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INTRODUCTION 

In southwestern Alberta and southeastern British Columbia is an area 
mainly of Precambrian strata (Figure 1) extending from east of Water­
ton Lakes to Flathead Valley and from the International Boundary north­
ward for 25 miles to North Kootenay Pas'S, 13 miles south of Corbin. The 
southea.st part of this area, extending west to the interprovincial boundary 
along the Rocky Mountain summit and for 12 miles north of the Interna­
tional Boundary, lies within Waterton Lakes Parle This area is noted for 
its scenic beauty and has long been of interest to the geologist because of 
the structure of the mountain front and the unusual association of oil seep­
ages with rocks of Precambrian age. Seepages of oil and gas are known 
from several localities and were visited and described by Selwyn 1 in 1891, 
following some prospecting activity that resulted from their discovery. At 
that time Selwyn, following Dawson's2 reports of 1875 and 1885, regarded 
the oil seepages as occurring in Cambrian rocks. In 1902 Willis,3 study­
ing Lewis and Livingstone Ranges in Montana, discovered the great Lewis 
overthrust fault where strata of Late Precambrian age are overthrust onto 
Cretaceous rocks. The Late Precambrian of Lewis and Livingstone Ranges 
was correlated by Willis with Dawson's section and this correlation was 
definitely established by Daly4 in 1912 who ascribed all the Precambrian 
rocks to the Lewis series. 

ISelwyn, A. R. c.: Geol. Surv., Canada, Ann. Rept., vol. V, pt. I, pt. A, p. 9 (189(}-91) . 
1Dawson, G. M.: British Boundary Corum. Rept., pp. 67, 68 (1875); Goo\. Surv., Canada, Ann. Ropt., vol. T, 

pt. B, p. 39 (1885) . 
SWill is, Bailey: Geol. Soc. Am., Bull., vol. 13, pp. 305-352 (1902) . 
'Daly, R. A.: Goo\. Surv., Canada, Mem. 38 (1912) . 
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SCOPE OF WORK AND ACKNOWLEDGMENTS 

For some years intermittent drilling has been done in Sage Creek area 
on the east side of Flathead River Valley. In one well, in which drilling was 
being continued in 1932, a depth of 3,260 feet had been reached and shows 
of oil and gas had been reported from what were believed to be Precam­
brian strata. '.Dhese interesting resu'lts had given rise to repeated requests 
to the Geological Survey for information on this area and accordingly the 
writer was jnstmeted to .devote palt of the field season of 1932 to an exam­
ination of the stratigraphy and structure with a view to determining the 
prospects for oil and gas, if any. A reconnaissance study of six weeks 
spent in the area between Waterton Lakes and Flathead Valley, with 
detailed work in Sage Creek area, proved inadequate for the solution of 
all the geological problems encountered, but considerable data were col­
lected which it is hoped may prove advantageous in further exploration. 

The writer wishe::: to acknowledge his appreciation of the kindness 
and help given him by Mr. Herbert Knight, Superintendent, and the 
various officials of Waterton Lakes Park. Thanks are also due Mr. John 
Gloyn of Pincher Creek who put at the writer's disposal his extensive 
knowledge of the area and pointed out to him the various seepages on 
Cameron and Lineham Brooks. In Flathead Valley Mr. James Fisher 
gave much valuable assistance and the various officials of the Crowsnest­
Glacier Oil Company put all information regarding drilling at the writer's 
disposal and, as well, provided every possible means for the prosecution 
of the work. 

The writer also wishes to acknowledge his indebtedness to his assist­
ants, C. O. Hage, C. E. Michener, and,S. Tabacchi, whose co-operation 
at all times was much appreciated and whose industry added greatly to 
the knowledge acquired. 

ACCESSIBILITY OF AREA 

\Vaterton Lakes may be reached by good gravel roads from ).!Iacleod, 
Cardston, or Pincher Creek. Within the park, the Parks Branch has con­
structed good roads up Blakiston (Pass) Brook and up Cameron Brook to 
Cameron (Summit) Lake on the International Boundary, 9 miles south 
and west of the town of Waterton. A narrow but fair road leaves Cameron 
Brook road about 1 mile north of Cameron Lake and crosses the Rocky 
:Mountain divide through Akamina Pass. It can be followed to the 
Akamina Valley Oil Company's property 6-12 miles northwest of the inter­
provincial boundary. From the Akamina Valley Oil Company's prop­
erty a pack trail can be followed westward along Kishinena Creek to 
Flathead River in Montana. About a mile northeast of the point where 
this trail crosses the International Boundary another trail leads north­
west-ward out of Kishinena Valley and across Elder and Fisher Creeks to 
Sage Creek. Originally a trail led up Sage Greek and- across the divide 
to the headwaters of Blakiston Brook. This trail is now passable 
for a pack train for only 4 miles above the well f'ites on Sage Crek. There 
is a good automobile road from )'!Iontana up Flathead Valley to the Sage 
Crrck "'ell locatillns,. but this area is inaccessible from any point in Ca.n-
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ada except by pack train. From Sage Creek a pack hail leads across 
Flathead Valley to the old Corbin wagon road. This road is now passable 
by pack train only as far as a ford on Flathead River south of the 
Flathead townsite or about 14 miles south of Corbin. A poor automobile 
road leads southward from Corbin to the Flathead townsite. 

From Flathead townsite a good trail goes east over North Kootenay 
Pass to the headwaters of Carbondale Creek and down this stream 11 
miles to the forest ranger's station where it joins a fair automobile road 
that leads out to the main highways. The trail on the west side of North 
Kootenay Pass is fairly steep and the pass has an elevation of 6,774 feet. 
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The middle Kootenay Pass is said to be impassable owing to fallen timber. 
It can be approached fairly closely, however, from the east side up the 
west fork of Castle River. The trail from Beaver Mines up the main 
branch of Castle River and down Blakiston Brook is in good con­
dition and was the trail followed in taking the party's pack train to 
Waterton . 

PHYSICAL FEATURES 

The mountains in southern Alberta that comprise the Clark Range 
are sharply separated from the eastward flanking plains, above which they 
rise abruptLy SBveral thou6and feet. The town of Waterton on upper 
Waterton Lake is in a sharp angle of the mountain front where the trend 
of the mountains changes from westerly to northerly and the lake south­
ward from the narrows at the town lies in a deeply incised trench within 
the mountains. North of the narrows, however, the lake turns easterly 
and lies on the plains in front of the east-west trending mountains. From 
\Vaterton Lakes northward many eastward flowing streams have cut deep 
valley6 through the mountains and divide them into massive, stBep-sided 
peaks and ridges. Within the mountains are many picturesque cirque 
lakes and the topography is rugged with the mountains rising 2,000 to 
more than 3,000 feet above the valley bottoms. The tops of the mountains 
are, as a rule, above timber-line, although the flanks are well timbered with 
fir, spruce, larch, etc. 

The western edge of the Clark Range at Flathead Valley is almost 
as abrupt as the eastern edge at the plains, the mountain slopes descend­
ing sharply to a broad flat through which runs the north fork of Flathead 
River. Much of the flat is covered by boulder, gravel, and sand deposits, 
underlying which are gently tilted Tertiary deposits that were laid down 
in a lake ill the valley and hence are much younger than the structural 
features to which the valley owes its origin. 

STRATIGRAPHY 

The following succession of formations occurs within Waterton Lakes­
Flat.head area. 

¥:~~;Y ... '.' . : :: : : : : : : : : : : : : : : : : : : : : : : : : : Eocene? ... .. ·.: : : : : : : : : : : : : : :: Kishinena formation 
Mesozoic .............. . . . . . .. . ... . ...... Cretaceous ....... . ...... .. .. . . 

Jurassic . . ......... .. .... ... .. . 
Palmozoic.. .. .. .. .. .. . . . . . .... . . . . . . . . Pennsylvanian ....... . .... . .. . 

Mississippian ...... . ..... .. ... . 
Devonian ... . .......... . .. . .. . 
Silurian . . ... . . .. . . ... ...... .. . 
Cambrian ... ..... . . . ...... . .. . 

Precambrian .. . .......... . . .. . ... . ....... Lewis series . . .... . .. .. . . . . .. .. Kintla formation 
Sheppard formation 
Purcell lava 
Siyeh formation 
Grinnell forma Gion 
Appekunny formation 
Altyn formation 
Waterton formation 
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Clark Range is composed mostly of Precambrian rocks warped into 
a broad, synclinal basin in the central part of which are Cambrian and 
younger Palreozoic rocks. Palreozoic, Mesozoic, and Tertiary strata occur 
in Flathead Valley west of Clark Range and Mesozoic and possibly 
Palreozoic s.trata underlie the Precambrian rocks of Clark Range as a 
result of thrust faulting on a tremendous scale. The Precambrian area has 
a maximum width of 24 miles along the International Boundary. Its east­
ern and northern limit is the outcrop of the plane of the great Lewis fault, 
but 25 miles north of the boundary, just beyond North Kootenay Pass, 
the area narrows to a point and the Precambrian beds disappear under 
younger rocks. 

The stratigraphy along the International Boundary has been described 
in detail by Dalyl and will be only briefly outlined here. 

Waterton Formation. This formation exposed, according to Daly, at 
Cameron Falls, on Cameron Brook near its mouth, consists of thin-bedded 
dolomite and argillite of grey-brown and purple colour. Its total thick­
ness is unknown. A well drilled near Cameron Falls penetrated the Lewis 
thrust underlying the Watert.on at 1,233 feet. 2 The dip of the beds near 
the well is about 55 degrees, but the general dip in this area is only 15 
to 30 degrees. It is probable, therefore, that the total stratigraphic thick­
ness drilled was not more than 1,000 feet. Daly reports 200 feet of 
Waterton dolomite exposed at Cameron Falls and vicinity. It is probable, 
therefore, that at Cameron Falls the greatest thickness of the formation 
to the Lewis thrust is about 1,200 .feet. 

Altyn Formation. This formation consists of white or light grey 
magnesium limestone, quartzite, and argillite. Daly gives the thickness as 
3,500 feet. This is approximately the thickness of the exposed beds, but it 
is believed these are repeated somewhat by faulting. The thickness, how­
ever, is very great. 

Appekunny Formation. The contact between the Altyn and Appe­
kunny formations is well defined, the top bed of the Altyn containing 
Cryptozoans in some abundance. The base of the Appekunny consists 
of yellow weathering, argillaceous sandstones and limestones passing up­
ward into a very hard and thick, gritty limestone, the quartz grains on 
the weathered surface giving the rock almost the ,appearance of a fine 
conglomerate. Above the limestone are white quartzite bands as much 
as 30 feet thick, alternating with argillite and limestones. Above these 
beds there are about 1,100 feet of grey argillites with one prominent zone 
of red argillites. The total thickness as measured on Ruby Ridge is 2,020 
feet. In Sage Creek area the thickness is more than 3,000 feet. In this 
area the white quartzite beds are particularly prominent, but no prominent 
series of red argillite beds was observed below the Grinnell formation. 

Grinnell Formation. The Grinnell consists of red argillites with white 
and red quartzite bands near the top and bottom of the formation. The 
thickness as measured on Ruby Ridge is 1,025 feet. 

'Daly, R. A.: Goo!. Surv., Canada, Mem. 38, pt. I (1912). 
'Johnston, W. A.: Goo!. Surv., Canada, Sum. Rept. 1931, pt. B, p. 75. 
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Siyeh Formation. The Siyeh formation consists mainly of yellowish 
weathering, somewhat argillaceous limestones with some quartzites and 
argillites. In Waterton Lakes area the thickness is estimated to be about 
3,200 feet, although Daly gives a thickness of 4,000 feet along the Inter­
national Boundary. This thinning was also noticed in other formations 
and seems to become much more pronounced northward, the total observed 
thickness in North Kootenay Pass area being much less than farther south. 
The Siyeh formation contains a prominent diorite siJ.l about 25 feet thick 
on the face of Mount Lineham, but only 9 feet thick in North Kootenay 
Pass area. Towards the ba·se, the formation carries a limestone member, 
40 to 50 feet thick, composed wholly of Cryptozoans. The Siyeh is a very 
prominent cliff-forming member and its yellowish colour on weathering is 
in striking contrast with the red of the underlying Grinnell and the black 
of the overlying Purcell lava. 

Purcell Lava. Overlying the Siyeh is the Purcell lava, a dark greenish 
or purplish amygdaloidal basalt with an estimated thickness of 200 to 300 
feet. The lava appears to be conformable on the Siyeh formation and 
seems to thicken to the northward rather than thin like the sediments. 

Sheppard Formation. The Sheppard is composed of yellowish weather­
ing, siliceous limestone, quartzites, and argillites. In certain areas it con­
tains a relatively t'hin lava flow below which are thin-bedded, red argillites 
and sandstones. In other areas both the red sediments and the lava flow 
are absent. The total thickness is 400 to 600 feet, thinning to less than 
100 feet in North Kootenay Pass area where heavy, reddish quartzites 
occur near the base of the formation. 

Kintla Formation. The Kintla can readily be divided into four divi­
sions which in order of age, from youngest to oldest, are as follows. 
(4) Grey argillites with small amounts of red argillites and containing at 
least three porphyrite sills. The thickness is not less than 2,000 feet and 
may be as much as 2,500 feet in some areas. The thickness is dependent 
on the amount of erosion, as the top of this formation is everywhere 
an erosional unconformitv. In ~orth Kootenay Pass area this member 
is lacking. (3) Red quartzites breaking into very massive blocks. The 
thickness is about 400 feet. (2) Grey and greeni:::h argillitef:, 150 feet 
thick. (1) Red argillites and quartzites, 1,200 feet thiclc. Evidently this 
lower member was the only one observed by Daly along the International 
Boundary where it forms the tops of many of the ridges and hills and 
is very conspicuous on account of its deep red colour. 

Cambrian. Above the Kintla formation, and in erosional unconfonn­
ity with it, are thin, coarse-grained quartz sandstones or quartzites of 
white or pink colour and probably Cambrian in age, although no fossils 
were found in them. In the area north of the Akamina Valley Oil Com­
pany's properly on Akacmina Brook, 17 miles west of Waterton Lake, these 
sandstones rest on the upper member of the Kintla formation, but else­
where they rest on the next lower member, the Kintla red quartzites. The 
thickness of the sandstone is not definitely known, but is thought to be 
between 50 and 100 feet. Above the sandstone are shales of red, green, 
and grey colours, and these contain abundant trilobite remains at certain 
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horizons. The thickness of these beds is not known as the upper contact 
with overlying lim1'!stones was not seen. In one area only a few hundred 
feet were present, but in another area a much greater thickness was 
suspected. It is possible that there is another erosional unconformity 
above these beds, although this has not been definitely demonstrated. 

Silurian. Above the Cambrian shales, in the area north of the Aka­
mina Valley Oil Company's property, is a series of hard and gritty, massive 
limestones. In this area about 600 feet of these beds form a massive 
mountain in the centre of the Waterton Lakes-Flathead Basin structure 
and fanher north it seemed as if a much greater thickness occurred. The 
limestones contain many poor corals and although these are difficult of 
definite determination they indicate a Silurian age. None of these beds 
was proved to be present in the vicinity of Nonh Kootenay Pass, as the 
lowest beds of the limestone-shale series above the Cambrian yielded 
Devonian fossils. No Ordovician fossils were seen and it is possible that 
there is a large erosional break at the top of the Cambrian as these beds 
seemed much thicker in some areas than in others. Such an erosional 
interval would account for the complete absence of the Ordovician with 
Silurian limestones overlying the Cambrian shales in the ViTaterton Lakcs­
Flathead synclinal basin. 

STRUCTURE 

The rocks expos·ed in Clark Range between ViT aterton Lakes and 
Flathead Valley are mostly Precambrian, but have been thrust over much 
younger strata of Mesozoic and Palreozoic ages. The fault, known as the 
Lewis thrust, was described by Willis 1 from Montana where it has a north­
west trend and a southwest dip of 3 to 7* degrees. On Chief Mountain 
in Montana, near thB Internationa'l Boundary, according to Wi:llis the 
fault has an elevation of between 7,000 and 8,000 f1'!et. In the vicinity of 
Waterton Lakes (elevation 4,202 feet) the fault plane is completely con­
cealed under outwash and drift material in front of the mountains. A 
well drilled several years ago near Cameron Falls, in what is now the 
town of Waterton, penetrated the fault at an elevation of slightly more 
than 3,000 feet or 1,233 feet below the surface (elevation of well 4,239 
feet). In the vicinity of Water ton Lakes the elevation of the fault plane 
where it comes to the bedrock surface beneath the drift cannot exceed the 
level of the lakes, i.e., 4,200 feet. As the fault plane apparently clips 
west the difference in elevation of 2,800 to 3,800 feet of the fault plane 
at Chief Mountain and at Waterton Lakes may be due to the fact that 
there is a deep re-entrant of the mountain front at Waterton, but there 
is also a possibility that the fault plane is warped, as has been stated by 
Willis 2 , who pointed out that the change in strike and dip of the Lewis 
thrust in Montana indicated a warped surface for the fault plane. No 
study was made by the writer of the Lewis thrust along the mountain 
front in Canada except in the vicinity of North Kootenay Pass, 40 miles 
northwest of "Vatenon. Here another sharp, local change in the trend 
'Jf the mountain front occurs. North of the pass, on North Kootenay 

'Willis, Bailey: Goo!. Soc. Am., Bull. 13, p. 330 (1902). 
'Willi., Bailey: Goo!. Soc. Am., \"o!. 13, p. 332 (1902). 
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Mountain, the Lewis fault plane has a maximum elevation of more than 
6,900 feet, a westerly dip of 21 degrees, and a strike of north 20 degrees 
west in conformity with the trend of the mountains. Three miles to the 
southeast on Mount McCarty the trend of the mountain front is east · 
and west and the Lewis fault plane with a maximum elevation of 6,480 

feet shows a strike of south 80 degrees west and a southerly dip of 13 to 
14 degrees. This change in strike of 80 degrees with accompanying changes 
in direction of dip suggests, as in Montana, warping of the fault plau€ sub­
sequent to faulting. 
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Direct evidence of folding subsequent to faulting can be seen on Mount 
Crandell at Waterton (See Figure 2). Here the top of the upper part of 
the mountain is cut by a thrust fault whose outcrop trace encircles the 
mountain and can be seen ·to be folded with the strata. The fault is most 
easily traced from the northeast face of the mountain to the west face 
above Crandell Lake. In part of this distance Appekunny grey argillites 
are overthrust onto a relatively thin slice of red argillites and quartzites 
of the Grinnell formation and in many places the fault plane can be 
observed and its strike and clip measured. On the west face of the moun­
tain the outcrop of the fault is well above the level of Crandel]oJ Lake 
(Figure 2) and the fault can be seen again on the east face of Ruby 
Mountain to the west of Mount Crandell, the intervening area showing 
Altyn limestones belmv the plane of the fault. Similarly, the fault on 
the southwest and south side of Mount Crandell can be again observed 
on Cameron Mountain across the valley of Cameron Brook and southeast 
of the narrows at the south end of upper Waterton Lake on Sheep Moun­
tain where Appekunny strata are overthrust onto a relatively thin band 
of red Grinnell sediments that wedge out westward . This wedge is quite 
obviously the same as that which occurs on the northeast and north faces 
'Of Mount Crandell and which shows a wedging out on the east face of this 
mountain. The structure on the east face of Mount Crandell appears at 
first sight to be highly complicated. This is due to the fact that the fault 
itself is folded. but when the fault is traced the major stl'ucturecan be 
seen to be relatively simple. 

This evidence of folding subsequent to faulting presented by the fault 
just described and the evidence given by the Lewis thrust itself are highly 
suggestive 'Of folding of this major fault, which if true is of great import­
ance in regard to the prospects for oil and gas in the area under con­
-sideration. 

