 
and balsam-spruce (Abies subalpina). There are also, along this part of 
the valley, numerous open glades with good pasturage for animals. The 
last of these is situated due south of the summit of a high, rough, lime­
stone mountain, which is in sight from many points during the ascent 
of the valley, and constitutes a remarkable outlier of the main range. 
•rhis mountain is supposed to be identical with that seen from a dis­
tance by Capt. Blackiston, and named by him Gould's Dome. 
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On reaching the eastern slope of the main range, the Yalley turns to 
the north, and runs between this and the southern spul' of Gould':; 
Dorne, for two and a half miles. The stream is het·e quite sm!lll, 
being about ten feet wide by three inches deep, and the valley running 
on to the north, evidently leads over in a few miles 1.o the North-west 
Branch. On reaching the point above indicated, the main range is 
ascended by a series of sharp zig-zags through thick woods, and the 
ummit is crossed by a rough valley, nearly half a mile in width, ~~·.~l\:'t.g:l: 

flanked to the nol'th and south by bare, though rather rounded lime- Pass. 

stone mountains. This pass, which, as far as I know, had not been 
traversed, except by Indians, till crossed by us in 1884, may be named 
the North Fork Pass. The height of the summit is 6,773 feet, the 
rapid ascent from the brook to the east being about 550 feet. The 
\alley at the summit is for the most part open and grassy, a fact due 
to the destructive effect of the winter avalanches from the adjacent 
·mountains, rather than to Lhe elevation, which, in itself, is not sufficient 
to pt·event the growth of forest. 

The section of the Crow Nest Cretaceous trough seeu on the West Section on 

B I . . . . h l West Branch. 
ranc 1, which cuts across its entire width, as a pretty exact para -

lelism with that on the South-west Branch. It is shown, more or le.;s 
diagramatically, in section No. 3. The Randstones and conglomeeates 

·dip off the west slope of the Livingstone Range, forming first a lo"· 
synclinal, followed by a couple of low anticlinals. After about two 
miles, characterized by pretty regular westward dips, another wide 
synclinal is crossed, beyond which w.esterly dips were again observed. 
Opposite the southern end of Gould's Dome, the beds are nearly 
flat, and a tongue of Cretaceous rocks eYidently runs north between 
this mountain and the main range, though whether this inosculates 
with the same rocks on the North-west Branch or not is uncet"tain. 
Gould's Dome appears to be entirely composed of limestone, with a 
synclinal structure, while the limestone rocks of the main range dip 
:persistently westward at angles of 40 to 50°. Neither the con­
temporaneous volcanic rocks of the Cretaceous nor any coal seams 
were found on the West Branch. 

In descending westwards from the summit, the north side is followed Country 
. between sum-

of the valley of a stream, most of the way through tlnck woods, but m.itand Elk 

at one place along the edge of a high cliff of limestone. Ilere an Rn·cr . 

·extensive view is obtained to the south, where rounded and densely 
wooded ridges are seen succeeding the bare central portion of the main 
range to the west. Four miles from the summit, the trail reaches the 
junction of the stream followed, with a second, coming from the north, 
nnd about equal in size. The united stl'eams flow then south-west-
«ward bet\Yeen grayeJly flats, more or less densely wooded, till they 
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reach the eastern base of a narrow, abrupt lime:;tone range, which stil l 
intervenes between this l)Oint and the valley of the Blk River. Thi." 

Wi-suk-i-tshak range, which it is proposed to call the IY'i-suk-'i-tshak Ran()"e run:; 
Range. 0 ' 

parallel with the Iligh Rock Range, nearly north-and-;;outh. It ends to 
the northward in about six miles, and to the south may continue for a 
greater distance. It is cut completely through nearly at right angles, 
by the stream followed by the trail. The passage thus made is a 
narrow, rocky defile, bordered by cliffs and crags, and about two mile,, 
in length. The trail is rough, and crosses the stream a number of 
times. A fall of about fifteen feet occurs at one place. After thti,.. 
passing the Wi-suk-'i-tshak Range, the great valley of the Elk River, 
here about three miles in width, is entered, and the North Pork Pa~,: 
may be said to end. 

Rocks between The limestone strata of the western slope of the Iligh Rock 
summit and 
Elk Hivcr . Range, dip westward at moderate angles, and arc overlain by hard 

Cretaceous sandstones, which occupy the .valley between this and 
the Wi-suk-i-tshak Range, with a width of about two miles. So 
few exposures of these rocks 11-erc seen, lhat their attitude cannot 
be stated with certainty, but they probably form a synclinal tongue, 
counoctcd to the north with the main mass 9f Cretaceous rocks 
which here occupies the Elk Valley. Rolled fragments of bituminou" 
coal were found in the northern branch of the brook previously 
described. The WI-suk-'i-tshak Range Rhows, where traversed, two 
anticlinal folds, with an intervening synclinal, and consists of rocks 
of the limestone series, which hero, however, includes a wide zone 
of brown-weathel'ing quartzite. This, in some places, holds frequent 
small pyritous concretions, while the limestones are often cherty. 
The eastem anticlinal in this seclion is rather low, while the westem 
is sl ightly ovcl'turned on the intervening synclinal. 

Character of While the tra,,-erse above described b.r the West Branch of the Old 
North Fork 
Pass trail. l\fan and across the summit to the Elk has been spoken of as following 

a 'trail,' it should be explained that it appears to have been vel'y little 
used as a connected route. We found a moderately well-beaten track 
in some places, while in others scar cely any vestige of trail exists. 
This pass might be made part of a through route to the Columbia­
K ootanie Valley by utilizing a trail, reported by the Indians, which 
leaves the west side of the Elk Valley nearly opposite the point at 
which it ente1:s the same valley from the cast. This trail is stated 
to cross by the head-waters of Bull Rivel' to the Kootanie and to reach 
the latler a few miles above the point at which it leaves the moun­
tains. The impossibility of fording the Elk River, however, at times of 
high water, would render this roule precarious. 
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The North-west Branch of the North Fork joins the North Branch North-west 
or Livingstone River at a point five and a half miles north of TheBrancll. 
Gap. The valley first runs two and a half miles nearly due west, then 
eight and a-half miles in a general bearing of N. 45° W. to the fall, 
and finally a similat· distance-turning first a little more to the north 
and then ratLer to the cast of tha last bea1·ing-to its termination at 
the base of the High Rock Range. 

We camped at the upper end of the east-and-west or lower part of character of 
the valley on the evening of August 8th, 1883. Up to this point the the valley. 

Yalley is wide, wiLh open tel'!'aces and grassy hill-sides to the no1·th, the 
stream, where noL confined between low, rocky cliffs, being abot1t fifty 
feeL wide by one foot deep, and everywhere rapid. The hills border-
ing the valley, which are low near the mouth of the stream, become 
high an cl bold near the point designated, the valley here cutting 
through a well marked range, which runs for many miles northward. 
For about a mile above this point, the valley maintains the same 
character, but further on becomes more contracted, and genera lly 
wooded, with much tangled wind-fall in places and only occasional 
grassy meadows. On the lower part of this portion of the valley the 
bordering hills arc broken, but further on assume the character of wide 
ridges, rather plateau-like in aspect, and attaining an elevation of 
about 1,200 feet above the valley in some places. Two streams, 
apparent ly of some size, come in from the southward, and two from 
the north, one about six, the secoud about fifteen feet wide. The 
trail-a Stoney Indian huntiog·track-follows the left or north-east 
bank. 

The fall is about thirty-fh·e feet in total height, and notwithstanding Valley near 
tho quantity of standing and fallen burnt woods with which the hills the fall. 

are here covered, its surroundings are very picturesque. .A. valley, 
carrying a stream of some size, opens from tho south-west just above 
the fall , and affords a grand Yiew of the limestone mountains of the 
watershed range, here about two and a half miles distant. Though 
the peaks in the Yicinity scar cely exceed 8,000 feet above the sea-level, High Rock 
their forms are singularly bold and Yaried, one of the nearest,culmin-Range. 
a ting in vertical, organ-like columns . .A. round-topped mountain, much 
resembling the Crow's Nest in outline, standing a little in advance 
of the main range and higher than it, has an elevation of about 8,500 
feet. This is about four and a half miles west-north-west of the fall, 
and, on account of its peculiar form, may be called Bee-hive Mountain. 
For the benefit of future traYellers, I may add that there is an cxccl-
Jent camping ground, with good pasturnge, just above the fall, while 
.th.e deep I ool below is .a good fishing place. 
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The weathel' being extremely wet, and t.he valley above apparently 
very much encumbered by wind-fall, M1'. Tyrrell, my assistant in 1883,_ 
proceeded on foot in search of a practicnble roule to the head-waters of" 
the main stream, while I ascended a high hill to the south of the fall, 
fol' the purpose of sketching the topography and gaining such knowl­
edge of the region as the clouded condition of the atmosphere would 
permit. HaYing ascertained that the upper part of the valley was not 
so difficult as had been oupposed , we travelled the next day almost to · 
the base of the High Rock Range, and there choosing another obsel'va­
tion point on a high spur of the range, obtained sketches and bearings . 
of the whole surrounding country. 

A high sandstone and conglomerate ridge, which abuts on the valley 
at the fall, runs boldly no!thward, and was again recognized on the · 
head-waters of the Highwood, sixteen miles distant. Beyond this ridge, 
the valley is continued in a north-westward direction for about fiYe · 
miles, cutting Yery obliquely across a series of parallel strike-ridges. 
This part of the valley contains several grassy glades, but is frequently 
obstructed by bumt and fallen timber. The valley then turns west­
ward, cutting almost directly across the strike, and becoming at the· 
same time, for about two miles, quite open, with low bordering ridge<", 
or plateau-like elevations. The stream, reduced to a mere brook, 
winds through swampy meadows with thickets of Betula glandulosa 
and other northern forms. The immediate foot-hills and slopes or 
the limestone range are encumbered here with dense and nearly 
impenetrable wind-fall. Beyond, rise the almost absolutely bare and 
precipitous fronts of the main range, down which little cascades, 
forming the furthest sources of the Old Man, <tre observed to falL 
From the north, no less than five streams join that of the main 
valley abo,-e the fall, with but one of any size from the southward. 
For about a mile, near the point at which the valley first tums 
westward, the stream itself flows between low rocky cliffs in the · 
bottom of the valley. By the 'alley of the second stream from • 
the north above this miniatme cafion, we subsequently found a 
route to the southern feeders of the Highwood. The stream itself was 
named Oyster Creek, on account of the occurrence on it of banks 
strewn with fossil shells of this kind. 

While the geological features, observed in crossing the Crow Nest 
Cretaceous trough by tho North-west Branch, are largely a repetition of · 
those already described on the more south em branches, and the obliquity 
of the genera~ course of the valley to the strike, renders the section, 
more obscure than on these, some points deserve special note .. 
The sandstones and conglomerates, met with near the junction of this. 
stream with the :~forth Branch, dip uniformly westward frolil1 the flank: 
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of the Livingstone Range. Between the Livingstone Rivel' and our 
camp of August Sth, above alluded to, two and a half miles west, the 
beds form a low synclinal, followed by a similarly low anticlinal, and 
at the point just designated, are found dipping S. 30° W. < 50°, and 
including seams of coal. The section shown in the bank at this place Coal seams. 

is as follows in descending orde1-.-

1. Superficial gravels ............................... · · · · 
2. Coal ....••.... ..........••.... ·. · · · · ·. · · · · · · · · · · · · · · 
3. Shale ..............................................• 
4. Coal ..•...........................••••...•.•.....•.. 
5. Shale . ...........................................•.• 
6. Coal ........................................ ...... . 
7. Shale .............................................. . 
8. Coal ..... ... .....•........... .. .............•.•. · · · · 
9. Sandstone .................................... · · · · · · 

10. Gbale and coal... . ........................... · · · · · · 
11. Sandstone and shale ................................ • 
12. Black shale ............................ · · · · . · · · · · · · · 
13. Sandstone ...........................•......... · · ... . 
14. Black shale with coaly layers and some ironstone .... . 
15. Clay-shales and ironstone (to water) .................. . 

FEE'l'. I?\CBES. 

1 
0 
2 
0 
5 
0 
0 
2 
2 

1 
2 
9 
G 

0 
1 
6 
4 
6 
6 
9 
0 
0 
0 
6 
0 
0 
0 

35 2 

The total thicknes8 of coal in the section is thus nine feet nine inches, Coal. 

but the top of the upper part of the seam is wanting. The coal is gene­
rally crumbling and soft, a circumstance, doubtless, largely due to 
weathering, thongh the numerous small cracks and slickensided sur­
faces observed show that it is naturally tender. Like some other coals 
in the mountain region it has probably been crushed by movement of 
the beds subsequent to its complete consolidation. Mr. Hoffmann's 
analysis of this coal shows it to be of excellent quality. It yields a 
firm coke, and contains water 1·24, volatile combustible matter 24·62, 
fixed carbon 66·61, ash 7·53. (See p. 9 M.) 

A few fossil plants were collected which proved ufficient to show Fossil plants. 

•by the identity of species, that the coals here met with must be 
r egarded as being in the same stratigraphical position as those 
described in the Crow Nest and South Kootanie passes. All these 
localities indeed, probably represent a single, persistently coal-bearing 
horizon. From this point to the fall no satisfactory general section 
was obtained. 

Less than half a mile below the fall, coal is again seen in the bank of the Second coal 

stream, associated with sandstones, ironstones and black shalel:!. These outcrop. 

rocks likely constitute another repetition of the horizon just referred 



88 B THE ROCKY l\WUNTAINS. 

to. The coal is here, however, almost completely pulverized and the 
section much compressed. The greatest observed thickness was about 
three feet. Strike S. 20° R with a westward dip at an angle of about 
60°. The fall is produced by massive sandstone beds associated with 
conglomerate, which cross the stream and probably bold a higher place 

Volcanic rock". in the series than the coal. Three miles above the fall, at the mouth 
of a considerable stream from the north, a bed of grey ash rock 
appears. The strike is about N. 17° W., and about twenty feet in thick­
ness is shown. The exposure is a small one, but it appears probable 
that nearly the entire thickness of the bed is exhibited. The material, 
which, though properly speaking, an ash rock, might almost be called 
in places a fine-grained agglomerate, is evidently the representation 
here of the thick volcanic zone previously described on Crow Nest 
Pass. It resembles the similar rocks already noticed in being somewhat 
calcareous, and in the absence of quartz grains. This is the furthest 
point to the nort,h at which rocks of th is character were recognized 
in the Cretaceous, and they are here evidently dying out, the point of 

Plant-bearing 
beds. 

'.l'hiekness 
of strata. 

eruption having probably been not far from the Ct'OW Nest Pass. 
The beds underlying the volcanic material, at less than a quarter of 

a mile up the same small stream, dip pretty regularly S. 58° W. at 
angles of 40° to 45°. They are greenish-grey, flaggy and shaly sand­
stones, with some blackish and reddish sandy shales and occasional 
conglomerate layers. Some of these beds yielded a number of fossil 
plants, which though imperfectly preserved, are stated by Sir J; W. 
Dawson to have important })Oints of resemblance with those of the 
Dakota grnup, and to represent the same horizon as tha.t from which 
plants were obtained near the mill on Mill Creek, in the foot-hills.* 
'The following species were recognized.-t 

Alnites insignis, (?) Dn. 
Platanus affinis, Lesq. 
Macclintockia Cretacea, Heer. 
Laurophyllurn debile, Dn. 
Aralia, sp. 
Paliurus montanus, Dn. 
Juglandites Cretacea, Dn. 

• 

The zone at which the plants occur was estimated to be about 
four hundred feet below the volcanic rock. By plotting the atti­
tudes of the rocks inte1·vening between the latter and the coal 
outcrop below the fall, the coal was estimated to be, approximately, 

- - ----- -
* See Report of Progress, 1882-84. 
t Trans. Royal Soc. of Canacla, Vol. III., Sect. f\'. 
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2,200 feet below the same horizon , a thickne>1s considerably le;;s than 
that of the Yolnme of strata between the horizons believed to be 
the same in the Crow Nest Pass. In the same brook coal fragments 
are found, and it is probable that the continuation of the coal Heam 
is cut through not many miles further up. 

For about two miles above this occurrence of Yolcanic rock, the Dark .hates . 
valley nearly follows the course of a series of black or dark-grey 
shales, with sandy beds not infrequently intercalated and some layers 
·of ironstone. These have a thickness of at least 1,400 feet, and overlie 
the ash bed. A few fossils obtained from them appear to show that 
these shales represent the Benton group. :M:r. J. F. Whiteaves has 
recognized among these Inoceramus undabundus, Pholadornya papyracea, 
Scaphites Warreni and S. vermiformis ?* 

If the section still continues a regular one, in ascending order, the Highest beds 

beds of the canon-like part of the stream, above described, should repre- of soction. 
sent the Belly River series of the plains. They are flaggy, hard and 
oft sandstones, with shaly layers, but all of rather pale colour. The 

dip is here S. 63° W. < 25°. If the Pierre shales follow these, they arc 
passed over in the part of the valley without exposures. Tb e sandstones 
nearest the base of the mountains arc probably Laramie, as they 
are on the strike of those observed a few miles up Oyster Creek, which 
are known by their fossils to he of that age. They dip at low angles 
toward the mountains. 

The valley of the North Branch or Livingtone R iver, is remarkablyJ,ii·ingatone 
straight and runs uearly due north from The Gap. In its lower part it is River. 

in some places a mile wide in the bottom, and aYerages fully half a mile 
.in width for a long way up. Its general aspect is very attractive . 
.About half the al'ea of the valley may be designated as bunch-grass 
}Jrairie and meado11·, and the soil is good, though evidently unfitted for 
cultivation, mYing to the frequency of summer frosts, due to the altitude 
.and proximity of the mountains. The vegetation resembles that of 
the foot-hills to the east. At a point about eighteen mi les above 
'The Gap, however, the characters change. The stream, which in 
its lower part generally occupies a rather deep channel in the valley-
bottom, is here reduced to a small rapid brook, and its bed is little 
depressed. The flats are rough and stony, and the vegetation be-
comes sub-alpine. Swamps are frequent and hold a thick growth 
<>f willows and Betula glandulosa, while the woods consist of Pinus 
Murrayana and aspen, with a few Douglas firs, cottonwoods and Engel-
mann's spruce. The valley was followed up to a point nearly twenty-
threc miles from The Gap, whore it bifurcates, the main stream-a brook 

* See Contributions lo Canadian Palroontology. Yo!. I., Pttrt 1. 
12 
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twenty feet wide by six inches deep-coming from the north-westward 
through a narrow valley, while a trail going northward by a second 
valley crosses by an elevated pass to the head-waters of the Mid<lle­
Branch of the Righwood in the foot-hills (seep. 94 B). 

The Livingstone Range, composed of limestone, constitutes the east­
ern side of the valley of the Livingstone River, while the Cretaceous 
rocks form the hills on the west. The stream flows, however, till near its 
head, altogether on the Cretaceous, the junction between the two series 
lying close in to the abrupt base of the limestone mountains. These 
are in general very steep, with much bare rock, scarps, cliffs and screes. 
The higher points rise about 2,000 feet above the v::tlley, while the 
sandstone hills seldom attain 1,500 feet and are generally not more than 
1,000 feet. The slope of the valley itself is considerable, yet the higher 
points of the hills and to a less degree of the Livingstone Range also, 
seem throughout to preserve about the same elevation relatively to it. 
The limestone 'range is most rugged in its southern half, and though 
generally showing westward dips, in places exhibits eastward ones. 
Northward, the summits of these mountains are generally rounded 
and bald, and evidently composed of rock crumbled in place. 

Though thus far spoken of as continuous, the Livingstone Range is 
interrupted for a distance of probably three miles. at a point about 
ten miles north of The Gap. The stream here tm·ns away from 
the base of the range and for some miles is bordered on both 
sides by Cretaceous hills, which are continuous to the east with 
those of the outer foot-hills. ·where the limestone range resumes, 
it appears to represent a distinct anticlinal fold , the axis of which 
lies further to the east. One tribt1tary from the east flows com­
pletely through th e Livingstone Range, while two othern enter 
through the break above referred to. The larger tributaries, however, 
come from the westward, of which the West and North-west Branches, 
previously described, are the most important. Another rapid stream 
-seventeen feet wide by six inches decp,-entoes from the west, 
twenty miles from The Gap, and near this point 1.he edge of the lime­
stones turns westward, the strike changing to the same direction. The 
Cretaceous hills to the south of the stream are steep and escarpment­
like, and constitute the end of a well-marked high range, which runs 
southward about ten miles, parallel to the main valley and a few miles 
west of it. The sand stone hills, of which this constitutes a part, form a 
broken, irregular country, with narrow valleys and are almost uni­
formly wooded. The forest has not been much destroyed by fire, but the 
timber is only of fair quality and not very large in size. 

The limestone of the Livingstone Range, as far as examined, appears 
chiefly to resemble that oftheupper cherty bods of the Crow Nest Lake, 
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though there ia also some crinoidal limestone. The banks of the Rocks of 
L . . t R" h fi t" f 0 t 1 th h Livingstone ivmgs one 1ver s ow ne sec 10n o ire ·aceous roe rn, oug , as Range. 
the stream nearly follows the strike, the same zones constantly recur. 
Grey or brown sandstones, sometimes rather massive, alternate with 
coffee-coloured, or bottle-green, crumbling and shaly sandstones, and 
occasionnl beds of ironstone. For about three miles above the entrance 
of the North-west Branch valley, the Cretaceous rocks are much dis­
turbed, and are in places nearly on edge. 

In the wash of a stream entering ai fifteen miles from The Gap, and Coal. 

again in that of the Twenty-mile Stream , above alluded to, fragments of 
coal occur, and. ii is probable that dosor investigation will bring to 
light a number of coal outcrops in the vicinity. The lower part of the 
Livingstone Valley shows in many places thick peds of rounded g ra\"el Gravel deposits 
overlying the Cretaceous; and nanow tenaccs occur several hun<lre<l 
feet above the stream in some localities. In the npper part of the valley 
a deposit resembling boulder-clay, and charged with largo sub-angular 
limeistono blocks appears, forming telTacos eighty feet above the stream. 
No glaciated stones were, however, found , nor were any striated rock-
:mrfaces obse1Ted. The gr::tYol of the streams is remarkably local in 
origin in all this part of the mountains, and there is little apparen i 
evidence of extensi,·o glaciation. 

The following arc the olcrntions of some points on the branches ofmemtions. 
the North Fork of the Old ~fan River, within The Gap, barometl"ically 
determined, and in each case referring to the water-level of the 
stream:-

NoRTJI-WEST Bn.1Km.-Eight miles from Gap (2~ miles above mouth. 
of this branch) 4,966 feet. Above the fall, 5,512 feet. Near source, 
about half a mile from base of main range, 6,311 feet. 

LIVIKGSTONEl RIVER OR NORTJI BRA:KCII.-Two miles from Gap, 4,709 feet. 
Sixteen miles from Gap, 5,371 feet. 

Head-icaters of the Highwood River. 

The southern sources of the Highwood River were reached by fol-Trail to 
lowing up the tributary of the No1·tb-west Branch of Old Man RiYer, ~~~~i;:ihc.t 
which has already been alluded to under the name of Oyster Creek. 
The trail followed, which is rather an Indian hunting-track than a 
regularly travelled. route, crosses and re-crosses Oyster Creek and small 
$treams joitiing it, till about four and a half miles from the valley of 
the North-west Branch, the watershed b-itween this and the Highwood 
is crossed, and Lost Creek, a tributary of the Cataract Branch of the 
Jiighwoocl, is reached. Oyste1· Creek and Lost Creek flow in opposite 
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direct.ions in a persistent valley, with a nearly north-and-south 
bearing, which lies along the base of the westernmost of the 
series c.f parallel Cretaceous ridges which characterize the country 
between the Livingstone and High Rock limestone ranges. This Yalley 
is at an average distance of about three miles from the crest of the latter 
range, and is separated from its base by irregular wooded hills. The 
High Rock Range, though here sinuous with regard to the line of its 
crest, is continuous and wall-like toward the east, and crowned at 
intervals by bare, rugged summits of irregular and striking forms. 
The limestone rocks composing it have a persistent westward dip and 
several high, bare, flat-topped ridges project eastward from its base. 

In following up Oyster Creek, the country is generally wooded, 
though the trees are, as a rule, small, and there are numerous little 
meadows in the valleys. The elevation of the summit is 6,226 feet, 
and the country gradually descending northward from this point is 
densely wooded, though the trees are here al so usually not of great size. 
The first little prairie occurs at about three miles from the summit. At 
six miles from the summit, this tributary of the Cataract Branch, aban­
doning its northward course, turns abruptly eastward. 

Laramie rock.s. The valley follows the general strike of the rocks throughout. Near 
the head-waters of Oyster Creek, sandstones and shales, generally of a 
soft character, are well exposed in the banks, and dip nearly due west 
:at angles of 45° t0 50°. A massive bed also occurs, which is composed 
.almost entirely of oyster shells, and exactly resembles some of those 
.seen in the eastern foot-hills near the 49th parallel. (See Report of 
Progress, 1882-84, p. 55 c.) They are overlain by soft shales and sand­
stones, holding coal-seams, of which the thickest observed is about two 
feet. Just north of the watershed, the same coal-bearing horizon is 
again seen in several places, and though the seams are here all quii.e 
thin, it is not impossible that thicker ones might be found in this vici­
nity. 

·'Coal. 

-Fossils. 

The coal found at this place is a true bituminous one, yielding a firm 
coke, but a specimen examined contained 24·69 per cent. of ash. (Sec 
Report by Mr. Hoffman, p. 8 M.) 

The Ostrea, above referred to, has been determined by Mr. \Yhiteaves 
to be 0. glabra, var. TVyomingensis. Corbicula occidentalis occurs in the 
same bed in smaller numbers, ancl silicified wood is also found. The 
horizon is almost certainly near the base of the Laramie, and the locality 
is interesting as being almost the only one in which beds of this age 
have been clearly recognized in the moun tains. The greater part of 
the space bet.,veen the valley of Oyster and Lost creeks and the base 

-of the mountains, may be underlain by these rocks. 
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.Another point of interest is the entire absence of gl'a\cl deposits Absence of 

about the summit between Oystei· Creek and Lost Creek, where even gravel deposit&-._ 

the smallest rills cut channel~ into the beds above de.scribed. Lower 
down on both strnams, gravelly and other detrital deposits arc met 
with in the usual abundance, and include rn uch limestone from the 
adjacent mountains. 

The part of the va1ley of the Cataract Branch, into which Iiost Creek Country near 

fol ls, runs nearly east-and-west from the base of the High Rock 01· g~~~~h~t 
watershed range to the outer Ilighwood Range, which forms a northern 
continuation of the Livingstone Range. Its western extremity rises 
rapidly toward the base of the High Rock Range, and is wide and shal-
lo,,, bounded by low-wooded 11ills, with open alpine meadows toward 
the higher lcvek Eastward, iL becomes a deep trough, and cuts directly 
across five or six high Cretaceous ridges. Of these the most important 
is the central one, which attains a heighL both to the south and north 
of the valley, of about 2,000 feet above it. The point to the north, 
which was ascended, afford~ a very fine view of the upper east-and-
west part of the valley of the Cataract Branch, which has a length of 
about eight miles, and the contrast is very marked between the high 
parallel ridges, characterizing the eastern part of the Cretaceous area, 
with the gentle flowing outlines of the hill~ forming a belt of several 
miles along the base of the High Rock Range. This difference is no 
doubt dependent on the different attitude of the rocks, which in one case 
form a series of sharp folds, in the othc:" whether in this normal posi-
tion or-as may ve1-y likely be the case-completely invertccl, lie at 
comparatively low angles. 