West of the mountain front, where the faults above described occur, 
there is very little faulting in the Lewis series which forms most of Clark 
Range. The regional structure between Waterton Lakes and Flathead 
Valley is a broad syncline the axis of which in British Columbia is nearly 
parallel to Akamina Brook, a tributary of Kishinena Creek from the south­
east. This syncline crosses Cameron Brook at the northeast end of 
Cameron Lake on the International Boundary 6 miles west of Waterton, 
trends northwesterly for several miles, beyond which it appears to turn 
more northerly. It plunges to the north and west and northwest of the 
Akamina Valley Oil Company's wells, 17 miles from Waterton, is occupied 
by Cambrian and later Palreozoic limestones that rest on an eroded surface 
·of the upper beds of the Le'wis series. The west limb of the syncline is 
occupied by beds dipping 25 to 30 degrees northeast and the whole sequence 
from the top of the Kintla to the lower part of the Appekunny is exposed 
between the syncline and Flathead Valley. Along the east side of Flat­
head Valley the Lewis series is faulted against younger strata, but the 
nature of this fault has not been absolutely determined. Dalyl and 
Mackenzie 2 both thought it was a normal fault with downthrow to the 

'Daly, R. A,: Goo!. Surv,. Canada, Mem, 38, p. 90 (1912). 
'Mackenzie. J. D.: Goo!. Surv., Canada. Mem. 87. p, 1 (1916) . 
. Seealso Roy. Soc" Canada. vo!' 16. pt, IV. p. 108 (1922). 
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west. Link 1 in a more recent paper pointed out the possibility of under­
thrusting and from regional information this explanation seems to the 
present writer to be much more logical. Such an explanation, however, 
does not fit all the facts observed by the writer during the reconnaissance 
trip of 1932. For the most part the fault is obscured by outwash or glacial 
materials and by Tertiary beds deposited subsequent to faulting. This is 
particularly the case from Sage Creek south to the International Boundary. 
A short distance north of Sage Creek, on Commerce Creek, Devonian 2 

limestones dipping easterly at 45 degrees were observed in a long, narrow 
ridge only a short distance west of the outcrops of the Lewis series. 
Nowhere, however, was the position at the fault closely located except 
directly south of North Kootenay Pass, but owing to difficulty of travel 
the whole of the intervening area was not traversed. South of North 
Kootenay Pass, on a northeast facing mountain, Siyeh beds dipping 25 
degrees northwesterly occur. About 50 feet in elevation above the highest 
outcrop of these beds PaLeozoic limestone thought to be of Mississippian 
age occurs, also dipping 25 degrees in the same direction. Within a short 
distance southwards the Palffiozoic limestones display the same relation to 
the Grinnell and possibly the Appekunny formations . This con tart of the 
Palffiozoic limestones with the apparently underlying Precambrian cannot 
mark an erosional unconformity and overlap of the Palffiozoic because 
only 2 miles north the complete succession of the Precambrian, Cambrian, 
and younger Palffiozoic formations is exposed. The only possible explana­
tion seems to be that the Palffiozoic strata have been thrust from the west 
over the beds of the Lewis series. The writer could arrive at no satis­
factory explanation of this peculiar anomaly of younger beds thrust over 
older, and, consequently, instead of solving the problem of faulting, has 
only found facts that make it more confusing. It has always seemed 
remarkwble that normal faulting which results from tem10n ~houlcl occur 
in an area where thrust faulting is predominant and it does not seem logical, 
therefore, to expect normal faulting on any large scale in Flathead Valley. 
Mackenzie, however, believed the evidence on the west side of Flathead 
Valley indicated normal faulting and this problem was investigated by the 
writer on Caulcll'ey Creek. 3 West of the outcrops of Tertiary on Cauldrey 
Creek occur a series of brown sandstones and limestones underlying un­
doubted Mississippian rocks. Mackenzie, therefore, mapped these beds as 
Devono-Carboniferous and drew a normal fault between them and a large 
area of Mesozoic rocks occurring to the north of them. A careful search 
for fossils, however, revealed the fact that these so-called Devono-Carboni­
ferous beds in reality are Jurassic and the sediments are strikingly similar 
to the Fernie as exposed elsewhere. It is, therefore, quite apparent that the 
Mississippian beds on Cauldrey Creek are overthrust onto the Fernie and 
such preliminary investigations as were made by the writer lead to the 
deduction that the Mesozoic strata occur in an embayment of the fault 
front from which the overthrust Palffiozoic rocks have been removed by 
erosion. This, then, elimina,tes the possibility of normal faulting on the 

1 Link, T. A.: Am. Ms., Pct. Geol., vol. 16. No.8. p. 780 (1932). 
2 The age is based on fo~~il detel'minations by E. 1\.-'[ Kindle. 
S See Geal. Surv., Canada, :'-hp Xo. 182.'.. o('con1l'anyinc Mem. 87. 
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west side of Flathead Valley and no evidence was found to support the 
contention that normal faulting is present on the east side. 

As already pointed out there is a sharp descent from the mountains of 
Clark Range to Flathead Valley. This abrupt change is accompanied by 
a reversal of the direction of dip of the strata from east to west, giving 
anticlinal forms within the Lewis series along the mountain front. This 
anticlinal arrangement is, however, quite strongly modified by east-west 
cross folds which throw the strata into a series of domes. Three of these 
domes were observed, namely: on Kishinena Creek, on the headwaters of 
Fisher and Elder Creeks, and on Sage Creek where drilling is being done. 
Others are reported to be present, as on Starvation Creek 1 south of 
Kishinena Creek, and no doubt a thorough examination would reveal 
several more along the mountain front. In each of the three observed 
domes the Appekunny formation forms the lowest beds exposed, but the 
Kishinena and Sage Creek domes are eroded about 2,000 feet deeper than 
the Fisher-Elder Creek dome. The Fisher-Elder Creek dome lies midway 
between the Kishinena and Sage Creek domes and is slightly east of a line 
joining the other two. It is thus higher up the flank of the mountain range, 
thereby accounting for the fact that the strata exposed in it are not so 
low stratigraphically as in parts of the others 'where valleys in each case 
have been eroded through the domes. 

It has already been stated that the character of the fault along the east 
side of Flathead Valley is unknown. Since oil seepages escape through the 
Precambrian, in which it is highly improbable that oil could originate, it 
seems necessary to postulate an origin in younger rocks underlying the 
Precambrian strata and in faulted contact with them. It is unknown 
whether this fault is the westward extension of the Lewis thrust or an east­
dipping fault along the east side of Flathead Valley, as suggested by Link. 
If it is the Lewis thrust then Flathead Valley would be a window through 
the fault as has been suggestecl. 2 The known facts, however, do not seem 
to fit such a theory, nor on the other hand are they altogether in harmony 
with the east-dipping or under-thrust fault as suggested by Link. In the 
present state of our knowledge, therefore, it seems impossible to go further 
than to state that a fault probably underlies the Precambrian in Sage and 
Kishinena Creeks areas and that the oil as found in the seepages comes 
from below this fault. 

In the vicinity of ~orth Kootenay Pass the Lewis thrust was 
observed in several places and in each it was associated with the coal 
series of the Kootenay formation. This is similar to the conditions found 
in the foothills north of Highwood River where all known low-angle faults 
of large displacement are associated with coal beds. Not only are these 
coal beds less competent than the enclosing sediments and hence readily 
broken by faulting, but the coal seems to act as a lubricant in large dis­
placements of this character. The reasons for this are perhaps obvious 
when it is remembered that coal and graphite are essentially similar in 
composition and that graphite is a splendid lubricant for certain types of 
mechanical uses. Where the Lewis thrust plane was observed the coal 

IDaly, R. A: Gool. Surv., Cannela, Mem. 38, p. gO (1912). 
2Kirkham, V.: Private report for fl.n oil {'.ompany. 
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had been ground into a gouge a foot or more thick lying directly under 
the hard beds of the Lewis series and in contact with them. In a few 
places the Kootenay beds were lying above the basal Blairmore conglom­
erate over which they may have been thrust. The conglomerate in turn 
was overlying other Blairmore beds a.nd it is considered that in certain 
places the relationships were due to slicing, whereas in others the beds 
were overturned. In other places, huge masses of Palreozoic limestone 
occurred surrounded by Kootenay coal-bearing beds and directly below 
the strata. of the Lewis series. An individual mass of Palreozoic lime­
stone of this kind seen on Mount McCarty was at least 100 feet long and 
50 feet thick and it was suspected that much larger masses occurred, but 
it could not be proved that they belonged to one block because exposures 
were not continuous. These masses of Palreozoic rocks undoubtedly have 
been dragged along the fault and hence presumably there are areas where 
the fault plane must cut the Palreozoic limestones from which the masses 
have been torn. The assumption is, therefore, that both Mesozoic and 
Palreozoic rocks occur in contact with the Lewis series in various places 
under the Lewis thrust. Since similar Mesozoic and Palreozoic rocks are 
believed to be capable of generating oil, and oil and gas have been pro­
duced from them in various places in Alberta, it seems probable that rocks 
of the same type underlie Sage Creek and Kishinena Creek areas and 
that the oil has been generated and accumulated in them and is escaping 
from the reservoir rocks in them through fracture zones in the overlying 
Precambrian strata. 

OIL SEEPAGES AND OIL AND GAS PROSPECTS 

Cameron Brook Area 

Seepages of oil on Cameron Brook, 5 miles west of Waterton Lakes, 
were visited by Selwyn in 1891. These seepages are still to be seen, 
although since Selwyn's visit they have been somewhat changed by pits 
dug to collect the oil. The seepages seen by the writer are at " Oil City" 
ea6t of the location of the present Oil City Royalties No.1 (Patrick Oils, 
Limited) well and the small derrick said to be the site of the Original Dis­
covery Oil well. By digging in the gravel at several places along the 
edge of Cameron Brook and throwing the gravel into the water, an irides­
cent film of oil can be seen and a strong odour of oil can be detected. 
Also, small pits will collect a thin scum of oil in a short time and a large 
pit several feet deep dug on the south side of the brook and some distance 
from it contained at the time of the writer's visit a few gallons of water 
with a considerable amount of heavy, black, viscous oil. This pit is said 
to represent a genuine seepage, although its character might lead a scep­
tical observer to have some misgivings. There is no doubt, however, that 
genuine oil seepages occur at this place and in the early days considerable 
quantities of oil are said to have been collected by a man named Aldridge 
by digging trenches and skimming the oil off the water at the level of the 
brook. The so-called "Original Discovery" well drilled in 1902 and 
claimed to be the first well drilled for oil in Alberta, still has a small 
derrick over it. This well is reported to contain considerable quantities 
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of drilling and fishing equipment and has defied all efforts to clean it out. 
Government records contain an affidavit by John Lineham, at that time 
president of the Rocky Mountain Development Company, the company 
that drilled the well, to the effect that the well produced 8,000 gallons 
(about 230 barrels) of crude oil of which 700 gallons were sold. At the 
time of the writer's visit only a very thin film of oil was present on the 
water, filling the casing to within a few feet of the surface. Another well 
between one-fourth and one-half mile west, however, shows quite a thick 
scum of oil on the surface of the water filling the casing. 

Other seepages were seen on Lineham Brook a short distance north­
west of the Cameron Lake road. Here in a canyon in hard, dense Appe­
kunny argillites a small amount of oil with water is seeping from the rocks 
along bedding planes and cracks and is dripping slowly into the water of 
the creek, where the oil quickly forms an iridescent film. The odour of 
petroleum is quite evident even before the seepages are seen. 

The seepages near" Oil City" on Cameron Brook (See Figure 2) can 
be quite defini.tely related to structure. East of the Origimal Dis,coveTY 
well location is a fault, the plane of which is almost parallel to the bed­
ding plane of the strata. Nearer the wells the strata are quite highly tilted, 
suggesting minor faulting, and it is believed the oil that forms the seep­
ages at this place is migrating along the fracture zones of these faults 
and so escaping to the surface. The angle of dip of the fault plane is not 
absolutely known, but it is thought the Oriv,inal Discovery weLl pene­
trated the fault zone at about the horizon where oil was encountered, 
namely at 1,020 feet. The chances of obtaining any steady or commercial 
flow from such a fracture zone do not seem very good, although, no doubt, 
a few barrels of oil might be obtained, as happened in the case of the 
"Original Discovery" well. At a considerable distance north and east 
of this location is the Cameron Brook anticline, but as far as could be 
learned no seepages occur near the crest of the anticline which roughly 
parallels Cameron Brook for about 4 miles from the falls at Waterton 
Lake northeast to the bend in the brook a short distance east of (/ Oil 
City." The seepages are, as stated above, a considerable distance down 
the southwest flank of this anticline, but the migration of the oil up the 
fracture zones of the faults towards the anticlinal axis is quite in harmony 
with the anticlinal theory of oil concentration. A number of shallow wells 
have been drilled in the Waterton-Cameron Brook area, but only one near 
Cameron Falls made a test of the oil prospects. This well, at a depth of 
1,233 feet, penetrated the Lewis thrust and below it passed into Mesozoic 
strata. There are conflicting reports as to whether the well contained 
any oiJ, but if ()il was pre=:eI1t it was in very small quantities. The site 
of the well is now covered by a house, but the stand-pipe of an old water 
well adjoining the oil well is still to be seen. 

The prospects of obtaining oil in any quantity either on the Cameron 
Brook anticline or on its western flank at (/ Oil City" are dependent on two 
factors, namely: (1) the presence of suitable porous horizons to act as 
reservoir rocks; and (2) favourable structure to cause a concentration of 
any oil present. It is inconceivable that the Lewis series could have acted 
as source rocks for oil and gas, since these rocks are too highly metamor-
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phosed. Hence it is believed the origin of the oil is in the Mesozoic strata 
underlying the Lewis thrust and any concentration of this oil in the Mesozoic 
strata is dependent on the Cameron Brook anticline extending downward 
across the fault into them, since the Precambrian strata are too dense and 
hard to act as Te~rvoir racks except where they are excessively shattered 
by faulting. Any oil in the shattered Precambrian rocks, however, would 
seem to have been derived from a concentration below the fault plane or in 
a favourable anticlinal structure in the Mesozoic rocks under the Cameron 
Brook anticline. Such a condition assumes that the Lewis thrust has been 
folded subsequent to faulting and, as has already been pointed out, there is 
evidence to support suoh an hypothesis. Prospects of obtaining oil in com­
mercial quantities, therefore, are ,dependent either on finding highly shattered 
zones in the Precambrian where a sufficient porosity has been deve'loped by 
fracturing, or by drilling through the Precambrian into the anticlinal struc­
ture of the Mesozoic rocks where there is a pOS8ibility of the presence of 
porous reservoir rocks. No predictions can be ma:deas to the exact age of 
the strata likely to be encountered under the Lewis thrust at this place, other 
than the probability that they will be Mesozoic. In a well at Cameron 
Falls where the Lewis thrust was penetrated the strata are thought to belong 
to the Crowsnest volcanics and these beds in themselves would not be 
expected to be very porous except so far as they contain fracture zones. 
Thus, though there appears to be a possibility that below the Lewis thrust 
where it passes beneath the Cameron Brook anticline the strata may also 
lie in an anticline and in the vicinity of the thrust be so broken as to be a 
potential reservoir for oil, no direct evidence that is so exists and 
although the seepages of oil at /I Oil City" indicate that a certain amount 
of oil is present, there is no proof that commercial quantities are present. 

At /I Oil City" where drilling is proposed by Oil City Royalties 
(Patrick Oils, Limited) the elevation is approximately 1,000 feet above the 
well at Cameron Falls where the fault plane was penetrated at 1,233 feet. 
The fault is known to have a general westerly dip, but the amount is 
unknown. The minimum observed dip on the Lewis thrust is 3 degrees and 
if this amount be postulated between the well at Cameron Falls and "011 
City," Oil City Royalties well could hardly be expected to penetrate the 
Lewis thrust at less than 4,000 feet. If the dip of the fault plane is some­
what steeper the depth will be still greater. If, as is probable, the Lewis 
thrust approaches a bedding plane fault then it may be assumed that about 
the same horizon of the PTecambrian will occur at Oil City immediately 
above the fault as at Waterton where the depth to the fault plane and the 
approximate thickness of the strata above it are known. The Oil City 
Royalties weill location is on Appekunny strata close to th~ Altyn-Appekunny 
contact. In this area Daly believed the Altyn formation to be 3,500 feet 
thick, although the writer would consider the thickness to be slightly less 
owing to repetition by faulting. Belo~' the Altyn is the Waterton dolomite 
not less than 1,200 feet thick. The stratigraphic thickness of beds above the 
Lew'is thrust at " Oil City" is, therefore, not less than 4,500 feet and the 
best that could be hoped would be a degree of dip of these strata of not less 
than 30 degrees. Thus the drilling depth to the Lewis thrust would bE: 
expected on this basis to be in excess of 5,000 feet. It is believed by the 
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writer that a fair test of the prospects for oil should include a well drilled 
through the Lewis thrust, as dependence on fracture zones within the Pre­
cambrian is likely to lead to disappointing results, although it must be 
admitted a lucky site might yield some results from fracture zones above 
the fault. 

The seepages on Lineham Brook northwest of " Oil City" are farther 
removed from the Cameron Brook anticline than are those at "Oil City" 
and any weJ.l drilled in this 10callity would commence in strata near the top 
of the Appekunny formation with the prospect of having to drill at least 
2,000 feet more of Precambrian beds than at Oil City. 

Akamina Valley Oil Company's Property 

Several f>hallow wells have been drilled on Akamina Brook in British 
Columbia, 17 miles west of W aterton Lal(f~. In some of these, oil shows 
occurred and at certain times of the year one seepage is reported 1 to yield 
'oil. As has been already stated, the valley of Akamina Brook is in a 
broad syncline and at the Akamina Valley Oil Company's wells Kintla 
strata outcrop. It is, therefore, obvious in this area if the same horizons 
in the Precambrian occur above the Lewis thrust as at Waterton, then the 
thickness of Precambrian above the Lewis thrust is not less than 10,000 
feet . This is considered a minimum rather than a maximum because it is 
thought the Lewis thrust, like many thrust faults in the foothills, is likely 
to cut deeper stratigraphically in the direction from which the thrust orig­
inated. At North Kootenay Pass the strata immediately above the Lewis 
thrust belongs to the Siyeh formation, whereas at Waterton the beds imme­
diately above the same fault are nearly 8,000 feet lower stratigraphically 
in the Precambrian. This, then, is evidence that lower stratigraphic beds 
are cut by the Lewis thrust from north to south in Canada, and since there 
was apparently an eastward as well as a northward movement to the over­
riding mass of Precambrian strata above the Lewis thrust it is probable 
the beds above the Lewis thrust in the area of the Akamina Valley Oil 
Company's wells are as low, if not lower, stratigraphically, than at Water­
ton . The thickness of the Precambrian i" thus too great in this area to 
warrant drilling through them and although the synclinal surfi1ce structure 
may not be indicative of the structure in the beds below the fault. from 
which any oil must be derived, yet there is no evidence to show favourable 
structure for oil accumulation is present in the lower beds, even though 
they were within reach of the drill. It is thus inferred that the prospects 
for oil in this area are negative and if any oil seepages do occur they 
could readily be explained as a concentration of a small amount of oil by 
waters followi,ng bedding planes and fractures toward the central part of 
the basin structure, -and hence have no significance as indic-a.ting probable 
commercial quantities of oil at depth in this locality. 

Sage Creek, Fisher-Eldm' Creeks, and Kishinena Creek Domes 

Sage Creek, Fisher-Elder Creeks, and Kishinena Creek domes lie 
within the Precambrian on the east side of Flathead Valley. All these 

1 Personal communica.t.ion from 1Ir. John Clorn. 
60.82-2 
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domes appear to be of the same general character, although only the Sage 
Creek dome has been studied in any detail (See Figure 3). 

The Sage Creek dome lies within the valley of Sage Creek between 
high, precipitous walls which rise nearly 3,000 feet above the valley floor, 
here about 1 mile wide. The structure is essentially a dome with some 
minor wrinkles or folds. On the north side, high up on the mountain 
slope, are evidences of a fracture zone in a narrow area less than 100 feet 
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across in which the :strata are highly tilted or even slightly overturned, 
and yet outside this zone on both sides of it the beds dip at angles of only 
a few degrees. Other fracture zones were also seen and there seems little 
doubt that the seepages are connected with one ()f more of these. 

The seepages are very remarkable and consist of both oil and gas. 
In order to arrive at some definite conclusion in regard to the amount of 
flow, one seepage was bailed morning and night for a period of six days. 
This seepage occurs in gravel into whirh a steel barrel with the bottom 
removed has been sunk. Water comes with the oil and gas, but the oil is 
so light that it can be readily separated from the water by allowing the 
latter to flow out through a small aperture in the bottom of the container. 
The record of this seepage was as follows: 

Amount, of oil recovered 
Date 

Aug\ls~ 12, 1932.. . .. . . ..... .. . .. .. . . . . .. . . . . .. . .. . . 8 
" 13 , 1932.. .. .. . . .. . . . . .. . . . . . . . . . . 3 

14. 1932... 1·25 
15, 1932 .. ..... ..... ... ... . . . . . . ... 1·5 
16, 1932...... .. 1·5 
17, 1932................. 1·25 

a day 
gallons,/appro'j;nate) 

It is thus considered that the settled flow of the seepage amounts to 
It to I! gallons a day. The amount of oil obtained was somewhat 
dependent on the time taken to remove the last small quantity of oil 
and water from the hole, because when the head of water amounting to 
several gallons bad been removed there was always a strong ebullition of 
gas with oil and a minimum amount of water flowing into the hole. The 
larger amounts recovered on the first and second days, however, were the 
accumulated supply over a period of several days prior to bailing, the oil, 
previous to our vi;::it, having been periodically taken from this hole for 
general purposes of camp use at the drilling site of the Crowsnest-Glacier 
Oil Company. It is said that in wet weather or in the spring the amount 
of oil that occurs in this seepage i;:: much larger. This is undoubtedly true, 
3,1" other seepages in the immediate vicinity also contained oil, and oil 
occurred on the water of a small stream nearby. The movement of the 
wat.er through the gmvel would DD doubt carry the oil and ga,s with it 
and more oil would find its way to the seepage in time of high water flow. 
The position of the seepages can be seen on Figure 3. The seepage that 
was bailed was close to the road, but north of it and east of the small 
stream shown. It can be seen that the amount of oil escaping from the 
several seepages is considerable, but perhaps even more impressive than 
the oil seepages are the strong gas flows evident in several places, indi­
cating a reserve volume under pressure. 

As already explained in the case of the "Oil City" seepages on 
Cameron Brook, it seems inconceivable that this oil could have originated 
in the Lewis series which here forms the surface outcrops. The observed 
fracture zones offer a logical means of escape from depth, presumably 
from Mesozoic or Palrnozoic rocks underlying the overthrust Precambrian 
Lewis series. It has been suggested by Mackenzie!, although considered 
,highly improbable, that the oil in Sage Creek area may have been 
derived from the Kishinena formation of Tertiary age. A detailed study 
of conditions shows that this cannot be so unless the Kishinena formation 

'Mackenzie. J. D.: Geol. Surv .• Canada, Mem . 87. p. 48 (1916). 
60482-n 



18B 

occurred under the Precambrian. Mackenzie, however, recognized that 
the Tertiary beds were deposited subsequent to the faulting that formed 
Flathead Valley and that the Kishinena strata overlapped onto the Pre­
cambrian. At the present time no Tertiary strata occur in the immediate 
vicinity of the oil seepages and yet fairly strong gas flows are found with 
the oil seepages, and gas, sufficient to blow the mud fluid from the hole, 
was encountered in the Crowsnest-Glacier well. There is no obvious way 
in which this gas with the accompanying oil could have migrated from 
the Tertiary strata into the Precambrian. The Tertiary beds, moreover, 
were deposited under freshwater conditions, as is evident from the abundant 
fossil remains found in them and it is highly improbable that they are 
capable of producing more than small quantities of oil or gas, if any. On 
the other hand, there seems no reason to doubt that the seepages on 
Cameron Brook and at Sage and Kishinena Creeks are of the same type 
and the only possible source seems to be from beds that although younger, 
yet, due t{) faulting, underlie the Precambrian rocks. 

It is unfortunate that the direction and dip of the fault plane on the 
east side of Flathead Valley are unknown, because lacking this knowledge 
no accurate prediction of the thickness of the overlying Precambrian can 
be made. The reversal of dip along the west side of the Precambrian mass 
is in harmony with underthrusting as suggested by Link, but as already 
pointed out the only evidence observed, namely that in the area south 
of North Kootenay Pass, is not in accord with this hypothesis. The beds 
exposed in the valley of Sage Creek on the Sage Creek dome belong to the 
base of the Appekunny formation and the formations that underlie strata 
of the same age in Water ton Lakes area are the Altyn and Waterton 
formations, the thickness of which is considered to be about 4,500 feet. If 
the fault under the Sage Creek dome is an underthrust, that is an eastward 
dipping fault as suggested by Link, it may cut off the Lewis series at a 
higher horizon than the Lewis thrust does at Waterton. If the fault is the 
Lewis thrust and if, as is believed, it cuts strata at progressively lower 
horizons in the direction from which the thrust originated, then lower 
Precambrian horizons are probably present in Sage Creek mea than 
at Waterton, in which case the depth to the fault will exceed 4,500 feet 
bv an unknown amount. 

- Lacking the seepages in the Precambrian rocks east of Flathead Valley, 
this area would never have been considered as an oil or gas prospect on 
account of the character of the rocks through which the seepages must 
come. The seepages and the associated domed structure, however, suggest 
accumulations of oil and gas at depth and it is impossible to understand 
how this oil could have got into the Precambrian rocks, unless the younger 
rocks under the fault lie in a structure such as would favour concentration 
of oil. East and west folds were found to be present in Sage Creek 
area and this suggests that the domed structure of the Precambrian may 
be later than the faulting, since, as already shown, folding subsequent to 
faulting took place in Waterton Lakes area. If this is so then the folding 
also extends down into the younger rocks underlying the fault and hence 
the conditions in these beds would favour a concentration of any oil there 
present. The escape of small amounts of this oil through fractured zones 
such as are known to be present in the Precambrian rocks would be an 
expected result of the action of gas pressure in the oil reservoir rocks. 
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Only one other factor has a bearing on possible oil production pro­
vided the structure is favourable at depth and the fault is within drilling 
depth. This is the amount of porosity likely to be encountered in the 
productive horizon. Beds of Jurassic or Palmozoic age might have sufficient 
porosity to act as oil and gas reservoirs, or if not the very great fracturing 
of the strata below the fault plane is a favourable factor. 

Several shallow wells have been drilled in Sage Creek area. The only 
well being operated at present is that of the Crowsnest-Glacier Oil Com­
pa.ny which at the time of the writer's visit was being drilled with a diamond 
drill at a depth of 3,259 feet. In some of the old, abandoned wells a con­
siderable amount of gas -occurs 'a.nd in one well east of Sage Creek and 
on the northwest edge of a beaver dam lake, a small quantity of water­
white oil occurs. This oil is regularly collected and is used in kerosene 
lamps. It burns without giving off any smell or soot. The well of the 
Crowsnest-Glacier Oil Company (No.1) periodically yields sufficient 
volumes of gas to clean the hole of water with which some oil is ejected. 
A small quantity of non-inflammable sulphur gas is escaping from a well 
drilled by the British Columbia Oil and Coal Development Company. At 
present most of the leases on the Sage Creek d-ome are said to belong to the 
Amalgamated Oil Company. 

Summing up the prospects of the Sage Creek dome it may be said 
that it is quite apparent that oil and gas are undoubtedly present in this 
area, as is shown by the seepages and to a less extent by drilling. The 
surface structure is a dome in Precambrian strata and if this dome persists 
to depth into younger rocks below the Precambrian, the prospects for 
production would appear to be favourable. The oil doubtless originated 
in these younger rocks and is now escaping through fracture zones in the 
Precambrian. The depth to the younger rocks under the Precambrian is 
not known. It does not seem probable that it can be much less than 4,500 
feet and may be somewhat more. 

A preliminary examination of the Kishinena dome on Kishinena 
Creek seems to show that this structure is essentially like the Sage Creek 
dome. Only one seepage was observed and this is issuing from gently 
indlined Appekunny strata. The oil is slightly more bluis.h than the oil 
from the Sage Creek seepages and is thought to be of slightly heavier 
gravity, although sufficient was not collected to make a test. The drilling 
depth in the Kishinena dome would, presumably, be approximately the same 
as at the Sage Creek dome and if the latter is found to be productive the 
former would warrant a test by drilling. Up to the present no wells have 
been drilled on it. 

The dome at the headwaters of Fisher and Elder creeks is intermediate 
in position between the Sage Creek and Kishinena domes. On account 
of the higher elevation, however, it would require approximately 2,000 feet 
deeper drilling. It is much more difficult of access than the others and 
as far as known yields no seepages. Tests are not warranted on this struc­
ture until the merits of either the Sage Creek or Kishinena domes have been 
proved. 

A great part of the southern end of Flathead Valley in Canada has been 
leased for oil and gas. The area is to a C{)nsid€rable extent covered by 
Tertiary freshwater deposits, but on the west side of the valley in the 



20B 

vicinity of Howell, Cabin, and Cauldrey Creeks is an area of Mesozoic 
rocks bounded on the northwest and south by Palreozoic rocks and on the 
east by the Tertiary of Flathead Valley. The Pahoozoic rocks are over­
thrust onto the Mesozoic and such Mesozoic strata as now outcrop owe 
their exposure to erosion of the Palreozoic rocks that formerly covered them. 
The Mesozoic rocks thus appear as an embayment through the fault plane 
and are thus bounded by the overthrust Palreozoic rocks on three sides. As 
has been shown by Mackenzie! these Mesozoic beds appear to dip in one 
direction only and hence provide no closure for oil or gas fields. The struc­
ture of thc whole Flathead Valley, excluding the Tertiary beds which are 
an overlap, is not as simple as the structure of the exposed Mesozoic beds 
might lead one to suppose, because on the east i'ide of the valley on Com­
merce C11eek, a "hort di;:tnnce north of Sag€ Crerk , is a long ridge exposing 
Devonian limestones. No structures in the Mesozoic or Palreozoic rocks 
favourable for oil and gas accumulations have so far been demonstrated 
in Flathead Valley proper,and the outcrop of these beds would provide a 
ready means of escape for any oil or gas they may have originally 
contained. 

The Tertiary beds belonging to the Kishinena formation, as already 
stated, are an overlap onto all older beds. For the most part these Tertiary 
beds have 'an easterly dip and so far as known no folds suitable for oil 
accumulation have been found, although a certain amount of folding is 
present and it cannot be said favourable structures aTe not present since 
outcrops are few and very scattered. The Tertiary sediments, however, are 
of freshwater origin and although they might yield small shows of oil or gas, 
it seems highly improbable they could give rise to commercial quantities 
of these materials. Only one well is at present drilling in Flathead Valley 
proper, namely the Canadian Kootenay well at the bridge over Flat­
head River about 4 miles north of the International Boundary. This well 
is drilling in Tertiary beds which as far as known dip only in one direction, 
namely, easterly. As the Tertiary beds overlap onto the Mesozoic on Caul­
drey Creek west of the well location, the base of the Tertiary mus·t come to 
the surface,although it is concealed by gravel and drift. It is impossible 
to see, therefore, how this well has any merit as an oil or gas prospect, 
unless it should penetrate favourable structure in the Mesozoic strat,a under 
the Tertiary overlap, a condition concerning which no data are aVRi table. 

Drilling Equipment. The Precambrian rocks are very dense and hard 
and much difficulty has been experienced in drilling them with stand!ard 
cable tools due to the shearing of pins on the bits and other mechanical 
breakages. Several wells have been lost in Sage Creek area due to tools 
lost in the hO'leand excessive drilling costs have resulted for small amounts 
of footage drilled. The writer had the opportunity of seeing a diamond 
drill at work on the property of the Crowsnest-Glacier Oil Company and 
although the equjpment was 'Bot in good ·condition its effectiveness for drill­
ing the highly metamorphosed rocks was amply demonstrated. It is recom­
mended, therefore, that operators should at least consider this type of drill­
ing equipment before launching on any extensive drilling program in these 
Precambrian stmta. 

'Mackenzie, J. D .: Gool. Surv., Canada, Mem. 87, Map 182 A. 
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INTRODUCTION 

Crowsnest Pass, Alberta, is one of the more important steam-coal 
producing districts in the province. The coal deposits belong to two geo­
iogi'Cal ages, EOme occurring in the Kootenay forma.tion of Lower Cretaceous 
age and others in the Allison (Belly River) formation of Upper Cretaceous 
age. The Kootenay deposits are by far the more important 'and are easily 
accessible, being exposed in a series of narrow, northerly trending bands 
that are crossed by the Crowsnest Branch of the Canadian Pacific Railway 
seven times in a distance of 12 miles (See F,igure 4). These coals are of 
bituminous rank and mnge in quality from poor coking to strongly coking. 
They belong to the same series of deposits as occurs in the Crowsnest sec­
tion of southeastern British Columbia and forms the southern section of a 
coal belt that extends along the eastern slope of the Rocky Mountains from 
near the International Boundary northwesterly to beyond Peace River, a 
distance of 650 miles. 

The coal deposits of the Allison (Belly River) formation are of small 
erlent. The only deposits at present being developed in the area occur at 
a point 2 miles south of Sentinel station near the top of the Allison 
formation and within a half mile of the Rocky Mountain overthrust. The 
Allison formation outcrops in a belt varying from 1 to 4 miles in width, and 
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extends along the front of the Rocky :Mountains from Water ton Lake 
northward to Mount Bishop at latitude 50° 25', a distance of over 100 miles. 
Small coal seams have been observed in it at several localities, as immedi­
ately north and south of Crowsnest Lake, on the eastern slope of Crowsnest 
:Mountain, and west of the entrance to Waterton Lakes Park. The deposits 
occurring south of Sentinel are the only ones that have proved to be of 
sufficient commercial importance to be worked. These deposits are corre­
lated with the Bdly River deposits which cross Crowsnest River at Lund­
breck, 24 miles to the east. At Lundbreck the coals are non-coking and of 
sub-bituminous rank, but in Sentinel area they have been raised by 
dynamic metamorphism to bituminous rank and show a tendency to coke. 

The coal production of Crowsnest district, Alberta, has been prac­
tically wholly derived from its Kootenay coal deposits. Production began 
in 1899 and rapidly increased in importance, reaching its first peak in 
1910 with a production of 1,608,205 tons. The maximum output of 
1,769,807 tons was made in 1920. Since then there has been a falling off 
in production as shown on the accompanying table, the output of the past 
year being the lowest since 1911, due largely to curtailment in railway 
traffic and industries, and in part to strike conditions that existed during 
the past summer. Figures of production for the years prior to 1910 are 
not available. During the earlier years, they were merged in those giving 
the combined production of Alberta and Saskatchewan. From 1905 to 
1909, inclusive, they were included in the total output of Alberta to which, 
it is estimated, they contributed more than 50 per cent of the annual 
production. This annual production of the province, as stated in the 
Annual Reports of the Department of Public Works, Alberta, was as 
follows: 

Year 
1905..... . .. . ... . . ' .. ...... . .. . 
]906 ............ ' 
1907..... . .. . .. . .. . . . .. . . . . . ........ . ........ . ... . .. . 
1908.. ..... . . ... . . . .......... . .... . ...................... . . 
1909..... . ........ . 

Short tons 
811,228 

1,385,000 
1,834,745 
1,845,000 
2,174,329 

For 1910 and succeeding years, figures of production for the district 
are avail-able and are given in the table, page 24. The figures for 1910 
and 1911 are from the Annual Report, Department of Public Works, 
Alberta; those for 1912 to 1917 inclusive from" Mineral Production of 
Canada"; those for 1918 to 1920, from Mines Branch, Ottawa, Bulletin 
567; and those for 1921 to 1932, inclusive, from "Coal Statistics for 
Canada ". 
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LIST OF COLLIERIES (See Figure 4) 

Operating Collieries, Kootenay Coal Deposits, Alberta 

1. International Coal and Coke Cumpany mines. 
2. McGillivray Creek Coal and Coke Company mines. 
3. West Canadian Collieries, Greenhill mines. 
4. West Canadian Collieries, Bellevue mines. 
5. Hillcrest Collieries mines. 
6. Byron Creek Collieries mine (temporarily closed). 

7. Mohawk Bituminous Mines. 

Operating Collieries, Allison (Belly River) Coal Deposits, Alberta 

8. Canadian-American Coal Company mines. 

Abandoned Collieries, Kootenay Coal Deposits, Alberta 

9. Cartwright and Thomason Sunburst mine . 
10. Franco-Canadian Collieries mine. 
11. Leitch Collieries mine. 
12. West Canadian Collieries, Lille mine. 
13. West Canadian Collieries, Grassy l\/fountain mines. 
14. Maple Leaf Coal Company mine. 
15. Burmis Mining Company mine. 
17. ;';pokane and Alberta Coal and Coke Cumpany mines. 

Operating Collieries, Kootenay Coal Deposits, British Columbia 
16. Corbin Collieries mines. 
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Coal Product-ion, Crowsnest Pass Di"st?-ict, Alberta 

Year 
1910 . . . ... .. . .. . ... . .. . . . . ... . .. . . . . . . . . ... . . . . . . . . . ... . . . . . ... . 
1911. . . . . . . . . . . . . . . . . . . . . . . . .......... . . .... ... . 
1912 . . . . . . . . . . . . . . . ... . . ....... . . 
1913. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . ... . .. . 
1914 . .. . . . . . . . .. .. . . .. . . . . . . . .. . ' " . . . . .... . . 
1915 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .... .. . . 
1916. .. . ... .... . . . . . . . . . . ... . ' " . .. . . 
1917 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. .. . . .. . . 
1918 ... .. .. . . . . .. . . .. .. .. . . . . . . . .. .. . .... . . ... . . . . . ..... .. . . . ...... . 
1919 .. .. .. .. . . . , .. . .. . . .... . . .... . . .... ' ' " . .. . .... '" . 
1920.. . ................... . . . . . . .. . . 
1021 . . . .. . . . . . . .. .. . . . ... . ....... . . . . . . 
1922 . .. . . .. . . . . . . . ..... . . ... . ... . ............. . ....... . 
1923 . . . . ... . " .. ' .. .. . .... . .......... . .. . .. .... . 
1924. .......... . ..... . .............. . . . . ....... . 
1925 . . . . . . . . . " .... .. .. .. .. . . . .. ... .. . . ' . . . . ... . . . . .... . . . . 
1926 .. . " . .. . ........ , .. . . . . . . .. ' . .......... ..... . 
1927.. .. . .. ...... . . . . .... . ..... . ..... . . . .... . .. .. ... . . . . . . . 
1928 .. .... . .... . ...... . . . . .. . . . . . .......... . . . . .... . . . . ... . . . 
1929 .... ... . . . .. .... . . . . .... . ..... . .. . . . .. . .. . .. . .. . .. . . . . . 
1930 .. 
1931. . . . . . . . .. ....... . .. . ......... . .. . ..... . . ..... . .. ........ . 
1932 ... 

Short tons 
1,608,205 

528,119 
1,500,594 
1,772,575 
1,208,342 

919,383 
1,399,782 
1,188,456 
1,595,662 
1,175,535 
1,769,807 
1,282,571 
1,025,771 
1,602,292 

912,550 
1,132,661 
1,452,023 
1,443,161 
1,639,358 
1,553,716 
1,133,891 

951,948 
714,884 

The existence of valuable coal deposits in Crowsnest district was first 
brought to the attention of the public by G. M. Dawson in his report on 
the "Region in the Vicinity of the Bow and Beilly Rivers "1 and is 
referred to again by him in his report on the Rocky Mountains between 
latitudes 49° and 51 0 30'.2 Little exploratory work was done on these 
deposits, however, up to 1899 when the Crowsnest Branch of the Canadian 
Pacific Railway was constructed. In 1902 W. W. Leach was detailed to 
a geological investigation of this field and his report3 summarizes the 
results of his investigations of the stratigraphy, structure, and coal deposits 
of the district. Leach's report is accompanied by a geological sketch map 
of part of the Blairmore-:F'mnk coal fields supplemented by three geneml­
ized structure sections. 

The importance Crowsnest Pass distTict had Teac.hed in 1910 'as 
the largest producer of bituminous coal in the province made it expedient 
that the Geoklgic'al Survey undertake 'a more detailed survey of the area. 
To serve as a base for this investigation a topographic map of an area 
measuring 17 miles north and south and 12 miles east and west, with its 
centre near Blairmore, and designated the Blairmore map sheet, was 
started in 1911 and completed in 1912. In September, 1911, W. W. Leach 
began a revision of the geological mapping of the area, which he con­
tinued in 1912. Leach's preliminary report4 summarizes the stratigraphy 
and general structure of the district and his preliminary geological map5 
outlines the major features of the area. Leach died before concluding his 
investigation and in 1915 the wOTk of revision was completed by B. Rose. 6 

The Blairmore geological map, on which was combined the work by 
Leach and Rose, was published in 1920 and is accompanied by a battery 

'Geol. Surv., Canada, Rept. of Prog. 1882-84, pt. C, p. 100. 
'Gool. SurY., Canada, Rept. of Prog. 1885, pt. B, p. 58 and p. 69. 
'Geol. SurY., Canada, Ann. Rept., vol. XV, pt. A, pp. 169-181 (1907). 
'Gool. SurY., Canada, Sum. Rept. 1911, pp. 192-200. 
'Geol. SurY., Canad a, Sum. Rept. 1912, Map. 107 A, p. 234. 
'Rose. B.: Goo!. Surv., Canada. Sum. Rept. 1915. p. 110; 1916. pp. 107-114. 
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of seventeen structure sections along east-west lines at intervals of a 
mile. The map and sections have proved of incalculable value for general 
use, but their small scale (1 mile to 1 inch) does not permit of them 
being used as basel" on which to plot details necessary for the solution 
of the many geological difficulties encountered in mining the coal deposits. 

These difficulties arise from three main causes, the most formidable of 
which are the fDlding and faulting that characterize most of the deposits 
of the Rocky Mountains. In many instances the continuations of seams 
cut off by faults have been recovered by following the small coal stringers 
along the fault planes, but in a number of areas the displacements are of 
such magnitude as to have caused a termination of mining operations with 
a great loss of invested capital which would probably have been saved had 
the structural conditions affecting the area been more fully appreciated. 
Other difficulties encountered arise through the existence of "wants" in 
the coal seams, due either to non-deposition of the coal-forming vegetation 
or its removal prior to the deposition of the capping sediments. In still 
other instances mining operations have been discontinued owing to the coal 
seams becoming too high in a::;h to permit of the deposits being profitably 
developed. 