The east-and-west portion of the Cataract Branch valley contains Cataract 

many patches of prairie along the stream, and these often rm1 up on the Branch •alley. _ 

.;outhward-fa0ing slopes to a considerable elevation. The woods are not 
much destroyed by fire, but the size of the trce.s is small. .At the foot 
of the IIighwood Range is a rather large, triangular, flat, terraced area , 
in which a small stream-SalLel"'s Brook-coming from the pass which 
leads across the range to the eastern foot-hills, joins the river. It was 
our intention to follow the river now called the Cataract Branch to it8 
junction with the main Ilighwood, but about two miles below the mouth 
of Salter's Brook, the valley, running northward along the base of the 
Highwood Range, becomes narrow and densely wooded, and we came 
abruptly to the edge of a gorge, into which the river plunges, making Fall. 

a picturesque fall, the upper leap of which is about ten, the lower about 
thirty feet. Finding no vestige of a trail beyond this point, and the 
character of the valley rendering it evident that it would be difficult if 
not impossible to take our animals further, we turned back to Salter's 
Brook and crossed the Highwood Range. 
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No features of special geological intel'est were observed during the 
traverse of this part of the Crow Nest Cretaceous trough. The strike 
of the rocks varies from N. 34°W. to N. 22° W., and the dips are almost 
uniformly to the south-west at Yery high angles, the beds becom­
ing vertical in some places. Two considerable belts, chaL"acterized by 
dal'k sbalos and shaly sandstones, cross the cast-and-west pal't of 
the · Cataract Branch valley. One about a mile wide, just east of the 
mouth of Lost Creek, the other, probably less important, about a 
mile above the mouth of Saltei"l:l CL"eek. The remaining rocks are 
tiandstoncs with some conglomerate, which arc often considerably indu­
rated and weathel' to a brownish colou1·. Each of the shale belts pl'o­
bably consists of several comp1·cssed folds, giving an appearance of 
Yery great thickness. The first or western belt is apparently continuous 
with that described on the North-west Branchofthe North Fork (p. 89n). 
Just above the fall, the limestones of the Highwood Range first appear 
on the river with a dip of N. 82° W., at an angle of 5° . These lime­
i:;toncs weather brownish, and have the appearance of the beds of this 
series frequently found immediately underlying the Cretaceous. At 
the fall, the limestones are of the usual blue-grey colour, and dip 
S. 73° W. < 20°. The limestones of the western part of the Highwood 
Range dip westward at aPgles of 35 to 40 degrees, and as this is nearly 
the slope of the mountain sides, wide, fiat sul'faccs of bare rock are 
exposed. 

In following Salter's Brook eastward, toward the summit of the pass 
over the llighwood Range, it is soon found to become a rough stony 
torrent-bed, which we were obliged to cross and re-cross. The valley is 
now contracted and the mountains rise abruptly on either side to a height 
-0fa bout 2,000 feet. The summit is r eached at about four miles after leav­
ing the Cataract Branch, and has an elevation of 6,:198 feet. The descent 
to the cast is at firnt very steep, and leads down into an amphi­
theatre, open to the north , and bounded to the cast by Sentinel Moun­
tain, which form:s a high p1·ojecting spur of the limestone range. The 
scenery is of a wild alpine character, and several skcams from the 
encircling mountain , fall toward the centre of the great depression, 
forming the sourcci! of the Middle Branch of the Highwood River. 
The1·e is probably bore a synclinal fold of Cretaceous rocks, compressed 
and overturned between the limestone masses forming the range just 
traversed on one side and Sentinel Mountain on the other. The Creta­
ceous rocks arc, however, much disturbed and i..rregular, and the synclinal 
runs out to the southward against a high irregular mass of limestone 
mountains, across which, we were informed, an Indian trail runs to the 
head of the Livingstone River. It is a somewhat remarkable fact that 
the sources of Salter's Brook al'e actually on the Cretaceous sandstones 
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to the eatit, and that it runs completely across the limestone belt of the 
Highwood Range. This circumstance shows, that when hardened, the 
Cretaceous sandstones are capable of affording to denudation a resist­
ance as gl'cat as the older limestone series. 

From its source, the Middle Branch of the Highwood runs in a direc- Middle Branch 

tion a few degl'ees east of north for seven miles, beyond which point it ~v~;ghwood 
turns eastward. The valley is at first deep and shut in by high, steep 
foot-hills, but as it gradually recedes from the base of the Highwood 
Range, it becomes more open. Successive fires have almo t entirely 
l·emoved the wood from the upper part of the stream, and the slopes 
have become gl'as~cd, with the irregular, scanty growth often observed 
in the high and bleak parts of the foot-hills. Before reaching the 
point at which this stream bends eastward, however, sev6ral luxuriant 
!Prairie patches interspersed with coppice are passed through. No 
.detailed examination of the Cretaceous rocks of this part of the foot-
.hills was made, but an important band of dark shalcs appears nearly 
to follow the upper part of the stream and running across the inter-
vening country to the main stream of the Highwood, g ives rise to a 
wide, low valley. 

The foot-hills, bordering the High wood Range in this vicinity, run ~g~_li;t/~~ 
-0ut in a series of long, comb-like spurs, nearly at right angles to the 
range, and to the general direction of strike. This peculiarity, which 
,is again referred to, is in mal'ked contrast to the usual system of strike-
ridges met with in the foot-hills and other folded Cretaceous areas. It 
would appear thal where the Cretaceous rocks form the flanks of a 
dominant range, the streams, for some reason, tend to follow lines of 
transverse fissure rather than the strike. 

Following up the so-called North Branch of the High wood, which is Hvigbwood 
alley. 

in reality the main stream, we again entered the mountains, eight miles 
north of the pass just described. The Highwood Valley, in the foot-hills 
adjacent to the mountains, is a wide depression, wiLh prairie flats and 
terraced sides. The hills near it are from one-half to two-thirds wooded. 
chiefly with aspen, but much of the wood is dead and blackened by fires. 
The gap, or gorge, by which the rivet· leaves the Highwood Range, is Ilighwood Gap. 

narrow, the elevation of the rivet· at this point being about 4,780 feet. 
The Cretaceous rocks east of the range dip toward it, or westward, at 
<mgles of30° to 35°, but on appt·oaching their junction with the limestone, 
become vertical and show evidences of very g1·cat pressure. The line 
of junction appears to follow the crest of a high ridge for some distance 
south of the river. The limestone series forming the Highwood Range 
has, on the river, a transverse width of about two miles, and probably 
presents the usual anticlinal structure as the dips a1·e westward, and the 
limestones are again followed to the west by the Cretaceous series. The 
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mountain mass to the north of The Gap, of which only the high spurs 
~fount Bend. are seen in following the river, I take to be Mount Head, of the maps. 

A mountain with this name appears on Palliser's map, and has been 
given great prominence on scyeral more recent maps, but I have been 
unable to ascertain by whom the name was applied, or to find any des­
cription or bearings by which it might be satisfactorily identified. It 
may probably have been a peak seen from the eastern plains or foot-hills 
at a great distance. Its latitude, and position in the eastern range of 
the mountains, as shown on Palliser's map, accord nearly with the 
mountain here referred to, and under the circumstances there is no 
reason why the name should not be pre:;erved in connection with 
this mountain, even if it be not that originally intended. 

Ohandgefin The Iligbwood River breaks through the outer range at a point at 
trcn o rn11ge. 

which the latter suffers a marked change in trend, running more to. 
the north-westward, and making an angle of nearly fifteen degrees 
with its former general course. The High Rock Range to the west, and 
the intervening Cretaceous ridges of the northern part of the Crow 
Nest Cretaceous trough, participate in this changed trend, which must 
therefore be of some structural importance. 

llighwood ·within the Ilighwood Range, the river-valley runs westward for 
Valley in the 
~Iount11in•. about two miles, crossing a series of Cretaceous ridges, like those seen 

Chi.racter of 
the valley . 

on the corresponding portion of the Cataract Branch. The rocks, so 
far as exposed, are usually sandstones, varying in texture, and in colour 
from yellowish and brownish to greenish-grey. The dips are west­
ward at an average angle of about 60°. 

From the point last mentioned the valley tmns to the north-west­
ward, occupying nearly the centre of the Cretaceous area between the 
two limestone ranges, for a distance of twelve miles, when, by the 
interpolation of a third range of limestone mountains, of which Mist 
Mountain constitutes the southern extremity, the Cretaceous trough is 
divided into two branches, the stream at the same time bifurcating. 
The western branch-Storm Creek-occupies a valley which runs 
across to the Kananaskis, the eastern-Mist Creek-rises six miles 
north from the forks at the base of a high transverse ridge formed by 
the inosculation of the foot-hills of the 1\'Iist and Highwood ranges. 

From The Gap to the forks, near Mist Mountain-a distance of 
fourteen miles-the valley contains a number of prairie patches, but 
becomes more generally wooded on toward the forks. The river 
at the forks has an elevation of 5, 736 feet. The hills on both sides are, 
as a rule, rather densely wooded, and several small tributary streams 
fall in, both from the Highwood and High Rock ranges. About six 
miles up the river from The Gap, an indistinct trail, which we had fol­
lowed so far, was lost, and in trying back, we fell upon an old trail, 
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which for about three miles, runs parallel to the river, behind a low 
intervening ridge. This trail, though now obstructed by wind-fall, 
has evidently at one time been much travelled, and, I believe, formed 
part of the north and south 'pitching trail ' of the mountain Indians. 

The Cretaceous hillB to the cast of this part of the river arc high and 
rough and are broken at intervals by torrent-valleys which bring down 
the waters of the Highwood Range. This range was here not well seen, 
but so far as observed, the limestones appear to dip southward at high 
angles. In the High Rock Range, on the contrary, the limestones lie 
at comparatively low angles, though dipping in the same direction. 
The hills intervening between the river and the High Rock Range, are 
again comparatively low and gently rounded, and are densely wooded. 
The range itself resembles in character that near the head-waters of 
the North-west Branch of the Old Man, and has some summits with 
remarkable block-like forms. One very high, pointed mountain is 
nearly on the latitude of the IIighwood Gap. 

In following up Storm Creek ten and a half miles, between the P!!Ss between 

M. R d 11 1 h . . h Ilighwood and isty ange an a para e range on t e west, a summit separatmg t e Kananaskis. 

waters of the Highwood and Kananaskis, is reached. The valley is 
continuous and straight, and the Kananaskis Valley, at a distance of 
about four miles, may be seen from it. This summit, which has a 
height of 7,217 feet, is very nearly in the same latitL1de with that 
between the Kananaskis and the Elk (p. 107 B), and only three and a 
half miles distant from it, with one intervening range. Bearings were 
obtained from this point on mountains previously fixed on the Kana-
naskis, but my examination was not carried beyond the summit. 

Storm Creek, is really the main source of the High wood, and canies Storm Creek. 

nearly twice as much water as Mist Creek. The valley is generally 
wooded, and is rather narrow and rough for a few miles above its 
mouth, after which it becomes wide and flat bottomed, and runs parallel 
to the enclosing ranges. The woods have not yet been much destroyed 
by fire, and some trees of very fair growth occur in the upper part 
of the valley. The elevation becomes such before the summit is 
reached, however, that the valley assumes an open alpine character, 
with scattered groves of larch (Larix Lyallii), and the slopes rising 
above it are there quite bare of wood. Near its mouth, the Cretaceous 
hills on the south are very high and irregular. Though the height 
of these hills and the bad weather prevailing at the date of our 
visit, prevented certainty in the matter, there is every appearance of a 
break in the main range in this vicinity, and it is possible that one of the 
larger tributaries of the Elk may rise tc the east of the range. Beyond 
the position of this supposed gap, tl::e limestone range to the south-west 
is very high and broken. At the summit of the pass, a high Creta-

13 
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ceous ridge intervenes between the stream and these mountains, while 
the bare limestone slopes of the Misty Range rise on the opposite side. 
Fragments of coal were observed in the stream a few miles south of 
the summit of the pass. On the night of the 16th of July, 1884, we 
experienced a heavy snow-storm in the pass, the snow being four 
inches deep the next morning. 

Mist Creek. :Mist Creek, for six miles above the forks, runs in a straight north-
west and south-east valley, receiving one large brook from the 
ea t and three or four from the west. In the lower part of the valley 

Good timber. and in the adjacent hills is a considerable quantity of good timbe1·, 
consisting principally of spruce and black pine (Picea Engelmanni and 
Pinus Murrayana). This might be run down the stream at high stages 
of the water. The strnight Yal!ey i ·eventually blocked by the fui,ion 
of ihe high Cretaceous hills which form the basal ridges of the Misty 
Range on one side, and the llighwood Range on the other. Tuming 
abruptly to the west at this point, the source of the stream is reached 
in about a mile and a half, in a profound amphitheatre or cirque, at the 
base of the first-mentioned range. The floor of this amphitheatre con­
sists of green, alpine meadows and slopes, with scattered clumps of 
Lyall's larch. Its elevation i 7,266 feet. As ii proved impossible to go 
furthe1· in this direction, we returned down the valley to the point at 
which it bends, and clnnbing the bare ridge, found ourselves eventu­
ally on a narrow crest, at an elevation of 7,632 feet, with a practicable 
though steep and rough descent on the other side, to the valley of 
Sheep CJ'eek. 

ICIG. 3. MIST MOUNTAIX PROM 1'IIE SOUTII. 

Mist Mountain. Mist Mountain, with an eleYation of about 10,000 feet, is one of the 
highest summits in this r egion. It occupies a position of peculiar 
p1·ominence, forming the prow-like, south-eastern extremity of the 
massive limestone range which separates Storm and Mist creeks. It is 
singularly bold and precipitous, and, as seen from the southward, rises 
in the centre of several high spurs composed of Cretaceous rocks, which 
.surround it on three sides, and about their bare tops have a reddish 
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n:spect which contrasts with the grey of the limestone cliffs of the 
culminating peak. To the north it attaches to other mountains of 
the range not mneh infel'ior in height, whieh, as they widen 
northward, become more or less separated into two pal'allel subol'­
clinat.e ridges, between which the furthest source of the Elbow River 
appears to rise. The l\Iisty Range is exceedingly rnggcd and bare .Misty Range. 
in its southern pal't, both on the .,idc facing Mist Creek and that 
toward Sto1·m Creek. The foot-hills of Crelaceom; rocks lying between 
Mist Creek and the range, again show the remarkable comb-like 
:structul'C previously alluded to. the ridges in this case arc sharp-edged, 
with wide intervening valley:3 which haYe semi-circular outlines in 
cross sect.ion . This featul'c i:i illu~iratcd in the accompanying plate, 
on which i.hc ridges to the right and left of the Yiew (with birds shown 
neat· them) al'C of Cretaceous i·ockti. 

~'ls al !'Cady indicated, the head-waters of the High wood prop01', as ~;t(J;g~;~~~us 
well as those of the Catarae:t Branch, at'e includ ed in the northern trough. 
continuation of what may still be designated as the Crow Nest Creta-
ceous trough. Between the bounding lime:;tone ranges, from the 
llighwood Gap i.o Mist Mountain, the Cretaceous rocks haYe a breadth 
of about ~ix mileti, and so far as obscl'ved in most places, maintain 
their usual wesL,>ard dips. Further north, the trough is split in lo two 
long at'ms, the limestone mass of the Misty Range separating these. 
The western arm, or that occupied by the valley of Storm Creek, gradu-Rock~ on 

. · . l b .1 d Storm Creek. ally narrows, and at the ::,nmm1t of the pass is on y a out a m1 e an 
a half wide. In the lower pal't of the valley, high Cretaceous ridges 
appear on both sides, but further up this valley, and down that which 
Hlopcs toward the Kananaskis from the further side of the pass, there is 
out a single Cretaceous ridge, and this borders the western range. The 
Crctaccou-; rockl:l on this side of the valley dip at angles of 25° to 
40° toward the limestones of the Elk Mountains, which may possibly 
rest upon them in the form of an overturned anticlinal. Those on the 
cast side of the valley very generally dip eastward at rather low angles, 
.and appear to abut against the nearly vertical limestones of the 
Misty Range along the line of a fault, as shown in the annexed 
d iagramatic section. The extremity of this branch of the Cretaceous 

FIG. 4. DIAGRAMATIC SECTION NEAR TIIEJ JIEAD-WA1'ERS OF STORM CREEK. 

rncks seems to run out completely behind the range fronting on the 
Kananaskis. 
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The Misty Range is with little doubt a great compressed anticlinat 
of limestone, overturned eastwal'd. The evidence of this structure· 
is perfectly clear on both sides of the cirque at the head of Mist 
Creek, where the Cretaceous ~hales and sandstones pass beneath the· 
limestones at an angle of about 40°, and to the east of them are 
thrown into a series of overlapping folds, more or less fractured. 
This structure, as shown in the south side of the cirque, is illustrated 
in the accompanying cut, in which the rocks of the steep slope to the 
right are limestone. It is of interest in connection with the probable 
analogous crumpling of parts of the Cascade coal basin, further norlh. 

FIO. 5. OYERTURNED FOLDS OF CRETACEOUS ROCKS AT .JUNCTION WITII 

LDIES'l'ONE, MIST CREEK. 

The western branch of the Cretaceous trough, along which Mist 
Creek rnns, is still about two and a half miles wide at the source of the 
stream, and, as subsequently noted, runs up the valley of Sheep Creek 
nearly to the Elbow River. 

Coal. That coal occm·s in greater or less quantity, pI'eity generally distri-

Pass from 
Ilighwood to 
Sheep Creek. 

buted tbrougl:out the Cretaceous rocks of this region, is evidenced by 
its constant appearance in the streams in rolled fragments. In addi~ 
tion to the places of such occurrence already noted, it was found in 
several small tributaries of Mist Creek. Seams a few inches thick, 
were seen in place in the ridges near the head of the creek, and more 
complete examination might lead to the discovery of workable deposits. 

Head-u:aters of Sheep Creelc and Elbow River. 

In travelling northward in this part of the range, it was our object 
to :fix the limits, as definitely as possible, and trace to its northern 
extremity, the great Crow :Nest Cretaceous trough. Having been unable 
to secure the services of any Indian acquainted with the region, we· 
were obliged to select for ourselves what appeared to be the best routes, 
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a circumstance resulting in some loRs of t ime, and on sm'eral occa­
sions causing us to fall into very rough, impracticable country. We had 
anticipated striking the Elbow Rivel' beyond the soul'ces of Mist Creek, 
but on attaining the summit of the pass, saw at once that the head­
waters of Sheep Creek were interposed. From this summit to Sheep 
Creek, a rapid descent of about 2,600 feet was effected, and the valley 
reached at a point at which it makes nearly a right angle, the upper 
part tl'endiug north-westward, pat'allel to the general clil'ecLion of the 
mountains, the lower turning to the cast and breaking across the outer 
range toward the foot-hills. From this point to that at which Mr. 
McConnell* examined Sheep Creek wc:;tward, in the foot-hills, a space 
of nearly twel-<;e miles remains unexplored. The outer or eastern 
limestone range i:; here either much wider than usual, or there is an 
additional echelon range contiguous to iL. A couple of mile:; below 
the point at which we reached the valley, is a mountain of which the 
northern side presents a remarkable, sheer cliff, about 2,000 feet in 
.height. 

Sheep Creek is here a rapid stream, about thirty feet ·wide by six Sheep Creek. 

inches or a foot deep. The valley is rather wide and flat bottomed, and 
rises pretty rapidly for five miles, till the source of the stream is 
reached, on a high plateau overlooking the deep, transverse valley of 
the Elbow River, at an elevation of 6,877 feet. The whole upper 
valley of Sheep Creek has been devastated by forest fires, which, in 
some cases have recurred till the trees have been entil'ely removed, 
grassy flats or slopes encumbered with stumps and fragments of 
bumt trees taking their place. In others, the blackened or bleached 

.trunks are still standing, and the effect is desolate in the extl'Cmo. 
The limestones of the mountains on the no1·th-east side of this 1)art ofR

8
hocks con k eep rec . 

the valley, dip with great regularity to the south-westward, at an angle 
of about 40°, and the Cretaceous rocks are seen in one or two p1acea 
to overlap them with apparent conformity. On the opposite side, the 
Cretaceous constitutes the foot-hills of the northern part of the Misty 
Range. At a distance of two mile::; from the Elbow Ri\'er, the Creta-
ceous tl'ough still has a width of nearly two miles, but between this 
point and the river, having now become a thin, superficial sheet, it 
bifurcates. The western branch extends to the edge of the E lbow 
Valley, and is evidently cut off by it, though there is some appearance 
of a very narrow fold of the same rocks engaged high up in the east 
side of the mountain to the north. Loose fragments of coal were seen Coal. 

in the bed of Sheep Creek, and it is of interest to note that it is hol'e 
assuming an anthracilic character. 

• See Report of Progress, l 2 St, p. 106 c. 
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Hendof The head-waters of the Elbow River occupy one of the remarkable 
Elbow River. valleys so frequently found in this part of the Rocky Mountains, which 

lie exactly at right angles to the trend of the constituent ridges anu 
strike of the rocks. The valley in this case terminates abruptly about 
two miles west of the source of Sheep Creek, at the base of a very high 
:md rough limestone range, which separates it from the Kananaski~. 
Two streams convol'go at this point. That from the south, which drains 
the central valley of the Misty Range, is eYidently the larger. The 
second, coming from the north or north-west, is said by Indians to 
afford a rough pass to the Kanana,;kis. l3elow the junction of the,:e 
two st1 earns, the Yalloy is remarkabl)- wide and flat, and as seen from a 
height, contrasts curiously with the very rugged surrounding monn­
tains by which it is almoRt enclo;;;ed. The scenery is grnnd, ::tn(l 
would be beautiful, but for the fact t hat the fore~ts have been almost 
entirely destroyed by fire. RidgeH which appear to be moraines, occur 
in this part of the valley, and fl1l'thor down, glacial strim were 
obsen-ed following its direction. 

Valley of The lowe1· part of the valley is natT011-or than the upper, and a \\'ell-
Elbow River. beaten, though rather rough and hilly trail leads down it, along the bank 

of the ·tream. The woods are in some places dense, and the mountainH 
bordering it are often abrupt and cliff like, though not remarkably high. 
About two miles before reaching the outer edge of the limestone range, 
a wide wooded valley opens southward , and from this point, that of the 
Elbow trends northward. The total length of the transverse valley 
occupied by the mbow is about eight miles. At the eastern edge of the 
limestone ra11gef'l, where the stream issues into a low region among 
Cretaceous foot-hills, tho river bed is nearly a quarter of a mile 
wide, and consists at low water. chiefly of dry, gravel bars. It is evi-

Rocks on dently subject to very heavy floods. The rocks forming the mountain" 
Elbow Rii·cr. on both :,ides of the portion of the Elbow above described, are, so far 

as could be obso1Ted, entirely of the great limestone series. At the 
point at which the trail from Sheep Creek reaches the Elbow, they clip 
,;outh-wostward, at an angle of about -W 0

, but flatten out further down 
the valley, and appear to lie in a series of light, undulations with low 
dips. At the outer range they ar~ again found dipping in the direction 
just noted, but at an angle of about 25°, and the fir;;t Cretaceous rocks 
seen to the east liave a si milar dip, and in the same direction. Whether 
this circumstance is hero dne to overturned Colding, or to faulting, it> Isolated 

l'retnceousarea unce!'tain. Three miles up the iiver from the westo1·n edge of the 
Cretaceous rocks of the foot-hills, exposures were found in the bottom 
of the valley of shales and sandstones which appear to belong to the 
Cretacous Eeries. 'l'hey arc seen in the vicinity of the stream for about 
300 yards, and may be more extensive, but arn evidently confined to· 



DAWSON.] SllEEP CREEK AND ELBOW RlVER. 103 B, 

the bottom of the valley. They probably Constitute a small, isolated 
area, let in by faults, though it is just possible that tbe limestones of 
the mountains have been pushed eastward on a nearly horizontal thrust­
plane over the Cretaceous. The evidences of enormous pressm·o from 
the westward, in thif' part of the moutain~ , would lead m; to suspect 
the possible existence of such over-thrusts. 

The eastern, Ot' outer range of the mountain:; pl'Opor, is here the Outlrin~ lime­
Fisher Range of Palfoier'H map. Beyond this, however, there is an stone area. 
011tlying are::t of the Devonian 01· Dovono-Carboniferous, lime~tone series, 
resembling an i;iland in the Crotaceom; foot-hills, but noL much more 
rugged than these, nor Yory much exceeding them in height. The main 
stream of the Elbow cuts across thi,.; limestone area, and when, in 1882, 
:!\fr. McConnell followed up the Elbow fol' the purpose of defining 
the westom edge of the Cretaceous rocks, ho stopped at tJ:io outer or 
eastern edge of thi;; urea. * The northern and southern tennihations 
of this limestone al'ea, h::tYc not been accurately defined, but are, 
probably, nearly as 1-1hown on the map. Its greatest width ii; about 
four miles, and total length, probably, about fifteen miles. 

The strncture of this outlying area of limestone is very simple, being Anticlinal 
that of a broad, low anticlinal, in which the base-level of the Creta- structure. 
ceous rises above the plane of denudation. Where crossed to the north , 
on the Canon Branch of the Elbow, it shows near the west edge a 
subsidiary synclinal which holds a narrow trough of Cretaceou::; rocks. 

For four miles beyond the point at which the Elbow crosses thcFishcr Branch. 
eastern edge of the main limestone a!'ea of the mountains, it flows 
nearly due north in a wide valley with extensive gl'avelly flats. ~ear 

the point at which it again turns eastward and strikes into the outly-
ing limestone a1·ca, it receives the Fisher Branch from the north. 
This stream is about equal iu volume to th::tt followed, and comes from 
the west of the outer ridge of the Fishei· Range, which is here remark-
ably straight and ramparlrlike, and composed of limestones clipping 
south-westward at an angle of about 45°. Just below the Fisher 
Branch a second small stream comes in. This, when followed up, leadfl g~~~-~~Wi·anch. 
in about three miles to a summit with an elevation of 5,800 feet, after 
which a trail _descends northward along another ;;tream to a tran:;verse 
valley which flows to the Canon Branch, and after crossing a ccond 
small subsidiary summit, reaches the Canon Branch itself. From thi;i 
point, we wel'e informed , a trail continues nol'th-westward directly 
through to the Kananaskis. This trail evidently follows the Cretaceous 
trough intervening between the front of the Fisher Range and the out-
lying limestone area. On reaching the Canon Branch, however, we 

*Sec section No. 1, facing p, 106 c. Report of Pr"gress, Geological Survey, 1882-8-1. 
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followed it south-eastward· and then southward back to the main Elbow 
River, at which point the Cretaceous rocks arc again found overlying 
the limestones of the detached area, with eastward dips. The upper 
part of the limestone series is here formed of black, J:laggy calcareous 
shales. These are overlain by Cretaceous sandstones, with a similar 
dip, and these again by a considerable thickness of dark Cretaceous 
shales. 

The valley followed, between the outlying limestone area and the 
Fisher Hauge, is characterized by Cretaceous rocks, and i;; probably due 
to the existence of a considerable band of soft dark Hhales, which dip at 
an average angle of about 50° toward that range. Between these 
shales and the western edge of the outlying limestone area are sand­
stones and conglomerates, which weather rusty, and rest with an 
appearance of conformity on the limestones, with a dip of about S. 50° 
W. < 30°. The subsidiary synclinal in the outlying limestone area, 
previously alluded to, holds a considerable thickness of sandstones, with 
some shaly beds of Cretaceous age. At the east edge of this trough, 
the limestones are again found dipping south-westward at an angle 
of about 40°, but further east gradually :flatten out and then bend 
over to a north-eastward dip. The crest of this anticlinal nearly coin~ 
cides with the highest part of the rather low, rounded mountains 
formed by the outlying patch of limestone. Before reaching the east 
edge of this limestone area, the stream flows for a mile through a 
remarkable Canon, in which it is bordered by vertical walls of lime­
stone, which, in some places are several hundred feet in height, and 
are continued above by rough and often nearly precipitous slopes to a 
greater elevation. It is necessary to travel in the bed of the stream, 
and at high stages of the water the route would be impassable. The 
river here appears, in its main direction, to follow that of a system of 
well-marked jointage-planes, which are frequently observable, and slope 
at a high angle to the northward .. 

The lowest beds exposed occur at the west end of the canon, and are 
rather soft, earthy and flaggy limestones holding numerous Devonian 
fossils. Amongst these are Chonetes defl.ecta and a second species 
allied to C. scitula, an Orthis like 0. Vanuxemi, with .two species of 
Spir~fera and numerous remains of crinoidal columns. 

The Kananaskis River. 

The Kananaskis joins the Bow River at the eastern base of the moun­
tains, making to do so a sharp northern bend. The two rivers are 
distant only four miles, at the points at which they respectively cross 
the eastern edge of the Palmozoic rocks. The most direct route from 
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Morley to the Kananaskis Gap, follows up Chiniq uy Creek to the lake 
in which it originates, skirting the southern edge of the great depres­
sion of the Bow Valley. The hillytractintervening between Chiniquy 
Luke and the Bow, evidently owes its character to the morainic 
aceumulaions of glaciers which formerly debouched from the Bow and 
Kananaskis valleys, and is marked by low, gravelly and bouldery 
hills which project through terrace-fiats of later origin. In the Kan­
ana:skis Gap, well-mal'ked terraces appear on the sides of the mountains 
to an elevation of about 4, 700 feet. 

The valley of the Kananaskis differs from those of most of the rivers Character of the valley. 
in the mountains, in the fact that it crosses the general direction of the 
ranges obliquely. In consequence of this, it is irregular in width, 
being in some places rough and narl'ow, in others wide and bordered 
by extensive terrace-flats. Its general cou1·se is nearly north-and-
south, though with a decided convexity westward; its length, from its 
junction with the Bow to the Upper Lake, is about thirty-eight miles. 
Owing to comparatively recent forest fires, the trail is in some places 
much encumbel'ed with fallen trees, and it has lost much of its old 
importance as an Indian route across the mountaim;. About its head-Low area of 
waters, the regularity of the constituent ranges of the mountains is country. 
somewhat interrnptcd, and a remarkable tract, of more than twenty 
square miles in area, occurs, which is characterized by terraces and low 
hills, but is surrounded on almost e-very side by high mountains. The 
elevation of this relatively depressed area is about 5,500 feet. It is 
continuous southward with the wide valley of Elk Rivet» and to the 
north-north-westward with that leading to the Spray River. The want 
of continuity in the ranges above alluded to is, however, not due to any 
abrupt break, but rather to a hiatus left between several echelon-like 
over-lapping ridges. 

Geologically, the Kananaskis prm;ents no features requiring \'cry Rocks near 
detailed description. The structure of the outer part of the mountains ~~;.anaskis 
crossed by it, is shown on the eastern end of Section No. 2, ou the face 
of the map. The Cretaceous sandstones and sandy shales, met with at 
the immediate eastern base of the mountains, dip S. 65° IV. at angles of 
30° to 45°, while the adjacent eastern outcrops of the limestones dip in 
the same direction at an angle of about 40°. This repeats the usual 
arrangement met with at the eastern junction of the Cretaceous and 
Palmozoic rocks, and is represented on the section as an inversion of 
the strata by folding, though it is possibly here brought about by 
faulting. From their eastcm edge, the limestones, rising into 
high mountains, border the river for nearly eight miles; the dips Cretaceous 
being apparently all westward, and often at angles as high as 60°. The rocks with coal • 

. outhem extension of the Cascade Cretaceous trough, which runs 
14 
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across f10m the Bow, is then met with, fol'ming a region of lower bills~ 
and bounded to the west by high and rugged mountains attached to 
Wind Mountain. 

It was intended to revisit and clm;ely examine the Cretaceous rocks 
here, but this was not accompli~hed . The exposures of the rocks 
near the river al'C few, the valley being wide and trough-like. The 
Cretaceous rocks appear, however, to croRs the valley obliquely and to 
tel'minate to the southward in the manner shown on the map. That 
their c;oal-bearing character, as developed on the Bow, continues, is 
evidenced by the occurrence of fragments of anthracite in the streams. 

To the south-west of the Cretaceous area, the river occupies a 
valley bounded by the Kananaskis Range on the west and the Opal 
}fountains on the east. The rock::; of both ranges dip westward, the 
former at angles of 30° to 40°, the latter at 70° to 80°, inc1·eaRing 
.iouthward, and in the vicinity of Tomb-stone Mountain becoming abso­
lutely vertical and forming a yei·y gteep, rough-edged iange. Both 
ranges appear t.o be composed chiefly of limestone, but the west­
ward slopes of the Opal Mount.ain8 show a considerable thickness of 
brown-weathering qual'izites. and these, or beds precisely Tesembling 
them from a distance, occur at the summit of the Kananaski.i Range; 
giving reason for the belief that a fault, with eastward down-thrnw, 
runs a loDg the valley separating the ranges The throw of the fault 
must be at least equal to the height of the scarped cmitern front of tho 
Kananaskis, oi· ab<rnt 4,000 feet. 

Nearly on the horizon of lhe quartzites, but in lime tones, on the 
west slope of the Opal Mountains, some fossils were found . The lime­
stones at this place are much fractured and jointed and often weather 
to brown or reddish eolors. Small cavities, lined with quartz crystals, 
cccm· both in these and tho adjacent quartzites, and jointage sur­
faces al'e found, coated with film,; of opal, which , however, seldom Rhows 
the least play of colour. In 0ne fragment of q uart.zite some obscurely 
preset·vcd shells appeared, in which the original calcareous matter had 
been completely replaced by amber-coloured opal. The foBsils men­
t ioncd are scarcely determinable, but repl'esen t a species of Prcductus 
and a Stroplwmena or Strophodonta, possibly· Devonian. The nearly 
isolated mountain forming the northem end of the Opal Range is cap­
ped by dark crumbling beds which may possibly represent a Creta­
ceous outlier, and in the southern part of that portion of the valley 
between this and the Kananaskis Range, Cretaceous shales definitely 
occur, forming-as far a:; I have been able t.o ascertain-the extreme 
northern end of the Elk River Cretaceous trough. 

It is probable that a considernble part of the low area about the 
head-waters of the river, previously mentioned, is underlain by Creta-
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ceons rocki', but it is deeply coYered by drift deposits and the outline Probable limit 
· th · · ' I h tl t" l Th of Cretaceous. given on e map 1s m comequence ;arge y ypo lC 1ca . cse 

rocks may C\Cll be continuous or nearly so with those, of which the 
existence is suspected in the valley between the Kanaoaskis and 1:3pr>iy 
Mountains, but this \alley has not yet been examined. The actual 
mean smfacc of the country, in this part of the region, is nearly on the 
plane of junction of the limestones and Cretaceous rocks and it iH, 
therefore, by no means improbable that a number of small Cretaceous 
infolds, the existence of which was not observed, may yet be proved. 

The Kan:111askis Va11ey, jn~t described, forms the eastern part of\lr'cKstern P•kr~ 
o ananas is 

the pass of the same namC', but from this point we turned southward , Pass. 

following the Elk River Cretaceous trough. , \.general description of 
the western portion of the pass, by Captain Palliser, may be fonntl 
in his report (p. 94 et seq .) Ilc describes the trail as rough, and 
eV"en at the date of his journey, as being much encumbered by winrl-
fall. He also mentions having observed tbe appearance of clay-
~lates, replacing the limestones of the mountains, about halfway 
clown the Pallise1· RiYer, and it is probnblc that a somewhat exten-
sive area of Cambrian rocks exists there. The height of the summit 
of the lCananaskis Pass, given on the map as 6,200 feet, is tleduced 
from that obse1Ted by Captain Palliser, by adding the ascent recorded 
by him from the prairie cast of tl;ie summit to the now more correctly 
ascertained height of the 'arne prairie, and is probably nParly exact. 
The height on Palli~ci-'t> map is stated as 5,70() fPet. 

Uner Part of the Ell~ River Valley. 

The southern brancb of the Kanana~kis, and the Elk Rfrer, :flow in Watershed. 

opposite direction , from an open, swampy tract, which occupies a com-
mon wide valley. '!.'his valley has a nearly north-and-south course, 
and is one of the larger longitudinal valleys of the mountains. The 
height of the watcrt'hcd at this point is 6,500 feet. 

The information gained /espccting the upper part of the Elk Valley Difficulty of 

was obtained in 1884 by a journey made from the summit just referied ~lkv~\I:Y'.he­
to, southward to latitude49' -!9', a distance of forty-seven miles. At the 
point ]a,t mentioned, we turned c"astward by the North Fork Pass, leav-
ing unexamined a length of about twenty-eight miles, to the north of 
Coal Creek. The tJ"ayer1:;e was made under unfavorable conditionP, 
owing to bad weather and the great quantities of fal len timber which 
occur in many parts of this valley. We we: e obliged to cross to the 
west side of the rirn1" by a swift and deep ford, and subsequently found 
much difficulty in recrossing to the e::st side, the riv?1· having become 
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very high, owing to continued rains. An unsuccessful attempt was 
made at rafting, after which we wern obliged i.o spend a couple of days 
in constructing a canvass canoe, by which we evcntual)y made the 
traverse, near tbe mouth of the Fording River. These circum:;tances 
are here mentioneJ, in orde1· to account for the rather disconnected 
cbaractel' of the following notes. 

For twelve mile:; from the summit, the valley rm1s south-south-east, 
with an average width of about two milco;, and makes a total gl'adual 
de::;cent, in that distance, of about 1,000 foet. IL is partly wooded, 
with patche::; of prairie, a few acres in extent, here and ther~, and is often 
swampy. The Elk mountains, about 9,000 feet high, form a continuous 
wall-like range on the left, and arc eomposcd oflimcstone:; and <]_Uartzites 
nearly on edge. From the limc::;tonc, Spirifera Roclcvmontana and a Tere­
bratula, were obtaineJ, the beds being apparently referable to the Car­
boniferous. The mountains on the right, are of about the same height, 
but much more broken in outline. Nearly oppo::;ite tbe summit, a tribu­
taq stream enters the Yalley from the west, which is larger than that 
occupying the main valley, and is reported by Indians to rise in a lake 
or lakes south of Mount Pox. It runs, for some distance, imrallel to 
the i;tream followed by the trail and joins it about. three and a half miles 
south of the 1:rnmmit. Five miles further on, a :;econd large tributary 
enters from the same side, and the Elk becomes a considerable river, 
running with a vc1-y swift current, and milky from glacier-water 
derived from these western streams. The tributaries from the Elk 
:Mountains are insignificant. 

Termination of The Hlk mountains gradually decrease in height southward, and at 
Elk Mountains. tl . . ] . d · h b ] ie pomt previous y ment10ne , appear to termmatc rat er a rnpl y, a 

low, Cretaceous ridge, intervening bclween their southem end and ti:ie 
rivet·. At the south end of this range, a torrent, twenty feet wide by one 
foot deep, comes in from the east. It is this stream which, it is suspected, 
may head cast of the Elk l\lountains in the Cretaceous hills adjacent to 
the IIighwood (p. D7 B). 

Elk Valley to From this point, the Elk flows directly soulh for over forty miles, 
wir~\~~fRh·er. following near the western edge of an important Cretaceom; trough, 

the wiJth of which increases suddenly from abouc two miles oppo­
site the 8outh end of the Elk l\lount.aim; to six miles or more; the 
newer rocks spreading eastward lo the base of the High Rock Range 
beyond the end of the Elk Mountains. The river-valley is never 
less than two, and is in ;iome place>, three or font· miles in width, with 
a flat bottom, which has been generally densely wooded wilh trees 
of good size; Lut thrn;e haYe in large pa:·t been destroyed by fire· 
The mountains on thfl west side continue high and rugged, and are 
chiefly composed of limestone, \\'ilh westward dips at rather low 
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angles. Ten miles south of the termination of the Elk Mountain~, 
a third important tributary fa~ls in from the iJOrth-west, and the 
long, low mountain ridge, in the angle between this and the main 
stream, shows bt·own-weathering beds, with a similar dip, overlying the 
limestones. These a1·e, with little doubt, quartzites of the kind previously 
described. To the east of the river is a region of broken Cretaceous 
hills and. ridges, generally wooded, which intercept the view of the ,,. 
lligh Rook Range. 

Finding the main valley almost impassable from fallen timber and Fording River .. 

swampy ground, we climbed the Cretaceous ridge nearly opposite 
the mouth of the tributary just alluded to, and after following it for 
some miles, dol'cendod easward to the head-waters of the Fording 
River. This stream flows southward, parallel to the Elk, and in the 
same great Cretaceous trough, for ove1· twenty-five miles,-nearly 
midway between it and the base of the High Rook Range, but separated 
from it by the Green Hills and continuing ridgoti. 

Occasional fragments of coal were observed on the gravel bars of the Coal scams. 

Elk above this point, but on reaching the upper part of the Fording 
Hiver, so much drift coal was found in it, that half a day was devoted 
to tracing it up to the seams from which it was derived. The position 
of these is mal'ked on the map. There are several thin seams at this 
place, the thickest observed being about two feet., but the exposm-os are 
not very good or extensive. The coal is bituminou and apparently of 
good quality, and occurs in association with shales and sandstones of 
the usual character. In these, a few fragments of fossil plants were 
ound, resembling those elsewhere obtained in the Kootanie group, and 

including specimens of Pinus Suslcu;aensis. The dip is eastward at 
low angles; but it appears, from views of the High Rook Range, after­
wards obtained, that the Ceelaceous beds take a reverse inclination 
farther east, dipping westward from the flanks of these mountains. 

After following the Fording River south-westward for a few miles, we Green mus 
crossed the Green llilh; by a sort of pass, and again reached the Elk. R.~~g~.igh Rock 

The summit has an elevation of 6,226 feet, the hills above the notch by 
which it is crossed being sevel'al hundred feet higher. From this point, 
a very extensive view was gained both to the east and west, as well as 
down the Elk Valley. The country between the Green Hills and the 
High Rook Range it:> a mass of steep, Cretaceous hills, which reach an 
altitude, in some cases, of 7 ,OOO feet or more, and are often bare and 
treeless about the summits and upper slopes. Where rocks come to 
the surface, they generally weather to reddish tints, and are easily di1>-
tinguished from the more distant grey limestone peaks of the main 
range, of which they form foot-hills. The limestone ridge constilu1.ing 
the lligh Rock Range, is here nanow, but attains a height of at least 
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8,000 feet, and is marked by some conspicuoui:;, bold peaks, one of 
·which was recognized as ha Ying Leon seen in 1883, from the head-wateri:; 
of the North-we:it Branch of the Old l\fan. 

Mount:iins wcst To the wc;;t, the range on the opposite side of the E lk is e1-idcntly 
of the Elk. almost entirely of limestone, which in places ii:; nearly flat, but more 

generally has a low, westward dip. The front of the range hero prel:lent:-; 
a series of rugged cliffs, broken at intervals by wild gorges, and is very 
high. Beyond it, howcYer, the summits of a second and still higher and 
more rugged tier of mount·1ins arc seen, and in this, mo t of the streams 
flowing to the Elk head. It ii; probable that some of the highest peaks 
in thi~ part of the Rocky Mountains wi:l be found in this unexplored 
region ''"est of the Elk River. 

The Groen Hills, where traversed, wore found to consist of Crctaceou!! 
rockH with the usual characte1·s, and with eastward dip, at angles of 20 ° 
to 40°. On the scaq)ed, western side, not far from the summit, a coal­
soam several feet in thickness was observed, but so much weathered 
and covered with rubbish that its precise importa111~e could not be 
ascertained. 

Grentestwi<lth This northern portion of the Elk River Cretaceous trough attains its 
of Cretaceous. 

greatest width-about ten and a half miles-precisely on the 50th 
parallel. At the same point, the Wi-suk-i-tshak Range appeai·s a" a 
limestone ridge in the centre of the trough, and contrasts strikingly in 
its rough outlines and bare, rocky cliff!:! and slopes with the more 
rounded and generally wooded Cretaceous hills. 

Elk River About seven miles nol'th of the 50th parallel, the Fol'ding Rivel' even-
3outh of 
Fording River. tually joins the J~lk, and hel'e we left t he Elk Valley, turning east br 

Trees. 

the North Fork Pass, previously described (p. 82 n). Several important 
streams reach the Elk from the west, within a few miles of this place, 
and up one of them, a trail is reported to run, which reaches the Koo­
tanie east of Monnt Sabine. A fe\\· miles south of the same point, the 
Elk turns more to the westwa1·d, and it must pursue a general course 
of about south-south-west to the mouth of Coal Creek, where the Crow 
Nest Pass reaches it. This part of the valley was l'eported to be at 
least as much encumbered with fallen timber· as that which we had 
traversed. 

Larix Lyallii occurs as a straggling growth near the summit between 
the Kananaskis and the Elk. Further down the river, some fine groves 
of Picea Engelmanni, Pmus Murrayana and Abies subalpina were 
observed, and these trees constitute the greater part of the forest. The 
first Douglas fir noticed in the valley was at a point five miles south of 
the end of the Elk Mountains. Specimens of Larix occidentalis, of fair 
growth, first occur near the mouth of the Fording River, and the 
juniper was here observed to become arboreal in habit. The cedar 
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is reported to appear about five mile,; ful'Lhcr south in the valley. 
It is abundanL and large, as already mentioned, at the point at which 
the Crow Ne t trail enters the valley. Birch trees of medium size 
were seen in the defile by which the \Vi-suk-i-tshak Range is crossed, 
together with the little mountain maple (Acer glabrum). Pinus albi-
caulis occurs on the summits of the Green Hills, and probably else­
where, at similar elevations. Notwithstanding the great areaB Timber. 

destroyed by fire, there is still in the aggregalc a large amount of fine 
timber in this valley, some sprnce groves showing numerous trees 
which attain a diameter of three feet. The importance of this timber 
lies in the fact that the river afford::l a means of running it down to the 
Kootanie Valley. 

The snow-fall in wintel' must be cxcepLionally heavy in the upper Snow-fall 

part of the Elk Valley. Evidence of a great depth of snow is afforded 
by the height at which branches have been broken by it, and the 
green, treeless beds of snow-slides appear on the mountains both to the 
cast and west at innumerable pointl:l. 

As will have been gathered from the foregoing description, the 
northern pnrt of the ]iJlk receiYes by far the greater portion of itH 
water. from the mountain region to the west of the valley. 

The main facts in connection "-ith the appearance and outlines of~1~~t!~~g~, 
this part of the 1£1k River Cretaceous trough, having been given above trough. 

it need only be added, that disregarding minor irregularities, of which, 
there are many, its structure appean; to be synclinal, the axis of the 
syncline lying (between the Elk Mountainl:l and the 50th parallel) to 
the east of the river. South of this point it becomes separated by 
the WI-suk-i-tshak Range into two pal'ts, which probably also have 
synclinal stl'uctures. The western edge of the trough is, however, 
probably defined throughout by a great faulL or series of great faults, 
with eastern downthrow. No exact evidence of such faulting wa,; 
gained, but none of the appearances elsewhere characteristic in the 
mountains, of overturned folding, were observed. Between the latitude 
of the Fording River and the Crow Nest Pass, the outlines given to 
the Cretaceous area are almost entirely hypothetical, and it may be 
regarded as quite probable that northward-running spurs extend 
into the mountains west, of the Elk in this part of its course. A small 
Cretaceous outlier appears to occur high up in the limestone range to 
the west <'lf the Elk, opposite the Green Hills, as indicated on the map. 
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White Man's Pass and Sinclair Pass .. 

Opposite Canmore station, on the Canadian Pacific railway in the 
Bow Valley, the entrance to the White Man's Pass (so-called by the 
Stoney Indians) appears as a remarkable notch in the front of the mas­
riive range which runs south-east from Mount Rundle. A mile and three­
quarters from the Bow River, the base of the range is reached, and 
thence a rapid ascent is made of about 1,000 feet, the trail following the 
right bank of a little torrent, near which, about half-way up the 
ascent, a cave occurs.* The summit level is reached at a height of 5,300 
feet, and here the valley followed by the trail becomes a narrow 
V-shaped defile, the bottom of which is encumbered with rocky debris 
from the impending mountains. The stream just referred to, flows 
out from beneath the loose material a short distance below· the 
summit. On passing through the defile, the trail reaches a little fiat 
meadow at its westem embouchure, without making any appreciable 
descent, and joins the wide, longitudinal valley between the range 
just crossed and the Goat Range. 