RECENT DETAIL WORK 

The need of detailed geological maps has long been felt and repeatedly 
voiced by those engaged in the development of the coal deposits, and in 1931 
detailed investigations were commenced in Crowsnest Pass district, Alberta. 
An area 4 miles square, having Hillcrest as the principal mining camp, was 
the first to receive attention. This was followed in 1932 with the mapping 
and study of two other areas each 2 miles in width and 6~ miles in length. 
One of these areas covered the coal deposits under development in the 
vicinity of Blairmore, and the other the coal deposits being mined mainly 
to the north of Crowsnest River at Coleman. All three areas were mapped 
on a scale of 800 feet to an inch. The topographic base map for the Hill­
crest investigation, having a 25-foot contour interval, was made in 1930 
by J . A. Macdonald of the Topographic Division of the Geological Survey. 
The topographic base maps for the investigation of Blairmore and Coleman 
areas were made by photographically enlarging to the required scale por­
tions of the Blairmore topographic manuscript made in 1912 on a field scale 
of 4,000 feet to an inch and with a contour interval of 100 feet. Township­
section grids of the areas to be mapped were drawn to the same scale, and 
to them was transferred the topography as obtained from the enlarged 
maps. The culture was brought up to date, and where necessary the 
topography was revised. The~'e revised topographic base maps were used 
and although somewhat less accurate than the Hillcrest map as regards 
topographical detail, are nevertheless believed to be sufficiently accurate 
to satisfactorily fulfil all requirements. 

The geological maps of the three areas are each accompanied by a series 
of E-W geological structure sections drawn on a natural scale across the 
area at intervals of one-fourth mile. These sections show the surface 
profile and all essential surface and underground geological data and mine 
workings. The data shown have been checked by transferring each of the 
structure sections to a glass plate where the detail on one section can be 
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compared with those of the adjacent sections. At the close of the field 
seasons each of the operating companies concerned was supplied with a 
hand-coloured copy of the geological map and a set of cross-sections of its 
respective area. Hand-coloured copies of these detailed maps and batteries 
of sections may be obtained at a reasonable charge on application to the 
Director of the Geological Survey. The main features of these areas are 
shown on the simplified sketches (See Figures 7, 8, and 9). 

Further assistance was rendered the coal companies by supplying 
them, at a nominal charge covering cost of material and outside help, with 
celluloid structure section models of their respective fields (See Plates I, II, 
and III). These models consist of the series of structure sections cut out 
of celluloid sheets, on which are plotted formations, boundaries, coal seams, 
fnults, mine levels, and bore-holes. Thef;e sections are geologically coloured 
and erected in their proper position on a hand-coloured geological map base 
and the whole is encased in a mahogany glass frame. The models are 
proving of incalculable value to the mining company officials, in their 
planning of mining operations, and in sizing up the economic possibilites 
of areas under development. 

The writer desires to re'l~ord his appreciation to the offi·cials of the 
various mining companies concerned for assistance rendered during the 
course of the investigations, for office and housing accommodation fur­
nished, and for information and office material supplied. Among those 
deserving special mention are the following: Wm. Stevenson, General 
Manager, and W. Hutchison, Engineer, Hillcrest Collieries, Limited; G. A. 
Vissac, General Manager, J. R. Smith, Business Administrator, L. P. 
Robert, General Superintendent, and R. G. Foot, Assistant Engineer, West 
Canadian Collieries, Ltd.; George Kellock, General Manager, A. E. Graham, 
Engineer, McGillivray Creek Coal and Coke, Ltd.; J. Mcintyre, Manager, 
:;Vlohawk Bituminous Mines, Ltd.; G. A. Camphell, Manager, Blairmore 
Iron Works. Of these the writer's thanks are especially due to Messrs. 
G. A. Campbell, R. G. Foot, A. E. Graham, and Wm. Hutchison, Engineers, 
for technical ,assi"tance rendered in the draughting and fabrication of the 
structure models and geological columnar sections supplied their respective 
companies. 

The writer's thanks are also due to numerous other residents of the 
district for courtesies received which greatly assisted in the progress of the 
work, and added to the comfort ·of the party. Among these he is especially 
indebted to Rev. Father Harrigan and Mr. A. Greig, Manager, McLaren 
Lumber Company. 

The following student assistants were attached to the party: D. J. 
MacNeil, H. N. Hainstock, H. H. Fraser, R. Thompson, D. Campbell, 
J. C. Pratt, H. H. Beach, and W. R. Roxborough. The first five mentioned 
served with the party two years and the fOUT )·ast men.tioned one year. 
The writer's thanks are due to each of these assistants for the highly 
satisfactory manner in which he carried out the duties assigned him. 
Special recognition is accorded to the two senior assistants, D. J. MacNeil 
and H. N. Hainstock. Mr. MacNeil in 1931 was entrusted with the mapping 
and investigation of the Hillcrest area to be used as a basis for a doctorate 
thesis, and in 1932 he carried out similar work on the Blairmore coal area. 
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H. N. Hainstock in 1931 was engaged mainly in a study of the Mesozoic­
Palreozoic contact, and in 1932 was assigned to the detail mapping of the 
McGillivray Creek coal area. 

GENERAL GEOLOGY 

The area dealt with in this report measures approximately 18 miles 
in a north-south direction and 22 miles in an east-west direction (See 
Figure 4). It extends from the eastern boundary of Range 3 in the 
vicinity of Bm·mis westward to beyond the summit of Crowsnest Pass at 
Crowsnest Station, and in a north-south direction from Township 6 to 
To,vnship 9, inclusive. Within this area the topography ranges from roll­
ing to mountainous. The mountainous territory is largely confined to the 
areas underlain by Palreozoic rocks, namely: (1) Livingston€ Range which 
lies altogether north of Crowsnest River; (2) Blairmore Range which com­
prises Bluff, Turtle, and Hillcrest Mountains; (3) Crowsnest Mountain 
which is an erosion remnant of t.he main Rocky Mountain Range; and 
(4) the main range of the Rocky Mountains. The highest elevations 
attained in each of these areas are: Mount Ptolemy of the main range 
with an elevation of 9,234 feet; Crowsnest Mountain with an elevation of 
9,138 feet; Centre Mountain of Livingstone Range, with an elevation of 
8,355 feet; and South Peak of Turtle Mountain with an elevation of 7,236 
feet. The channel of Crowsnest River drops from an elevation of 4,419 
feet at Crowsnest Lake to 3,950 feet at Burmis, giving a relief ranging 
from 3,200 feet at the eastern side to 4,800 feet at the western side of 
the area. 

The country east of Livingstone Range falls off rapidly in elevation 
and merges into the rolling topography of the foothills. The area between 
the outlying ranges of Paheozoic rocks and the main range of the Rockies 
is characterized by a series of less pronounced, northerly trending ridges 
separated by broad, drift-covered valleys. The most conspicuous of these 
ridges is Willoughby or Ash Ridge. 'Dhis ridge, which is capped by 
resistant volcanic rock, crosses Crowsnest Valley 1 mile west of 
Coleman and reaches its maximum elevation of 7,266 feet on Ma Butte 
6~ miles north of Coleman. Most of the other high ridges in the area 
owe their relief to protection from erosion by reason of the presence of 
some resistant layer such as the prominent conglomerate bed that marks 
the base of the Blairmore formation. 

The subdued outline of the tops of the ranges indicates that the area 
was completely covered by the Cordilleran ice cap. A tongue from this 
glacier advanced down the valley of Crowsnest River, scouring out Summit, 
Island, and Crowsnest Lakes at the Alberta-British Columbia divide. Evi­
dence of ancient alpine glaciation is to be seen in the well-developed, 
knife-edge ridges, truncated spurs, cirques with their precipitous walls, 
rock steps, and rock-basin lakes which characterize the higher peaks of 
buth the main Rocky Mountains and Livingstone Range. Except in the 
higher areas bedrock is largely obscured by a veneer of boulder clay, the 
character of which shows it to be largely formed from rocks of local origin . 
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The hillsides, up to an elevation of 7,000 feet, are largely covered 
with a growth of scrub spruce and jackpine, much of which has been 
recently reduced by forest fires that have swept the district. 

Crowsnest Valley forms a prominent topographic depression that cuts 
in an east-west direction transversely across the rock structure. At the 
height of land marking the British Columbia-Alberta boundary, the valley 
bottom is 4,438 feet above sea, and at Burmis, 24 miles to the cast, it lies 
at an elevation of 4,000 feet, giving a gradient of 18 feet to the mile. The 
gradient of the stream, however, is not uniform throughout. It is steeper 
where the river is actively engaged in cutting its channel through the more 
resistant rock formations, as at the outlet to Crowsnest Lake and at 
Frank, where it crosses PahBozoic limestones, and at a mile west of Cole­
man where occur the Crowsnest volcanics. At these localities, also, the 
valley is comparatively narrow and steep-sided, whereas in the intervening 
areas the valley is low and broad; and the valley slopes rise gently from 
the channel of the river to its watershed about 7 miles distant. The pre­
Glacial configuration of Crowsnest Valley and its tributaries, Byron and 
Drum Creeh, was very much the same as at present except that parts 
traversing the softer rocks were probably gouged out during the Glacial 
period, so that the streams are now engaged in cutting their channels across 
the harder rocks of Blairmore Range. 

Crowsnest Valley from Crowsnest Lake eastward to beyond Burmis 
is largely floored by alluvium, the original surface of which is believed 
to have been that of an outwash plain formed in front of the retreating 
valley glacier. Near Crowsnest Lake the surface of this deposit is irregular 
on account of morainic deposition by a glacier that advanced down Allison 
Creek Valley; but farther down the valley it has a plain-like surface with 
a gradient slightly less than that of Crowsnest River . At Sentinel this 
surface lies about 50 feet above the river at an elevation of 4,450 feet, 
and at Burmis it lies at an elevation of 4,200 feet or about 300 feet above 
river-level. In some places the alluvium has deeply buried the bedrock, 
whereas in other places only a slight veneer caps rock spurs. The surface 
of this flood-plain is characterized by a number of isolated, conspicuous, 
roughly-circular depressions which have been formed by the melting of 
large blocks of ice that became buried in the outwash from the valley 
glacier. 

On the retreat of the ice, the drainage of Crowsnest Valley appears to 
have been damned somewhere east of Burmis and the water caused to 
rise to a height of approximately 300 feet above the present channel level, 
forming a long, narrow lake. The numerous tributary streams issuing into 
this lake built at their mouths alluvial fans since dissected or in places 
largely removed by later erosion. Remnants of such fans are to be seen 
near the mouths of most of the larger tributary streams, such as the stream 
entering Crowsnest River from the south at Burmis, Byron Creek, Drum 
Creek, Blail"more Creek, and Nez-Perce Creek. Pm;t-Glaciwl erosion by 
Crowsnest River has cut the original outwash plain into a series of terraces. 
The uppermost terrace begins near Crowsnest Lake at an elevation of 
4,419 feet and has an elevation of 4,150 feet at Burmis. Another terrace 
begins east of Coleman at an elevation of 4,350 feet and drops gradually 
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to an elevation of 4,100 feet at Burmis, and a third terrace begins at 4,200 
feet at Blairmore and has an elevation of 4,010 feet or about 20 feet 
above river level at Burmis. The main and tributary streams in eroding 
their new vaHeys ha.ve in places cut into projecting rock spurs. 

One of the most recent physiographic events in the district is the 
rock slide that occurred at Frank on April 29, 1903, when a large mass 
of Turtle Mountain broke away, rushed down the mountain slope, swept 
across Crowsnest Valley for a distance of almost 2 miles climbing up on 
the opposite side to a height of over 4,540 feet or 385 feet above the river 
channel. Evidence of a smaller rock slide which had occurred in prehistoric 
times is to be seen on the east side of Bluff Mountain, 2 miles directly 
north of Frank, at an elevation of 5,500 feet. 

STRATIGRAPHY 

The various formations exposed within Crowsnest area, with their main 
characteristics and their thicknesses at their western and eastern eXiposures, 
are given in the table, page 30. For more detailed data the reader 
is referred to previous reports on the district, the latest of which deals with 
the Mesozoic-Palreozoic contact and associated sediments, and appeared in 
Summary Report 1931, part B. The main revision here made is that the 
37-foot thick quartzite zone, including at the base a breccia quartzite con­
glomerate exposed in the Rock Creek section of Livingstone Range and 
equivalents elsewhere in this and Blairmore Range, are, on the basis of 
lithological similarity, correlated with the Triassic Spray River beds of 
the Crowsnest Lake section instead of being grouped with the Jurassic 
sediments. The thicknesses of several formations have also been slightly 
revised as a result of measurements made during the past year. 

The main features brought out in the following geological table are: 
(1) the alternation of marine and terrestrial deposits and the occurrence 
of volcanic deposits in the Upper Cretaceous; (2) a remarkable thinning 
of all the formations from west to east; (3) the absence of Tertiary forma­
tionf;; (4) the existence of three unconformities of considerable magnitude, 
(a) the disconformity indicated by Devonian sediments resting upon Middle 
Cambrian sediments, observed in the North Kootenay Pass section, (b) 
the erosional unconformity between the Palreozoic and the overlying 
Mesozoic rocks, and (c) the erosional unconformity of less magnitude 
between the Kootenay and Blairmore formations. 
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Table of Formations 

Thickness, feet 
Age Formation Characteristics 

West East 
---

Upper Cretaceous ..... Allison (Belly Soft , Iighlrcoloured, fresh-water 
Riv('r) saadstoncs interbedded with minor 

amounts of fresh-w!l.ter, grey and 
black shales, and an occasional 
lens of conglomerate and at least 
two coal sealns near top of for-
mation. Non-marine, in part. 
brackish water ..... . ....... .... , .. 4,000 2,5(" 

------
Colorado ......... .. Soft, dark, marine shales with thin, 

arenaceous beds and concretions of 
ironstone . Two horizons of hard, 
resistant, quartzitic sandstone 
occur near base of form!l.tion and 
probably represent the Cardium 
bands of areas farther north. 
Marine ................ ............ 3,250 3,0011 

---
Crowsnest Volcanics Volcanic ash, tuff, and agglomerate 

of various colours and textures, 
Largely non-marine .... . ......... 1,800 §no 

- - --
Lower Cretaceous ..... Blairmore. ... , ..... Light-coloured, shaly sandstones and 

sandy shales alternating with red 
and green shales and with massive, 
hard conglomerate or coarse 
sandstone at base and loose, cher~y 
conglomerate at top. At least one 
bed, and possibly several beds, of 
shaly, freshwater· limestone in 
lower part of format ion. Non-
marine ............. .. ............. 2.300 2.158 

Erosional unconformity 

Kootenay ........... Coarse. hard sandstone al terna ting 
with black shales. with six coal 
seams. Non-marine .............. 650 366 

---
Jurassic ............... Fernie ....... . . . .... Thin-bedded. grey-black and black. 

fissile. marine shales with thin-
bedded. brown sandstone. fossil-
iferous calcareous grits, and in 
places a phosphat.e bed at base 
containing gryphre. Marine. ". , .. 900 700 

---
Triassic .... . .. . . . . ... Spray River .. .... .. Shaly quartzite and quartzite breccia 

conglomerate. Marine ............ 350 51) 

Ero.sional ·unconformity 

Pennsylvanian ........ IROCkY Mountain Fine-grained. light grey quartzites .. 1.118 550 
quartzite Marine 

---
Mississippian .......... Rundle ...... ....... Interbedded. finely crysta.lline and 

coarsely granular, compact. grey 
limestone and bands of chert with 
beds containing crinoids, corals, 
and bra.chiopods. Marine ...... . .. 4.988 1. 55il 

---
Banff ........... .. .. Fine and massive-bedded limestone 

with layers and nodules of chert 

I and beds with strong odour of 
hydrogen sulphide. Fossiliferous. 1.070 54(} 
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Table of Formations-Concluded 

Age Formation Characteristics 

Devonian ....... . . .... Minnewanka .... . .. Dark grey • finely crystalline and 

Cambrian. 

coarsely granular limestone with 
chert lenses and bands; dark. cal-
careous shale at top. The lime-

I stones are fossiliferous. Marine .... 

Disconformily 

. Flathead quartzite .. Hard. white and reddish quartzites 
with beds of quartzitio shale and 
conglomerate lenses con t a i n i n g 
trilobite remains ................ . 

GENERAL STRl'CTURE 

Thickness. feet 

West East 
------

2.600 ? 

300 .. . .... . 

The west part of the area is a fault block oomposed largely of westerly 
dipping Palffiozoic sediments that plunge beneath the Mesozoic beds of 
Fernie Basin. This block has been thrust eastward 25 or more miles along 
a westerly dipping fault plane and along it Devonian limestones may be 
observed lying upon westerly dipping sediments of the Allison (Belly River) 
formation of Upper Cretaceous age that normally occur 17,000 feet higher 
in the stratigraphic column. Another major northerly trending and westerly 
dipping fault occurs at Burmis at the eastern boundary of the area. The 
horizontal displacement along this fault plane is small as compared 
with that of the Rocky Mountain fault. It is nevertheless of such magni­
tude that Kootenay and Jurassic sediments, and farther north Mississippian 
limestones, have been thrust eastward so that they now lie upon westerly­
dipping sediments that have been designated Allison, but which further 
investigation may prove to be considerably younger. They hold the Burmis 
placer iron deposit. An analogous deposit in the Blackfeet Indian Reserve, 
Montana, is of St. Mary River age. 

The area between these two major faults is 13 miles in width. In its 
eastern part occur two prominent, northerly trending and overlapping anti­
clinal ranges of Palffiozoic strata separated by ,a synclinal trough 1 to 2 
miles wide, underlain by Lower Cretaceous sediments. The more northerly 
and easterly of these ranges is the Livingstone Range. This starts about 
1 mile northeast of Bellevue, and extends northward a distance of 28 miles. 
It has a maximum width of 2 miles, and over much of its length consists 
of a double-crested asymmetrical anticline with both axial planes dipping 
to the west. It is bounded on the east by the major eastern fault referred 
to above. 

A mile northeast of BeHevue the Palffiozoic rocks forming the southern 
nose of Livingstone Range plunge southward beneath Mesozoic sediments 

60482-3 
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and the anticlinal fold divides into two, narrow, compressed, asymmetrical 
anticlines which, 1- mile east of Bellevue, are capped by beds of the Kootenay 
formation. These two folds extend southward to beyond Byron Creek and 
are separated by a shallow, gently southward-plunging syncline 1,000 to 
] ,300 feet in width, floored over most of its distance with sediments of the 
Blairmore formation. 

The area lying between this double anticline and the major fault which 
runs ·along the eastern base of Livingstone Range is designated the- Pass­
burg-Burmis area. It is undedain by Blairmore and Kootenay rocks which 
have been folded into two major southward-plunging basins rimmed with 
the Kootenay formation, the Passburg basin on the west and the Burmis 
basin on the east. The Passburg basin is a single, asymmetrical fold, 
approximately a mile wide, opening out to the south and retaining its 
identity beyond the map-area. From the latitude of Bellevue southward it 
is cut by a southerly-trending, westerly-dipping thrust fault along which 
the beds on the west have been thrust upward and eastward over younger 
sediments. The Burmis basin is more complicated and consists of two 
structural troughs separated by a tongue of Kootenay rocks which extends 
fDr 1-} miles from the northern rim southward along the western side of a 
westerly dipping fault. The trough on the west side of this fault, as defined 
by the Kootenay measures, is ~ to * mile in width. 

Blairmore Range crosses Crowsnest River between Frank and Blair­
more and extends from there for a distance of 4 miles to the north and 7 
miles to the south of the river. It attains its maximum width of less than 
1~ miles on Bluff Mountain, 2 miles north Df Crowsnest River. Over 
much of its length the eastern limb of the anticlinal fold of Palreozoic strata 
constituting this range is characterized by a thrust fault along which 
Palreozoic sediments have been thrust eastward upon Lower Cretaceous 
Kootenay beds. In Crowsnest River Valley erosion of the limestones above 
the westerly dipping fault plane has exposed a small window of vertical 
Jurassic sediments. The fault dies out several miles to the north and south 
of the river, and fwm there to the north and south extremities of the fold 
the Palreozoic and Mesozoic formations outcrop in their natural sequence. 