Valley between The south-west side of Mount Rundle range, forming the back of the 
~~~~r!'~oun- Three Sisters, and other peaks seen from the Bow, is largely composed 
ta.ins. of bare surfaces of limestone, dipping nearly at the angle of the slope, 

Very high 
mountains. 

while the opposite front of the Goat Range repeats the precipitous and 
rough appearance of the corresponding aspect of the first-mentioned 
range. The longitudinal valley between them runs south-eastward for 
six and a half miles, and then south-south-west for six miles, there 
inosculating with that of the Spray River, at an elevation of about 
5,260 feet. A 1:>hort distance south from the opening of the defile, a 
watershed occurs in the valley, one small stream flowing in the direc­
tion just indicated, to the Spray, the other going north-westward and 
joining the same river after it enters this valley, by passing between 
the Goat Range and Terrace Mountains. The height of the watershed 
scarcely differs from that of the defile, and the valley throughout is 
rather wide and fiat-bottomed , and filled more or less deeply with 
detrital materials. It is highly probable that the Spray, or some former 
representative of that stream, at one time flowed through this now 
abandoned valley from encl to end. 

Six miles south-east from the defile, the trail leaves the valley fol' 
some distance, and crosses a spur of the Goat Mountains, descending 
again to the border of Trout Lake, about two miles in length, which 

•Of this cave the Indians tell some curious stories, but it is not extensive according to Mr. D. 
McDougall, who bas examined it. 
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lies transversely to the general trend of the mountain axis, between 
the ends of the Goat and Kananaskis Ranges. From a point near the 
east end of the lake, a trail is said to run across the mountains to the 
Kananaskis River. The most prominent summit on the north side of 
the lake bas an altitude of nearly 10,000 feet, while the highest peak to­
the south, surpasses 9,000 feet, and Wind Mountain, and another near 
it, attain 10,100 and 10,400 feet respectively, the whole combining to 
form a very Tugged landscape, the higher parts of the mountains being 
nearly everywhere almost absolutely bare rock. In the longitudinal 
part of the valley, rnorainic ridges, more or less degraded, are abundant, 
and the lake is held in, eiLhe1· by material of similar Ol'igin, or by debris Trout Lake. 
washed clown from the mountains, there being no appearance of a rock-
basin. The po;;ition of the pai·t of the valley occupied by the lake is 
remarkable, as it cutt> completely across what would otherwise 
be a continuous, high, limestone range. The whole valley, from the 
defile to the Spray River, has originally been well wooded, but most of 
the timber has been cleskoyed by fil'e, the fallen trees rendering the· 
trail rough and difficult. In the longitudinal part of the valley, some 
patches of timber still remain unburnt. On the north side of the lake 
it has been completely destroyed, buL on the slopes to the south, only 
about half bas been burnt. 

The geological features of the Bow Valley, near the entrance to the Geological 
pass, are elsewhere described. The Mount Rundle range is formed offcatures. 
an anticlinal of limestone rocks, completely overturned to the north-east-
ward, as shown in figure 6 (p. 127 n). On the siue of the range furthest 
from the Bow, these dip to the south-westward, at angles of 40° 
to 45°. The limestone rocks of the north-east side of the Goat Range, 
dip in the same direction, but at somewhat lower angles. On the south-
west side of the same range, the dips become much higher, averaging 
nearly 60°. The attitude of the rocks, in this part of the pass, is shown 
in a general way on the eastem end of Section No. 2, but it is uncertain 
whether the Goat Range forms a second overturned anticlinal, or is 
separated from the first range by an extensive, longitudinal fault. 

At the point above refel'l'ed to, at which the trail passes over a spU!' Carboniferous 
of the Goat Range, a few fossils, which are referable to the Oarbonifer- fossils. 
ons wel'e obtained in beds of hard grey, and reddish-grey, calcareous 
sandstone associated with the limestones. These include the pygidium 
of a Proetus, Athyris subtilita (?), a second form, allied to the same 
species, and a coral probably refel'able to the genus Zaphrentis. 

From Trout Lake westward to the Kootanie, the White Man's Pass Wide Iongitu­
runs nearly at right angles to the general trend of the mountains. At dinnl valley. 
the point at which the stream from the lake reaches the Spray, the 
river makes a right-angled bend, and flows northward in the longi· 
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tudinal valley to the west of the Goat Range. This valley is con linued 
southward between the Kananaskis and Spray Mountains, and carries 
a small tril•utary to the Spray, which must l'ise near the sout·ce of one 
of the branches of the Kananaskis River. A trail is also reported to 
run up the valley to the Kananaskis. The northern part of this longi­
tudinal valley, is a wide, straight, flat-bottomed depression, of the usual 
type. Its continuation to the southward is, however, nearly twice as 
wide, exclusive of an area of hills and ridges, which occupy a part 
of the low area, and attach westward to the Spray Mountains. 

A mile and a half above the point at which the Spray turns north­
ward, it forms a pictw·csque fall, about forty feet in height, over pale­
grey limestone rocks. The trail, then following the nol'th-bank of the 
river, through green woods, passes between the north end of the Spray 
Mountains and Cone Mountain,-the latter, a sharp, symmetrical peak, 
composed of vertical beds of limestone, with a conspicuous, oblique 
fissure on the south side. West of Cone Mountain, a tributary about 
equal in volume to the main stream, joins from the north. A well­
marked trail runs up its valley, and is repo1·tcd to join the Simpson 
Pass, cast of the main watel'shed. From this point the main stream 
turns southward, occupying another longitudinal valley to the west of 
the Spray Mountains, up which a second Indian trail to the IC:tnanaskis 
runs. About four miles to the south, the Spray Mountains culminate 
in a remarkable, pyramidal peak. 

Turning southward from the mouth of the tributary, just mentioned, 
the trail is at first rough, passing ovel' a surface of limestone rocks; it 
then traverses prairie patches and open woods, passes the entrance of a 
deep and picturesque valley, in the Blue Mountains-here the water­
shed range-and reaches the base of the same range at the mouth of a 
second valley of the same character. This carries a small tributary 
stream, in following which a pretty steep ascent is first made to a deep, 
narrow valley, with sub-alpine vegetation and occasional open meadows. 
The stream enters the head of this valley from the southward, coming 
from a gorge which separates the high, bare outer ridge of the range 
from tlje summit elevations. From the_bank of the stream, a rapid 
ascent is made, by a series of steep zig-zags, near the &mall torrent, which 
dashes down over limestone rocks, and the actual summit reached, at 
an elevation of 6,807 feet. The summit is here found in a wide, ilTegu­
lar, open valley, which supports a scattered growth of stunted and 
wind-lnshed tl'ees. A small lake feeds the torrent just mentioned. 

The rocks seen along the part of the pass just described, are all refer­
able to the great limestone seriee, and in Cone Mountain and the Spray 
Mountains, are almost absolutely vertical, and may be considered a8 
forming a continuation of the similarly characterized western ridge 
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of the Saw-back Range to the north. It is noL improbable, however, 
that the valleys to the easL and west of tl10 Spl'ay Mountains may 
hold infolds of Cretaceous rocks, as previously indicated in couner.tion Cretaceous 

with the Kananaskis (p. 107 B). The culminating peak of the Spray rock~ • 
.Mountains shows a high spur on it~ west side, between which and the 
apex, is seen a narrow fold of vel'tical, dark-coloured rocks, which arc 
al most certainly Cretaceout:i. At the ea tern base of the Bltie .Mountains, 
the limestones appear to dip south-westward, but further up toward 
the summit, have a genoml tendency to dip to the north-cast, though 
often wildly contorted and exhibiting a series of large, parallel oorl'U-R k h 

oc . sat t c 
gations. The actual summit appears to coincide with a well-marked summit. 

anticlinal axis, which rum; with the range. On the east side, the lime-
stones arc nearly vertical, but turn over and dip at low angles south-west-
ward on the opposite slope. Some red beds appear near the summit, which 
may possibly represent the Triassic rooks seen further sou thward. 

From the summit, the Cross River is followed clown to the Kootanie. Descentd 
westwar . 

'This stream is called Tsha·kooap-ie-ha-wap-ta, by the Stoneys, and 
its name alludes to the cil'cumstance related by them that some 
early traveller set up a cross in the pass, not fai· from the summit.* 
.From the summit, the stream descends very rapidly to the south­
westward, in a nanow rocky valley, shut in by high and rough moun-
tains, falling about 2,300 feet to the mouth of orth Creek, at which 
])Oint its elevation is 4,471 fe(')t. North Creek and othe1· trib_utal'ies 
received in th is part of its course have the character of mountain tor-
.rents. Half-way between the summit and North Creek, a, high, rocky 
Yalley opens southward, which towards its head holds masses of glacier-
icc, and shows a number of small cascades. After breakiug through the 
next range to the westward, the Cross River .flows northward for a 
couple of miles, in a nanow, wooded, longitudinal valley, and before 
again turning west, joins a stream of about equal size,-the North 
Fork,-dol'ived from the northern and wider continuation of the 
same valley. To this point the descent of the river continues very 
steep, and it shows numerous little cascades and rapids, the oleal' blue 
·water having carved its bed in white marble. It next flows westward 
for about seven miles, in a wide and fiat valley, characterized by 
extensive graYel bars and numerous sloughs and flood-channels, and 
p1·ecisoly resembling the corresponding portions of the Kicking Horse 
and Vel'milion valleys. Before reaching the Kootanie, it again 

•Since the rtbove \U~ written, I h:ive had an opportunity of referring to De Smet's Ore(lon 
Mis.ions (New York. 184i) . De Sm tin bis Missionary Journey of 184'i e\•idently traversed what 
is now named the Sinclair P1tss. llo subsequently mentions the "Vermi llOll H.iver," as on tbe 
approach to the w1ttershed , but this name is probably not applied to the same stream now so­
-0alled. He describes the erection of a cross at the ••oint at which he tmversed the watershed 
{ p. 144), and this fact, taken in connection with the I11dian tradition above referred to, and the 

·context of bis narrative, render it almost certain that he crossed to the Bow River by the Whi te 
.Man's Pass. 
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changes its direction to southward, :flowing past the long, sloping~ 

wooded end of the Mitchell Range. The tl·ail there leaves the riverr 
cutting across a spur and reaching a ford of the Kootanie at an eleva­
tion of 3,440 feet. 

From the immediate vicinity of the summit of the pa•s, westward to 
the mouth of the North Fork, the limestones, both in the bottom of the 
valley and so far as could be observed, to the tops of the adjacent moun­
tains, have become changed to marble, which is in some places very 
coarsely crystalline. In colour, the marble gene1·al ly varies from white 
to yellowish shades, but blotched grey and white, and brown and white 
varieties were also observed. More or less pyrites and grains of mag­
netite are general ly disseminated through the rock, and in all the 
streams a greal abundance of crystalline vein-matter, calcareous, dolo­
mitic, or silieiou~, was noticed. Though no metalliferous minerals of · 
value were observed, this appears to be a locality worthy of the atten­
tion of the prospector, on account of the extent and character of the 
local metamorphism. In no other plaC"e in the mountains were the 
limestones observed to be altered over i:;o extensive an area. The cause 
of the alteration is obscure. It is accompanied by no evidences of 
special mechanical violence, as the beds west of the summit dip south­
weslward at low, regular angles, nearly equalling that of the slope of 
the valley, and further down, becomes neat'ly hodzontal, or show very 
light north-easterly dips. There is reason to believe, however, that an 
intrusive mass, resembling that subsequently described, (See also 
p. 122 n) may here nearly approach the SUJface, though it bas not 
actually been exposed by denudation. 

In about four miles below the mouth of the North Fork, the wide 
valley cuts through two mountain ridges, which together show a general 
synclinal structure. At the western edge of this syncline, however, a 
a narrow anticlinal, bodily overturned to the eastward, was observed far 
up in the mountain range, opposite the mouth of i.he rorth Fork. The 
rocks of this pai·t of the valley seem to belong, chiefly, or entirely, to · 
the limestone series, though their broken and jointed character rendered 
H Jifficult to distinguish the nature of the beds in the mountain sides. 

At the mouth of the seconcl tributary below the North Fol'k, on the 
same side, are numerous large masses of greenish-grey diorite (?),some 
what resembling the intrusion of Ice Rive1· (p. 122 n) but apparently not,_ 
like that, a nepheline-syenite. These have been derived from an intru­
sion of the same material, against which the limestones rise to an, 
angle of 45°, and form the sleep, western edge of the synclinal just. 
mentioned. The area of the intrusive mass may be extensive to the 
north of the valley of the pass. Associated with, and cutting the diorite, 
are quartz veins, carrying copper pyrites, but on assay by Mr. Iloff­
mann, these proved to contain neither gold nor silver. The vicinity 
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<>f this intrusive mass, however, is one to which the prospector might 
devote attention with some probability of good results. 

Beyond the stream near which this intrusion occul's, the main valley Cambrian rocks 

becomes floored by slaty rocks, which vary from nearly black to grey 
in colour, and are generally glossy and usually rathce soft. The 
bedded structure has been almost cntit'cly obscul'ed by cleavage, but 
the slates are often more or less calcareous, and from the appearance 
here and also at some places near the bases of the mountains further 
up the valley, there is reason to suspect a passage of the.se into the 
O\erlying limestones, with possible conformity. The circumstances in 
this connection repeat those elsewhere noticed on the Kicking llorse, 
and the rocks are very similar in appearance. 

The spur forming the termination of the Mitchell Range is again 
composed of the usual geey massive limestone. 

The Sinclair Pass forms a direct western continuation of the White UpperKootanie 
Valley. 

Man's Pass, and affords a cross section of the western range of the 
Rocky Mountains, which appeal's under the name of the Brisco Range 
to the north, and the Stanford Range to the south. The Upper Koo­
tanie Valley has been mentioned in the introductory part of this report 
11s one of the most important in the mountain region. It is here about 
three miles in width between the slopes of the adjacent mountains. Its 
surface is formed chiefly of terrace accumulations, and is generally 
wooded, scarped banks here and there along the river showing white 
silts with interbeddcd gravels like those elsewhere described (p. 30 B). 
The ford is a good one at low water, but it would be_impassable when 
the river is in flood. 

The range crossed by the Sinclair Pass has a width of about nine Sinclair Pass. 

miles only. The valley traversed by the pass is not structurally a 
vcr·y important one, being rather narrow, particularly about the sum-
mit. The trail is rough, crooked, and in places vel'y stony, following 
in some places the bottom of the valley, in others climbing far up the 
steep slopes. On the east side, the timbel' has not been extensively 
destl'oycd by fire, but it is nearly all burnt on the western slope in the 
valley of Berland's Creek. The raugc crossed, is found to consist of at 
least, three subsidiary mountain ridges, but the intervening valleys are 
narrow and not ve1·y definitely continuous. The summit, with an 

, elevation of 4,662 feet, is reached at three miles from the eastern base, 
and Berland's Creek, flowing westward, heads in a pool or small lake B

0
erland'• 

b . h · "d I h ld · b ' reek. w 1c is ev1 cnt y e m y an accumulation of debris washed into the 
valley from the adjacent mountains. Where it cuts through the west-
ern mountain ridge, the stream flows for over a mile and a half in a 
vc1·y deep, narrow gorge, after· leaving which, it cuts for itself a wider, 
but still deep valley in the high grnvelly and silty terraces of the 
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Columbia Valley. The cedal' grows in the pass from the summit to­
the western Lase of the range. The birch and shrubby maple (Acer­
glabrum) characterize the pass throughout, together with the Douglas. 
fir, Engelmann's and the balsam spruce and the black pine. Fatsia 
horrida is found about the summit. 

The Cambrian rocks, which are supposed to underlie the flat valley 
of the Kootanie, wel'c not seen on this traverse, and the rocks of the 
mountains between the Upper Kootanie and the Columbia, appeal' to 
be all refel'able to the limestone series. These, in the eastern ridge or 
the mountains, form an anticlinal, but westward, are almost everywhere 
on edge. Near the middle of the gorge, the cliffs assume a bright 
reel colour, and from the Columbia Valley, the same reel zone may be 
traced for sc,eral miles along the front of the mountains, apparently 
nearly following the strike of the vertical rocks. On examination, the· 
red rock is found to be in general completely shattered, and generally 
mol'e or loss porous and cavernous, though re-cemented by calcareous 
matter. This shattered zone appears to have formed a conduit for 
minel'al waters, which may possibly have boon thermal and the color­
ation has been pl'oduccd, either by the depo~ition of iron by those 
waters, or by the peroxidation of fen·uginous minerals already present. 
Sir George Simpson's description of this pass has already been referred 
to (p. 10 B). 

Simpson Pass. 

This, as pt"eviously stated (p. 9 B), is the pass followed by Sit· George 
Simpson to the Upper Kootanie Valley in 1841. By the Stoney 
Indians it is known as the Shuswap Pass. It leaves the Bow Rivet· at 
a height of about ·1,500 feet opposite Ilole-in-the-wall Mountain, to the 
west of Bourgean )fountain, and follows Heely's Creek to its source, 
crossing the watershed at a height of about 6,650 feet, at a distance by 
the valley of nearly nine miles from the month of the creek. The 
head waters of Simpson River al'e here found to the east of the range 
which, further north, constitutes the summit ridge. The descent on the 
Lhc west side ii; steep, amounting to about 1,900 feet in five miles. Ab:lut 
eight miles fu1thcr on , Lhe trail joins that of the Vermilion Pass at the 
con ft nencc of the 'impson with the V crmilion River, at a height of 
3,932 feet. This pass was examined by l\Ir. R. G. McConnell in 1885. 

The Vermilion Pass. 

Like the ·white Man';; Pass, Simpson's and Kicking Horse passes, the· 
eastern approach to this route over the watershed is formed by the great 
valley of the Bow. The trail leaves the Bow opposite Silver City, at an 
elevation of 4,624 feet, and reaches the summit by following Little 
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Vermi lion Creek to its head, in a distance of six and a half miles, the 
summit elevation being 5,264 feet. Fl'om tbe summit, the valley of the 
pass continues exactly transverse to the Bow Range for six m iles, when 
it joins one of the more important longitudinal valleys of the moun­
tains, and bends through a right angle to a south-eastward course. The 
height of the river at this bend is 4,523 feet. As pointed out by Dr. 
Hector, who first examined this pass, it is exceptional in the nea1· 
equality of its gl'ades on both slopes. 

The north-eastern front of the Bow Range is abt'upt and wall-like, the Su!llmit lakes. 

pass entering it by a deep notch, in the eastern opening of which is a 
little lake about half a mile in length. This is connected by a stream, 
with a still smallel' pool, which practically occupies the summit, though 
the ground rises slightly for a shol't distance beyond its head. Less 
than half a mile further on, a milk-white torrent, fol'ming t.he SOUl'Ce of 
the Vermilion River, and fed by masses of glacier ice in the southern 
end of the Bow Range, enters the pass. The valley, however, continues 
to be narrow, and in general, dense ly wooded as far as the bend. 

The north-eastern escal'pment of the Bow Range, at the entrance ofRocks of 
h t I t . l cl f . t d 1 l Bow lfango. t c pass, appears o Je en ire y compose o quartz1 es an s aty roe{,,;, 

referable to the Cambrian, with per::iistcnt, light, south-wesLwai·d dips, 
at angles of 20° to 30°. Shortly after entel'ing the pass, however, 
the overlying limestone series appeal's, forming the summits of the 
mountains; and owing to the dip, gradually descends in theii· slopes, 
till it reaches the bottom of the valley about three and a half 
miles westward. It is shortly, however, again replaced in the Cambrian. 
mountains near the bend, by the slaty and schistose rock8, which 
dip south-westward, at an angle of about 40°. The mode of junc-
tion of the limestones with these rocks, on the west side, was not 
here observed. The total thickness of qual'tzites and slaty rocks, 
l'eferred to the Cambrian, exposed in the north-east side of the Bow 
Range must approach 5,000 feet. The rocks exposed near the second 
little lake, at the summit, are probably about 2,000 feet below the base 
of the limestone series, and in these, on the 6th of August, 1884, the first 
fossils found by us in place in the l'OCks of this series were obtained. {~i;ssi\2ambrian 
These consisted of two rathc1· obscul'e impressions of trilobitct!, one of 
which bas, however, been definitely recognized by Prof. C. D. \ValcotL 
as Olenelliis Gilberti. Careful search failed to bl'ing to light any 
other fol'mS in this place, but annelido burrows abound, both vertical 
and horizontal, (often filled with quartzite in the case of the scbi~tosc 
rocks,) together with various more or less obscure tracks and markings. 
The rooks themselves are here whitish, grey and pinkish quartzites, in 
which broken fragments of red shale arc frequently imbeddcd as pebbles, 
as previously noted on the South Kcotanie Pass. With these are intcr-
bedded grey and blackish, schistose argillites, which arc not cleared. 
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The Vermilion Pass takes its name from the existence of considera­
ble deposits of ochre on the rive1•-flats, about six mil es west of the 
summit, near the place previously alluded to as the bend. These are 
produced by very copious chalybeatc sp1·ings, which flow out in the 
geavel, and may some day be utilized medicinally. The ochre is 
naturally yellow, but the Indians cause it to assume a red colour by 
burning it. 

Near the bend, a couple of large streams enter from the mountains to 
the westward, and the river more than doubles it'! former size. The 
valley of one these streams appears to correspond with the longitudinal 
valley occupied by the Otter-tail farther north, with which it is, very 
probably, continuous. 

J!'rom this point the Vermilion flows south-westward, fifteen miles, in 
a valley which at first averages about a mile in width, but becomes 
much wider where it is joined by the Simpson River. This portion of 
the valley presents no features of particular interest. The Vermilion 
Range, to the south-west, bas a synclinal structme; the axial summits, 
which roach elevations of about 9,000 feet, are n early three miles back 
from the valley, the intervening space being occupied by buttress-like 
spurs, attaching to the central rnoun tains, but separated from each other 
by a number of deep, rough narrow valleys. These spurs appear to be en­
t irely referable to the Cambrian series, and to consist chiefly of schistosc 
or slaty rocks, with persistent, south-westward dips, at an angle of 
about 30°. The axial mountains arc evidently of limestone. On tbe 
opposite side of the valley, the bo1·del"ing mountains are more rounded 
in form, and glimpses can only occasionally be caught of higher and 
rugged peaks further back, toward the watershed range. The river for 
a number of miles nearly fol lows the strike of a band of yellowish-gray, 
glossy slates and schists, which often hold little nodules of pyrites, and 
resemble those seen near Boulder Creek on the Kicking I1 orsc. Grey 
and black, distinctly al'gillaccous and often, calcareous slates, also occur, 
in which the cleavage cuts the bedding at a high angle. The elearnge­
strike at one place was observed to be N. 65° vV., with dip at an ang le 
of 45° souLhward. Large pebbles of diorite or nepbeline-syenite, in 
the river, appear to indicate, either that the intrusion of rocks of this 
character, seen on I ce River (p, 122 n), extends to some of the sources 
of the Vermilion, or that another :>imilar intrusion occurs wiLhin its 
drainage area. 

Turning westward again at a right angle, from the mouth of Simpson 
Rivel', the Vermilion cuts through the mountains, which separate it 
from the upper part of the Kootanie, and, in about seven miles, joins that 
river at an approximate elevation of 3,800 foet. The river runs for 
part of this distance in a narrow gol'ge, while the trail, following the 
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hill-side to the north, is very rough and bad. On approaching the lime­
stone which forms the central mountains of the Vermilion Range, the 
slaty rocks become bluish in coloul', and occasionally hold beds of hard, 
blackish-blue limestone, giving rise to the same appearance of a passage 
between the series, a,; occurs near the mouth of the Beaver-foot. On the 
north-cast side of the synclinal, the limestones dip at first at angles of 
40° to 45°, but westward, become in this place nearly vertical. The 
.axial mountains, on both sides of the gol'ge, are very steep and bold. 

The forest in the Vermilion Valley has been comparatively little Timber. 

<lestroyed by fire, and there are some areas of timber of very fair quality, 
both on the slopes of the mountain and to the north-east of the valley 
:above the mouth of Simpson River, and in the narrower part of the 
valley below that river. 

The Vermilion River is nearly twice the volume of the Kootanie at !Icnd-wn.tera 

their point of junction, and might, in consequence, be regarded as ~~Jc13~~~~~~ 
-entitled to bear the latter name; but the circumstance that the foo 

Kootanie occupies the larger and more continuous valley, induced Dr. 
Hector to name these streams as they now appear on the map. The 
valley of the Kootanie is continued north-westward by that of the 
Beaver-foot, to the angle of the Kicking Horse Rive1., and between the 
Vermilion and Brisco Ranges, has an average width of nearly four 
1miles, resembling-though on a somewhat smaller scale-that of the 
parallel portion of the Columbia. Up to the summit between the Koota-
nie and Beaver-foot, the valley is generally wooded, and contains i;ome 
good timber, though with occasional open meadows and little prairies. 
The water of the Kootanie is clear, and the current rather swift, 
though much less so t.han the Vermilion. The river follows a tor-
tuous course in a trough-like depression in the centre of the valley, 
.about three-quarters of a mile in width, and bordered by gravelly ter-
races, which run back to the bases of the mountains on either side. 
The rise in the valley from the junction of the two streams to the 
summit above referred to, is about 338 feet, in a distance of seventeen 
miles, the summit elevation being 4,158 feet. The summit is swampy, 
and Dr. Hector describes the Kootanie as rising here in two small 
lakes, whieh, as we kept close to the base of the mountains to the 
east, we did not see. 

The rocks seen along the upper part of tho Kootanie are rather soft, Rocks. 

grey or yellowish, silvery slates. These or similar Cambrian rocks 
.appear to occupy the whole width of the valley, and also to constitute 
.all the lower hills of the Vermilion Range. The central mountains of 
this range are very bold and steep, reaching heights greater than 
.9,000 feet, and being apparently still composed for the greater part of 
limestone. The Brisco Range, on the opposite side of the valley, 
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appears to be throughout this part of its length entirely of limeston e~ 

which at first has persistent low westward dips, but toward the 
Kootanie-Beaverfoot summit becomes in some places more disturbed 
and nearly vertical. 

The Beaver-foot rises in the mountains to the north-east of the wide 
valley, just beyond the summit, and after flowing north-westward in the 
valley, twelve and a half miles, reaches the Kicking Horse at its angle. 
Where it enters the valley it is a swift stream, about thirty-five feet 
wide by six inches deep. About four miles further on it is joined by 
Ice River,* which is about equal in size. The part of the valley occu­
pied by the Beaver-foot is not so wide and parallel-sided as that hold­
ing the Kootanie. The Ol'iginal forest has in most places been replaced 
by second-growth woods, including much aspen, though belts of good 
spruce timber still exist in places, particularly along the banks of the 
river. The valley is genera lly marshy near the river, and at the sides 
bordel'ed by inegular gravelly terraces. 

On approaching the Kicking Horse, the Beaver-foot Range, forming 
the south-west side of the valley, becomes bordered by rounded an<l 
wooded hills, composed of slaty Cambrian rocks, and rocks of the same· 
kind underlie the valley, as fat· as observed.i- The centre of the high 
range on the opposite side of the valley, however, is here formed of an 
important mass of intrnsive syenitic rocks, which were examined on 
Ice River, where they arn extensively developed. 

'rhe valley of Ice River runs northward for about seven miles into 
the heart of the Otter-tail Mountains, between Mounts Vaux and 
Good sir, of Rector, and terminates at the base of a high narrow range 
which separates it from the Otter-tail Valley. It is deep and narrow, 
being closely hemmed in by the neighbouring mountains, while the 
stream itself is a mel'e torrent, often encumbered by masses of rocks 
from the rough mountain slopes. The mountains at the head of the 
valley are covered with glaciers, one of which shows, from a distance, 
a cliff of solid blue ice which is probably several hundred feet in 
height. 

Important The intrusive mass above alluded to, is first see.non Ice River about 
in1rusive mass. two miles up the valley from the south-western base of the mountain;; 

at its entrance. The mountains on the east side of ibe valley are here 
composed of this syenitic rock for their whole height. .Further up it 

• Wash-ma-wup-ta of the Stoneys. 

t Dr. llector, who followed the route here described, writes:-" In the bottom of the valley 
we pa ssed several masses of true gneiss with one or two greenstone dykes." (Journals, Detailed 
Reports and Observations Relative to the Explorations by Captain Palliser, etc., p. 105). It;,, 
therefore, probable that crystalline rocks like thotie of Ice River may occu r also in some place> 
near the Beaver-foot, but none of the rocks seen by us could be described as true gneiss. 

' 
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forms the entire mass of the mountains on Lhe opposite side of the 
valley, and appal'ently also of those at its head. Southward, the 
same mass continues at least as far as the head of the Beave1·-foot, 
where it is again seen constituting the axial mountains of the range. 
Its termination in this direction has, however, not been defined, nor 
bas the western edge of the mass been outlined. Its extent and cha1·­
acter deserve further investigation, as its occunence is correlated with 
the appearance of much vein matter in ihe neigh boring rocks, and 
very probably with the metalliferous deposits now being prnspected on 
the Otter-tail River. 

'Ihe circumstances connected wiLh Lho contact of this intrusive mass 
1
Junction ofk 
gneous roe s 

with the slaty Cambrian rocks on the Ice River, show that it is newer with Cambrian. 

than these rocks, but older in date than the cleavage which has since 
affec:ted them, and which is probably referable to pressure in connection 
with the main period of mountain uphoaYal. The mass may in part 
break through the Cambrian, but it has also forced the rocks of that, 
formation upn·ard, causing them to dip away from it;; flanks. Nea1· the 
mass, these elsewhere slaty rocks lose all appcarnncc of cleavage, and 
though plainly showing their ol'iginal bode.Jing, are baked and porcc-
lainized. They are generally grey to black in colour, though in some 
cases nearly white, and form a hard petrosilcx, which rings under 
the hammer. The intrusive mass itself, though very Yaried in appeal'-fn\~~;~f!:r ~~Es-. 
ancc in different placcfl , j,., in the main, a nepheline-syenite. Theform 
most abundantly represented is a medium- to coarse-grained crystal-
line rock, compo ell of folspar, ncpholine and homblen<le in ntrying 
quantities, with grains of magnetite and some crystals of sphene. The 
colour generally varies from pale- lo da1·k-groy, becoming nearly black 
in some places, when the hornblende greaLly pt'epon<leratos. In such 
black vari etics sphene is particularly abundant. The crystals of the 
component minc1·als are occasionally neal'ly an inch in length, while in 
rare instances they become almost cryptocrystallino. Other specimens 
derived from the same occurrence, but found as boulders in the bed ot 
the torrent, have a banded and almost gncissic aspect, aml under the 
microscope prove to contain numerous grains of quartz. A material 
of this character is i;robably that to which Dr. Ilector has referred as 
gneiss, but there is no evidence of its sedimentary orig-in. 

As far as I was able to determine, the mass appears to have been Its st ru cture_ 

much disturbed, and, as it wore, kneaded together while in <t plastic 
or semi-plastic state. Portions of it haYc become brecciated, and are 
re-cemented by similar material, differing only in texture or colour. 
Veins and crevices, which ha\·o evidently boon filled by segregative 
action, also occur, and in those, minerals similar to those composing the 
main mass arc dc>eloped; but with them, in considerable abundance, 
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socialite of a beautiful ultramarine-blue colour is found. In the same 
veins crystals of ilmenite were observed. This mine1·al has been sub­
jected by Mr. C. lloffmann to a rough quantitative analysis, and 
found to contain titanium dioxide, 47·5 per cent.; iron, equal to 39·8 
per cent. offetTous oxide, with 6·;) per cent. of manganese. No other 
constituents were sought for, and the specimen included a small per­
centage of gangue. The la1·ge proportion of manganese is very 
remarkable. 

The sodalitc has been analysed by Dr. B. J. Harrington, who 
describes it in the Transactions of the Royal Society of Canada, Vol. 
IV., Sect. IV. It much resembles lapis lazuli in appearance, and would 
have considcr::tble value as an ornamental stone. · It is not confined to 
a single part of the intrusive mass, as it was found also to occur in 
fragments brought down from the mountains further south, in the 
bed of the Beaver-foot, and closer search than we were able to make 
would probably lead to the discovery of even largc1· pieces than those 
we obtained, some of which arc several inehes in diameter. 

~~~~r~rg- Intru~ive rocks arc of such rare occurrence in this part of the 
intrusive rocks. mountains, and the appearance of those here met with is so char­

acteristic, that detached fragmcn ts at once catch the eye. The occur­
rence of such fragments on the Vermilion, below the bend, has already 
been noted, and its significance alluded to. Small pieces of the same 
rock were found in the Kicking llorsc above the mouth of the Bcaver­
foot, and apparently show that some similar intrusive mass occurs on 
its head-waters or those of the Otter-tail. A few well-rounded })icces 
of the same material were found in 1883 in the Columbia-Kootanie 
valley south of the lakes. It is uncertain whether these were car­
ried to their present position by the Vermilion and Kootanie Rivers, 
at a former period, or by a southward movement of ice during the 
glacial period. The latter supposition appears the most probable, as 
the fragments occurred on a terrace at some height above the present 
stream. 

.Account here 
given merely 

. preliminary. 

Bow Valley. 

The character of the portion of the Bow Valley within the moun­
tains has alrnady been described in general terms (p. 27 B). It is of pa1·­
ticular intel'est as being the route adopted for the railway which now 
renders it readily accessible to every travellel'. The geological features 
of the Bow and Kicking llorse valleys were, however, not mol'e closely 
invest:·gated than those of other parts of the extensive tt'act of moun­
tains here reported on, and as .Mr. R. G. McConnell is at present engaged 
in supplementing such reconnaissance work by a special and thorough 
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examination of tbeso particular valleys, the results of which will 
soon be prepared for publication, it is considered unncceosary here 
to enter into any lengthened description of my own preliminary work . 
.An exception is, however, made in tho case of that pa1·t of the Bow 
Valley which includes a portion of the Cascade Cretaceous basin. 
This, on account of its important occurrences of anthracite, has been 
surveyed in detail, and is bore treated at some length and illustrated 
in the accompanying special map. With this exception the following 
notes ·must be considered as of a strictly preliminary character. 

To the east of the mountains the Bow River flows in a great valley, Bow Valley in 
foot-hills. 

from four to frrn miles in width, which crosses the general direction of 
foot-bills exactly at right ang les. The general appearance of this 
valley near the base of the mountains is illustrated in a previous 
report.* For a width of twenty miles east of the base of the moun-
tains, the Cretaceous rocks are here thrown into a series of parallel 
and often compressed plications, the intricacies of which yet remain 
to be worked out., and the rocks are often for considerable distances 
nearly vertical. .At the base of the mountaint:, howeve1-, these beds 
are found to lie at comparafo·ely low angles, and to show a nearly 
uniform dip toward the outct· limestone range, beneath the rocks of 
which they appear to pass in consequence of the existence of an over-
turned anticlinal fold, which is possibly al so accompanied by faulting. 

The limestone of the mountains, though it extends further to the Lower part 

east in the mountains to the noJ'th and south, is first met with in the ~o~~~~;~ 
valley about half a mile above Kananaskis station, at the place formerly 
known as Bow River Gap. The rocks at this point have been heaYily 
grooved and striated by the great glacier, which evidently at a former 
period debouched by the Bow Valley into the foot-hill region . From 
this place, for six miles, the valley is rather narrow, and is transverse 
to the direction of the constituent ridges of the mountains, which abut 
upon it boldly, and are composed chiefly of limestones, with persistent 
westward dipR, generally at rather high angles. To the north, the 
mountains form part of the Fairholme Range, while the highest sum-
mit to the south was named Pigeon Mountain by Bourgeau. This 
part of the valley is generally wooded, and a couple of small lakes 
occur in it, which were named Lacs des Arcs by the same member of 
Palliser's expedition. Just west of the second and smallcl' lake the 
old trail climbed a steep limestone spur from the mountain to the 
north, from which a fine view of this noble entrance to the mountain 
country is obtained, The mountain to the north of this spur is 1.hat 
named Grotto Mountain, also by Bourgcau. 