It was on the eastern side -of Turtle Mountain, the segment of the range 
immediately south of Crowsnest River, that the great Frank rockslide of 
1903 occurred. This slide was due to a combination of causes among 
which (See Figure 5) are: (1) the tightly compressed and overturned 
asymmetrical form of the fold; (2) the presence of two, and in places 
three, prominent thrust faults; one along the crest in which there is only 
a slight displacement; a second on the slope of the range 1,600 feet east of 
the crest and 1,300 feet below the summit of Turtle Mountain in which 
there is a considerable displacement within the limestone formation; and 
a third near the eastern base where Mississippian limestones have been 
thrust over incompetent Jurassic and Kootenay sediments; (3) rain and 
frost action operative in the crevices of the crushed centre of fold; (4) 
undermining of the eastern flank of Turtle Mountain by the erosion of 
Crowsnest River; and (5) slumping caused by the underground mining 
of the steeply dipping coal seam which skirts the e&stern base. 

The most unstable part of Turtle Mountain is believed to be South 
Peak which is almost completely surrounded by fissures and is being under-
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mined along the present rockslide scarp by wind, rain, and frost action. An 
investigation, carried out by the writer in 1931, revealed that at this point 
there is still danger of a considerable block of rock falling, but the possi­
bility of a second large rockslide occurring is being reduced by the con­
tinuous breaking off of small portions through natural weathering agencies . 
:\. small, prehistoric rockslide occurs almost directly east of the highest 
part of Bluff Mountain 2 miles directly north of Frank. Here consider­
able Palreozoic limestones cap a small knoll with an elevation of 5,500 feet, 
formed largely of Kootenay measures. 

The Cretaceous trough between Livingstone and Blairmore Ranges 
opens northward and southward into broad synclinoria which are cut by 
several southerly-trending faults and minor folds . The absence of coal 
deposits of commercial quality in the northern area has resulted in little 
work ofa detailed character being carried out there, whereas in the southern 
area the presence of commercial deposits made detailed work a necessity. 
A t the latitude of Hillcrest Station the Cretaceous synclinorium has a width 
of 1-2- miles. It consists of two troughs separated by a low, south­
easterly-trending, asymmetrical anticline which crosses Crowsnest River 
at Hillcrest Station and Byron Creek about a mile above its junction, 
beyond which it gradually dies out. The trough on the east averages less 
than -2- mile in width and that on the west ranges from i to 2 miles in width 
(See Plate III). Both troughs are asymmetrical in form with their western 
flanks either steeply dipping or overturned to the west, and their eastern 
flanks gently inclined. The eastern trough is cut along its synclinal axis 
by a westerly dipping thrust fault along which there has been a small 
displacement. The western trough is cut by several thrust faults of large 
displacement; one of these extends from the eastern base of Turtle Moun­
tain southeasterly to cross Byron Creek 11 miles above its junction with 
Crowsnest River j another fault branches from the former a mile west of 
Hillcrest Station at the eastern border of the Turtle Mountain rockslide, 
runs southerly, crosses Drum Creek It miles west of Hillcrest, continues 
along the eastern base of Hillcrest Mountain, and cuts Byron Creek 2i 
miles above its junction with Crowsnest River; a third thrust fault branches 
off the main eastern fault near where it crosses Falls Creek a mile south 
of Hillcrest townsite, runs southerly and apparently intersects the western 
fault which skirts the base of Hillcrest Mountain at a point about -} mile 
south of Byron Creek. An examination of the Hillcrest structure section 
model (See Plate III) will show that the segment of the western trough 
known as the Hillcrest basin and which is surrounded by the three above­
mentioned faults, has been raised and thrust norlhward thousands of feet 
with relation to the adjacent parts of the trough. It is in this basin that 
the Hillcrest Collieries is carrying on their present mining operations. 

Between Blairmore Range and the Rocky l\{.ountain escarpment is an 
area 10 miles in width that is underlain by Cretaceous strata having a 
westerly dip. These sediments are cut by two, and in places three, prom­
inent, northerly trending and westerly dipping faults. The beds on the west 
side of each of the faults have been thrust over those on the east for dis­
tances of several thousands of feet. As a result the coal-bearing Kootenay 
beds that outcrop along the western flank of Blairmore Range and cross 
Crowsnest River at Blairmore are repeated twice, first in a belt that extends 
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from a point on Crowsnest River -} to t mile west of Blairmore south to 
South Fork Branch, a distance of 12 miles, and then again in a much longer 
belt that crosses Crowsnest River at Coleman. In the first of these blocks 
the beds have an average westerly dip of 45 degrees to 60 degrees and in the 
Coleman fault block, 30 degrees to 35 degrees. Details of the structure 
of these two areas are given in the section on economic geology. 

The area between the Coleman Kootenay band and the Rocky Moun­
tains is underlain by Colorado marine shales and Allison freshwater sedi­
ments. These have a fairly uniform westerly dip averaging 32 degrees. The 
Colorado shales are approximately 3,000 feet thick and Allison formation 
4,000 feet thick. 

Five miles west of Coleman, at Crowsnest Lake, the Allison formation 
is over-ridden by the westerly dipping Palreozoic limestones that form the 
main range of the Rocky Mountains. The fault contact runs due north 
from Crowsnest Lake, but 5 miles north of the railway and 2t miles to the 
east of this contact occurs Crowsnest Mountain, the upper 2,000 feet of 
which consists of Palreozoic sediments. From Crowsnest Lake the fault 
contact trends southeasterly for a distance of 4~ miles to where it turns 
and assumes an almost due south course. If this south course is projected 
northwards it will be found to coincide almost exactly with the eastern 
outcrop of the fault plane in Crowsnest Mountain. There appears to be 
little doubt that the fault scarp formerly occupied this position, and that 
at Crowsnest river it has been eroded back 3~ miles to its present location. 
During the summer of 1932 a number of observations were made of the 
position and elevation of the fault contact on spurs and re-entrants, both 
on Crowsnest Mountain and along the main fault contact over a distance of 
12 miles. These locations are indicated on the index map, Figure 4, and 
with them it was possible to construct a series of triangles by which to 
calculate the strike and dip of the fault plane. These calculations, with 
but one exception, indicated angles of dip of from 5 to 9 degrees, and an 
average westerly dip of 6 degrees. The average strike of the fault plane 
is north 10 degrees west astronomic. 

The Pal reozoic sediments of the western fault block have a combined 
thickness of 9,800 feet. In Crowsnest Pass they have a regular westerly 
dip of from 45 to 60 degrees and are cut by only a few faults of slight 
displacement. Here the outcrop has its minimum width of 2-} miles. Five 
miles to the south in the latitude of Mount Coulthard and Mount ptolemy, 
where the Alberta-British Columbia boundary line trends in an east-west 
direction, the Palreozoic rocks are folded and faulted, and the outcrop has 
a width of approximately 5 miles. 

Immediately west of this range lies a north-south trending structural 
trough along which flows Alexander Creek. This trough is floored by 
Mesozoic sediments except for a short interval 4 to 5 miles above the junc­
tion of Alexander Creek with Michel Creek, where a neck of Palreozoic 
rocks connects the main range with a small, northerly trending range of 
Palreozoic strata lying between Alexander Creek and Elk River. From the 
locality where the Palreozoic strata cross Alexander Creek the trough 
plunges to the south and to the north, opening southward into Fernie 
basin, and northward into Elk River basin. Several erosion remnants of 
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the Kootenay coal measures lie along the eastern rim of Fernie basin, 
among which the following fall within the areas described: Tent Mountain 
coal area, Michel Head coal area, and Corbin coal area; each of these 
is described in the following section. The geological structure of the area 
from Corbin to Burmis is shown on the accompanying section (Figure 6). 

ECONOMIC GEOLOGY 

Coal mining constitutes the main industry of Crowsnest Pass district. 
The coal deposits in this part of Alberta belong to two horizons, the 
Kootenay formation of Lower Cretaceous age and the Allison formation 
of Upper Cretaceous age. These two coal horizons are separated by over 
10,000 feet of sediments and as the coals of the two formations are of 
different characteristics they are considered separately. 

Kootenay Coal 

The Kootenay coal deposits are by far the most important, being the 
source of practically the whole output. of Crowsnest Pass district. The 
general character of the Kootenay formation is given in the columnar table 
and its distribution shown on Figure 4. 

The Kootenay formation varies in t.hickness from 584 t.o 800 feet at 
Coleman to le::is than 4'00 feet at Burmis. Five seams occur in the forma­
tion, but only three are of sufficient thickness to merit attention, and 
nowhere are more than two of the seams being worked. In fact, over much 
of the area only one seam is of sufficient purity to yield a commercia'l 
product without elaborate preparation. The stratigraphic horizons of the 
three main coal seams, their thicknesses, the numerals by which they are 
designated at the different collieries, and the relative extent to which each 
is mined are given in the following table. 
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An examination of the accompanying table in conjunction with Figure 
4, showing the wide distribution of the collieries referred to, supports the 
inference that the two lower coal seams have an areal extent comparable 
with that of the Kootenay formation. Whether this is so has not been 
definitely proved, since the non-commercial quality of these coal seams, 
in many of the areas where they have been opened up, did not warrant 
further prospecting of a detailed character solely for the purpose of deter­
mining their distribution. The attractive quality of the uppermost thick 
seam, i.e., No.2 seam of the Coleman area and NO.1 seam of the Blair­
more, Hillcrest, Bellevue, and Burmis areas, and its extensive development, 
have resulted in this horizon being much more thoroughly prospected than 
any other. This work has shown that over large areas the seam is either 
absent, or present only as thin lenses or isolated patches. Where present 
the seam varies in thickness from mere stringers up to 18 feet, and in a 
few places it is separated from the overlying Blairmore basal conglomerate 
by a thin lens of shale. From these characteristics it is inferred that this 
deposit, at the time of its formation, was much more extensive than at 
present, i1nd was removed from much of the area by erosion prior to the 
deposition of the conglomerate. 

In ,addition to the seams listed in the table there are several thin 
seams as well as numerous stringers Df coal which grade rapidly into 
carbonaceous shale. In the former class are No.1 and No.3 seams of the 
Coleman area, each of which has a maximum thickness of 3 feet. Num­
erous prospect pits and trenches along the outcrops at these horizons reveal 
in some places narrow, unworkable coal seams, whereas a short distance 
away the same horizons are composed altogether of black shale. In such 
circumstances adjacent sections of the Kootenay are found to vary 
in respect to the total number of coal seams, and the number listed by the 
different collieries depends on the interpretation given by the investiga­
tor to the carbonaceous lenses. 

CHElMICAL COMPOSITION 

The following table of analyses gives a fair indication of the 
quality of the coal seams that are either now being mined or have been 
mined in different parts Df Crowsnest Pass area, Alberta. With one 
exception all analyses are of channel samples and must be considered as 
indicating the quality of the coal at the particular spot at which the seam 
happened to be sampled rather than the average run of the seam. The 
seams are known to vary greatly in quality even within short distances, 
and to obtain a representative sample of the deposit being mined at any 
colliery would require a large number of samples being taken from widely 
separated parts in the mine. As an example of the wide variation in the 
quality of a seam may be given the proximate analyses of two channel 
samples of No.2 seam, Coleman, from different parts of the mine, both 
taken bya Federal officer and both analysed under the supervision of 
the same government chemist. 
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No.2 Seam, International Coal and Coke Company, Mine 88, Coleman 

Year sample taken 

1930 1909 

Proximate analyses 
Moisture ........ . 
Volatile matter ..... . 
Ash ... . ..... ... ... . . ... . 
Fixed cal' bon . .. .......... . 
B ........... . 

Calorific value 
Calories per gramme gross ... 
B.T.U. per lb. gross .. 
Fuel ratio .. 
Coking properties .. 

R 

1·4 
28·2 
7·2 

63·2 
0·4 

14040 
2 ·25 

Good 

R=Fucls as received: D=Fuels dried at 1080 C. 

D R 

1 ·4 
28·6 23·3 
7·3 20·9 

64·1 54·4 
0·5 0·5 

6,360 
14240 11450 

. ..... .... . . 2·35 
Good 

D 

23·7 
21·2 
55 ·1 
0·5 

6,450 
11610 

The writer has at his disposal the analyses of many prospect samples 
of deposits not yet worked and of a number of commercial car-load 
shipments from the larger operating collieries in the district, that indi­
cate the quality of the coals to be considerably higher than those given in 
the table of proximate analyses. These analyses have been purposely 
omitted as the writer is of the opinion that the fresh face samples, a num­
ber of which were obtained when mines, now abandoned, were in operation, 
give a more accurate picture of the relative quality of the deposits in differ­
ent parts of the district. Exception may be taken to the inclusion of 
analyses that are high in ash as compared with the average of the deposit 
bting mined by any particular colliery. To this the writer would answer 
that he has been limited in his choice to the relatively small number of 
scam channel samples that have been taken and analysed to date by officers 
of the Federal Department of :Mines, even though some of them were 
taken many years ago. In no case must any of the analyses given be 
taken as representing the average commercial product now being mar­
keted by the operating collieries. The quality of this product is regu­
lated by the purchaser's specifications. Those interested in the analyses 
of commercial car-load shipments from the larger operating collieries 
of the district are referred to Report 725 " Investigations of the Fuels and 
Fuel Testing, 1930 and 1931," part IV, pages 67-79, Mines Branch, 
Department of Mines, Ottawa. 

Allison (Belly River) Coal 

The Allison (B,elly River) formation of late Cretaceous age carries 
coal at several horizons in the upper part of the formation. The number 
of seams vary laterally in short distances. In some sections only an 
occasional thin seam of doubtful quality was observed, whereas in other 
sections the formation is said to carry several seams of commercial value . 
Owing to the heavy cover of boulder clay and alluvium and the growth 
of jackpine that characterizes the hillslopef' along the front of the Rocky 
::'.10untains, the coal-bearing horizon of the Allison formation is largely 
concealed, and the number and thickness of seams present can be deter-
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mined only by extensive surface prospecting or drilling. Present condi­
tions in the coal industry do not warrant the incurring of the heavy expen­
diture that would be necessary to obtain the necessary data. Several thin 
seams at different horizons have been uncovered at a llJUmber of localities 
at a distance from the railway, but at only one locality is there a coal seam 
of sufficient thickness, quality, and accessibility to induce the owners to 
develop their deposit under present conditions. This locality is the Cana­
dian American Coal Company mine located 1,347 feet north of the centre 
post of the southern boundary of Sec. 34, Tp. 7, Range 5, W. 5th Mer., 
or 2 miles south of Sentinel Station on the Canadian Pacific Railway. 
Company officials claim to have uncovered six seams on their property; 
but it is possible that some of these seams may be faulted segments of the 
same seam. The measures strike north 66 degrees west, and dip 27 degrees 
west and from the position of the prospect pits there appears to be at 
least two seams. Stadia measurements across the Allison measures placed 
the seam being mined, the uppermost seam of the series, at an horizon of 
3,800 feet above the base of the formation, and within a few hundred feet 
of the fault plane ·of the Rocky Mountain overthrust. It is possible that 
the measured thickness may be found to be greater than the actual thick­
ness, due to the presence of hidden thrust faults that have caused a dupli­
cation of the beds. 

The seam being mined by the Canadian-American Coal Company is 
5 feet 2 inches thick and a section taken at the working face, at left cross­
cut, 400 feet from the mouth of the slope, on August 8, 1931, is as follows: 

Roof: carbonaceous shale 
Clean coal. .. 
Hard coal. 
Canneloid coat. .... . ......... . 
Hard, white, sandy etay .. . 
Carbonaceous shale .. . 
Hard coal. ......... . 
Floor: Carbonaceous shale 

Feet Inches 

2 

5 
4 
5 
3 
1 
S 

A channel sample of the seam and a sample of the 5-inch canneloid bench 
were taken and submitted to the Fuel Research Laboratories, Department 
of Mines, for analyses. The results are given in the accompanying table. 

Table of Proximate Analyses of Allison Coal, Crowsnest Pass, Alberta 

Canadian American C:ollierie€, Sentinel, Alberta, Sec. 34, Tp. 7, Range 5, W. 5th Mer. 

L"b. 
No. Location Basis1 Mois- Vol. Fixed Ash S Calor-

ture ma.tter carbon les 
--~-----------

B.T.D. 
per lb. 

Fuel I Cokin 
ratio P\i~: 

g 
r-

I 

9795 Channel s:>mple of R 5·0 32·5 45·7 16·8 )·1 6410 11540 HO Fair 
5 ft. 2 in.-seam D 34 ·2 48·1 17·7 1·2 6740 12140 
Room on e:1st side 
near bottom left 
crosscut, 400 feet 
from mouth of 

9819 
slope 

.5-in. cnnneloid bench R 3 ·7 31·9 37·5 26·9 2·3 5895 10060 1·15 Poor 
(rom 5 ft. 2 in.·seam D 33·1 38·9 28·0 2·4 5800 10440 

IBasis: R~Fuol >1S received. D=Fuel dried at lOS· C . 
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The coal seam being mined at Sentinel lies within 1 mile of the Rocky 
Mountain fault scarp which from the alinement of the edge of the Palre­
azoic rocks to the south with Crowsnest Mountain, formerly stood 3 miles 
farther east than at present, overriding this seam for a distance of at 
least 21 miles. A number of observations made along the fault contact 
on the main range and Crowsnest Mountain determine the fault plane 
tc have an average dip of 6 degrees west. The fault plane would lie, 
accordingly, only a few hundred feet above the present outcrop of the seam 
being worked. The proximity of the seam to this fault plane and th e 
intensity of the westerly thrust (the Palreozoic block has been thrust east­
ward approximately 25 miles) has raised these Upper Cretaceous coals, 
which at Lundbreck and elsewhere are of much lower rank, to almost the 
same rank as the Lower Cretaceous Kootenay coals which are many mil­
lIons of years older. On the other hand, the intense folding, faulting, and 
crushing to which the measures have been subjected have proved to be the 
greatest obstacle to the profitable mining of these deposits. 

An interesting discovery in the Sentinel coal deposit being mined was 
a tooth of a carnivorous dinosaur and several bone fragments embedded in 
the coal at the top of the seam. 

Comparison of Allison (Belly Rivet") Coals and Klootenay Coals 

All coal seams are made up of a series of layers of vegetal materials. 
A single bed of coal may yield several types of coal from different bands 
or layers composing it, but generally the different coal-forming substances 
occur intimately distributed through the innumerable layers forming the 
seam. The coaly material varies greatly in its degree of compactness and 
the relative proportion of the different chemical constituents. Coals are 
at present divided on the basis of their physical and chemical character­
istics into four large groups or ranks: lignite, sub-bituminous, bituminous, 
and anthracite. Each of these ranks is a measure of the heat and pressure 
to which the coal has been subjected. Other things being equal the older 
the coal deposit the longer have the coals been under pressure and 
subjected to heat and the more compact should be their layers. So, also, 
other things being equal the closer the coal deposit to the seat of thrust­
ing, the greater the pressure, and the higher should be the rank of the 
coal. Of these two factors that of intensity of mountain thrust is by far 
the more effective in raising the rank of the coal. That age is an important 
factor is obvious from a comparison of the coal deposits at Coleman and 
at Sentinel. The Coleman deposits of Lower Cretaceous age lie 5 miles 
from the Rocky Mountain fault plane, whereas the Sentinel deposits of 
Upper Cretaceous age, some millions of years younger, lie within a half 
mile of the fault scarp. Based on proximity to the Rocky Mountain 
thrust the Sentinel coal should be of higher rank than the Coleman coal 
burt a comparison of their chemical analyses will show that such is not 
the case. The difference is attributed to difference in age. That proximity 
to the mountain thrust is the main determining factor in raising the rank 
of coal may be confirmed by a comparison of the chemical analysis and 
physical character of either the Sentinel or Kootenay coals with coals of 
the same horizon farther away from the Rocky Mountain front. 
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The proximity of the seam being mined at Sentinel to the fault plane 
and the intensity of the thrust from the west have raised these 
coals considerably higher in rank than are the coals of the same horizon 
at Lundbreck, 24 miles to the east, and elsewhere along the Foothills 
belt. These coals, in turn, are of higher rank than are other coals of 
Upper Cretaceous age in the plains area farther east. So, also, the 
Kootenay coals of Crowsnest Pass and other mountain field5 are of the same 
age as the Lower Cretaceous coal deposits of northern Ontario, but the 
former are of medium volatile bituminous rank, whereas the latter are 
still in a low hgnitic stage. In the flat-lying lignitic deposits such as those 
of Ontario and the western plains, the bright and dull constituents of the 
cowl occur in broad, open ,layers, whereas in the mountain regions they 
are compressed into narrow bands. In the central plains the coals are char­
acterized by shrinkage cracks or farther west, where jointing is developed, 
the cleavage planes are widely spaced, and lie at 45 degrees to the direction 
of mountain thrust, and normal to the bedding; in the foothills belt the 
coals are characterized by a strong development of diagonal jointing with 
the bisector of the obtuse angle in the direction of the mountain thrust, and 
with both cleavage planes lying at an angle to the bedding; in the highly 
folded mountain areas there are several sets of cleavages, often very 
closely spaced, so that in some deposits it is impossible to procure a 
single large block of coal and each small piece of coal shows a wedge­
shaped form developed by the intersections of the several sets of cleavage 
planes. It has been observed in some of these deposits that where high 
ash partings exist in a coal seam, diagonal jointing is not developed in 
these layers, though it may be conspicuously developed in the coaly 
layers both above 'a.nd below the morecompet~mt bed. In some place.s 
where the high ash layer has a thickness of several inches, there is 
developed in it a rectangular cleavage, whereas in the caal <layers on both 
sides of it is a diagonal cleavage. The intersection of the diagonal cleav­
ages on the bedding planes of the coal produces a roughened surface in the 
form of a diamond-shaped lattice grid. In places some of the intersecting 
cleavage planes have been folded il,.nd slickensided by later movement. 

Coal Areas and Mining Development 

ROOTEN A Y COAL DEPOSITS 

Immediately following the construction of the railway, mines were 
opened at the most accessible points on most of the outcrops, but owing 
to the dirty character and thinness of the seams a large number of these 
mines were shortly afterwards closed and abandoned. Several attempts 
have been made to work some of these abandoned properties, but most of 
them have proved unsuccessful. 

Mining is being carried on at the present time by the International 
Coal and Coke Company, and the McGillivray Coal and Coke Company, 
in Coleman aJ'ea; by the West Canadian collieri,cs at 'GreenhilI and at 
Bellevue; by the Hillcrest Collieries at Hillcrest; and by the Mohawk 
Bituminous Mines one-half mile east of Bellevue. The Byron Creek Col­
lieries mine located at the junction of Byron Creek and Crowsnest River is 
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temporarily closed awaiting a return of normal conditions to the coal 
industry. Among the collieries dismantled and abandoned are the follow­
ing: the Burmis Coal Company colliery and its predecessors at Burmis; 
the Leitch collieries at Old Passburg and New Passburg; the ::Vlaple Leaf 
colliery near Bellevue; the Fran~o-Canadian collieries at Frank; the 
West Canadian collieries at Old Passburg, Lille, Grassy Mountain, and 
on the south side of Crowsnest River at Blairmore; and the Thomason 
and Cartwright mine located on the south side of the river, three-fourths 
mile west of Blairmore, on the Kootenay outcrop locally known as the 
Mutz limb. 

For convenience in discussing the Lower Cretaceous coal resources 
of Blairmore district the Kootenay outcrops may be grouped into three 
main areas, on each of which considerable detailed geological mapping 
has been done. These are: (1) the Western or Coleman area; (2) the 
Central or Blairmore area, which embraces the Blairmore, Mutz, and 
Grassy Mountain-Kootenay outcrops; and (3) the Eastern area which 
embraces all the Kootenay outcrops lying to the east of the Blairmore 
range. 

Western or Coleman Area 

The most westerly outcrop of the Kootenay formation crosses Crows­
nest River at the west side of Coleman townsite. It trends in a north­
south directi'on along the east slopes of Willoughby, Ash, and McGillivray 
Ridges. It extends south of Crowsnest River for 13 miles to near Carbon­
dale River, and can be traced north of the river for 50 miles. Throughout 
its course the formation varies in thickness from 564 to 800 feet and has an 
average westerly dip of 30 degrees to 32 degrees, this dip being modified 
in a few places by local folds. York Creek is the only locality within the 
western area where the base of the formation is exposed; elsewhere it is 
cut off bya pronounced thrust fault along which the Kootenay beds have 
been thrust eastward over the Allison sediments of Upper Cretaceous age. 
Even in the York Creek section the exact thickness of the Kootenay is not 
obtainable as the uppermost beds of the formation had been eroded away 
prior to the deposition of the overlying Blairmore, and some of the beds 
in the section are greatly crushed and crumpled. The section of the 
Kootenay formation obtained at this locality measured 584 feet, but from 
a series of determinations using the width of (Jutcrop and dip of the beds 
the formation is estimated to be at least 650 feet thick, and to have a maxi­
mum thickness of approximately 800 feet. The only way in which the 
actual thickness of the Kootenay can be definitely determined is by 
diamond drilling. The section obtained on York Creek measured down­
wards from the base of the overlying Blairmore conglomerate to the top of 
the underlying Fernie is as follows. 
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Kootenay Section on York Creek 

Light grey weathering, coarse, dark brown and grey, massive-bedded sand-
stone.. . . .. . . . . . . . . . . .. . . . . . . . .. . . . . . . ........ . 

Thin-bedded, brownish black shlde ....... " . ...... . . .... .... " ....... . 
Light brown, fine-grained sandstone ... . 
Light brown, thin-bedded, fissile shale and shaly sandetone ...... . 
Coal and coaly shale (No.2 seam). . ..... ..... .. . . 
Carbonaceous shale.. . ......... . 
Coal. ....... . 
Shale .... . .. . 
Coal. ....... .. ... . 
Concealed interval. ...................... . . 
Brown weathering, grey sandstone..... .. . .. . . .. . . . . ..... . . 
Carbonaceous shale ...... .... . . 
Coal (No.4 seam)...... ..... . .. ... ......... . 
Carbonaceous shale.. . .. . . . . .. .. ...... . . 
Brown weathering sandstone. . .............. . ... . .. ..... . . 
Black shale and shaly sandstone bands ............ . . . . .. ...... ..... ..... . 
Grey weathering, hrownish grey, fine sandstone (measures are folded here) 
:Fissile, black shale ..... ..... .......................................... ... . 
lIIassive, grey sandstone........ . . . . ... . . . .. . . " ...... . 
Dark grey sandstone with beds of shale ................. . . . . . . .. . .. .... . . 
Coarse, dark grey, massive sandstone ... .... ..... ... ... . . .. . .. . .. .. . 
Brown weathering, thin-bedded, {cssile, black shale .......... . 
Orange weathering sandstone..... .. . . .......... . '" ...... . 
Coal ....................................................... '" . . . . ... . . . . 
Grey, sandy shale and orange we.tthcring, shaly sandstone .. 
Coal ... . ..... .... .............. .. ...... .... ...... . ......... . 
Brown weathering, carbonaceous shale ....... . 
Coaly shale.......... .. . ... .. .. ... . .. ..... . . . .... .. . .. . . . ...... . . . . 
Grey, carbonaceous shale much slickensided ........ . . 
Coaly shale and shale .... ... ....... ........ ............ . ...... . 
Brown weatherinp:, p:rey shale ................... ... . .. . ... . . ........ . 
Coal............................... . .... . 
Concealed interval, coal 8 feet thick (No.5 seam) .. 
Massive, grey sandstone. . . . ............ . .. . . 
Coaly shale. ... ................................ .. .... . ..... .. 
Massive, light grey sandstone .... . . ... .... . ........ . ... .. . ... . ...... . . . 
Carbonaceous shale. . . . ........... . 
Grey sandstone.. ... .......... " ............. . .............. . . . . 
Greenish grey shale and grey sandstone ..... . . . . .. .. . .. .. .. . .. . .. . ..... . . . . 
Reddish weathering, grey shale. .. . . . ... . . . . .. . ...... . ...... . 
Grey. slickensided sandstone ....... .... ...... . ...... . .. . ........ . .... . . 

Feet 

24 
15 
3 

15 
16 
9 
4 
4 
4 

20 
2~-
3 
2 
3 
4 

6.') 
6 
4 

108 
9 
5 
6 
1 
3} 

28 
2·i 
\) 

2 
30 
3 

21 
8 

12 
30 
2 
6 
2 
3 

45 
28 
12 
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The Kootenay outcrop has been prospected over most of its length, and 
has been found to carry five seams designated by numbers, the highest seam 
being No. 1. Over most of the area seam No.1 is missing and only two of 
the seams, i.e., Nos. 2 and 4, are sufficiently pure and thick enough to 
warrant being mined. These two seams are being developed by the Inter­
national Coal and Coke Company, and the McGillivray Creek Coal and 
Coke Company. The boundary between these two companies' holdings is 
the north boundary of Sec. 8, Tp. 8, Range 4, W. 5th Mer., the former 
company owning the 'area to the south and the latter to the north (See 
Figure 7). The development work and prospecting carried on by these 
two companies have shown that the coal seams and associated sediments 
vary greatly along the strike both in character and thicknesses. F-or 
example, No. 1 seam has been observed only near the mouth of the Inter­
national Coal and Coke mine, where it is less than 3 feet thick and is so 
dirty as to have no commercial importance. It lies immediately beneath 
the basal conglomerate -of the Blairmore formation, and passes laterally 
into a carbonaceous shale. 
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Figure 7. McGillivra y Creek Coal and Coke Company, Limited, 
coal area . 



47B 

No. 2 seam is the principal seam being developed in Coleman area. 
It varies from 4 to 17 feet in thickness and has an average thickness of 15 
feet. In places the seam is characterized by the presence of sulphur balls 
and in other places by a 3 to 4-inch thick shale parting that occurs along 
about the middle ·of the seam. The seam lies from 15 to 50 feet below the 
base of the Blairmore conglomerate. 

No.3 seam is a thin seam, in few places more than 3 feet thick, and 
lies about midway stratigraphically between seams No.2 and No.4. It is 
very impure and in places approaches in character a carbonaceous shale. 

Seam No.4 ranges from 4 to 20 feet in thickness and has an average 
thickness of 5t feet. It varies also greatly in ash content. A cross-section 
of No.4 coal seam as obtained in No. 12 tunnel of the International Coal 
and Coke Company is as follows: 

Feet Inches 
Dirty coaL. ......... . . .. .. . .. . .. . .. .... . ............... .. .. . 4 9 
Bony coal .. . ... . ..... . .. .. . . ............ .. . . .. . .. . .. ... . .. . ... . 10 
Rocky parting ..... ... .. . .. . . . .. .. . .. . .. . .. . .. . . . . .... . . . . ... . 6 
Very dirty coal. ........................................... . ... . 4 9 
Rock parting ............................... .. .. . 2 6 
Bone ............... .. . ....... .. . . . 2 0 
Coal ......................... . 3 0 

Total thickness ................................. . . 18 4 

Another section of No.4 seam at an outcrop near the centre of Section 
17, Township 8, on the property of the McGillivray Creek Coal and Coke 
Company, is as follows: 

Feet Inches 
Fair coaL .......................... . . .. .. . .. . ..... . .. . . . .. .. . . . . 1 6 
Shale ..................... . ..... . .. . ........... . ..... . . . 1 9 
Very dirty coal. .. .. .. . .. . .. . .. . .. .. .. . .. .. .. .. . .. . 2 3 
Friable rock .......... . .. . . . .. . . ..... . ....... ... ....... . ..... . . . 1 9 
Good coal. .............................. .. ..... . .... . ... . ..... . 4 6 

Total thickness ............... . ... . 11 9 

No.5 seam varies in thickness from 5 to 20 feet, but is so dirty that 
it ·approaches in character a carbonaceous shale. It has been prospected 
by both companies ata number of localities, but nowhere has it been found 
to be of a quality to warrant it being mined. 

The stratigraphic interval between No.2 and No.4 seams shows a 
considerable variation in thickness along the strike. Over the 4-mile 
distance prospected by the McGillivray Creek Coal and Coke Company 
(See Figure 7) the thickness of the inter-seam sediments varies from 80 
feet to 90 feet. In the area developed by the International Coal and Coke 
Company the variation is much greater. Thus, 1,200 feet south of the 
north boundary of Section 8, the interval is 110 feet; at the south boundary 
of Section 8 the interval is 70 feet; 1,300 feet south of the north boundary 
of Section 5 at B level tunnel No. 19, it is 50 feet; 4,200 feet south of the 
north boundary of Section 5, B level tunnel No. 67, it is 40 feet, and 1,500 
feet north of the south boundary of Section 29 at room 161 there is only 
6 feet of sediments separating No.2 and No.4 seams. Whether these seams 
unite south of this locality has not been determined. 

60482 -4 
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111 cGillivray Creek Coal and Coke Company 1 

The holdings of this company cover the outcrop and westerly slope 
of the Kootenay measures from the south boundary of Sec. 17, Tp. 8, 
Range 4 W. 5th Mer., northward for a distance of 5f; miles to the southern 
part of Sec. 8, Tp. 9, Range 4, W. 5th Mer. Two seams are being mined, 
No.2 seam which has an average thickness of 9~ feet, and No.4 seam, 
which rang~s in thickness from 4 to 7 feet. The seams strike approxi­
mately true north and have an average dip of 30 degrees west. A mile 
north of the southern boundary of the company's property the westerly 
dipping monocline is modified by a flattening of the coal seams in depth, 
followed by an abrupt steepening. Traced northward this gives place to a 
syncline and anticline that plunge gently northwards and, as surface fea­
tures indicate, rapidly die out. Three miles north of the southern boundary 
of the company's property the monoclinal structure is again modified by a 
pIOnounced northerly-plunging anticline and syncline and by a thrust fault 
of small displacement. 

The company's mining operations are largely confined to the southern 
3 miles of their property (See Figure 7). The main mine entry is at the 
southern end of the property, and from it a main level has been driven 
in No.2 seam northward for a distance of over 2 miles. From this haulage­
way crosscuts have been driven at intervals into No.4 seam. A slope has 
also been carried on No.2 seam northward from near the mine entry and 
from it levels 2, 3, 4, and 5 are being driven, the lowest level lying approxi­
mately 1,000 feet below No.1 level (See Plate I). It was on levels 3, 4, 
and 5 that the company has encountered its greatest difficulty in mining 
the seams, due to the great variation in dip of the seams and the presence 
of numerous thrust faults of small displacement and pinches, all of which, 
especially in a thin seam like No.4, present serious obstacles. As a result 
tbe deeper workings have been temporarily halted. The fold, however, is 
believed to be of limited extent, as all surface indications point to the 
measures resuming their regular westerly dip about a mile north of the 
present working face. 

A few years ago a mine, known as the Upper Prospect, was opened at. 
a point 2 miles north of the main entry. It is located near the northern 
border of Sec. 20, Tp. 8, Range 4, at an elevation 5,130 feet above sea­
level, and on the north side of a small valley entering Nez-Perce Valley 
from the east. A main level is being carried northward and a slope is 
being sunk from which two lower levels are being run. The coal obtained 
is carried by mine -cars southward along the hill-slope for a distance of 
3,500 feet, where it is dumped down a chute in No.2 seam of the main 
mine and removed by the main entry. 

The Upper Prospect workings, if projected northward, will be in the 
western side of the anticline whose crest corresponds over much of its 
length with the valley of Nez-Perce Creek. Hence, with the exception of 
a small tonnage lying in the area immediately north of the mine entry, all 
the available coal lies below tunnel level. To mine the coal seams lying 
in the intervening trough will necessitate opening a new entry in the valley 

IMine entries of this company are indicated On Figure 7 by MeG. C.C. and C. Co. 
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of Nez-Perce Creek near the .southern boundary of Section 5, or 2 miles 
north of the Upper Prospect. The relation of these folds to the mine 
workings of the McGillivray Creek Coal and Coke Company is shown 
on the structure section model, Plate 1. 

International Coal and Colee Companyl 

The property of this company extends from the northern boundary 
of Sec. 8, Tp. 8, Range 4, W. 5th Mer., southward for a distance of 7 mile~ 
and covers the outcrop of the coal measures and the seams as far down 
their dip as it is practicable to mine. The measures strike a little east 
of south and have a westerly dip of from 30 to 34 degrees. Only two of 
the five seams combine sufficient purity and thickness to be mined. These 
are No.2 seam which has an average thickness of 14~ feet, and No.4 
seam which has an average thickness of 7 feet. There are two mines, 
North mine located on the north side of Crowsnest River, and South mine 
located on the south side. At both mines the two seams are being 
developed, each seam being opened up by a separate entry that unites near 
the tipple, with the entry on the other seam. 

In North mine each of the two seams has been developed by meant: 
of a main haulageway, a slope, and three levels for a distance of 2,000 
feet to the north boundary of the company's property. A large tonnage 
is blocked out in No.2 seam. 

At the South mine, the tunnel in No. 2 seam has been driven over 2~ 
miles, or over a half mile south of York Creek, and the tunnel in NO.4 
seam is 9,000 feet long. Most of the recoverable coal between tunnel 
level and the outcrop of these seams in the area north of York Creek has 
been extracted and development work on both seams is now being carried 
on in the lower levels B, C, and D. 

A second entry has been driven in No.2 seam south from the south 
side of York Creek for a distance of over a half mile and most of the coal 
between this tunnel and the outcrop has been developed by rooms driven 
up the pitch. These workings are connected with the main entry and lower 
workings of the main South mine through which all the mined coal is 
removed. Throughout the length of the property the seam has a uniform 
westerly dip and is cut by only one fault, and that of only a few feet 
displacement. Throughout the area prospected the seams maintain min­
able thicknesses and parts of the No.2 seam yield an exceptionally pure 
grade of coal, so that the extent to which the seams will be developed will 
be determined by the depth to which mining can be profitably carried on. 
The maximum depth reached in the mine to date is 1,400 feet below the 
surface. 

Central or Blairmore Area 

The principal Kootenay outcrop of the central area is that on which 
the Greenhill mine is located and may be designated as the Greenhill out­
crop. It extends (See Figure 4) along the western flank of the Blairmore 
Range from Blairmore southward for a distance of 11 miles to Carbondale 

IMine entries of this company are indicated on Figure 7 by I.e. and C. Co. 
60482---4!; 
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River and northward for a maximum distance of 7 miles on Grassy Moun­
tain where it occurs as three bands, two of which are terminated by thrust 
faults and the third by a narrow, northward-plunging, anticlinal fold that 
carries the Kootenay measures beneath the immediately succeeding Blair­
more formation. Except at the northerly and southerly-plunging extremi­
ties of the Blairmore anticlinal range, the Greenhill-Kootenay outcrop has 
an average width of 650 feet and a westerly dip of about 45 degrees (See 
Plate II and Figure 8). 

A second outcrop of Kootenay rocks, known locally as the Mutz out­
crop, occurs three-fourths mile west of Blairmore. It extends from the 
south side of Crowsnest River southward to Carbondale River, converging 
slightly toward the main Blairmore outcrop. This outcrop is bounded on 
the east by a westerly-dipping thrust fault, so that only a partial section 
of the formation is obtainable. The beds dip from 45 to 60 degrees west, 
and represent an up-faulted segment of the Kootenay beds that outcrop 
to the east. 

The Kootenay has a maximum thickness of 470 feet, but over much 
of the area the thickness is slightly less than this owing to the uppermost 
beds of the formation having been removed by erosion prior to the deposi­
tion of the basal conglomerate of the immediately overlying Blairmore 
formation. The most complete section available is that which occurs south 
of Crowsnest River at Blairmore. The section as measured by B. Rosel is 
as follows: No.1 coal seam is missing but is present under the Blairmore 
conglomerate 1~ miles to the north where it has a thickness of 10 to 18 feet. 

Section at Blah'more 
Feet 

Massive, coarse-grained, crossbedded, grey sandstone with fossil stems 
and coal fragments... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

Coal seam No.2. . ... . . . . . . . . . . . . . . . . . . . . . . . . .. ............. . ........ 15 
Dark shale .... .. ............ .... ....... . .... . ..... . . . . , .. .. .... . . , . . . 55 
Dark grey, crosshedded sandstone . ......... . . . .......... . . . .. . . . .. . , . . 14 
Shale, black. fissile, with a few sandy layers. . . .. . . .. .. . . . . . . . . . . . . . . . 25 
Coal seam No.3... ..... .. .. . ........ . . .......... . . .... . ....... ....... 2 
Black shale, with sandy and carbonaceous layers and thin layers of 

coal. ........ .. ....................................... , . . . . . . . . . . . . 81 
Coal seam No. 4... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Black shale . . . . . . . . . . . . . . . . . . ... . .. , . . . . . . . . . . 3 
Coal... . . . . . . . . . . . . .... . . . . . . . . . . . . . 2 
Black shale . . ........... . ........... . .. . . ... . . ...... .. .. . ... , ..... , . . . 3 
Coarse. crosshedded sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Shale and small coal seams. . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Massive, grey sandstone, approximate t.hickness. . .. .. . . . . . . . . . . . . . . . . . . 100 

450 

Both the Greenhill and Mutz outcrops have been prospected along their 
entire lengths and a maximum of five seams have been uncovered, but -only 
three are of sufficient thickness to warrant consideration. These are seams 
Nos. 1, 2, and 4. They correspond, respectively, with seams 2, 4, and 5 
of the series at Coleman. Of these it has been rather definitely proved 
that No. 1 seam is the only seam of sufficient purity to warrant develop­
ment under existing conditions and that its commercial area is limited to 
less than 3 miles along the Greenhill outcrop, The outcrops, stratigraphic 
position, and structure of these coal seams is represented in the structure 
section model of Blairmore area (Plate II). The details pertaining to 
the seams are as follows. 