• Report of Progress, 1882-84. Pia te facing p. 30 c. 
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Beyond Grotto Mountain, a wide, longitudinal valley is entered, and 
this is occupied by the Bow for a distance of nearly fifteen miles to the 
north-westward. It averages about four miles in width, and is 
bounded on one side by the western ridge of the Fairholme Mountains, 
on the other by Wind Mountain and the range connecting it with 
Mount Rundle, which, further north-westward, is continued by Cascade 
Mountain. This wide valley is generally floored by shingly terraces, 
and is largely wooded, though also containing a number of liLtlc 
prames. Canmorc Station is situated on one of the largest of these, 
which was formerly known by the Stoneys as" The prairie where 
they shot the little pine." N car the point at which the course of the 
Bow again turns to the west, it receives an important tributary­
Cascade River,-which occupies the same longitudinal valley still 
further to the north-westward. Not far from this point, at the southern 
base of Cascade Mountain, is Banff station. The height of the surface 
of the Bow above sea-level in this part of its course is about 4,300 feet. 

Cascade Coal Basin. 

Importantconl- The most interesting and important circumstance connected with 
bearing region. 

this part of the Bow Valley is the fact that it is underlaid throughout 
its length by Cretaceous coal-bearing rocks of the Kootanie series. 
The coal, which is an anthracite, was first discovered, I believe, in 
1883. It is now being opened up, and promises to be of considerable 
importance on account of its }JOsition on the railway line, and its 
excellent quality. The special map accompanying this part of the 
report bas been prepared to show the distribution of these economi­
cally important coal-bearing i·ocks, which are here described at some 

Observations length. In this description, in addition to the facts observed by 
~~1 ]'.1r. McCon- myself in 1888 and 1884, the result of investigations since made by Mr. 

McConnell in th<:> region represented by the south-western part of the 
map, is included. The two lower sections shown on the map are by 
Mr. McConnell, and give a clear general idea of the structure of the 
entire width of the Cretaceous trough. 

Dimensions This particular infold of the Cretaceous rocks has already been 
•of the basin. 

l'efel'red to as having been met with on the Kananaskis River (p. 105 B). 
It bas been named the Cascade basin or trough, from the fact that it 
runs for a long distance to the north-westward in the valley of the 
stream so-called. It differs in character from the other areas of Creta­
ceous rocks found within the mountains, chiefly in the fact of its great 
length as compared with its width, and the circumstance that the 
alteration of the contained coal beds bas here gone so far as to result 
in the change of the coal into an anthracite. From its south-eastern 
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extremity on the Kananaskis it has now been continuously trnced to 
the Red Deer River, a total distance of sixty-five miles, and it is still 
found running to the north-westward, pal'allel to the enclosing ranges 
of mountains beyond that river to an undetermined distance. It is 
pt'obably eoal-bearing in eharaeter throughout, as eoal has been found 
in a number of places from one extreme of its known length to the 
other. 

The portion of this Cretaceous trough included by the aecompanying Outlines of 

special map, is about thirty miles in length, and has a total area of~~!~:beari ng 
over sixty square miles. The quantity of drift material present, and 
the wide spread of the shingle terraces, above alluded to, in this part of 
the valley, renders the detailed investigation of the structure of the 
:field di:ffieult; but the great regularity of the strike of the rocks to 
some extent counterbalances this, and the general structure of the 
trough is now fairly well understood. The south-western edge of 
the trough is pretty clearly defined by exposures throughout, with the 
exception of that portion between Cascade Mountain and Mount 
Rundle, but the north-eastern is for most of its length entirely con-
cealed. The limestones on this side are known by_isolated exposures 
to extend from a mile to two miles from the base of the mountains, 
into the bottom of the valley itself, and the strike of the beds indicates 
the position of their junction with the Cretaceous to be nearly as 
shown on the map, though pre-glacial denudation may have removed 
the thin overlapping edge of these rocks for considerable widths in 
some places, leaving a gravel-filled hollow of unknown width along the 
.outcrop as indicated hypothetically in the section shown in Fig. 8. 

'FIG. 6. OVERTURNED ANTJCLINAL OF L!MES'£0NF1 ROCKS NOR'ra OF EN'rRANCE 'l'O 

WHITl'l MAN'S PASS. 

The Cretaceous rocks may be described, in general terms, as form- Its general 
- 1 l' 1 P ld h · h · t h · structure. rng a ong, narrow sync ma io , w 10 , owmg o t e immense 
-pressure from the south-westward, has been bodily overturned in the 
·opposite direction; the mountain range on the south-west side being 
·Composed of an anticlinal of the limestone series, similarly compressed 



Overturned 
anticlinal.and 
•ynclinal. 

mplications. 

128 B TIIE ROCKY llIOUNTAINS. 

and folded over on the Cretaceous rocks. Owing to tllis circumstance· 
the direction of dip of the rocks in the mountains bordering the valley 
on either side, and in the inte1·vening Crntaceous trough, is almost uni­
formly to the south-westward. This fact at first induced the belief 
that the Cretaceous rocks were bounded, along the base of the south­
western mountain range, by a very extensive fault, with down-throw 
to the north-eastward, but further investigation proved this view to be 
incorrect. 

Figure 6 shews the overturned anticlinal in the range to the south­
west, as actually observed in the mountains to the north of the 
entrance to the White Man's Pass, 011posite Canmore station. Figure 
7 is a sketch illustrating the synclinal form of the Cretaceous rocks, 

FIG. 7. SECTIONS OF CRETACEOUS SYNCLINAL SIIOWN JN RIDGES BETWEEN 

now AND KANANASKIS RIVERS. 

as shown in a series of high ridges which run out from the base of the 
Wind Mountain range. In this, the wooded slope on the right, 
together with the distant rough summits, which al'e ve1·tically shaded, 
are composed of rocks of the limestone series, while the intervening 
ridges show five successive cross-sections of the Cretaceous synclinal, 
in which the character of the folding is clearly evidenced by certain 
more prominent beds of conglomerate and sandstone. This structurn 
may be seen at a glance, in looking down the valley to the south­
eastward from points between Canmore and Grotto Mountain, from 
one of which the sketch here reproduced was taken.* 

Though thus comparatively simple in its grnat structural features, 
this Cretaceous trough is complicated by minor irregularities, which 
will require to be allowed for in connection with the tracing out and 
working of the coal-seams; though, on account of the general paucity 
of exposures, it is yet difficult to do more than indicate their existence. 
The south-western border of the trough, though spoken of as primarily 
characterized by the folding back of a limestone anticlinal upon the 
Cretaceous rocks, is probably in many cases accomvauied by more or 

• It should he remarked that Dr. llector clearly recognized the synclinal structure here met 
with, and shows in his section, Ko. 24, the same ridges here illu•tmted. His sketch must have 
been made from a point ne11r the base of Grotto Mountain. Journals, Detailed Reports and 
Observations Rela tive to the Exploration under Captain Pi1lliser, etc., p. 321. See also Quart. 
Journ. Geol. Soc., Vol. XVII., p.442, Fig. 11. 
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less faulting. This is clearly shown on llfl'. McConnell's section C-D Faults. 
(on the map), though the actual line of the fault separating the two 
series is thcl'c only diagramatically indicated. In this, and othei· cases, 
the character of the prcssurc to which the rock series has been sub­
jected may have been such as to produce ovcr-thl'ust faults, in which 
the older rocks have been pushed bodily ovei· the newer, along a 
nearly horizontal plane. On the Cascade Rivet-, :wd beyond it, near 
the north-west cornet' of the map, the north-eastern bordel' of the Cre­
taceous is also pretty evidently accompanied by faulting, and it is 
scarcely likely that the area of the Cretaceous rocks itself is altogether 
free from such disturb.ancc,-a point to be borne in mind in estimates 
of the amount of workable coal in given areas. 

There arc also indications of a tendency to the production of a minor Subsidiary 
anticlinal fold in the Cretaceous rocks, near their south-western edge. nnticlinal. 
Snch a flexure is clearly shown between the Bow River and the base of 
the mountains at the entrance to the White Man's Pass, near Canmore, 
where the exposures are more than usually numerous, and is shown in 
Fig. 8. Disturbance of the character of that found to occur along the 
western edge of the Crow Nest Cretaceous trough on Mist Creek (see 
Fig. 5, page 100 n), may also be looked for in the concsponding part 
of this Cretaceous infold. 

The total thickness of Cretaceous rocks actually known to be rcpre-Thickness 
sentcd in this basin is about 5,000 feet, but it is probable that the of series. 
actual thickness will eventually be found to be considerably greater. 

'The conglomerates seen in the high ridges near Wind Mountain occur 
at a hori:r.on about 3,000 feet above that which shows the most import-
ant coal-scams. Rocks of this character were not seen in the vicinity 
of Cascade River, and it is probable that the portion of the synclinal 
there remaining docs not include beds so high in the sel'ics as these. 

The small number of available exposures, with the fact that most ofE 'xposures 
the coal outcrops do not show well-marked correspondence in thick-disconnected. 
ness, or in the charactcl' of the associated beds, bas so far rendered it 
impossible to trace out the course of the coal-seams for any considerable 
distance along their strikes, or to present a detailed gener:il section in 
which the relative positions of the various scams and their number 
might be shown. It is proposed here, therefo1:e, merely to detail the 
mol'e important facts obs01Ted in connection with the various known 
exposures of coal. Exploration by means of boring will be ncccssal'y 
before the structure and relations of the coal-bearing rocks of this dis-
trict arc fully known. · 

The first disco"Very of coal in these rocks is stated to have been" Cnscnde 
·made at the point subsequently named the" Cascade Coal Mine," on Coal Mine.'' 
ibe river of the same name, about two and a half miles north-east of 
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Banff station. The coal here occurs in a low, rocky bank on the cast. 
side of the stream, and has been experimentally opened by a small 
drift, run into the bank. The drift was started nearly at the water­
lcvcl, and it was found that the surface of the rock sloped downward 
to the east, in consequence of whjch, the drift in a short distance ran 
out into the oYcrlying gravelly deposits. The scam is bore associated 
with thin-bedded sbaly sandstones and shalcs, some of the latter being 
quite dark in colour and finely fissile. A little ironstone in nodular 
layers occu1·s both above and bel ow the seam. The dip is S. 53° W. 
< 35°, and the coal is 2 feet 9 inches in thickness. exclusive of a few 
inches at the top and bottom, which is shaly in character. Th e coal 
looks bright and clean, but is considerably broken up by jointage­
planes (a number of which were noted rnnning S. 70° W.), and by 
slickensiding, evidencing disturbances, which have rendered it rather 
tender. A scam of three inches in thickness occurs several feet below 
the main scam, and the total thickness of beds exposed in the imme­
diate vicinity is about one hundred feet. 

A sample of coal collected at this ])la ce, in such a way as to fairly 
rcpre~cnt the entire seam, has been analysed and carefu lly examined 
by Mr. C. Hoffmann. (See Report of Progress, 1882-84, p. 42 111.) By 
slow coking it was found to give:-

Hygroscopic water. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0·71 
Volatile combustible matter .................................... 10·58 
Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 ·14 
Ash............................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7·57 

North-eastward from the coal exposure, the Oasc:adc River cuts 
across the gcnc!'al strike of the Cretaceous rocks, and affords a fail'ly 
good, though not continuous section of the beds underlying the scam. 
These consist of dark shales, generally rather arenaceous, intcl'bcddcd 
with some shaly sandstones. Though somewhat irregular locally, the 
dip is found generally to increase, till at the point where the rocks of 
the limestone series forming the north-eastern edge of the basin are 
reached, it is at an angle of nearly 80°, with some evidence of faulting 
about the junction of the two scrie3. The thickness of Cretaceous 
rocks here underlying the coal is probably at least 4,000 feet. A series 
of massi rn sandstone beds, seen about a quarter of a mile cast of the · 
coal outcrop, on the upper terrace, was not distinctly recognized in 
the river section. 

South-westward from the coal outcrop the rocks are exposed in a. 
number of places for nearly 2,000 feet along the river, but so much 
local disturbance occurs that it was found impossible to measure a. 
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satisfactory section. At about 1,700 feet along the river, however, a 
second outcrop of coal occurs, and this, in 1884, had been partly opened 
up. The seam is here at least several feet in thickness, but it has 
been badly crushed, and the coal appears in a more or less pulverulent 
condition. It occupies a horizon probably about 800 feet above the 
first scam, and may possibly represent the return of the same bed in 
the reversed south-western side of the main synclinal fold. Cretaceous 
shaly rocks, which form the lower spurs of Cascade Mountain directly 
opposite these exposures, pretty evidently represent those described as 
underlying the first seam further up the river. 

Opposite the northern part of Cascade Mountain, the entire width Width of basin. 

of the Cretaceous trough becomes reduced to about a mile, a circum-
stance which appears to arise from the folding back of the limestone 
rocks of the mountain upon the Cretaceous. In the south-eastom base 
of the mountain, the lino of junction of the two formations gradually 
descends till it reaches the level of the bottom of the valley near the 
little cascade which gives the mountain its name. 

Two and a half miles south-eastward of the "Cascade Coal Mine,'' ~~~h~~~lte 
on the south-east corner of Section 8, coal seams arc again expo ed. A Coal Co,'s shaft 
shaft has been sunk hero to some depth, on the thickest seam, and so 
far as yet known lhis locality is the most promising one for the actual 
extraction of coal. 

The lowest, and most important seam, is here 4 feet 6 inches in 
thickne .. s, and is capable of yielding about fou1· feet of good, clean coal. 
The dip is S. 35° \V .. < 30°, and the measures am very regular, the· 
coal being quite solid and of excellent quality. One hundred and 
thirty-five feet above this seam is a second, 3 feet 10 inches thick, 
which also shows excellent coal, and between these two main seams 
arc four thinner ones, 9 inches, 24 inches, 8 inches and 12 inches in 
thickness respectively, in ascending order. Twenty feet above the 
upper thick scam is still another coal bed, 10 inches thick. Thero aresevenooal 
thus, altogether, seen in these oxposul'es, seven seams in a total thick- seams. 
ness of 155 feet of measures, and though but two of these are of work-
able dimensions, the occunence of the others is of importance in 
showing the persistently coal-bearing character of the rocks. 

The beds including these coals are generally shales and shaly sand­
stones, which present no very marked characters; but beneath tho 
lowest scam is a thickness of one hundred feet or more of rather mas­
sive grey or yellowish sandstones, and a bed of sandstone constitutes 
the fioo1· of the seam. 

At a point nearly a mile west of the position of the shaft, a thin, Thin seam. 
crumbled scam of coal is partially exposed in a little rocky bill near 
the bank of tbo Cascade River, but tho intervening rocks are covered, 
and its relation to the other coal seams is unknown. 
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The identity of any of the scams here described with either of these 
at the "Cascade Coal Mine," is also as yet a matter of conjecture, but 
I have ventured, on the map, to connect the coal-bearing horizon of the 
two places, the great general regularity of the strike apparently war­
ranting such general correlation. 

The eoal from the shaft, on the lower thick seam, has also been 
examined by J\lr. Iloffmann, who reports fully upon it on page 10 M, 

(1885). It proves to be a fuel of exceptionally high quality, and gives 
by fast coking, the following result:-

Hygroscopic water. . ..................... .. .................. 1.04 
Volatile combustible matter...... . . . . . . . . . . . . . . . . . . . . .. . . .. . . 9.15 
Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 .18 
Ash........................ .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.63 

Along the base of Mount Rundle, and in the range running south­
eastward from it, as far as the entrance to the White l\1an's PasS', the 
limestones are seen nearly down to the level of the valley, and the edge 
of the Cretaceous rocks probably corresponds closely with the base of 
the steep slopes. No exposures were found in this part of the valley. 
Carrot creek, thongh cutting across the strike at right angles, exposes 
no rocks of the Cretaceous series. Opposite Can more statio~i, however, 
and near the entrance to the White Man's Pass, these rocks arc seen in 
a number of places. The section at this place is shown, somewhat 
diagrnmatically, in Fig. 8, in which the beds marked with transverse 

l'IG. 8. DIAGRAMATIC SECTION ACROSS TDE CRETACEOUS BASIN NEAR CANMORE STATION. 

lines, represent the limestone series, and the vertically shaded layer, 
tLe superficial, gravelly deposits and terraces. The actual contact of 
the limestones and Cretaceous rocks was not seen, but near this line, the 
latter are almost absolutely vertical, and here Mr. McConnell has 
found a Ream of coal about three feet in thickness. Nearer the Bow 
River, on the small stream which issues from the pass, a sharp synclinal 
fold occurs, and shaly beds, containing a thin seam of crnmbled coal, 
:appear in addition to the sandi;toncs, elsewhere more prominent. On 
the bank of the river, three quarters of a mile below the mouth of the 
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stream, the beds become nearly :flat, and contain a scam of good coal, 
about one foot thick. In shaly l::tyc1·s, associated with this, a number of 
fossil plants, characteristic of the Kootanie group WCl'e collected, Fossils. 
among which are Asplenium distans, Anomozamites acutiloba? and Pinus 
Suskwaensis. * 

To the south-cast of these exposures, the border of the Cretaceous ~ide;~;eb~t8ween 
rocks rises gradually in the slope of the mountains, and in the base oq~~;a~~kis. 
the Th l'CC Efo,ters, forms a considerable pa1·t of this slope. Still forth er 
on, in the same direction, the area of the Crntaceous trough which 
continues toward the Kananaskis, is charactcrizctl by a series of high 
Cretaceous ridges, the structure exhibited in which has already been 
referred to. These have been examined by Mr. McConnell, and afford 
excellcn t sections, as shown on the accompanying map. Near the 
eastern base of the first of these ridges, occur two coal-seams, rcpo1·ted 
by M1-. :M:cConncll as about 12 and 15 feet thick respectively. This 
place, which is about a mile and a half from the Bow River and 
500 feet above its level, is known as "Ma1·sh's Mine." The two coals" Marsh's 

b h Mine" are separated by about fifty feet of shales and sandstones, and ot · 
have been opened, an adit nearly a hundred ya1·ds long haYing been 
driven in the upper seam. The coal appears to be of good quality, 
but has been so much shattered in the manner previously described, 
that it Cl'umbk; on exposure. llfr. McConnell, however, slates that 
coal-scams at or about the same hol'izon can be traced at intcl'vals for 
several miles toward the Kananaskis, and believes it to be probable 
that localities might lie chosen in which the coal would be proved to 
be more i;oliu. The beds above the coals anti between that horizon 
and that of the conglomerates are more 01· less coal-bearing throughout 
and contain a number of thin scams. Erect tree-trunk!:! WCl'e also 
observed in this part of the Bcction at scYcral lcYcls. These stand on 
dark sbaly bells, doubtless, r cpl'csenting the soil on which they grow 
and extend up throllgh beds of sandstones. The two outcrops at 
"Marsh's Mine" belong to the norLh-castcrn side of the synclinal 
fold, and the coals do not appear on the opposite or i e\'el'scd side of 
the fold. 

As already stated, much exploration, by means of boring, will be Gen~ral . 
b 

,, , . . . cons1derat1ons. 
necessary eiore tho &trueture of the coal basin is fully known, but its 
occurrence on the line of the railway (which actually runs on the Cre-
taceous rocks for a distance of thirteen miles), taken in connection with 
the excellent quality of the fuels which it is capable of affording, must 
be consiuernd as a circumstance of the first economic importance. As 
the result of the observations made up to the present time, it may be 

• li:co Trans. Royal Soc., Canada, Vol. III. Sect. IV. 
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stated that the distul'bances and subsidiary folding of the beds most 
likely to prove troublesome in following and working the coal, occur, 
for the most part, on the south-western side of the trough, or in connec­
tion with the overturned side of the main synclinal fold. The north­
eastern outcrops of the coal seams, therefore, apparently pos~css the 
greatest vnhh' and should receive the first attention in the development 
of the field. The greatest difficulty to be apprehended is, undoublcdly, 
that of the crushed character in which the coal is frcqucnlly found, and 
though such more or less pulverulent coal, is not without value as a 
fuel, and may be used in locomotive and other engines constructed to 
burn it, it is, as a salablc commodity, much inferior to the solid anthra­
·Cite. 'l'he crushed character of parls of the coal has doubtless resulted 
from movement affecting the containing rocks subsequent to that which 
accompanied and probably caused the change of the ordinary bituminous 
coals of the Kootanio group into anthracite or semi-anthracite. As 
stated on previous pages of this report, bituminous coals, in other 
parts of the mountain area, are, occasionally, found in· a similar 
shattered condition. 

The north-western continuation of the Cascade Cretaceous trough, as 
far as the Red Deer River, is described on a subsequent page. 

Bow Rivet Valley (continued). 

Beyond Banff station, near which the Bow River enters the wide 
Cretaceous basin just described, the Bow. Valley has a "\\est-south-west 
direction for seven and a half milea, to Castle Mountain siding, cutting 
directly across the run of the mountain ranges. To the souLh there 
sre three well-marked parallel ranges, ending at the valley in Rundle 
Mountain, Tenace Mountain and Mount Bourgcau. On the eastern 
slope of Terrace Mountain, occur several hot springs, which have 
already become well known. On the north the constituent ridges al'c 
not so well mal'ked, the mountains fol'ming part of a wide belt which 
is still collectively designated as the Saw-back Range, though this 
name belongs more especially to its western constituent ridge, which 
·ends on the river in Ilole-in-the-wall Mountain, and is composed of 
-ve!'tical beds of limestone. In this part of the valley a couple of small 
lakes, and some swampy meadows again occur, recalling those which 
are found in the similarly situated transverse part of the valley east of 
Grotto Mountain, and like those, evidently formed by interruption of 
the drainage by matel'ial washed in from the neighbouring mountains. 
The rocks composing the mountains on both sides of the valley are 
almost entirely of the limestone series, and show continuous high 
south-westward dips. 
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From Castle Mountain siding to Bow Lake, the valley preserves a C~stle Moun­
ncarly direct course to the north-west. Fo1· thirteen miles this course tkc:o Bow 

is oblique to the general direction of the mountains, but after passing 
the south end of Castle Mountain, the trend of the mountain ranges 
changes to the same direction with the valley, which follows the axis 
of an important anticlinal, in which Cambrian rocks arc brought to 
the surface, for at least twenty-six miles. The first portion of the 
valley is rather irregular in wiclth, but further on it becomes a wicle, 
definitely bordered and parallel-siclccl trough like other important 
longitudinal valleys of the mountain region. 

Castle Mountain is in appearance one of the most remarkable on the ~";;'~~ta.in. 
Bow Valley, and contrasts markedly with tho~e forming the western 
borde1· of the Saw-back Range,-from which it is separated only by 
Johnson Creek (called also Silver Creek). Its highe1· part is formed 
entirely of rocks of the great limestone series, which apparently in the 
main, form a shallow synclinal, ancl have low, regular <lips. As first 
seen from the south-eastward, its extremity appears as an almost 
isolated index-like pinnacle, but on closer approach this is found to be 
merely an outlying peak of a range of rampant-like cliffs which border 
the Bow Valley on the east for a distance of ten miles. Deposits ofCopper. 
purple copper ore have been found in a number of places on and near 
Coppe1· Mountain, and mining locations have been staked out, but as 
far as I am aware no great amount of prospecting work has been 
accomplished on any of them. 

Oppo:;ite the south end of Castle Mountain, across the Bow River, is Copper 
Copper Mountain, 8,500 foot in height. This mountain is so named on Mountain. 
account of the occurrence of similar deposits of copper ore, and these, 
as work was in progress toward thei1· development, wel'e examined 
with some care in 1884. 

Coppel' Mountain is separated by the deep, narrow valley of Red 
Eal'th Creek from the higher summit to the south-cast known as Pilot 
Mountain, in which beds of the limestone series appear nea1·ly horizon­
tal or forming a low anticlinal. The summit of Copper Mountain has 
a croscentic outline, concave toward the north-west, with a couple of 
short, high ridges, interpolatocl between the horns of the crescent. Its 
eastern slopes are densely wooded, and were not closely examined, but 
appear to consist of limestones, also lying at rather low angles of 
inclination. Towal'd the western encl of the mountain, however, these 
beds became quite vertical, with a north-and-south strike, and its 
extreme western part is composed of quartzites referable to the Cam­
brian sericA, also in a vertical attitude, as shown in the eastern part of 
section No. 1. The most important occurrences of copper ores arc in 
the vertical po1·tion of the limestones series a short distance east of its 
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junction with tlie quartzites, and appear in the vicinity of one of the 
spurs above mentioned, three nnd a half miles neal'iy due south from 
Silvol' City station, at altitudes between 7,000 and 8,000 feet. 

The theory in accordnnco ·with which work was being carrie<l on at 
the time of my vibit, was, that the ore-deposit ran north-and-south 
along the spu1· just referred to, more or less parallel to the strike 
of the limestone. Copper ore had been uncO'rn1 od at Revcral places 
along the crest of the spm within a length of half a mile, and 
an adit had been run in from the valley at its eastern bnsc for a dis­
tance of over 200 feet. It woul<l be necessary to continue the adit for 
several hundred feet further before it would roach the presumed lino 
of the ore-dcpo,it, and no ore had, so for ns I coul<l learn, been found 
in the progress of the drifting. 

The four p1·incipal points at which some work had boon done on the 
edge of the spur, in order from north to south, presented the following 
appearance:-( 1 ). Quartz sea ml:' , in shattered l i mcstones; the scams 
running nearly north and south, with an cast.ward dip < 40°. Some 
small specimens of good ore, but no appearance of a continuous vein . 
(2). A mass of quartz running N. 20° R through the limestones, 
nearly vertical. This includes some i;mall rich scams of ore, and a 
few bunches or pockets. (3). A fafrly well-defined quartzose vein, 
about two feet thick, running east and 'rest, with southwanl dip< 80°. 
This is colored by copper carbonates, evidently produced from the 
decomposition of sulphides, and is mid to have yielded several fine 
masses of ore. (4). This is a so mewhat irregular 1oin, but, like the 
others, hns not very well defined wall~. It runs across tbe edge of the 
spur S. 80° E., with southward dip< 80°. Whore bo:;t devolope<l the 
width is about SC\On feet, and is made up of a foot of barren granular 
quartz at each ~i<lo, with about five feet intervening of good ore, con- · 
sisting of copper pyrites, purple ore and copper glance dissomioateJ, 
generally in pretty fine granules, through a quartzose matiix. It is 
much decomposed, with blno and green ca1·bonatos filling crevices, 
and the limestone bordering it is considerably fissmcd, anJ occasionally 
holds a little ore. This is the most promiioing of the openings, and it 
will be obsorYod that both this and .No. 3, run di1ectly across the ridge 
or spur and the strike of the limcbtone beds. 

The somewhnt plateau-like top of Copper Mountain is deeply covered 
with angular rocky fragrnontH, which arc doubtless duo to the prolonged 
action of the frost and weather. Among those arc a number of masses 
of considerable size, ofporou~, yellow and blackish gos,,an, which have, 
ap1Jarcntly c:omo from the decomposed outcrop of a copper vein, which 
mu;,t run ncross the summit, probably in an cast and wo:st bearing~ 

li'rom the i:,ize of the fragments, the vein is likely more important than 
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those abo\e described, and it would not require much work to ascertain 
this point. On analysis the gossau proved to contain neither gold nor 
silver. Loose fragments of rich ore have here been found also, on the 
southern siopcs of the mountain, and one of these, consisting of nearly 
pure, purple ore, weighed about seventy pounds. lt is evident that the Copper-bearinir 

copper-bearing district is here somewhat exten$ivc; and not improbB blc area. 

that rich deposits may eventually be opened up. The opinion forme<l on 
the examination of this vicinity was, however, that the ore deposits arc 
irregula.r, and consist rather of pockets or "gash veins " than of true 
persistent lodes. 

Specimens of the ores from Copper Mountain which ha\c been Character 

analysed by llfr. Iloffmann, though yielding high percentage of copper, of ore. 

contained neither gold nor silve1-. In the examination of the vicinity 
of Copper Mountain, I was accompanied by llfr. J. Hecly, the origina l 
discoverer, to whom thanks are due fol' his assistance. 

From Copper Mountain it is not difficult to travel westward, in a Rocks from 

nearly direct line, to the Twin Lake~, at the base of the main range. f.1j~P~~~~n­
The information gained with rcgal'<l to the rocks in this locality Lakes. 

appears in section No. 1. The strncturc is that of an anticlinal, with 
nearly vertical beds on the east side, but showing dips at angles of 
about 20° to the west. This is the continuation of the anticliual 
of the upper Bow Valley. To the west of, and below the lime-
stones of the vicinity of the copper deposits, is a considerable thick-
ness of white and grey quartzite, with some conglomel'ates and 
schists. The centre of tho anticlinal is then occupied, for a width 
of nearly two miles, by schistosc rock'1, of grey, blacki1:>h and brownish 
coloms. 'l'hey arc chiefly argillite~, but show incipient crystalliza-
tion, which gives them a glossy appearance. In some places, 
slaty cleavage occurs, but the rocks gcnemlly split up parallel to their 
bedding. Bands of quartzite are found throughout. Almost the entire 
eastern front of the watcnihe<l range is composed of quartzites and 
other rocks of this great Cambrian scrimi, as more fully described in 
connection with the Vermilion Pass (p. 119 n). The total thickness of 
the Cambrian rocks shown in this anticlinal, must be at least 5,000 feet. 
Muc:h white or rusty crystalline quartz is scattered over lhe district 
charnclcrizcd by these schistosc beds, and is deriYcd from veins 
which traYcrse them in all directions. "ear the Twin Lakes, frag-
ments of galena occur, and a vein of this mineral has been dis-
covered and located here by Mr. Heely. A specimen, in which the Galena_ 

galena constituted only a small part, yielded about half an ounce of 
silver to the the ton, on analysis by Mr. Hoffmann. (Report of Progress 
1882-84 (p. 6 M M.) 

The mountain~ between Copper l\Iountain and the watershed range, 
18 
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are, in consequence of the softer nature of the schistose rocks, 
charactered by low, rounded summits and ridges, which, however, rise 
to heights exceeding 7,000 feet. The upper slopes are almost bare, 
Lyell's larch being the most abnndani tree. 

The Twin Lakes lie at the ba~e of the scarped and nearly vertical 
front of tho watershed rango, which rises above them in stupendous 
cliffs, in 1.he rifts and hollows of which, snow remains throughout the 

. year. The lakes give rise to a small stream which reaches the Bow 
near Silver City. 

The summit of Copper }\fountain affords a very fine and extensive 
view, both of the upper part of the Bow Valley, and the wild mountain 
countl'y to the south. AssiniLoine Peak, with its remarkable fringe of 
glaciertl, was be!:>t seen from this point, though about twenty miles 
away, and the esca1·pment-like front of the main, or watershed range 
of the mountains, may be traced for agreat distance. The whole upper 
part of the Yalley of Red Earth Creek, is al so in view, and its remark­
able width, and light slopes, contrast strongly with the more rugged 
a ppeara11ce of other parts of the region. These charactel'S are due to 
the fact that it follows the run of the belt of schistose ro<.:ks alr.;iady 
mentioned. These rocks were seen by l\fr. McConnell near the summit 
of Simpson's Pass where the Cambrian area appears to terminate. 

The mountains on the south-west side of the Bow Valley, from Silver 
City onward, arn very bokl and high, and inclt1de }\fount Lef1·oy, the 
most lofty yet actually measured in this region, with an altitude of 
11,658 feet. The plate lacing this page, illustrates the appearance of 
this range as seen from a high spur of Mount Hector, on the opposite 
side of the valley. The conical, snow-covered peak on the right is 
Mount Lefroy, while that near the centre of the view bas been named 
Mount Temple. The greater part of the mass of these mountains is 
composed of quartzitos and slaty or schistose rocks, with uniform, low, 
south-westward dips. l\fasEive limestones appeal' near the summits of 
many of them. The Slate Mountains on the opposite side of the valley 
have, generally, rounded forms quite different from those of the Bow 
Range and Castle l\fonntain. Several small streams enter the Bow 
from tho mountains on the south-west, but the gl'eater part of the 
water from this range flows off in the opposite direction. On the 
north-cast side, Baker Creek is an important stream, and Pipe-stone 
Creek may be called a river.* Its name is given on account of the 
occurrence on it of fragments of rnft, fine-grained, grey-blue argillite, 
which the Indians ha\e used in the manufacture of pipes. Some 

* Pa-lwoh-to-hi'-aooo-pi'-wop-ta in Stoney, Moni'-JJ']1aw-uu.n-na-nia-si'-pi' of the Crees, signi­
fying "Blue Pipe-stone River." 
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parts of this portion of the Bow Valley are broken by low, rocky hills, 
composed of slaty Cambrian rocks. 

Northward from Laggan station, to the first of the two lakes in which Bow Lakes. 

the Bow rises, the valley preserves similar structural characters, but is 
more densely and uniformly wooded than before, an<l often very 
swampy. The first of the Bow Lakes (where our examination ended 
in this direction), is a fine sheet of water, four miles in length, and at 
an elevation of 5,530 feet above sea-level. Its lower end extends into 
the valley, and is separated from the river only by a narrow tract of 
fiat land, composed of gravelly and other detl'ital material. The 
greater part of the lake, however, lies in a deep valley between the 
northern end of the \Vaputtehk Mountains and Sheep llfountain, both 
of which rise from it almost perpendicularly. On the mountains at its 
upper end is a considerable glacier, fed by a large snow-field of 
unknown extent to the westward.* 

The railway, beyond Laggan, follows Noorc's Creek for three miles, ~ingHorse 
after which it ascends by the Yalley of a small tributary stream to the 
actual summit of the Kicking Ilorse Pass, at an elevation of 5,2D6 feet 
(on the railway grade) above the sea. The transverse valley forming 
the Kicking Ilorsc Pass, where it traverses the watei·shcd range, 
repeats in its main features those of the V crmilion Pass, previously 
noticed. It is not necessary here to enter into any general discussion 
as to the origin of such transverse valleys, but it may be stated that 
the present conditions fail to e1'..'])lain the origin of this comparatively 
wide trough, which has been excavated at right angles to the water-
Ahed range. It appears highly probable that the stream now flowing 
to the Bow may originally have had its sources much further west 
than the present summit, and that the head-waters of the Kicking 
Horse, in consequence of the greatei· fall on that side, have cut back 
eastward, reducing the area which drains to the east. Bedded gravel 
deposits occur about the actual summit, in positions which imply 
the presence of a considerable body of water at levels higher than are 
possible unde1· the actual circumstances. Rock surfaces neat· the same 
place were observed to show glacial striation in an eastward direction. Rooks. 

Geologically, the mountains about the summit have, in the main, a 
synclinal structure, rocks referred to the great limestone series com­
ing down to the level of the bottom of the valley for about two miles 
near the height of land. Below these, a short distance west of the 
Kicking Horse Lake, a few fossils were discovered in 1884, in exposures 
newly made along the railway line, by members of the visiting party 
of the British Association for the Advancement ofScience.t Among 

* Tbo Bow Lakc8 arc calledMi'-11is-11e-im-"e in Stonoy, Os-kow-wioo-lli'-pi'-sa-ga-he'-gu11 in 
•Cree, meaning Coldwnter Lakes. 

t Sec p. 14 n. 
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specimens obtained at that time, Mr. C. D. Walcott has recognized 
Olenellus Hou·elli and Olenoides lcevis, trilobites characteristic of the 
Pl'ospcct Mountain Group of Nernda or Mid<lle Cambrian. 

The geological strncturc of the mountains near the Kicking Horse 
River, is, if anything, more intricate than that of most parts of the 
mountains, and as it is now being invcsLigatec.l in detail by Ur. McCon­
nell, any description which I might give of it. from my own reconnois­
ancc work would probably be greatly modified by the result of his 
examinations, which will shortly be published. On the map, an 
attempt is made to separate the quartzite and slate series, from the 
overlying gl'cat limestone series which hi referred to the Devonian, or 
DoYonian and Cal'boniforous. It should be noted, however, that the 
existence of passngc beds between these and the quartzite Eerios was 
suspected in this pince, and that Ur. McConnell inform:> me that he is 
of opinion that Cam bro-Silurian and Silurian rocks also prnbably occur 
hero. It may be statocl also, that. the slaty and schistoso rocks 
seen nea1· the Otter-tail, closely resemble those found on the continua­
tion of the same strike in the Vermilion Valley, while those near the 
mouth of the J3caYcr-foot are quite analogous to rocks seen further 
to the south-eastward in the Beaverfoot-Kootanic Valley. Since the 
date of my examinations, also, a number of metalliferous deposits have 
been discovered, and some of those have been opened and prospected 
to a considerable extent. Most of these arc in the vicinity of the 
mouth of the Otter-tail, and neat· .~fount Stephen. The ores so far 
examined in i.ho laboratory of the Survey consist largely of galena, 
which is generally associated with more or less copper pyrites. They 
contain, however, but a low percentage of silver, and gold is practi­
cally absent. Some of the lodes arc reported as ·wide and continuous. 
Assays of a number of specimens will be found in l\fr. IIoffmann's 
reports. (Report of Progress, 1882-8-±., Report :r.r M. Annual Report, 
1~85., Report :r.r.) 

The descout of the branch of the Kicking Horse which rises in the 
pass, is at first very rapid, bL1t on reaching the bottom of the valley, 
this branch is joined by a la1·ger stream, at the head of the valley of 
which a fine glaciol' appeai·s. For soYeral miles almost the entire width 
of the valley is occupied by gravelly lal's, evidencing the great volume 
of water which at some season:; mm;t descend from the mountains. On 
the south side of i.hc valley arc Cathedral Mountain and Mount 
Stephen, pir.turcsq uo spur::i from the northern end of the Bow Range. 
Further down, the valley of the North Brnnch, which is remarkably 
wide, opens northward, and several glaciers and snow-fields appeal' on 
the mountains, which a few miles further up rise to heights of 9,000 
to 10,000 feet. The river makes an acute angle round the south end of 
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of:M:ountllnoter, and forms a fall ofaboutfortyfcctio height near the 
apex of this angle. Down to Palliscr station, the valley continues 
moderately wide, but below that point becomes gradually more con­
stricted, and before reaching the Columbia Valley, flows for some miles 
in a deep cafion, falling from ledge to ledge as a wild torrent. 

Devil's Lake and Vicinity. 

Devil's Lake,* ten miles long and about half a mile in width, Devil's Lake. 
-occupies part of a very remarkable, transverse valley, which runs 
across the oute1· ranges of the mountains to the east, separating the 
Palliser Hangc from the Fairholme Mountains. It bas already been 
stated, that this valley presents all the appearance of having at some 
former time been that of a large river, and it is probable that at a 
period antecedent to that of the glaciation of the mountains, the Bow 
River £lowed through it. The valley is parallel-sided, and bounded 
to the north and so11th by high and abrupt mountains. Its western 
part is now occu1)ied, for its whole width, by the lake, while to the 
-east, its nearly level floor is formed by drift deposits, and two 
small lakes have been formed by the damming of the valley by 
the delta deposits of lateral torrents. The Devil's Lake has an 
approximate elevation of 4,800 foot, and discharges by a rather 
small, tortuous and somewhat sluggish stream, into the Cascade 
HiVPI", above Banff. The water of the lake is clear, and it is evidentlyShnllow border 
deep, though very often showing a shallow border, which, at a few of lake. 
hundred yards from the shore, ends suddenly with a terrace-like front. 
This is a feature not uncommonly found elsewhere, but it is bore 
apparent, through the clear water of the lake, that this shallower border 
is generally formed of gravel deposits, which have been cemented by 
calcareous matter into a species of conglomerate, which is broken into 
irregular blocks, about the outer or escarpment-like edge. 

The forms of the mountains about the lake are particularly varied 
and bold, and Peechee's Mountain, to the south, rises to a height of 
about 10,000 feet. Fans, or delta deposits from lateral valleys project 
short distances into the lake, and it is finally terminated to the east by 
-One of these of dimensions larger than usual. Beyond this, the valleyD .

1
, G 

ev1 s ap. 
appears to rise gradually eastward, obtaining its greatest height at its 
·eastern opening to the foot-hill country, where it is stopped by irregular 
terraces and ridges, some of the latter being, very probably, of the 
nature of moraines. A short distance farther east, the Ghost River is met 
with. Its valley is here excavated in deep, gravelly deposits, which, 

•Called Jf'ne'-Bto, or" Cannibal's Lake,'' in Stoney, Ki'-noo-1.:i'-mow, or" Long Lake," in Cree. 
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in some places, form low cliffs, having become cemented by a calcareous 
deposit. It would appear that the covering of detrital deposits is very 
deep, both in the Devil's Gap, and on this pal't of the Ghost Rivci-. The 
river, when not in flood, entirely disappeai·s here, leaving a wide, d1-y 
gravel-bed for some miles. The smaller lakes in the Devil's Gap have 
no visible outlets, and arc evidently 1:mbject to considerable increase in 
spl'ing, when surface watcl' is, doubtless, supplied moee rapidly than 
the drainage through the gravel beds can remove it. No rock in place 
is seen in any part of the flat valley of the Devil's Gap, which is 
bordered on both sides by towering cliffs, in some places perfectly 
vertical to a height of 1,000 feet or more. Figul'e 9, gives an idea of 
the general appearance of this singular valley, as seen in looking in 
an eastward direction out towards the foot-hills from the west end 
of the larger little lake. 

FIG. 9. DEVIL'S GAP VALLEY, LOOKING EAST. 

The rocks seen near the valley arc almost entirely limestone, which, 
though with minor flexurcs, appears to dip generally south-westward, 
along the lower two-thirds of the lake. The rocks then form a low 
anticlinal, next a· low synclinal, and at the eastern base of the range 
arc found with the usual south-westward dip. The character of the 
junction of the limestoucs with the Cretaceous rocks of the foot-hills, is 
here unknown. The angles of inclination of the beds throughout the 
valley are, so far as observed, unifol'mly rather low. 

On the slopes of Cascade :Mountain, in fragments derived from the 
higher cliffs, a number of fossils have been found, but these, for the 
most part, are poorly preserved. They indicate, however, a Devonian 
or Carboniferous age, and include, besides numerous fragments of 
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crinoids, two species of Produr:tus, Athyris Royssii (?) AtnJpa reticularis, 
Orthis, sp. (a resupinate form), Spirifera, two species, Straparollus Jlleva­
densis (?) and a Cypricardinia. 

The beds immediately underlying the Cretaceous rocks on the north- Fossils from 
. . Cascade River. 

east side, near the month of Devil's Creek, are calcareous sandstones, 
pa~sing, in some places, into qual"tzites, and weathering to reddish or 
yellowish tints. These resemble those elsewhere seen in the upper part 
part of the limestone sel'ies (Sec pp. 73 B., 74 B., 113 B., etc.) and 
are probably of Carboniferous age. Their thickness at this place 
is se"l'"cral hundred feet, and they form a series of low, rough, rocky 
ridge;;, which run obliquely acros::; the Cascade Valley. l\Iodcrately 
well preserved specimens of Productus semireticulatus, of a Rhynchonella, 
(apparently closely related to R. mesacostalis) and an Aviculopecten, 
(probably a new Rpccics), were obtained from them. 

In rocks derived from the mountains about the gorge which opens Cambrian. 

on the valley from the north, a mile and a half east of the upper end 
of Dm-il's Lake, a specimen of Ptychoparia Oweni, l\I. & II., indicating a 
Cambrian horizon, was found, but no outcropfl of the Cambrian quartz-
itcs or slaty rocks were observed. At the same place, it was noted 
that in the wash from the gorge, pieces of soft shales occur, resembling 
those of the Cretaceous. 

Upper Valley of Cascade River and Route thence to the R ed Deer. 

The route here described follows the northern continuation of the 
Cascade Cretaceous trough, and was traversed for the pul"pose of ascer­
taining its length and character. (Sec p. 134 B.) 

The stream now called the Cascade River, is roughly indicate<l, but Cascade River. 

not named, on Palliscr's map. lt is designated Pa-ma-sae-wap-ta in 
Stoney, Ka-lcis-lci-lcu;e-niht-si-pi in Cree, both names rcfcrrrng to .a story 
of a murder, in which an Indian is said to have cut off the bead of a 
companion. 

For three miles above the mouth of Devil's Creek, the river flow:> in Upner pitrt 

a rocky gorge, between limestone ridges, close in to the mountains '\fttR~;~ad.e 
which form the north-east side of the valley. The eastern edge of thfl 
Cretaceous rocks runs nearly up the centre of the valley, directly 
across the bend of the ri\'el'. A straight, narrow, subsidiary valley 
marks the junction of these rocks and the limestones. Both series at 
first dip westward at high angles, but ful'tber north the Cretaceous 
rocks dip at a low angle to the east, and their junction with the lime-
stone series is evidently a faulted one. Nine miles above the mouth of 
Devil's Creek, a stream from the mountains to. the eastwa1·d, supplies 
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about half the volume of the Cascade River, and following the valley 
five and a half miles furtho1·, Saw-back Crock joins from the range of 
the same name on the west. A low, stoop-sided ridge here occupies 
the centre of the valley. Thi:>, seen from the south-eastward, appears 
conical in form, and the course of the valley is so direct that it may be 
observed from the vicinity of Canmorc, twenty-five miles distant in 
that direction. The valley, in this part of its length, averages about a 
mile in width, and is, for the most })art, pretty densely wooded up to 
the mouth of the eastern tributary stream above mentioned. Thence 
to Saw-back Creek there are a number of little open meadows. The 
mountains to the west arc connected with Cascade Mountain, and form 
a continuous range from 8,500 to 9,000 feet in height, though decreas­
ing gradually northward, and terminating near the mouth of Saw-back 
Creek, where the next range to the westward becomes that which bor­
ders the valley. In the north part of Cascade Mountain, the Creta­
ceous rocks form the lower thil'd of its total height above the valley. 
In the mountains further on they rise gradually till they occupy about 
half the height of the mountain sides. The line of junction then 
descends again in the slopes, till it reaches the level of the valley. 
The limestone rocks, forming the higher parts of the range, are in seve­
rfal places clearly seen to preserve the ;..nticlinal character found in the 
Mount Rundle r~nge, further to the south-eastward; but the anticlinal 
has not been so completely ovei·turned on the Cretaceous trough, and 
it runs out in a point, in the northem part of the ridge near the mouth 
of Saw-baek Creek. Rocks which appear to be Cretaceous, are seen 
on the western side of this mountain range, some miles southward 
from this point, and it is probable that a subsidiary infold of the Creta­
ceous occurs behind the first range, as indicated on the map, though 
its dimensions are shown only conjecturally. 

The mountains on the opposite side of the valley are broken in 
their southern part by a number of deep transverse gorges. South of 
the large eastern tributary, previously mentioned, a narrow band of the 
Cretaceous rocks is seen high up on their slopes. This evidently 
represents the eastern edge of the main Cretaceous synclinal let down 
by a fault parallel to its direction. The same band is probably con­
tinued for a couple of miles north of the tributary valley, as repre­
sented on the map, where the eastern bounding mountain ridge 
becomes regular and unbroken, forming a steep, nearly bare range, in 
which the limestone strata increase in angle of dip till they eventually 
become almost vertical. The whole width of the Cretaceous trough is 
less than a mile, a short distanca south of Saw-back Creek. 

N orih of the confluence of Saw.back Creek, the Cascade is a small, 
rapid stream, and both its immediate valley and the slopes of the 
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adjacent hills are rough and wooded, for two or three miles. Beyond Source of. 
th . · f h · · lt't d th b d Cascade River. is, m consequence o t e mcreasmg a i u e, ey ecome open, an 
the stream is found to be formed by three brooks, :flowing from valleys 
in the Cretaceous hiUs. The trail follows the eastern valley, and the sum-
mit is reached at a distance of five and a half miles from Saw-back Creek, 
at an altitude of 6,549 feet. .A. well-marked trough, like an old stream-
va1Iey, runs across the summit. It is blocked here and there by newer 
delta deposits from lateral tributaries, one of which has produced a 
small pool, in which rises a little stream, flowing in the opposite direc-
tion. This stream, falling about 500 feet in font· miles, reaches the 
deep, transverse valley of the Panther River,* a tributary of the Red Panther River. 
Deer, which flows eastward through the limestone range to the right. 

The same transverse valley is continued to the westward into the 
eastern front of the Saw-back Range, but its upper part is wide, and 
bordered by the rounded and wooded Cretaceous foot-hills of the 
Saw-back Range. StiU continuing in the same general northward 
direction, a branch of the Panther River is followed up to a second 
summit, five miles beyond it, with a height of 7,263 feet. The valleyPtaRnthdeDr River 

o e eer 
of this stream is at first a deep narrow ravine, which the trail River. 
follows on the east side. Near the summit, however, it becomes wide 
and moor-like, with low thickets of willow and birch, and rough tus-
socky grass. Beyond the summit, a stream, which rises in the hills to 
the east, enters the valley, and turning at right angles, joins the main 
Red Deer River in five miles further. Its valley is generally wooded, 
and the stream flows in a deep, narrow gorge. The height of the Red 
Deer at the mouth of this stream is, approximately, 5,500 feet . 

.A. short distance north of Saw-back Creek, the Cretaceous trough Complicated. 
attains a width of about three and a half miles, and about the sources ~g;~~t~o~~­
of the Cascade, is a r egion of Cretaceous hills, which, though rounded 
in outline as compared with the rougher aspect of the limestone moun-
tains, reaches heights of about 1,000 feet above the summit level. The 
plane of the present surface of the country is evidently near that of 
the top of the limestone sel'ies and base of the Cretaceous, and, in con-
sequence of this, the :flexures of the strata rendet· the outlines of the 
formations complicated and irregular. Opposite the summit, on the 
east, the Cretaceous appears to fold completely over the limestone 
ridge, which has up to this point been continuous, as shown on the 
map. Further on, the denuded crest of this anticlinal again exhibits 
the limestone rocks, which resume as a continuous ridge, in the Bare 

·• Panther River is probably a suf!ieiently near approach to tho Indian name of the stream, 
which sign ifies" The river where the mountain lion was killed." This, in Stoney, is rendered 
It-mos-tunua' -moos-ta-qa-te' -wap-to,' ; in Cree, Mis' -si' -pi' -sioo-ll.a' -nipa' -hilit-Bi' -pi'. 

19 



Character of 
Cretaceous 
trough. 

Coal-seam on 
Red Deer. 

146 B THE ROCKY MOUNTAINS. 

Mountains. The western side of the Bare Mountains is, however, 
formed altogether of Cretaceous sandstones, which dip westward at an 
angle of about 60°. The relations of the Cretaceous and limestone 
series, in this range where cut across by the Panther River, as they 
appear in the mountain on the north side of the valley, are illus-

FIG. 10. NATUREl OF JUNCTION OF CRETACEOUS AND LIMESTONE SERIES IN 

BARE MOUNTAINS. 

trated in the section to the · left on Fig. 10. The section to the 
right of the same figure, illustrates, diagramatically, the flexures 
shown in White's Mountain, forming the north end of the Bare Moun­
tains on the Red Deer. In both sections, the transverselymarked beds 
represent the rocks of the limestone series. 

From Saw-back Creek to the Red Deer, the Cretaceous rocks preserve 
their general character as a synclinal, with overturned western edge. 
They dip beneath the eastern border of the Saw-back Range at angles 
of 30° to 40°. Much higher dips are, however, often met with in the 
central part of the synclinal , where the beds are sometimes vertical, 
and evidently much disturbed and broken. The Cretaceous rocks 
on the eastern edge of the synclinal usually dip westward at angles 
of about 60°. The various streams, along which the trail runs, have 
excavated the greater part of their valleys, in a belt of dark, soft, 
shaly rocks, which appear to be continuous throughout. East of the 
Bare Mountains is a second, smaller Cretaceous infold, and the 
explorations of Mr. McConnell, in 1885, have shown that there are 
additional considerable areas of Cretaceous rocks, still further eastward 
between these and the last limestone range which separates the moun­
tain district from that of the foot-hills. Beyond the Red Deer, the 
Cretaceous rocks of the Cascade basin still continue as a wide belt 
running to the north-westward. We did not, however, follow them 
further in this direction, but turning westward by the valley of the 
Red Deer, travelled to the Pipe-stone and upper valley of the Bow. 

In the northern face of Prow Mountain-a bare, bold, limestone peak 
-the overturned character of the western edge of the Cretaceous 
trough is clearly seen. On the Red Deer River, at its base, and quite 
close to the overlapping edge of the limestones, is an exposure showing 
a coal-seam several feet in thickness, but so much crumbled and broken 
that the precise width could not be ascertained. Coal was also observed 
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in the bod of a stream joining the ri\'Ot' from the no:·th. A specimen 
from the bod on the river, was found to yielcl a firm coke, and to be, so 
far as composition goes, an excellent fuel, giving 2·9 per cen L. of 
hygroscopic water, 62·95 per cent. of fixed carbon and only 4·89 per 
·Cont of ash (seep. 7 M). 

The Rod Door River, where first reached, is a small stream, about a Red Deer 

hundred and fifty feet wide by six inches or a foot deep. Just above the Valley. 

·coal outcrop, it forms a fallabontthfrty feet high over limestone rocks. 
Auove this place, the valley turns to the south, and becomes very wide, 
.a chal'acter which it preserves for about seven miles, or to the base of 
Mount Douglas. The lower, or northern part of the wide portion of 
the valley is generally wooded, and but small areas of the forest have 
.been burnt. The timber is, however, of inferior quality. Near Mount 
Douglas the valley becomes open, and is characterized by gravelly hills. 

-Several streams join the river in this part of its course, one of which, 
·com ing from the valley at the east base of Mount Douglas, is reported 
to rise in a lake. The souLh-eastern slopes of the mountain are entirely . 

d b . fi 11 h. h . . t l . h. h Glaciers. ·covere y an extensive snow- e (, w ic gives rise o a g acier w 1c 
nlls the head of the valley just mentioned. The head of the valley, 
·which lies between Mounts Dmmmond and Macoun, is similarly 
blocked by a wide snow-field and glacier, and one part of the summit 
·of Mount Macoun is crowned by a cliff of blue g lacier-ice, fragments of 
·which, from time to time, fall over the vertical face of the mountain 
into the valley beneath. The mountains in this vicinity attain heights 
·Of 8,000 to over 9,000 feet, and are singularly varied and striking in 
form. The source of the Red Deer , at the summit of the pas8 Head-waters 

between it and the Pipe-stone, is found in a small lake, at an elevation of Red Deer. 

of 6,660 feet above the sea-level. From this summit a rapid descent 
is made to the valley of the Little Pipe-stone, the sources of this 
stream being at a distance of seven miles, in the mountains to the south. 
'r.he valley of the Little Pipe-stone is rather wide for a stream of such 
small dimensions, and is, for the mo3t pal't, thickly wooded. It joins 
the Pipe-stone at a height of 5,860 feet. 

The rocks actually obsol'ved on the upper part of the Red Deer, and Character 

.along the Little Pipe-stone, are almost altogethel' limestones, and the of rocks. 

whole of this part of the mow1tains is coloured on the map as belonging 
to the great limestone series. It is, however, more than probable that 
.areas of the underlying series of quartzites and slaty rocks come to the 
surface in some places, as the region is much disturbed, and the dips 
.often high. In the mountains between Prow Mountain and Mount 
Douglas, the strata become quite vertical. The beds in Mounts Drum-
mond and Douglas, dip south-westward at angles of about 20°, those in 
.Mount Macoun, in the same direction, but at a. lower angle. The range 
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on the east side of the Pipe-stone Valley, shows dips in the opposite · 
direction, indicating a general synclinal structure. Cambrian quartzites 
and slaty rocks occupy the valley of the Pipe-stone, in the form of ' 
an anticlinal, the axis of which rises southward, causing the limestones 
to recede from the valley as it approaches the Bow. The higher parts 

Mount llector. of Mount Molar (of IIector) and of the Mountain to the south of it, in 
the same range, to which I have given the name of ]\fount Hector, are 
composed of rocks of the limestone series, but the high, long spill', 
which runs southward from Mount Hector, is formed altogethcl' of" 
gl'eenish, reddish, or purplish, slaty or shaly argillites, and quartzose 
conglomerates of the Cambrian series. The range, which includes 
Mounts Molar aml Hector, has a synclinal structure, and is flanked 
by the Cambrian anticlinals of the Pipe-stone and Bow valleys, on the · 
cast and west sides respectively. 

y
1
iewtfroRm t The plate illustrating the Bow Range, facing page 138 n, is from a 

.1.' oun ec or. 
photograph taken from a point on the long southward spur of Mount 
Hector, just alluded to, above the timber line, at an elevation of 
about 7,000 feet, when these higher parts of the mountains were cov­
ered vvi.th freshly fallen snow. The plate, however, includes only a 
portion of the magnificent panorama of the central and higher part 
of the Rocky J\fountainfl which this point affords. It commands the · 
entire length of the Bow Valley, from the upper lakes to Copper 
Mountain, and will well repay any one who may be sufficiently enter-­
prising to reach it. A trail suitable for horses, could be made from 1 
Laggan station to this place at a moderate expense. 