'Goo!. Surv., Canada, Sum. Rept. 1916, p. 110. 
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No.1 Coal Seam. No.1 seam lies ·at the top of the Kootenay forma­
tiDn and is generally capped by the conglomerate or coarse quartzitic sand­
stone that forms the basal bed of the Blairmore formation. In a few places 
the complete thickness of the seam appears to be present, and in places 
there occurs a thin lens of shale between the coal seam and the conglom­
erate. In other places the shale capping is missing, and the seam shows a 
considerable variation in thickness, or over long stretches is either absent 
or occurs only as small, isolated patches. These several conditions are well 
illustrated ·al·ong the Greenhill outcrop. Thus, south of Crowsnest River, 
No. 1 seam is ·absent, or where present occurs only as thin, isolated 
patches. It begins as a thin, but persistent, coa'! seam near the entrance 
to Greenhill mine, ! mile north of the railway; it gradually increases in 
thickness northward, until a mile to the north it attains its maximum 
thickness of 17 feet. North of there, seam No.1 gradually 'thins, and at 
Coug·ar Creek 2-} miles north of BJairmore it is only 9 feet thick, ,and at 
Boisjoli Creek, a mile farther north, it is less than 5 feet thick. Another 
mile farther north, at the south boundary of Section 25, on the west slope 
of Grassy Mountain, mining operations, carried on between 1901 and 1907, 
proved the seam to be less than 3 feet thiclc To the north of these opera­
tions, for a distance of 2{ miles, No. 1 seam is present at only a few places. 
Whether the conditions obs,ervrd at the outcrop hold j'n d,epthcaJll be 
determined only by diamond drilling or deep mining operations. 

The correlation of No.1 seam in Blairmore area with its proper sea.m 
in Coleman area, has a distinct application in postulating the coal resources 
of No.1 seam in the Blairmore segment. For example, if No.1 seam of 
Blairmore area corresponds with No. 1 seam of Coleman area, which is of 
limited extent and so thin and impure as to be of no commercial value, the 
probability is that No.1 seam on the Greenhill limb will be less extensive 
in depth than its outcrop seems to indicate. If, however, as is believed to 
be the case, No.1 seam of Blairmore area corresponds with No.2 seam of 
Coleman area which is known to extend for many miles, there is 'a distinct 
probability of No.1 seam in the Greenhill segment being more extensive 
in depth than is indicated by the outcrop. In either case No.1 seam, though 
not present on the Mutz outcrop south Df the river, is probably present in 
depth in the northern extension of this horizon opposite the locality in 
which it is first encountered on the Greenhill limb, although at this location 
the extent {)f rock overburden, the thinness of the seam, and its high dip 
may prevent it from proving a commercial deposit. Until much more sys­
tematic prospecting is done in the area it is impossible to estimate the 
amount of coal represented by this seam. 

No . [8 Seam. No.2 seam has an average thickness of 10 feet, and lies 
from 50 to 90 foot below No. 1 seam. It has been prospected 'along the 
Greenhill and Mutz outcrops over most of the area, and is known to under­
lie a much greater area than No.1 seam. Considerable development work 
has been dDne on it in the Blairmore South mine, the Greenhill mine, and 
Cartwright and Thomason Sunburst mine, but nowhere in Blairmore area 
has it been found to be of sufficient purity to yield a marketable product 
withDut a heavy expenditure on preparation. Consequently, no develop­
ment \\Jork is at present being done on it. This seam is believed 
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to be the equivalent of No.4 seam of Coleman area which, in that locality 
is of oCommer{)ia1 quality. Since, however, it could not be mined profitabl; 
or: the Mutz segment, it is hardLy possiblle that any improvement in qurulity 
will be found to take place in depth on the Greenhill segment. 

No.4 Seam. No.4 seam ranges from 4 to 6 feet in thickness, but over 
most of the area the ash content is so high that the seam approaches a 
carbonaceous shale. It has been prospected at several localities in the 
B1airmore South, the Cartwright and Thomason, and the Greenhill mines 
and an attempt was made to mine it on Grassy Mountain, but nowhere wa~ 
it found to yield a marketable product. 

The West Canadian Collieries, Limited l 

The West Canadian Collieries was incorporated in 1902 and is the 
largc3t of the pioneer opemtors in Blairmore district. It possesses by far 
the largest acreage of coal mining lands in the district and has developed 
four large mines, one located at Lille, one at Bellevue, and two at Blairmore, 
only two of which, Bellevue and Greenhill, are now in operation. The com­
pany's holdings in Blairmore area cover all the outcrop and slope of the 
Greenhill-Grassy Mountain limb and the Mutz segment from the southern 
boundary of Tp. 7, Range 4, W. 5th Mer., north to the north boundary of 
Tp. 8, Range 4, W. 5th Mer., with the exception of a half mile of the Mutz 
outcrop immediately south of Crowsnest River and which is held by Cart­
wright and Thomason. The West Canadian Collieries began opera­
tionsat Blairmore in 1909 with the opening of the B1airmore South 
mine on No.2 seam, which has a thickness of 12 feet, strikes 20 degrees east 
of south, and dips 45 degrees west. The entry to this mine is a half mile 
south of Crowsnest River at an elevation of 4,267 feet (See Figure 4). The 
main haulageway was driven in the seam southward for a distance of 6,600 
feet. A half mile south of the northern entry, at the southern boundary of 
Sec. 35, Tp. 7, Range 4, a second level was started in the same seam at an 
elevation of 4,643 feet, and carried for a distance of 4,000 feet south. Most 
of the coal between the two tunnels, and between the upper tunnel and the 
outcrop, which has a maximum lift of 500 feet, has been developed by 
rooms driven up the pitch. Owing to the dirty character of the coal the 
mine was closed and abandoned shortly after the Greenhill mine on the 
north side of Crowsnest Valley was opened in the autumn of 1914. 

The Greenhill mine entry is located 1,800 feet north of Crowsnest River 
or t mile north of the southern boundary of Sec. 2, Tp. 8, Range 4, W. 5th 
Mer., at an elevation of 4,350 feet. The main mine workings are in No.1 
coal seam, but sufficient development work has been done in No.2 seam to 
satisfy the management that no coal of commercial value was being over­
looked. The seams strike true north and dip 35 degrees west. The main 
haulage 'or No.5 level is driven from the seam outcrop at the mine entry 
northward for a distance of 2} miles to Boisjoli Valley where it emerges 
(See Figure 8 and Plate II). The coal between this level and the seam 
outcrop which ranges in slope distance from 0 to 2,100 feet, has been 
developed by three higher levels. The coal below the main haulage level, 

IMine entries of this company are indicated on Figure 8 by W.C.C. 
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for a distance of 650 feet down the dip, has been developed by a slope and 
No.6 level. The present mining operations are largely confined to the 
lower workings. The seam is cut by a few thrust faults, with displacements 
of only a few feet, too small to be indicated on the structure section model. 
Attempts were made to mine the seams on the northern extension of the 
Greenhill outcrop on Grassy Mountain by the West Canadian Collieries 
between 1904 and 1907, but, due to the fact that No.1 seam was less than 
3 feet in thickness, and faulted, and Nos. 2 and 4 seams were too dirty to 
yield a marketable product, the venture proved unsuccessful. 

Cartwright and Thomason Sunburst Mine 1 

The Cartwright and Thomason property covers that part of the Mutz 
segment that outcrops on the eastern part of Sec. 34, Tp. 7, Range 4, W. 
5th Mer. No. 1 seam is missing and the mine workings are on No. 2 seam 
which strikes north 20 degrees west and dips 45 to 60 degrees west, the 
lower dip being ·at the most northerly 'Outcrop. A small prospect slope was 
put down on the seam at a point a few hundred feet south of the Canadian 
Pacific Railway. The mine entry is located 670 feet southeast of the pros­
pect slope, or 1,378 feet northwest of the centre post of Section 34. It is 
a cross-measure tunnel driven southwesterly for 20D feet to No.2 seam. 
From this point the main haulageway was driven in the seam southward 
for a distance of 1,200 feet. A slope was driven southward from the same 
point for a distance of 750 feet down the seam, and from it two levels run 
southward for distances of 470 and 420 feet. The mine was in operation 
from early in 1927 to July, 1929, when, owing to the poor quality of the 
coal, work was terminated and the mine abandoned. The plant has been 
dismantled and it is not expected that any further work will be done on 
this property until the easily available resources of :No.1 coal seam on the 
adjacent propertie!' are exhausted. 

Eastern Area 

The eastern area embraces the Kootenay measures lying east of the 
Blairmore range. It may be conveniently divided into the following sub­
areas: (1) the Blairmore-Livingstone structural trough; (2) the Hill­
crest-Byron Creek basin; and (3) the Passburg-Burmis coal area. 

(1) Blairmore-Livingstone Structural Trough· 

Lying between Blairmore and Livingstone Ranges is a north-south 
trending structural trough underlain by Kootenay measures. This trough 
has its greatest width of about 2 miles at its southern extremity in the 
latitude of Hillcrest Station. It narrows gradually northward until at 
Lille, 4 miles north of the railway, it is only a mile wide. It maintains 
this width to beyond the northern end of Blairmore Range, 10 miles north 
of the railway, beyond which it opens out to the west losing its trough­
like character, and its eastern flank becomes modified by the presence of 
two minor synclinal folds. The trough is asymmetrical in section with, 

'Mine entries Dr this company are indicated on Figure 8 by T. and C. 



55B 

over most of the distance, the western flank either vertical or overturned 
and the eastern flank dipping 40 to 65 degrees west. At the southern end 
the trough consists of two asymmetrical basins, a broad basin on the 
west, and a narrow basin on the east. These basins are separated by a 
southeasterly trending, asymmetrical anticline which crosses Crowsnest 
River at Hillcrest Station. At this latitude two thrust faults occur, one 
of large displacement that cuts the western limb of the coal basin at 
Frank, and one of small displacement that coincides with the axis of the 
eastern trough at Hillcrest Station. The maximum depth of the Kootenay 
measures is believed to be in the western basin at the southern extremity, 
where No.1 coal seam is estimated to lie 2,100 feet below the level of the 
river. From there the t\\'O basins rise gradually northward, but the heavy 
deposit of alluvium that floors Gold Creek "Valley prevents the amount of 
rise or the configuration of the two segments of the trough being accu­
rately determined. Data pertaining to this are being supplied by the deep 
workings of the Bellevue mine. 

The Kootenay formation has an approximate thickness of 420 feet 
and carries the three main seams that occur in the Blairmore and Hillcrest 
areas, i.e., Seams Nos. 1, 2, and 4, the thickness and stratigraphic position 
of which are shown in the table 'On page 37. Only the uppermost or 
No.1 seam is of commercial quality and over much of the area even it is 
too thin to mine profitably. 

West Canadian Collie?'ies. 1 All the coal-bearing territory of the Liv­
ingstone-Bolairmore structural trough is held by the West Canadian Col­
lieries. This company opened their first mine at Lille, 4 miles north of 
Frank, in 1901, and their Bellevue mine, 2 miles southeast of Frank, in 
1903, and during the same period carried out extensive tunnelling and 
surface prospecting on the east side of Grassy Mountain. Following the 
termination of mining operations at Frank in 1919 by the Franco-Canadian 
Collieries,the West Canadian Collieries acquired the equipment and hold­
ings of this company. The only mining now being carried on is at 
Bellevue. The details of the several mines mentioned are as follows: 

Lille Mine. The Lille mine is located on the east side of Gold Creek 
Valley, 4 miles north of Frank, and was connected with the Canadian 
Pacific Railway at Frank by a privately owned standard gauge railway, 
which with sidings and its extension to Grassy Mountain measured 6·95 
miles in length. Mining operations were carried on in this mine from 
1901 to 1912 and a large tonnage was extracted, much of which was used 
in the local manufacture of metallurgical coke. A battery of fifty ovens 
were kept in operation during much of the time. Only seam No.1 was 
mined. It ranges from 4 feet to 6 feet in thickness, strikes approximately 
true north, and dips 30 degrees to 50 degrees west. Two mines were 
opened up, mine No.1 being located near the northern boundary of Sec. 8, 
Tp. 8, Range 3, W. 5th Mer., and No.2 mine, the main mine entry, being 
located a mile farther north at the northeast corner of Section 18. Mining 
operations were discontinued on account of the thinning of the seam and 
faulted ground. 

IMine entries of this company are indicated on Figure 9 by w.c.c. 
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Bellevue Mine. This mine is also located on the eastern limb of the 
Livingston-Blairmore structural trough and is on the southern extens~on 
of the seam mined at Lille. The mine entry is located on the CanadIan 
Pacific Railway in the northeast quarter Sec. 20, Tp. 7, Range 3, W. 5th 
Mer., at an elevation {)f 4,016 feet above sea-level. It consists of a cross­
measure tunnel 500 feet in length driven eastward through the Blairmore 
conglomerate. The tunnel tapped No. 1 seam at a distance of 140 feet, 
No.2 seam at 250 feet, and No.4 seam at 500 feet, all dipping west at 
an angle of 40 degrees. From this crosscut, a prospect tunnel was carried 
in No.1 seam for a distance of 130 feet to the north and 400 feet to the 
south, but nowhere was the seam found to be over 4 feet in thickness. A 
gangway was then driven northward in No.2 seam for a distance of 3,800 
feet. At a point 3,200 feet from the cross tunnel a prospect crosscut was 
driven westward which cut No.1 seam with a thickness of 12 feet . The 
workings were then carried in NO.1 seam south 1,700 feet to the southern 
boundary of Section 29, where, on account of the thinning of the seam, 
the gangway was terminated and an outlet was made by driving a tunnel 
at an angle to the back to No. 2 seam. The gangway (No. 6 level) in No.1 
seam has been carried almost 2} miles north to near the centre of Sec. 5, 
Tp. 8, Range 3, W. 5th Mer. At points 900 and 400 feet, respectively, 
from the southern boundary of Section 29, two slopes were driyen down 
in ~o. 1 seam; the first or No. 7 main slope 1,800 feet in length forms the 
main haulage slope to No.7 level at an elevation of 3,670 feet and the 
other, 1,900 feet in length, forms the main slope to No.8 level, lying at 
an elevation of 3,380 feet . The main haulage ways at these levels have 
been carried southward to the south boundary of Sec. 29, Tp. 7, Range 3, 
W. 5th mer., and northward 2 miles to the north border of Section 32 of 
the same township. Most of the coal between the 8th level and the out­
crop over this distance has been developed. A structural basin occurs in 
the measures in the northern part of Section 29 and in Section 32 which 
prevents the upper part of the coal seam in this area being reached from 
the main mine workings. The coal of No. 1 seam in this basin was first 
developed by means of an entry, known as No.4 level entry, driven in it 
at the southern end of the basin, 1,125 feet southeast of the northeast 
corner of Sec. 29, Tp. 7, Range 3, W. 5th mer., at an elevation of 4,440 
feet above sea-level. A gangway has been carried along the eastern flank 
of the basin for a distance of 4,500 feet to the northern end of the basin, 
and from it rooms have been driven up the dip to the outcrop at an eleva­
tion of 5,000 feet. The coal below this haulage way is won by a 600-foot 
cross-measure slope driven eastward from the main haulage (No. 6 level) 
at an elevation of 4,057 feet, which taps the basin near its southern end 
at an elevation of 4,092 feet. All the coal being won from this basin is 
now removed by this slope and the main entry. 

From the main entry crosscut a prospect gangway was carried south 
in No.2 seam for a distance of 300 feet and from it was driven a slope 
on the seam to a depth of 185 feet. From the bottom of this slope, a level 
gangway and counter were carried north for a distance of 1,800 feet, where 
work ceased because of the lack of any improvement in the quality of the 
coal. No.4 seam was tapped by the tunnel 125 feet stratigraphically below 
No.2 seam. It has an average thickness oJ 7 feet, but is very impure. 
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A prospect gangway and counter were carried north on the seam for a 
distance of 1,200 feet, but nowhere was the seam found to be of commer­
cial grade, and no further work has been done. 

Franco-Canadian Collieries, Limited. This colliery was situated on the 
western limb of the structural trough at Frank on the Canadian Pacific 
Railway. The mine was opened shortly after the construction of the rail­
way through Crowsnest Pass, and continued until 1919 when, due to cave­
ins and gas explosions, the colliery was closed. When in operation there 
were two mines, locally known as the Old mine and the Shaft mine. Both 
these mines were working in No.1 seam which has an average thickness 
of 12 feet, strikes north 35 degrees west and dips from vertical to 30 degrees 
east. The seam is cut by several faults, and rolls are frequent in the work­
ings. The Old mine consisted of an entry on the south side of Crowsnest. 
River, from which a gangway was driven approximately 2 miles south along 
the eastern flank of Turtl e Mountain. A slope, driven southward from this 
gangway, tapped the deep coal. The Shaft mine is located on the north 
side of Crowsnest River. The shaft was 330 feet deep, and at depth's of 
120 and 220 feet from the surface levels were run northward to the vicinity 
of Bluff Mountain . The vertical attitude of the seam made its systematic 
development difficult, and finally forced its abandonment through gassy 
conditions. 

(2) Hillcrest-Byron Creeks Basin 

The Hillcrest-Byron Creeks basin forms the southern extension of the 
Livingstone-Blairmore structural trough. The complicated structure of 
this basin is portrayed in the structure section model (Plate III). The 
basin is modified by several pronounced thrust faults and secondary folds, 
so that it consists of two major basins, the Hillcrest basin on the west 
and the Byron Creek basin on the east. The Hillcrest basin is a com­
paratively shallow, U-shaped, southward-plunging trough which is bounded 
by two westerly-dipping faults that unite a mile west of Hillcrest Station, 
and along which the basin has been thrust northward and upward thousands 
of feet so that its coal measures override those of Frank area on the north 
and those of the western part of Byron Creek basin on the east. The 
Hillcrest basin gradually widens southward from its apex at the inter­
section of the two major faults, and where crossed by Byron Creek it has 
a width of 6,500 feet. 

The coal seams in the western limb of Hillcrest basin are steeply 
dipping to vertical; those on the eastern flank have an average dip of 30 
degrees west. The fault forming the western boundary trends slightly west 
of south, and that forming the eastern boundary trends southeast and 
crosses Byron Creek 1-} miles abovp. its mouth. Another thrust fault of 
considerable displacement branches from the eastern fault on the north side 
of Falls Creek, and is believed to angle across the basin in a southerly 
direction to join the western major fault which skirts the base of Hillcrest 
Mountain. Lack of rock exposures due to the heavy blanket of boulder 
clay prevents the course of this fault being accurately determined; its 
trace is inferred from the direction of the fault observed at the most 
easterly workings in the Hillcrest mine, from the crushed condition of 
the strata in the rock upraise located on the north side of Falls Creek, 
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and from the discordance in strike of adj acent rock outcrops observed near 
the summit of the 5,600-foot hill in the southwest quarter Sec. 8, Tp. 7, 
Range 3, W. 5th Mer. The eastern part 0.£ Hillcrest-Byron Creek basin, 
which is here referred to as Byron Creek basin, has an average width of a 
little more than a mile and, as may be observed on Plate III, is divided into 
two minor troughs by a low, asymmetrical anticline which crosses Crowsnest 
River at Hillcrest Station and Byron Creek a mile above its mouth. The 
broader and deeper of these two troughs lies on the western side of this 
anticline, its centre, in the vicinity of Hillcrest to\vnsite, being occupied 
by approximately 600 feet of Crowsnest volcanics. A strike fault of small 
displacement is believed to coincide with the axis of the eastern trough. It 
is apparent on Crowsnest River immediately east of Hillcrest Station, but 
it is believed to die out before reaching Byron Creek. 

Hillcrest Collieries, Limited. 1 Most of Hillcrest-Byron Creeks basin 
is held by the Hillcrest Collieries. The company began operations in 1905 
and, with the exception of strike periods, has been in almost continuous 
operation up to the present. The mine entrances are on Drum Creek a 
half mile west of the town of Hillcrest. The main slope is approached 
through a tunnel about 600 feet long, this slope leads southward into the 
basin and is 3,800 feet in length. About 600 feet northwest of this slope 
and parallel to it, is another that extends into the mine for a distance 
of about 3,000 feet; it is known as the NO.2 slope. Levels driven from 
the west side of the No.2 entry tap the coal lying on the west flank of 
Hillcrest basin. The coal on the east side of the basin is developed from 
the 3,800-foot slope. The" pillar and stall" system of underground 
development is used by the company. 