The Colurnbia-Kootanie Valley. 

Tobacco Plaine. To complete the general description of the routes travelled withinr 
the portion of the mountains included by the present report, it now· 
only remains to add a few notes res1Jecting the great valley of the 
Columbi:1 and Kootanie rivers. It has already been noticed at some· 
length in connection with the preliminary chapter on orographic 
features (p. 28 B), which may be referred to in 1.bis connection. 

The part of the Kootanie Valley near the forty-ninth parallel has 
long been known as the Tobacco Plains. It is entitled to be named 
a plain only in comparison with the neighbouring mountainous regions, 
and the continuously open country extendR but a few miles north of the 
international boundary. The bottom of the wide valley is here composed 
of gravelly hills which appear to repre~ent moraine ridges in a more 
or less degraded state. These become lower on approaching the river, 
and are surrounded by wide, grnvelly terraces, which in sections on, 
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the Tobacco and Kootanic are seen to COI)sist of white silt, with inter­
bcdded coar e gravelly layers, and are probably due to the closing 

·epoch of the glacial period, when the valley was filled by an extensive 
body of water, into which turbid glaeier streams from the neigh bor­
ing mountains discharged. As already mentioned, the total annual 
rain-fall must here he very small , and it is in consequence of this fact 
that the 'plains' have remained without a forest covering. They are 
characterized by scattered groves of the yellow pine, with larch and 
Douglas fit" The soil is in general rather light, and sandy 01· gravelly 
in character, but where the silty deposit forms the surface, it is capa­
ble of produeing fine crops when inigatcd. N amorous sleep-sided 
hollows, without outlets, some of which hold pools and small lakes, 
occur among the moraine hills, and here and there pit the surfaces of 
the terraces. Large ice-carried blocks of the rocks of the mountains 
arc in some localities prelty thickly scattered, but rock in place 
.seldom appears in the valley. 

Northward to the E lk River, the same conditions pre\"ail, but theV>lileynorth-
b 

. ward to Elk 
·country becomes more generally wooded, the open tracts emg almost River. 
restricted to the tcnaccs along the Kootanie. The Elk is crossed nea1· 
its mouth by a ford, which, except at low water, is deep_, and danger-
ous owing to the rapidity of the current. 

From t he Elk to Wild Horse Creek, the wide belt of low country Country north 
. of Elk River. 

lymg between the Kootanie and the western range of the Rocky 
Mountains continues to maintain the general character of that further 
outh. Between the Elk and lower part of the Kit-a-mun River and 

Sand Creek is an extensive tract, with scattered grove.> of yellow pine, 
.and the other trees previously mentioned, having a park-like appear­
ance, and capable of affording abundant pasturage. Here some of the 
morainic ridges were observed to have a more or less distinct semi-

· circular form, open to the northward. The soil is usually light, but 
the flats near tLc river and some of the lower terraces, which arc of 
·considerable width, would be su itable for cultivation if irrigated. On 
appL'oaching th e base of the mountains the surface becomes generally 
wooded, and for some miles south of Wild Horse Creek it is rough and 
very evidently composed of slightly modified moraines. 

Bull River, like the Elk, is difficult to cross at high water, and anuu mver . 
. narrow bridge has been thrown ov-cr it at the point at which it leaves 
the mountains, where it appears as a wild toncnt, flowing for half a 
.mile or more, in a deep and very narrow canon. As a considerable 
·detour is necessary in order to reach this bridge, it is used only when 
the rivet' is at a high stage. North of the bridge is a high mountain, 
-visible from a long distance to the southward, and identified as "The 
.Steeples" of Captain Blackiston. 
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Joseph'sPrairie N car the mouth of Wild Horse Creek, a ferry bas been cstabli~bed 
across the Kootanie, and nine miles south-westward from it is Joseph's. 
Prairie, where, for ma11y years, Mr. Galbraith hD s, with the help of· 
irrigation, raised excellent crops. 'The country between the Koota11ie 
and Joseph's Prai1ie is undulating or hilly, partly wooded, and with 
occasional snrnll projections of slaty Cambrian r ocks. It forms an 

Cattle country. excel lent cattle range, and in this connection it may be stated that 
the entire valley, from the forty-ninth parallel to beyond the Low·cr 
Columbia Lake, affords much excellent bunch -grass pastmagc, and is . 
well adapted for the support of a considerable number of cattle and 
horses. 

Outlines of 
formations. 

Rocks near 
Elk River. 

Limestone area. 

Owing to forest fires in the neighboring mountains, and the conse-
quent dense and persistent smoke, little was seen of the mountains 
forming the eastern border of this greaL valley, between the forty-ninth 
parallel and Wild llorse Creek, and the outline of the western edge of 
the limestone series is shown on the map with approximate accuracy 
only. The greater part of the rnlley iE<, however, without doubt, 
underlain by Cambrian slates and qua1·tzites of the usual character, 
and Mr. Bauerman's previous observations show that those rocks also · 
characterize, for a long distance, the mountains to the west of the valley 
near the forty-ninth parallel.* 

These rocks appear to lie in a series of wide undulations, 
generally at rather low angles. Near the mouth of the Elk, some · 
exposures occur of greenish and grey fine-grained quartzitcs, precisely 
resembling those previously described as the Elk River bridge beds . 
(p. 78 B ). At this place, some pm pli~h beds also appear, in which small , 
psendomorphous imprcsi;ions of salt c1·ystals (sec p. 55 n) were observed, 
together with ripple-marked surfaces. Rocks of the same general 
character are seen in a few places north of the Elk River, but as no · 
connected section can be offered, it is considered unnecessary here to 
describe them in detail. 

On the lower part of the Bull River, near the banks of the Kootanie · 
to the south of it, and elsewhere in this vicinity, rocks of the limestone · 
series occur. The area affording these exposures, is outlined in a general 
way on the map, and is supposed to be bounded to the east by an 
extensive fault, which must run near the base of the mountains. The 
limestone is grey in colom", lies generally at rather low angles, (not 
exceeding 30° so far as observed), and resembles that forming the · 
upper })Ortion of the De-rnno-Carboniferous on Crow Nest Lake, in the · 
abundance of crinoidal fragments, though no other fossils wore seen in 
it. :rorth of the Bull RiYer, near the trail which leads to the bridge, 

• See Report of Progress, 1 82-84, p. 25 B. 



DAWSON·] COL UUBIA-KOOTANIE VALLEY. 151 B 

and not far from the base of the mountains, a low, isolated hill was 
found to be composed of a remarkable crystalline rock, which is 
evidently intrusive. It is chiefly composed of well-formed, orthoclase 
felspar cl'ystals, which are pinkish in colour, and, in some cases, neal'ly 
an inch in length. 'rlrn roek is rather porous, owing to the decomposi­
tion which it bas suffered, and itsjointage-plancs are coated with rusty 
incru tations and micaceous hrumaLite. It may be regarded as a variety Quart•­

of quartz porphyry in which the quartz is, however, observable under porphyry. 

the micro cope only. As loose pieces of a simila1· material were 
found in Elk Rivel', it is possible that other similar intrusions occur 
elsewhere in this neighborhood. 

Neat· the base of The Steeples antl at the bridge over Bull River aTe R?cks 00 Bull 
' ' ' - River. 

numerous exposures of qual'lzites, of greenish and brownish colours, 
passing into grey tints and interbedc.lcd with, and merging into black-
ish argill ites and slaty rocks. Some layers become -conglomeritic, the 
pebbles being composed of a black, somewhat silky schist. The clips 
are in general eastward, at rather high angles, though locally disturbed. 
The rocks being on the strike of those on the Hughes Range, may 
be taken as typical of those composing it. A number of strongly 
marked jointage-planes, which run parallel to the direction of the base 
of the rnnge, wiLh high clips to the westward, may be connected with 
the supposed great fault previously mentioned. Small quartz veins are Veins . 

numerous, and become rusty and porous on weathering, from the 
removal of dolomitic matter. They were observed to include also little 
segregations of iron and copper pyrites. Gold has been obtained in Gold. 

paying quantity on Bull River, near this place, but only at very low 
stages of the water. Near the mouth of the river, we obtained numerous 
' colours' by washing the gravel of the banks. A few 'colours' to 
the pan wore also found on Sand Creek. On Bull River, near the bridge, 
loose boulders occur, of a :fine-grained, granular hmmatite, seamed 
throughout with green and blue carbonates of copper. On assay it 
proved, however, to contain neither gold nor silver (seep. 26 M). 

The drift material observed in the Kootanie Valley, south of Wild Drift in 

Horse Creek, is chiefly of the ordinary Cambrian rocks, or of limestone. ~~?1~~n.ie 
l3esideti these, however, pebbles of whitish, granitoid rock8 were occa­
sionally seen. Such rocks do not occur in the Rocky Mountains, and 
it is probable that these pebbles have been derived from the Purcell or 
Selkirk ranges, on the WC8t. Pieces of lignite wern seen in t he gravel Probable 

f S d C l cl I f: t f fi l. t l 1. 't . ] d Tertiary area. o an ree c, an a arge ragmen o o ia cc 1gnt e was pie rn up 
on Bull River. The occul'rence of this material appears to afford proof 
that Tertiary rocks, resembling those of the Flat-head, occur also in 
the wide valley of Lhe Kootanie in this vicinity. The quantity of super-
ficial material, however, renders it impossible tu define this area, even 
approximately. 
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Wild Ilorse Creek, named Skirmish River on Palliser's map, bas 
been, from the first, the gold-mining centre of the Kootanie district. 
Its auriferous character was di scovered in 1864, and it was this dis­
covery which first drew the attention of miners to the Kootanie 
country. Since 1864, placer mining has been continuously cal'ried on, 
and the total value of the gold obtained is probably not much less 
than :S500,000. From 1878 to 1885 the returns show a yield of 
$188,380. Where it reaches the Kootanie, Wild Horse Creek is, at low­
water, a swift stream of about forty feet in width by one in depth. For 
about two miles from its mouth , it occupies a deep trough, which it has 
excavated in the silty and grnvelly terrace-deposits of the main valley, 
and this part of its course is now much obstructed by tailings washed 
down from the mines above. Further up, the valley is nanower, with 
steep banks, which show many exposures of rock, and high and very 
steep mountains rise above it on both sides. 

The portion of the valley in which successful mining operations 
have been carried on, is about two miles only in length, and extends 
north-ea«tward into the Ilughcs Range, from the base of the mountain 
slo1)es. The 'bed rock' was reached at no great depth below the bed of 
the present stream, in this part of its course, and was found to yield 
much coarse gold; nuggets valued at $100, being frequently obtained. 
Endeavours to reach the channel of the old river further down, have 
so far been unsuccessful. A sum of $10,000 was expended in one 
·such attempt, but the surface of the rock, when reached, was found 
to slope steeply down beneath the detrital deposits of the gl'eat 
Kootanie depression, and work was abandoned. The mining has, 
consequently, now, for some years, been confined to the "sidc-gl'ound," 
consisting of narrow, tenace-flats, ·which border the stream, and irreg­
ular sheets of gravel and deti'ital matter which lie upon the slopes. 
·Oflate years, the mining has fallen almost altogeLher into the hands 
of the Chinese. There is still much of this ' side-hill ground,' and, 
though portions of it are probably too poor to be worked in the manner 
.employed hitherto, it is probable that the whole might be utilized 
with advantage with the aid of suitable hydraulic appliances. 

The gold obtained is valued at $18·25 per ounce. No platinum, 
silver or galena have been found. with the gold in the sluice boxes, 
magnetic iron sand being its usual associate. 

The gold of Wild Horse Creek is evidently of local origin, but 
no gold-bearing quartz has yet been observed in its valley. The 
rocks in the Hughes Range, to the south of Wild Ilorse Creek, 
dip north-eastward, at angles averaging about 40°, and the range 
presents a steep escarpment-like front to the Kootanie. They con­
sist, so far as observed, of quarLzites, blackish and greenish schistose-
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Tocks and argillites, with some compact greenstones, which probably 
-occue as interbedded masses. Rocks of the same character are Rocks on Wild 

W .ld H C l b h .k h h t Horse Creek. represented on i oese ree ~, ut t e str1 e t ere c anges o 
a nearly north-and-south bearing, and the beds are nearly vertical. 
In ascending the valley, the fir;;t rocks met with, at the base of 
the range, are greenish-grey, rough and rather massive schists. 
Following these, are blackish, greenish and grey, rather silvery 
schistose rocks, not distinctly micaceous, but probably owing their 
lustrous appearance to talc or chlorite. They ate sometimes essenti-
ally argillities, but very often, on cro.ss-fracture, prove to be fine 
quartzites. Cleavage is in some places distinctly marked, but its 
strike is parallel to that of the bedding. These blackish and silvet-y 
schistose rocks run with the valley in its auriferous pot'tion, and are 
probably the source of the gold. They are traveesed by -very irnme-
rous scams and veins of quartz, and bands of the schist have become 
in places more or less completely silicified throughout; the whole ovi-
·dencing mucl1 segregative and probably hydrothermal action. Noveins . 
.large or regular quartz veins were, however, observed. The small 
veins generally contain spathic iron and dolomite, as well as quartz, 
and were noticed also to bold iron- and copper-pyrites, and minute 
specks of galena. They resemble much those seen near Bull River 
bridge (p. 151 B). The gold now found concentrated in the bottom of 
the valley has apparently been derived from the wearing down of 
.a great mass of these schistose rocks with their contained quartz 
veins, none of which may be individually of such size al:! to pay 
for working. It is by no means improbable, however, that per-
sistent veins of ·workable dimensions will be found in this rich little 

· di~trict, and now that the placer deposits have so much deteriorated in 
value, attention should be turned in that direction. 

From Wild Horse Creek noethward to the point at which the Koo- Kootanie 
· t th ' ·d 11 ,. t . . l h Valley north of tame en ers is w1 e va ey, no iea ures occur req u1nng engt - Wild Horse. 

·ened notice. The wide trough in which the river flows shows fiats, 
some of which are cultivable, and others, which are evidently flooded 
.at times of high water, wonld afford much good hay. This axial 
trough is bordered by low terrace3, which aee often of considerable 
width, and produce good grass. The valley is more generally wooded 
than in its southern portion, but is seldom thickly forested till the 
bases of the mountains are approached. The Lussier River, a stream 
about equal in size to Vhld Ilorse Creek, is the only considerable tribu-
tary from the east, rendering it evident that the Bull River must 
unwator the greater part of the country hehind the Ilughes Range. 
Thii:; range, north of Wild Horse Creek, is loss regular in form, and 
.shows more prominei;it peaks than to the south, but appears througb-

20 
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out to be composed of similar rocks. North of Lussier River, the.­
limestones again form the range bordering the valley. Partial views 
obtained (when the smoky character of the atmosphere happened. to 
be abated by showers) of the mountains on the west side of the valley, 
showed these to be rounded in form, and not vc1·y high, and it is prob­
able that the greater part of the Purcell Range is formed of similar 
Cambrian rocks. The peculifil' relations of the Kootanie to the U ppcr 
Columbia Lake have already been noticed (p. 29 n). The white, silty 
deposits contimie to form the basis of most of the terraces along the· 
valley, and were scen.nca1· the hea<l. of the Upper Columbia Lake, at a 
height of about 300 feet above it, or 3,000 feet above sea-level. 

Up~erColumbio. The Upper Columbia Lake is about 2,700 foot above sea-level, and, as: 
La e. determined barometrically, is a little less than forty feet lower than the 

nearest part of the Kootanie River, in the same valley. Its banks are 
formed by terraces, about one hundred. feet in height, of the white silt 
deposits. The main valley has been blocked at the head of the lake 
by the delta formed by the Kootanic, and possibly also in part by that 
of Findlay Creek, on the opposite side. The lake is similarly held in 
at its lower end by the delta deposit of Dutch Creek. The trail follows 
the east side of the lake and runs part of the way along fine, grassy 
slopes, which lie between the lake and the base of the mountains. 
Copious springs issue in several places along this slope, and deposit 
considerable quantities of calcareous matter. 

llot spring. 

Sir Geor~c 
8impson s 
remarks. 

Near the fir t stream from the east, beyond the lower end of the lake, 
and about two miles distant from it, is a copious hot spring. It is 
about half a mile east of the trail, on the slope of a hill, and issues in 
several places from the summit and sides of a rounded, calcareous 
knoll formed by its deposit. The main efflux, at the summit of the 
knoll, has produced a raised basin, which within measures about eight 
by four feet, and is two feet deep, forming an admirable natural bath. 
The discharge at this place is probably not less than twenty gallons 
per minute, and the temperature of the water at this (ihe hottest) 
point, was found to be 112° .F. There is no discharge of gas, but the 
water has a slight styptic saline taste. The brook immediately south 
of, and opposite the sp1'ing, bas formed a miniature canon by cutting 
for a considerable distance, through calcareous tufa, which in super­
posed flaggy layers, forms a thick deposit, overlying the gravelly 
material of the higher terraces. Sir George Simpson, who visited ibis 
spring in 1841, gives the following notes respecting it.-

" Near our encampment, we observed that the ston eR in the bed ofa 
little stream were covered with a yellow crust. Before starting for 
the clay, Berland conducted us to three hot springs, about three miles 
distant, which doubtless caused the phenomenpn in question. The-
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waters tasted slightly of alum, and appeared to contain a little magne­
sia; and, tho1,1gh we neglected to take om· them10meter with us, yet, 
on returning to camp, we estimated the three temperatures respec­
tively at about ninety, a humlreu and a hundred and twenty degrees• 
Two winters back, Berland, while suffering from a severe illnesf'l, made 
a bathing-place of these springs; and he either actually waR, or 
belim-ed that he was, bunefitcd by them."* 

The Lower Columbi:i, Lake is separated from the Upper by aboutB~iu~biaLake. 
sernn miles of marshy valley, through which the river winds. Its 
general appearance is similar to that of the Uppel' Lake. The genernl 
direction of the valley, with its bordering ranges, here suffers a marked 
change in trend, turning more to the westward, in correspondence 
with the similar ehange in direction found on the east side of the 
range at the Ilighwood Gap, which is in the same latitude. 

From the lake:; to the Kicking Ilol'se Rivei", the character of the Columbia. 
II - 1 l Tl d . . h Valley. va ey is near y everywhere t 10 ~ame. 10 epress10n in t e centre 

of the valley, in which the Columbia flows, is a mile or more in width, 
and is occupied by a series of swamps and lagoons among which the 
river pul',,ues a tortuous course, with a comparatively sluggish current. 
This axial depression is bordered on both sides by terraces, of variable 
width, which become more densely and uniformly wooded northward, 
and arc broken by tbe deep valleys of numerous small kibutary 
streams. On the west side, the valley for the greatet· part of its 
length, spreads widely, the surface rising gradually but irregularly in 
terraces antl low ridges toward the base of the Selkirk Mountains, 
Long Mountain and high, rocky ridges to the north of it, however' 
nanow tbo valley for a distance of about twenty-five miles, being 
intc1·poscd between the river and the Selkirk :Mountains. 

The limestone range, which borders the valley continuously on thc!~~0°[~iif 
ea~t, is steep, rough and bare, but , eldom includes mountains exceed-ranges. 
ing 8,000 feet in height, till it approaches the Kicking Ilorse. The 
streams joining the ri,·er from this side, though numerous, are small, 
and drain inconsiderable areas in the Stanford, Brisco and Beaver-foot 
ranges. 'The outer range of high mountains in the Selk irks is usually 
distant six or seven miles from the riVCI", and its lower slopes arc all 
densely wooded. This range is cut by a number of important valleys, 
which carry tributary rivers of comiderable size to the Columbia. 
The forms of many of the mountain masses ,n the Selkirks are fine, 
and the height of some of them is considerably O"l"er 9,000 feet 
aboYe the sea-level. These mountains are shown on the map, as 
approximately fixed by bearings and sketches from the east side of 

• :N"arrntivc of an Qyerland Journey Round the World. Vol. I., p. 128. 
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the valley. Their delineation must, therefore, be accepted as approxi­
mate only, and no facts bearing on their geological structure "·ere 
obtained. 

Rocks found The limestone rocks of the mountains on the cast side of the Colum-
along Columbi:t . . 
Valley. bia valley, though often much disturbed, show a general tenuency to 

eastward or north-eastward dips, and along the border of the upper 
part of tho Upper Columbia Lake, soft, grey, slaty argillites, with some 
layers of dolomitic limestone, appear at high angles, unconforrnably 
underlying the great limestone series. These rocks are referred to the 
Cambrian, but the few fragments of trilobites found in them cannot be 
determined even generically. Between the Columbia Lakes, some 
yellowitih-weathcring, coarse sandstones, with conglomcritic layers, 
charged with quartz pebbles, are also referred to this formation, but 
doubtfully. Thence, for many miles northward, the rocks of the 
limestone series appear in a number of places along the edge of 
the valley, and probably underlie its ,~d10lc width. They seem also 
to form Long Mountain, the beds in which are nearly horizontal. 
Twenty-two miles south-east of the mouth of the Kicking llorsc, 
Cambrian, slaty rocks, precisely resembling those above described, 
re-appear, and arc seen in a number of places all the way to the Kicking 
llorsc. They evidently form a narrow, continuous band, along the 
line of the Beaver-foot Range. Their uniformity in appearance is 
noteworthy, as also their exact resemblance to those immediately 
underlying the limestones on the Kicking Ilorse River, at several 
places between its mouth and the south-east end of .l\Iount llunter. 
On the slopes of the Beaver-foot Range, above these rocks, very 
massive beds of white or yellowish quartzite are associated with the 
limestone series, and these are provisionally included with the lime­
stones under the blue colour on the map. 

Glaciation and The occnrrence of large, loose blocks of this quartzite rock, many 
drift deposits. miles south of its outcrops, along the Columbia Valley, together with 

distinct glaciation in the same direction, seen on one 01· two surfaces of 
limestone, show, pretty clearly, that the ice which must have occupied 
the valley during the glacial period, moved southward. The white silts, 
found so extensively developed in the southern part of this gl'eat valley, 
also continue in this northern portion, but toward the mouth of the Kick­
ing Ilol'se, become gradually less characteristic in appearance, changing 
to a yellower shade of colour. They arc also not so uniformly fine in 
texture, and arc more than elsewhere mingled with gravelly intercala­
tions. This change appears to afford additional evidence of the fact that 
thew hole valley, at the time of the formation of the terrace-deposits, 
drained to the south. Facts showing that its drainage followed the 
same direction during the formation of the still later axial trough, have 
already been cited ( p. 31 B ). 
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No fossils sufficiently well preserved to determine the age of the Fossi ls and age. 

rocks, were collected by us in any part of the Columbia Valley, but of rocks. 

Prof. A. P. Coleman of Victoria University, Cobourg, was so fortunate 
as to obtain a few fossils from the rocks of the south-west slope of the 
Beaver-foot Range, which he submitted to Mr. J. F . Whiteaves for 
Jetermination. These included Halysites catenulatus, and Favosites 
Gothlandicus, with an Orthis, a Rhynchonella, and some crinoidal and 
cystidian columns, indicating a Silurian age. The first-mentioned 
species was collected in limestone which passed beneath quartzites 
probably identical with those above described. It is therefore probable 
that in this part of the mountains a considerable series of beds, inter-
mediate in age between those of the Cambrian and Devonian, are 
developed, and the result of Mr. McConnell's work, on the Kicking 
Rorse, will be awaited with interest in this connection. 

The auriferous character of several of the streams on the west side of 
the Columbia, in this part of its length, is referred to on a subsequent 
page. 

Recapitulation of Geological Section. 

Under this heading, it is intended to review, in brief terms, the fea­
tures of the various members of the general section met with in this 
district of the Rocky Mountains, to compare the several local sections, 
and to note such other general facts as may be of importance. 

Of the rocks referred to throughout this report as Cambrian, no Cambrian •. 

complete general section can be offered. So far as this district is con-
cerned, they form the basal formation, and it will probably be neces-
sary to seek their actually lowest beds in the Purcell or Selkirk 
ranges, in which it is probable that they occur in conjunction with 
still older crystalline rocks. The component beds of the great Cam-
brian series are, in the main, quartzites and quartzitic shales, passing 
into argillites, and occasionally including limestone or more or less 
calcareous or dolomitic materials, and conglomerates. Sheets of con­
temporaneous trap also occur, probably at several horizons. The 
colours of these beds are extremely varied, and though, as a rule, con­
siderably indurated, they seldom show traces of metamorphism result-
ing in the production of crystalline minerals. 

The mo::;t instructive section obtained of a portion of the Cambrian Sections near 
" · · h t " d W t t I. k d · h WatertonLake~ iormatwn, is t a ioun near ' a er on a e, an m t.,.e eastern part 
of the South Kootanic Pass. This embraces a thickness of about 3,000 
feet, and is detailed on p. 39 B. It is r egarded as includ ing a portion 
of the middle part of the formation as developed in this district, but 
somewhat careful seai eh has failed to lead to the discovery of fossils in 
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it, and its constituent sub-se1·ics have not been clearly recognized in 
other parts of the region. This latter fact need not be supposed to 
indicate that the corre,ponding portion of the formation is elt;ewhere 
absent, but it is believed to arise from a variability in the composition 
of foe series in different parts of the field. The rocks of the limestone 
series here rest with distinct unconformity on the eroded beds of the 
Cambrian. 

Between the eastern summit of the South Kootanie Pass and the 
Flat-head River, the minimum e.,;timated thickness of the outcropping 
Cambrian beds is 11,000 feet, but the section includes neither the sum­
mit nor the base of the series. Other sections show a probable 
thickness of ovel' 5,000 feet for a part of the series, but none were 
found in which its whole volume could be asce1·taincd. 

Throughout all this region of the Rocky Mountains, the general 
appearance and composition of the Cambrian is similar, but some 
points of difference may be observed as between its southern and 
northern portions, and it is believed that an upper part of the forma­
tion is extensively represented in the north-western half of the district, 
which is either entirely wanting or but seldom preserved in the 
south-eastern. The limestone, 200 feet in thickness, forming series B, 
in the sections near Watcrton Lake, was not elsewhere recognized, and 
the massive, fine-grained, greenish and grey quartzites, referred to as 
the Elk River bridge beds (p. 78 n), found at several widely separated 
localities in the southern part of the district, were seen seldom, if at all, 
to the northward. To the south, also, the red bods, more fully men­
tioned later, are not nearly so characteristic or important. In the 
north-western part of the region, fine-grained argillaceous shales and 
slates, which become in some places glossy or silky in aspect from the 
incipient development of crystalline minerals, and va1·y in colour from 
black to pale grey or yellowish, are much more prominent, while 
the conglomerate beds, with quartz pebbles, are there also most fre­
quently found. It is, further, in this north-western part of the district, 
that the few fossils which have been collected in this great quartzite 
or Cambrian series, were obtained. These occur within two or three 
thousand feet of the top of the formation as there developed, and, as 
already stated, represent a Middle Cambrian horizon, while no Yestige 
of a fossil has yet been obtained from the rocks to the southward. 

On the western part of the South Kootanie Pass, in connection with 
red beds, which include both sandstones or quartzites and shales, 
ripple-marked sul'faces, surfaces broken by mud-cracks, and beds 
covel'ed by pseudomorphs of salt-crystals, were observed; these evi­
dencing noL only shallow-water conditions, but showing that areas of 
sea-water, cut off from the ocean, had there become by evaporation 
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saturated solutions of sea-salt. Similar facts were noted near the lower 
part of the Elk River, and from their association with the red bods (an 
association repeated in the Triassic rocks of the same region) it may be 
safely assumed that the red coloration is connected in its origin with 
similar conditions. Such red beds are there extensively developed, 
and are believed to occur at two or more horizons in the series, and it 
is not improbable that the deposition of these presumably lower beds 
.of the Cambrian, occurred in a Lasin, which was often, if not continu­
·ously, separated from the main ocean. 

The psoudomorphous impressions of salt-crystals above referred to, Pseudomorghs 
't d" t" t · d 'l d" t' · h d f d of salt crystals. are qm e is mc m appearance, an eas1 y 1s mgms e rom pseu o-

morphs of crystals of iron pyrites. They have been filled by clayey 
matter, while the rocks were still in a soft state, and have gener-
ally been much flattened by the subsequent consolidation of the 
material by pressure. It therefore appears necessary, to suppose th:.i,t 
this part of the Cambrian was converted, not long after its deposition, 
into a land area, so as to allow the percolation through it of fresh sur-
face waters. It is even possible that this occurred before the formation 
of the supposed later Cambrian rocks of the northern part of the 
region. 

The conglomerates above alluded to were seen for the most part in Conglomerates. 

connection with the Cambrian anticlinal of the upper portion of the 
Bow Valley. They are characterized by pebbles of milky or semi­
transparent quartz, together with pieces similar in size of fresh-looking 
whitish felspar, and the matrix contains abundance of pale mica. 
'These constituents have evidently been derived from some not far dis-
tant exposures of coarse granitic or gneissic rocks. Fragments are 
also found of dark, lustrous schist. Rocks of the character of those 
Jargely developed on Shuswap Lake and in the Gold Range would 
.afford such material.* 

The Cambrian of this part of the Rocky Mountains resembles that of Cambrian of 

the Wasatch Mountains in Utah, in the fact that with the exception Wasatch. 

·of the Middle Cambrian fossils near its summit, it is entirely destitute 
-0f traces of life. Its general lithological character ii:i also similar. The 
Cambrian of the W asatch is described by Messrs. Hague & Emmons as 
"'a body of quartzites more or less argillaceous, having some fine-
.grained mica-schists in its upper portion, and, near the base of the part 
·exposed, a bed of some 800 feet of dark-blue, almost black, finely 
laminated argillites. Its thickness, as estimated from the distances 
between outcrops and the average dip, cannot be less than 12,000 
feet."t · 

• See Report of Progress, 1877-78, p. 96 n. 
t Geological Exploration of the Fortieth Parallel, Vol. II., p. 366. 
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Cambrian of The lithological l'esemblanco is, however, in some important particu-
Grand Canyon. I l b t th C b . k f h' f ars, even c osel' as e ween e am l'!an l'OC s o t is pal't o the 

mountains, and those of the Chuar and Grand Canon groups of the Colo­
rado Canon in Arizona, as described by J\fr. Walcott.* The occurrence 
of thick beds of parti-coloured shales, the abundance of ripple-marks 
and mud-cracks throughout, and especially the evidence (in the Grand 
Canon group) of contemporaneous volcanic activity, in the form of 
interbcdded greenstonei:;, coni:;LiLute points of identity with the series 
here described. 

Absence oflife. In a paper received while this report is going through the press, t 
Mr. Walcott refers to the absence of the Lowel' Cambrian fauna in. 
the western part of the continent, and provisionally refers it to a 
land barrier, supposed by him to have existed at that time between 
the eastern and western portions of the Continental area. It is. 
perhaps worth noting the fact, that the body of water in which the 
lower portion of the rocks here described wel'e deposited, was a basin 
separated from the ocean, and, occasionally, if not continuously, in 
the condition of a saturated brine, may in itself explain the absence­
of life of any kind, at lea. t in this particular region. 

Limestone 
series. 

The facts at present available do not warrant any definite statement 
as to the charactel' of the beds which appear to occupy a position 
between the Cambrian and the Devona-Carboniferous limestone series. 
It is evident that strata filling at least a part of this interval, occur in 
the north-western portion of the district here described, and their 
investigation is at present in progress by Mr. McConnell. 

The great limestone series of the mountains is referable, in a 
general way, to the Devonian and Carboniferous periods, and charac­
teristic fossils have now been collected from many parts of it. Its 
thickness and de,clopment is probably irregular, and dependent on 
the contour of the older rock-surface on which it rests uncomformably 
Near the eastern end of the South Kootanie Pass, its volume was esti: 
mated at 1,000 feet (p. 39 B), while on the same pass, near Mount 
Yarrell, its minimum thicknei3s is about 4,000 feet (p. 50 B). On the 
Crow N est Lake there is an apparent thickness of 9,610 feet, but sub­
sequent investigation renders it probable that this is due to folding, 
and that the actual exposed thickness is 3,575 feet, the base of Lhe 
formation not being seen (p. 72 B). In this section and elsewhere, 
between 1,000 and 2,000 feet of the upper portion of the limestone is 
highly crinoidal in character. 

A prolonged period of quiet marine deposition is indicated by this 
great body of limestone. 

• Ameri .:an Journal of Science, Vol. X.'CVI., p. 437. 
t Ibid, Vol. XXXII., p. 138. 
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Overlying, and blending with the highest beds of this limestone Highest beds 
series is a thickness of sevel'al hundred feet of rather massive calca- ~~rl~~estone 
reous sandstones, which weather to reddish or yellowish tints. These 
were well seen near the Crow Nest Lake (p. 73 B). On the South Koo-
tanie Pass, west of the F lat-head (p. 54 B), at the west entrance to the 
Gap of the North Fork of tho Old Man (p. 80 B). Near the east end of 
the White Man's Pass (p. 113 B), on the Cascade Rivet· (p. 143 B) and 
elsewhere. In these beds, 01· in the limestones near this horizon, the 
greater part of the distinctly Carboniferous forms were found. On 
the Bow River, near the mouth of Red Earth Creek, and on the Elbow, 
forming the eastern edge of the isolated limestone area in the foot-hills 
(p. 104 B) a considerable thickness of black, flaggy, high)y calcareous 
shales was obscr,ed occupying a similar position at the top of the 
limestone series, and possibly repl'e ' enting a local difference in character 
of sedimentation on the same horizon. 

South of the line of the Crow Nest Pass, the limestone series is con-Triassic. 
formably overlain by rocks which are referred to the Triassic or Pe1·mo­
Triassic. In the vicinity of the South Kootanie Pass, an interbedded, 
amygdaloidal diabase everywhere occurs at the base of the Triassic 
rocks. This, though classified under a separate letter (E) in the gene-
ral section of that region (p. 39 B), is now known from the occurrence 
o~ a similar bed (if not the extension of the same one) among the dis­
tinctively Tria. sic rocks of tbo summit of tho North Kootanie Pass 
(p. GOB) to be more properly ranked as a member of that series. The 
trap flow has a thickness of fifty to one hundred feet, and is overlain 
near the South Kootanie Pass by red beds and fawn-coloured magne-
sian sandstones, 600 feet in thickness. Near the NorLh Kootanic sum-
mit it forms part of a similat· series of alternating, flaggy, magnesi::m 
sandstones, and red sandstones and shales, 2,000 feet in thickness 
(p. 60 B). In connection with tho red beds, ripple-marked surfaces, 
mud-cracks and impressions of salt-crystals occur, the whole indicating, 
as the conditions of deposition of the rocks, those of a ba in cut otf 
from the main ocean. 

With the sing lo doubtfu1 exception of certain red beds, seen from a Di•tribuVon. 
distance, near the summit of the White Man's Pass (p. 115 B), these 
Triassic rock~ are entirely confined to the district south of the Crow 
Nest Pass, and, as elsewhere more fully shown,* we find here probably 
the northern limit of a great Triassic mcditel'l'ancan sea, which 
extended far to the southward in the western part of tbe present Con-
tinental area. 

• Trans. Royal Soc. Canada, Vol. I., ~ect . IV., p. 143. 
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The entire absence of fossils makes it impossible to decide the age 
of these beds on pakeontological grounds, but their 8tratigraphical po i­
tion and similarity to the Triassic of regions to the south, render it 
nearly certain that they are, in part at least, properly referred to that 
formation. The gradual character of the passage from the upper beds of 
the limestone series (broken only by the casual intercalation of tl'ap ), 
tends to show lhat part of the lower portion of the series may not 
improbably represent the Permian period. 

The rocks of the Cretaceous, are the next in ascending order known 
in this region. Over the area of the great plains, both in the United 
States and Canada, and in the Rocky :Mountain region south of this 
district, the lowest rocks of the Cretaceous series developed, arc those 
of the Dakota, of Middle Cretaceous age. In the vicinity of the West 
Coast, Lowel' Cretaceom; rocks are found, and in this part of the moun­
tains we appear to enter upon the edge of the area of deposit of the 
Lower Cl'ctaccous, the beds hel'e named the Kootanie series occupying 

Kootanicscries. that horizon. The geological horizon of the Kootanie series is deter-

Fossil;. 

mined by its position relatively to the higher members of the 
Cretaceous series, and by the fossil plants which it has yielded, which 
al'c enumerated on former pages. No fossil remainll buL those of 
plants have been found, with the exception of a broken fragment of a 
mollusc, which is pretty evidently a Goniobasis, from the plant beds of 
Coal C!'cek, and part of the guard of a belemnitc from the beds of the 
Cascade basin. 'rhough the Kootanie series is hel'e throughout spoken 
of as a portion of the Cretaceous, its fossil flora shows, acco!'ding to 
Sir J. W. Dawson, points of affinity with the Jurassic of some other 
regions. The plants "consi1:1t of ferns, cycads and conifers, some of 
them identical with, or closely related to, those of the J urnssic of the 
Amur com1try in Siberia, and other1:1 ~imilarly related to the Lowe!' 
Cretaceous of Greenland, as these floras have been de;;criucd by Heer. 
This group, undoubtedly repl'esents the flora of the Lowest Cretaceous 

) 

which has not hitherto been recognized in Westem .America."* The 
localities from which plants of this stage ba\7 C already been collected, 
in the district here described, arc comprised within an area about a 
hundred and forty miles in length by forty in breadth, but occur in 
severa l now distinct Cretaceous infolds. That the series characterized 
by these plants is a wide-spread and important one, it:1 shown by the 
fact that one of the specie1:1 ( Pinus Suslacaensis) bad preYiously been 
found on Suskwa Rive1·, in Northern British Columbia, at a distance of 
580 miles north-west of tbo most northern locality here refe!'rcd to. 

• Trnns. Roya l So<:. Canada, Yol. IIl., Sect. IY. 
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The relation of the lowest beds of the Kootanie set:ie.' or base of the Condi.ti?ns of 
' depos1t10n of 

Cretaceous, to the Triassic bed8 of the southern part of the district, has a~~~~~i;0~~~ 
not been observed, but northward, in a number of places, these rocks have 
been found to rest with an appearance of conformity on the calcareous 
sandstones, previously desc1·ibed as forming the summit of the lime-
stone series. The occurrence of conglomerates in association with the 
Kootanie series, largely composed of rolled chert pebbles from the 
lin:;estones, and containing, also, fragments of limestone, eYidences, 
however, that the limestone series was fully hardened, and that segre-
gative action bad had time to produce its characteri:;tic silicious con-
cretions before the bedti of Kootanie age were formed. We have 
already :;een, that it is probable that the Triassic red beds never 
extended to the north of the southern part of this portion of the Rocky 
Mountains. If they did so, they must have been remoYed by d.enu-
dation before the deposit of the first Cretuceou:; beds, and. it is highly 
improbaLle that this should have occurred in t'uch a way as to 
leave the calcareous sandstone>-1 above mentioned, so generally at the 
actual surface, at the moment when the deposition of the Cretaceous 
commeuced. The denudation necessary for the remoYal of the Tri-
ai:;sic beds, would probably have produced it rough, irregular, worn 
hurfacc, on which the Kootanie bedi:; would be found to rest. The 
fact being otherwise would nppear to show, that deposition ceased 
in the northem part of tbe area during the Triassic, in conse11uencc 
of the gent,lc upraising of thi:, northern region to form a wide 
area of low, flat land, not likely to be affected by severe dcnuclation. 
lt i,; i)ossiblc that this land was actually that which separated 
the enclosed Triassic medite!'rane~in of the south, from the truly 
marine Triassic area of the Monotis bedB, developed in the Peace River 
region and elsewhere to the north . At a later date flexure occuJTed, 
the waters again invaded the land area by hollows and depressions, in 
which the lowest beds of the Kootanie group were at once laid down; 
while intervening anticlinals stood out as rocky islands and more or 
less extensive land areas, the wearing away of which supplied the 
materials for the conglomerates and sandstonei:; of the Kootanie and 
later Cretaceous beds. 

No complete section can yet be given of the Cretaceous rocks of the Constitution 

mountain region, nor of those of the adjacent foot-h ills, which, doubt- ~!r9!:~aceous 
less, at one 1.ime formed a continuous sheet with them; and on the 
accompanying map it bas been deemed advisable to give one colour 
not only to the various sub-divisions of the Cretaceous, but also to such 
Laramie rocks as occur within the area. Two horizons appear, how-
ever, to be :fixed with considerable definiteness in the lower part of the 
Cretaceous of the mountains,-that of the most impOl'tant and persist-
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ent coal-seams, and that of the volcanic intercalation. The first of 
is fixed in part, by the similarity of appearance and character of the 
coals and beds near them, but chiefly by the very similar group of 
fossil plants, which is found in association with these coal seams. 

Coal-bearing The coal-bearing horizon found in two places on the eastern part of 
horizon. the North Kootanie Pass (pp. 58 B., 59 B), at the western summit of the 

Thicknes• of 
CretaMous 
series. 

same pass (p. 64B), on the Crow Nest Pass (p. 69 n), and at two places 
on the North-west Branch of the .North Fork of the Old Man (pp. 87 n., 
~8 n), together with that of the chief coal seams of the Cascade trough, 
both on the Bow and Cascade l~iver~, and on the Red Deer (pp. 126 B., 

146 n), the coals of Fording River (p. 109 n), and probably of the Green 
Hills, near the Elk River (p. 110 B), is believed to be nearly, if not 
quite identical. In the adjacent foot-hills the coal met with near the 
mountains on the North Fork of the Old Man is probably also on the 
same geological plane.* 

The thickneEs of rocks of the Koolanie series below this coal-bearing 
horizon was estimated on the Crow Nest Pass, and n ear the west sum­
mit of the North Kootanie Pass at about 7,000 feet, wbich may be 
taken as a minimum estimate of the greatest observed de>elopment of 
this pai·t of the series. The beds are chiefly shalcs and sandsto nes of 
veryvaried texture and appearance. 

The volcanic ash beds and agglomerates of the Cretaceous, in this 
region, are evidently que to a local eruption, which had its centre 
in the latitude of the Crow Nest Pass. These volcanic rocks have, 
however, been traced north and south from this point over a total 
length of forty-five miles, and may probably have at one time had 
as great an extension east-and-west, though this has subsequently 
been dimished by the folding together of the beds. The volume 
of strata between the coal-bearing horizon and base of the volcanic 
rocks on the Crow Nest Pass, was estimated approximately at 3,350 
feet, on the South Kootanie Pass at 2,400. The mean of these 
approximations, 2,750 feet, may for the present be adopted as a prob­
able result. Th e volcanic rocks themselves, on the Crow Nest Pass, 
where they attain their maximum, have a volume of about 2,200 feet, 
but thin out very rapidly to the north and south. 

Summit of The summit of the Kootanie series is not yet precisely defined, but 
Kootanie group is situated betweeen the apparently-constant coal-bearing horizon 

and the base of the volcanic beds, as, on the North-west Branch of 
the North Fork (p. 88 B ), fossil plants, believed to represent the horizon 
of the Dakota, are found a few hundred feet below these volcanic beds. 
This observation would make the horizon of the volcanic rocks them-

* See Report of Progress, 1882-84, p. 103 c. 
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selves as nearly as possible identical with that of tho~e previously 
referred to (p. 69 n), as having been noted by Prof. Stevenson in 
·Colorado. It is, therefore, not improbable that we find in these two 
very widely se1)arated localities, traces of an epoch of volcanic 
activity in the Dakota period, which may yet prove to be important. 
Volcanic rocks are also largely developed in connection with th e lower 
parts of the Cretaceous on the west coast of Brit ish Columbia. 

The sections repl'e en ting the upper part of the Cretaceous rocks ofRocks ~r . 
. . . Kootame senes 

the mountams are, unfortunately, very unsatisfactory, the best berng 
that of the North-west Branch just alluded to (p. 88 n). The volcanic 
beds are thern followed by dark shales which afford a few fossils r eferred 
to the Benton group, and are estimated to attain a minimum thicknes,; 
of 1,400 feet. Above these are sandstones and shales, generally of pale 
tints and possibly several hundred or a thousand feet in thickness, 
which are supposed to r epresent the Belly River eries of the plains to 
the eastward. A concealed a!'ea beyond those, is presumed to be 
underlain by the Pierre shales, and sLill higher in the section are bedti 
r eferable to t he base of the Laramie, with characteristic fossils. The 
thickness of the Laramie at this place is indeterminate, but must be 
considerable. 

The section of t he Cretaceous rocks of t he Cascade trough, to the Rocks or 
north, has not been referred to in the preceding paragraphs. Its dis- Cascade trough. 
tance from the localities here pai·ticularly described, and the entire 
-absence of the volcanic intercalation, r enders precise correlation at 
present impossible. The plants found in association with the principal 
coal horizon a!'e, however, s imilar to those elsewhere observed in the 
same connection, and, as previous stated, it is not impo sible that the 
t hicker coal-seams occupy a similar horizon throughout. The chief 

ere hold a middle position in a section showing at least 
0 feet of sandstones and shaly beds, and induding numerous less 

important coal-seams. At 2,500 to 3,000 feet above the thickest coal­
seams, are important beds of conglomel'ate, which are possibly on 
the same horizon as those of the summit beyond Marten Brook on the 
west part of the Crow N est Pass, which were estimated to be at least 
1,.500 feet above the coals of Marten Brook. On the hypothesis that 
the principal coal-bearing horizon of the Cascade basin occupies the 
same position as that developed in the southern part of the district, 
the thickness of beds found above this plane in the Cascade basin, 
would appear to indicate that the upper members of the section there, 
may be referable to the Dakota gl'Oup. None of the characteristic 
plants of that group have, however, so far been obtained from these 
rocks. 

A provincial general representation of the Cretaceous beds of the 
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mountains of this region, as compared with those of the plains to the· 
east,* may be given as follows, in descending order:-

Rocky Mountains. 

t:-< FEET. 

1. {St. Mary Rfrer beds (base) [not,~nown]. r Fox Hill and Pierre .. ...... . [ ] 
o I Belly River series ........... [ " ]. 
~ Benton and (Niobrarn ?) .•••• ......•. 1,400 
" 1 Volcanic rocks (greatest thickness). 2,200 
g I Dakota and upper part of Kootanie 
:• series to coal-bearing horizon . . . . 2,750 

l Lower part of Kootanie series..... . 7,000 

13,350 

Foot-hills and Plains. 

FEET. 
Porcupine Hill beds ..... 2,500 
Willow Creek beds.. . ... 450 
St. Mary RiYer beds . .... 2,800 
Fox Hill and Pierre... . . 830 
Belly River series...... . 910 
"Lower Dark Shales". . . 800 

8,290 

.Adding the eslimated volumes of the series of the adj11cent plains, 
down to and including the Belly Rivet· series, to those of the lower groups 
of the mountain area, we arl'ive, for the CL'etaceous of the region, at a 
total maximum thickness of 20,840 feet. While there is yet no certainty 
that the whole of this vast serieb of beds was deposited in any one 
part of the region, no evidence of a contrary tendency is known, and 
so far as observation goes, the beds of the plains show a decided increase 
in thickness on their approach to the foot-hill and mountain al'ea. 

With regard to the circumstances of deposition, in the area of the 
mountains here particularly described, the following statement may be 
made. Marine conditions appear in connection with parts of the Koo­
tanie group, but it is evident, that while a great F;ubsidence was in pL'o­
gress, i;edimentation in general more than kept pace with it, leading to 
the frequent occurrence of tracts of land on which vegetation could 
flourish. This continued to be the I case till the \Olcanic eruption 
which produced the ash and agglomerate beds occurred, and it is even 
probable, from the di;;covery of plant l'emains in them, (p. 57 B) that 
some of these beds were sub-aerial. The 8Ca held a prolonged sway 
over the region du1·ing the deposition of the Benton shales with 
marine fossils, but it is not known whether fre!<h-water and terrestrial 
conditions supervened in this particular district during the pt'evalence 
of such conditions over the neigh boring area of the plains in the Belly 
River period. The Pierre shales having been found in the adjacent 
foot-hills to hold marine fossils tends to show, that at the time of their 
depositions, marine conditions mutit have prevailed also over the area 
of the mountains. As in the adjacent foot-hi ll s, the base of the Laramie 
consists of estuarine deposits. 

•See Report of Progress, 1882-84, p. 112 c . 
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Of the character of the Miocene (?) beds, referred to in the descrip- Miocene. 

tive portion of the report (p. 52 B), so little is known that noLhing 
need be said of them here, except to note, that their area is apparently 
not extensive, and that they represent the first known renewal of sedi­
mentation after the great period of mountain making,and a vast erosion, 
which left the surface much in the condition in which it now appears. 
They lie in one 01· more valleys and are probably the deposits of 
ancient fresh-water lakes, like those found in Miocene times in the 
Interior Plateau region of British Columbia . 

.A number of facts connected with the glaciation of this part of the Glaciation. 

mountains, have been noted on previous pages of this report. The 
general features indicated by them add little to the sketch of the glacial 
phenomena for this region, given in a previous report.* All the valleys 
in the mountain area have evidently at one time been choked with ice 
to a great depth, and glaciers debouched from them into the foot-hill 
region to the eastward, while a great combined glacier with southward 
movement, seems to have filled the Columbia-Kootanie Valley on the 
west. Notwithstanding this, there appears to have been very little 
heavy ice action or transport of material in some portions of the 
range, as in the region above the bead waters of the Old Man River. 

lt is also WOl'th noting, that while bouldel's of eastern Laurentian 
rocks are found up to the very base of the range near the forty-ninth 
pa1·allcl (as described in the report just referrnd to), no fragment of 
rocks of this kind has been found in any part of the mountains proper. 

One other point, which appears to be anomalous, and which I will 
at present not venture to endeavour to explain, is the occurrence of 
heavy glacial striation in a southward or south-eastward dfrcctian, on 
surfaces on the bank of the Jumping Pound River, about thfrteen rock 
miles cast of the base of the mountains, in a region of wide valleys and 
low foot-hills. 

Oeneral Note on Economic Minerals. 

The occurrence of the various minerals of economic value, has been Distributio 

fully described in connection with the localities in which they are of Coal,. 

found. It will, therefore, be 11ecessary, in conclusion, merely to 
l'ecapitulate the main facts. 

The Cretaceous rocks, coloured green on the map, are the coal-bear­
ing series of the region, and coals have already been found in a number 
-0f places in each of the great basins represented. These basins, 
or troughs, are distinguished by name as the Crow Nest, Elk River, 

• Sec Report of Progre,s, 1882-84, p. 139 c. 
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and Cascade River troughs respectively, for convenience of refer­
ence. Owing to the rough charncter of the countl'y and the compli­
cation of the outcrops, it is certain that but few of the actual 
exposures of coal have yet been discovered, and that the number and: 
extent of the seams as now known will be largely increased by future· 
research. The adjacent foot-hills are also well supplied with excellent. 
coals, as more fully described in the Report of Progress for 1882-84. 
Within the mountain area, many of the coal outcrops are in localities. 
so remote and difficult of access, that their possible utility is consider­
ably lessened. Others can be reached and use<l without much difficulty 
when required, and the anthracite of the Cascade basin is already 
being opened up. It is also probable that the discovery of metalli­
ferous ores in various parts of the mountain region, will at a future date, 
cause the coa.ls of places otherwise unimportant to be drawn upon for 
smelting purposes. 

The principal known coal outcrops are numbered consecutively on 
the face of the accompanying general map, and references given to 
the pages on which they are described. 

·within the mountain area, the coals so far examined occu1· chiefly in 
the Kootanie group, or lowest Cretaceous, and, with the single excep­
tion of those of the Cascade basin, they rank as bituminous coals. 
The anthracitic character of the coals of the Cascade basin does not even 
extend to the whole area of this Cretaceous infold, but is evidently due 
to exceptionally severe local alteration, as, on following the same beds 
northward to the Red Deer River, the contained fuels became coaking 
coals. Loose fragments of coal found in the upper part of Sheep 
Creek, in the northern extremity of the Crow Nest trough, show a 
tendency to become anthracite, but the beds were not found in place. 
The fuel most nearly approaching a lignite is that derived from the 
beds in Oyster Creek, which con tains four per cent. of hygroscopic 
water. 

Gold. The only part of the region which has obtained arccognized position 
as a gold-mining district, is Wild Horse Creek, described on p. 152 B, but 
nearly all the streams flowing into the Columbia-Koolanie Valley, are 
known to contain more or le8s alluvial gold, and on some of these, par­
ticularly those joining from the west, payiug claims have been worked. 
The restricted characte1· of the portion of Wild Horse Creek which 
has proved so richly aurifcrous, shows how easily similarly rich portions 
of other creeks may be passed over in this rough, mountainous country, 
and hould be an incentive to the prospector to carefully examine all 
portions of the district which are based on the slaty zones of the Cam­
brian. No auriferous alluvial depo its have yet been found to the east 
of the watershed in the mountain region , and though the gravel bars or 
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numerous streams were examined by washing, not even 'colours' could 
be obtained on this slope. It is :-;till possible, however, that paying 
placers will be found within some of the Cambrian areas there, anJ as 
worthy of examination, I may note, the Cambrian anticlinal of the 
upper Bow Valley, and its south-eastward continuation on the branches 
of Red Ea1·th Creek. 

Coppe1· and lead ores occur in this part of the mountains in con- Corver und 

siderable abundance. Most of those which have been prospected at'e lead 

in the vicinity of the Bow and Kicking Horse rivers and near the 
Columbia-Kootanie Valley. It is probable that some of these deposits 
already known, will prove to be of a remunerative character, and that 
many others will be discovered. It should, however, be slated that so 
far as the analyses of these ores yet made can be accepted as an indica-
tion of their general composition, the quantity of gold or silver car-
ried by them is inconsiderable. The connection of deposits of this 
character with cel'tain igneous intrusive masses has already been 
rnferred to (p. 123 B). It may reasonably be expected that metallifer-
ous veins will also be discovered within the area of the C1·etaceous 
rocks of the foot-hills or those portions of the same rocki; which occur 
in the mountaini;, where the strata are found locally to be considerably 
altered, the sandstones being in some cases convel'ted into true quartz-
ites. Should such depositH he found in connection with these rocks, 
they may prove to l>e quite different in character from those of the 
limestone and Cambrian series. 

Stones suitable for building purposes, are preHent in great abundance Building stone• , 
111ne, etc. 

in almo;;t all parts of the mountainH. Limestone well adapted for 
burning is ahw everywhere to be found, and outcl'ops along the line of 
railway l>etween Canmore and Kananaskis stations may be utilized 
with advantage for the supply of Calgal'y and other points to the east­
ward. Though slaty rocks arc abundanL in the Oambnan, none were 
8een which in regularity of cleavage, and other characters, are suitable 
for building purposes, and, in any case, such deposits could be worked 
only near the line of railway. The mal'ble of the upper part of the 
Cross River (p. 116 B) is of no economic importance, owing to the 
inaccessible character of that part of the region. The sodalite of the 
Ice River is adapted for use as an ornamental i>tone, and might be 
worked up into very pretty jewelry. 
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