Up to the present time Hillcrest Collieries have been extracting all 
their coal from the uppermost coal seam, known locally as the No. 1 coal 
seam. This seam varies in thickness from 4 to 17 feet and has an average 
thickness of 10 feet. At the eastern border of the basin the thickness 
increases to a maximum of 40 feet, due to drag-folding in the vicinity 
of the boundary fault. Operations are now being conducted in the west­
central part of the basin, following closely along the branch fault that 
occurs in that region. Most of the available coal in No. 1 seam in the 
northern part of the basin has been removed. Development work south­
westward has not been carried on to any great extent, due to the occur­
rence of thin and dirty coal in the western part of the trough. Prospect 
pits located on Byron Creek, about 3 miles from its mouth, do not reveal 
the presence of No. 1 seam, and other surface pits to the north of this 
locality show it to be very much reduced in thickness and dirtier than 
that part of the seam now being mined. In the light of these facts it is 
probable that No. 1 seam thins out toward the south, and the company 
will continue their development work along the east side of the basin, 
or else turn their attention to the development of one of the lower seams 
which analyses of prospect channel samples have shown to be of commercial 
quality. 

'-- -
1~1ine entries of this company are indicated on Figure 9 by H,C. 
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Byron Creek Collieries, Limited. 1 Byron Creek Collieries was formed 
in 1927 to develop the coal deposits occurring in the company's property 
in the southeastern part of Hillcrest-Byron Creeks basin. Mining opera­
tions were started in September at the abandoned workings of the Leitch 
Collieries on the east side of Byron Creek 1,100 feet south of its junction 
with Crowsnest River, at an elevation of 4,075 feet above sea-level. The 
Coal Measures at the mine mouth strike north 20 degrees ,vest and dip 
65 degrees west, but the angle of dip at a depth {)f 800 feet has decreased 
to 45 degrees. The measure here contains only two thick seams. The 
Upper or No.1 seam of Hillcrest and Bellevue areas is missing. The seam 
under development varies from 3 to 9 feet in thickness and is comparatively 
high in ash, and is believed to be No.2 seam of those areas. From a point 
in the old main level 700 feet from its entry, a haulage slope was driven 
down the seam at an angle of 27 degrees in a direction north 30 degrees 
west for a distance of 1,700 feet. Two levels were driven northward from 
this slope, the upper at an elevation of 3,745 feet was carried a distance 
of 900 feet, and the lower at an elevation of 3,275 was carried from thl~ 
base of the slope for a distance of 2,000 feet. Most of the coal lying 
between the two levels was developed, but the fact that Crowsnest River 
covered the seam outcrop over much of the distance prevented most of the 
coal above the upper level being extracted. Owing to difficulties encoun­
tered in marketing, the coal operations in this colliery were suspended 
early in 1931, the damageable machinery was removed, and the deep work­
ings allowed to flood. The mine is still idle awaiting the return of the 
industry to normal conditions. 

Once normal market conditions are restored and mining operations 
resumed, Byron Creek Collieries would be well advised to prospect the 50 
odd feet of measures lying between the seam being worked, No.2 seam, 
and the Blairmore conglomerate, either by a bore-hole or a tunnel driven 
from the northern end of the lowest level, in order to ascertain whether 
No.1 seam is present in minable thickness. The northernmost deep work­
ings of Byron Creek mine are located It miles due east of the southern 
workings of the Hillcrest mine where No.1 seam has a thickness of 14 
feet, but on the other hand they are 1,200 feet due west of the Canadian 
Pacific Railway cutting where No.1 seam occurs as a mere coaly stringer 
in the westerly dipping beds on the Bellevue anticline. Prospecting and 
development work to the north of this last-mentioned locality has shown 
that for a distance of 2 miles to the northern boundary of Sec. 20, Tp. 7, 
Range 3, W. 5th Mer., No.1 seam is present as smail, isolated patches, and 
that beyond it occurs as a continuous seam of commercial thickness. 
Although the above facts do not favour the existence of No. 1 seam in 
workable thickness as far south as the present deep workings of the 
Byron Creek mine, the possibility of tapping large reserves of coal in 
No. 1 seam in the eastern part of Hillcrest-Byron Creeks basin warrants 
No. 1 seam horizon being prospected from this most critical position located 
near the southern border of the deposit at a distance of a quarter mile 
west of its nearest outcrop. Once the southern limit of this coal deposit 

I~!ine entries of this company are indicated on Figure 9 by B.C.C. 
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is determined the coal seam will, in all probability, be found to form a 
co.ntinuous deposit northward to the area being developed by the Bellevue 
mme. 

PassbuTg-Burmis Coal Area 

The Passburg-Burmis coal area, as here defined, embraces all the coal 
deposits lying between Hillcrest coal area and the major, westerly-dipping 
thrust fault that crosses Crowsnest River at Burmis, and along which the 
Kootenay coal measures have been thrust eastward upon the Allison forma­
tion. This area comprises four southward-plunging synclines separated 
from one another by narrow, anticlinal folds. For convenience in descrip­
tion they may be designated from west to east as the Maple Leaf trough, 
the Passburg basin, the Police Flats trough, and the Burmis basin. These 
synclines are apparent from the configuration of the Kootenay outcrop as 
indicated on Figure 4. The Maple Leaf trough lies between the two narrow, 
,;outhward-plunging, anticlinal folds that form the southern extension of 
Livingstone Range. Its surface outline, as defined by the Kootenay beds, 
is shown on Figures 4 and 9, and its section on Plate III. This trough 
begins at the northern boundary of Sec. 21, Tp. 7, Range 3, W. 5th Mer., 
and has been traced southeasterly to the southern boundary of the township. 
It is open and symmetrical at the northern end, but becomes compressed and 
asymmetrical in section in the vicinity of Crowsnest River with its axial 
plane dipping about 60 degrees west. At its northern end the Kootenay 
measures carry three cDal seams numbered from the top, Seams 1, 2, and 4. 
The thicknesses and intervals between these seams, as Dbtained in the Maple 
Leaf workings at the head of this basin and {)ll the opposite flanks of the 
adjacent anticline, are indicated on the accompanying table (page 37). 
,Vhere the trough crosses Crowsnest River the uppermost seam, No.1, is 
missing, and the mining operations carried on there lby the Leitch Collieries 
in the overturned western limb of the trough were in No.2 seam. 

Passburg basin lies immediately east of the southern extension of 
Livingstone Range. Its northern border as defined by the Kootenay out­
crop lies within a few hundred feet ·of the northern boundary of Sec. 33, 
Tp. 7, Range 3, W. 5th mer. Here the basin is narrow and symmetrical in 
~ection. Traced southward it gradually widens and at the latitude of 
Bellevue attains its maximum width of a mile with its southerly trending 
axis lying a mile east of that town. It is the eastern basin portrayed on 
Plate III. The coal deposits in its western limb were prospected in 1910 
by the Maple Leaf Collieries and are now being developed by the MDhawk 
Bituminous Mines. Farther southward the basin becomes asymmetrical 
in section with its western limb vertical or overturned and a fault occurs 
along its axis. The displacement along this fault becomes progressively 
greater as traced southwards. The basin is bounded on the east by a 
narrow, southward-plunging anticline that brings the Kootenay Dutcrop 
as far south as the mine at Police Flats formerly operated by Leitch Col·· 
lieries and situated on the northeast quarter of Sec. 15, Tp. 7, Range 3, W. 
5th Mer., 3,000 feet north of the Canadian Pacific Railway. 

The Police Flats trough is the long, narrow trough that lies immediately 
east of the Police Flats anticline mentioned above (See Figure 4). It is 
16ss than i mile in width as defined by the Kootenay beds which outcrop 
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on its opposite limbs, and it iR delimited on the east by a southerly-trending, 
westerly-dipping thrust fault which has been traced from the southeast 
corner of Section 34 south and southeasterly to beyond the eastern border 
of Blairmore map-area. The beds on the west side of this fault have 
moved upwards and eastward with respect to those on the east side, and 
the displacement increases progressively southward. No development has 
been undertaken in this trough. 

The Burmis basin lies between theaf.orementioned fault and the major 
thrust fault that crosses Crowsnest River at Burmis. The northern 
extremity of this basin lies at the southwest corner of Sec. 35, Tp. 7, Range 
3, W. 5th Mer.; where it is traversed by Crowsnest River it has a width of 
a mile. 

The Kootenay measures at Burmis trend north 15 degrees west. They 
dip 50 degrees west at the outcrop, flatten rapidly to near the centre of the 
basin where they again steepen to form a narrow trough. They contain five 
seams locally designated as 1, 2, 3, 4,and 5, three of which seams, Nos. 1, 
2, and 5, have been mined to a small extent. The thicknesses and strati­
graphic position of these seams are shown on the accompanying table 
(page 37). 

Several attempts have been made to mine the deposits at Burmis, but 
all have proved unsuccessful. 

Leitch Collieries, Limited. 1 Leitch Collieries commenced operations in 
1907 on two mines. No.1 South mine is located in the northeast quarter 
Sec. 9, Tp. 7, Range 3, W. 5th Mer., on the east side of Byron Creek, 1,100 
feet south of its confluence with Crowsnest River. No. 2 North mine is 
situated in the northeast quarter Section 15 of the same township ona spur 
line of the Canadian Pacific Railway, a half mile north of the main highway. 

At No. 1 mine a tunnel 3,000 feet in length was driven south 13 degrees 
east, in coal, from the seam outcrop. The seam has an average thickness 
of 6 feet, dips 63 degrees west, and lies on the western limb of the narrow 
anticline that extends southward from Bellevue. No. 1 seam of Hillcrest 
and Bellevue area is missing here, and the seam mined is believed to be the 
same as No. 2 seam of those areas. The analysis of the coal is given as 
sample No. 2048, page 39. 'W ork in this tunnel was terminated on account 
of the coal becoming too dirty to mine and the mine was abandoned in 
1922. At a point 1,500 feet due east of the mine a short prospect tunnel 
was driven in the coal seam outcropping on the south of Crowsnest River. 
The seam lies in the west flank of the eastern anticline and dips 60 degrees 
west. 

Operations were commenced in 1909 by the Leitch Collieries at No.2 
North mine in the northeast quarter Sec. 15, Tp. 7, Range 3, IV. 5th Mer., 
at the southern end of the Kootenay ()utcrop, a half mile north of a small 
settlement known locally as Police Flats. The measures prospected strike 
north 10 degrees west and dip 60 degrees west, and form the eastern limb 
of Passburg basin. They carry three seams, No.1 seam 4 feet thick, No.2 
seam 6 feet thick, and No.5 seam 6 feet thick, separated by 40 and 100 feet 
of sediments, respectively. A gangway was driven in No. 1 seam for a 

IMine entries of this company are indicated on Figure 9 by L.C. 
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distance of 2,700 feet north, and in No.2 seam for a distance of 3,800 feet. 
Operations were continued until March, 1915, when, owing to the thinness 
of No.1 seam and the impure quality of No.2 and No.5 seams, work was 
terminated. The mine was abandoned in October, 1915. The analyses of 
No.1 seam is given as sample 305 on page 39. 

Maple Leaf Collieries. This company began mining in July, 1907, and 
continued spasmodically until 1915 when they discontinued development 
work. Their mining operations were confined to the exploitation of the 
coal deposits in Sec. 21, Tp. 7, Range 3, W. 5th Mer. The structure of the 
coal measures in this area (See Plate III) consists of two narrow, south­
ward-plunging anticlines that form the southern continuation of Livingstone 
Range and are separated by a narrow, shallow trough designated the Maple 
Leaf trough. Both anticlines are flanked by Kootenay measures that in 
places contain a maximum of three seams of sufficient value to have induced 
considerable development work, and in other places carry 'only two seams. 
The thicknesses and stratigraphic intervals between these seams are given 
on the ,accompanying table (page 37) . 

The company's operations began on July 5, 1907, with the driving of a 
cross-measure tunnel from a point on ihe Canadian Pacific Railway near 
the southeast corner of Section 21, northeasterly for a distance of 1,000 
feet across the westerly anticline to permit access to the three seams that 
surface prospeoting had proved to exist 'On both its flanks . No. 1 seam 
where crosscut had a thickness of 4-~ feet, No.2 seam 14 feet, and No.3 
seam 8-1 feet. The seams where intersected on the western Hank of the 
anticline had a dip of 60 degrees west and on the eastern were slightly 
overturned. Owing to the thinness of No.1 seam, and the high ash content 
of No.2 and No.4 seams, only a small amount of development work was 
done. Another cross-measure tunnel was then driven from the eastern side 
of the Maple Leaf trough eastward for another 1,000 feet to cut the same 
series of seams outcropping on the two flanks of the eastern anticline. Where 
this tunnel intersected No.1 seam, a gangway was carried to the northwest 
and southeast along the western limb of the anticline and the coal lying 
between tunnel level' and the outcrop was extracted. The overturned 'and 
crushed conditions of the coal seams on the eastern flank of the anticline 
permitted only a small amount of development work being done, and in 
June, 1910, these mining operations were discontinued. 

Attention was then turned to developing the coal from No.1 seam in the 
deeper part of the Maple Leaf trough lying between the two anticlines. 
From ,a point 'on the main south haulage, 600 feet southeast of where it left 
the cross-measure tunnel, a slope, a thousand feet in length, was driven at 
an inclination of 28 degrees due south in No. 1 seam down the eastern flank 
of the Maple Leaf trough. From it two levels, known as the 250-foot level 
and the 450-foot level, were carried 1,400 feet northwesterly around the head 
of the basin, and southward along its western limb for a distance 
of several hundred feet to where the seam was intersected by the first cross­
measure tunnel run from the tipple site on the Canadian Pacific Railway. 
Most of the coal lying between the lowest level and the outcrop was 
extracted. Three short levels, known as the 700-foot level, the 800-foot level 
and the 900-foot level were driven and the coal between these levels fo; 
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several hundred feet on each side of the slope was developed. Operations 
terminated in June, 1920, and the property was taken over by the Bellevue 
Collieries, who in 1921 disposed of the property to the present owners, the 
Mohawk Bituminous Mines. 

Mohawk Bituminous Mines, Limited. 1 Mohawk Bituminous Mines 
took over from the Bellevue Collieries, Limited, in 1921, the property in 
Sees. 16 and 21, Tp. 7, Range 3, W. sth Mer., formerly held by the Maple 
Leaf Coal Company. They re-opened the No.1 mine at the railway where 
they attempted the development of No.1 seam which there had an original 
thickness of 4! feet and a dip of 60 degrees west. This mine was abandoned 
in 1922 through the pinching out of the coal seam. The company then 
turned their attention to the prospecting and development of No. 2 coal 
seam that outcrops on the hill-slope a half mile to the nOTtheast and that 
lies on the western limb of Passburg basin. Here they opened their main 
mine described below. In this area No.1 seam is missing or occurs only 
as thin, isolated patches. During the past summer Bituminous Mines sank, 
at the head of the Maple Leaf trough, ,a prospect slope in No.4 seam at a 
point sao feet southwest from the mouth of the mine tunnel. The seam 
here strikes northwest and dips 35 degrees southwest. Where exposed in 
the slope the seam has a thickness of 10 feet, the increase over that 
observed elsewhere being due to a repetition of coaly layers through a series 
of small, southerly dipping thrust faults. The quality of the coal was 
such as to induce the company to consider its dev-elopment. The thicknesses 
of the seams and the stratigraphic intervals between them, as obtained in 
the main workings, are given in the accompanying table (page 37). 

The main mine is entered by a 400-foot rock tunnel driven in 1921 
from the end of a mine spur located near the centre of Section 21. From 
this rock tunnel the main level has been driven in No.2 seam for a distance 
of approximately 7,500 feet northward along the western rim of Passburg 
basin. The seam varies from 6 to 12 feet in thickness. Where tapped by 
the crosscut it is slightly overturned, dipping 80 degrees to th-e west. A 
thousand feet farther north it stands vertical, and beyond this it gradually 
assumes an easterly dip that northward becomes progressively less until 
800 feet north of the centre of Sec. 28, Tp. 7, Range 3, W. 5th mer., the seam 
dips only 18 degrees to the southeast. Most of the coal in the western 
flank of the basin between the main haulage and the outcrop has been 
developed. At the present working face in the main haulageway at the 
northern end of the basin 800 feet northeast of the centre of Section 28, the 
outcrop of the seam lies approximately 2,000 feet vertically above and a 
mile to the north, permitting of an enormous recoverable tonnage of coal 
(See Figure 4). Unfortunately, the high ash content of the coal necessi­
tates careful and costly preparation to ensure a satisfactory commercial 
product. This is the most easterly bituminous coal mining operation now 
beino- carried on in Crowsnest Pass, all operations attempted in the 
dep~its farther east having proved unsuccessful owing to the dirty coal. 

Burmis Mining Company. The history of mining development at 
Burmis is one of successive disappointments and heavy financial losses, and 
gives little hope for any future coal mining attempted in the area. The 

~e entries of this company are indicated on Figure 9 hy M.B.M. 
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Kootenay measures outcrop on the eastern limb of Burmis basin. They 
strike north 20 degrees west, dip 40 degrees west, and carry five coal seams, 
numbered in consecutive order from the top of the formation. Of these, 
the three most attractive, No.5, No.2, and No.1, seams, were tested. 
The thicknesses of these seams and their stratigraphic intervals are given 
on page 37. In October, 1907, a mine was opened up on the lowermost 
or No. 5 seam by the East Crowsnest Coal Company at a point on the 
east boundary of Sec. 14, Tp. 7, Range 3, W. 5th Mer., and a little south 
of the centre of the section. Operations ceased on January 1, 1908. The 
mine was reopened the latter part of 1909 by the Davenport Coal Company 
which continued development work until 1915 when the mine was taken 
over by the Burmis Coal Company and closed down in October, 1916. No. 
5 seam, which was being mined, has a thickness of 5 feet 6 inches and 
was reached by a tunnel 290 feet long driven in gravel. A gangway 
was carried in the seam northward for a distance of 1,400 feet, but the coal 
proving too high in ash to market, development work on this seam was 
discontinued. Coal seams Nos. 3 and 2 were then prospected by means 
of a crosscut driven west from No. 5 seam gangway from a point 400 feet 
north of the mine mouth. No.3 seam was too thin to mine, but No.2 
seam had a thickness of 4 feet 6-!- inches. A gangway was driven in it for 
2,200 feet north, and the greater part of the coal lying between the gang­
way and the seam outcrop was developed. 

In 1924 mining operations were commenced by the Pass Bituminous 
Mines. A prospect gangway 550 feet in length was driven in No.1 seam 
which had a thickness of 3 feet 9 inches. The seam, however, continued 
too thin to mine profitably, and a crosscut was run northeast from a point 
in the gangway 365 feet from the mine entry and cut No.2 seam, 4 feet 
3 inches thick, at 75 feet, and No.5 seam at 105 feet. Only a few pillars 
in No.2 seam were withdrawn and operations terminated. In March, 
1925, the company was reorganized under the name of the Pass Bituminous 
Collieries, Limited, and the mine was closed on April 2, 1925. On December 
7, 1926, mining operations were recommenced by the Burmis Mining Com­
pany who operated until May 5, 1927. The mine was finally abandoned 
on May 10, 1928, the reason given by the company being the poor quality 
of the coal in all seams. 

ALLISON (BELLY RIVER) COAL 

Canadian American Coal Company 

The only locality at which coal deposits of the Allison (Belly River) 
formation are being mined within the area described is at the Canadian 
American Coal Company mi!le in the n.orthern half of Sec. 34, Tp. 7, 
Range 5, W. 5th Mer., approxImately 2 mlles due south of Sentinel Station 
or 6 miles due west of Blairmore, and at an elevation of 5300 feet. 

The Allison formation here has a thickness of appro~imately 4000 
feet and consists of soft sandstones and shales with several coal se~ms 
The company officials claim to have uncovered six coal seams which fro~ 
their. relati:ve. position and att~tude appear to be distributed through a 
stratIgraphIc mterval of approxImately 1,000 feet. The seam being mined 
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in the present slope is approximately 3,800 feet above the base of the 
formation and is believed to be the highest of the series. The area is 
heavily wooded with second growth timber, and bedrock over most of the 
area is concealed by a blanket of boulder clay and talus so that it would 
necessitate an expensive program of systematic prospecting to prove the 
resources of the measures. The presence of at least two seams has been 
definitely established. 

Operations began on the property by the driving of a tunnel in north­
west quarter Sec. 3, Tp. 8, Range 5, but only a small amount of develop­
ment was done and the prospect abandoned. The present operations are 
located on the centre line of Section 34, 1,347 feet north of quarter line, 
Sec. 34, Tp. 7, and were begun in October, 1928. Here, a slope 400 feet in 
length has been driven down the coal seam which is 5 feet 2 inches thick 
and has a dip of 27 degrees in a direction south 15 degrees west. Rooms 
are being driven in both directions from the bottom of the slope, but 
development has been retarded by the presence of cross folds, some of 
which have dips as high as 55 degrees. 

The section of the coal seam being mined is as follows: 
Roof: hard, carbonaceous shale- Feet Inches 

Clean, hard coal......... .. , ...... ' . . ..... .. . .... ,. . 1 5 
Hard coal .. . ... .. ... . ... , , . . ' " . ... . .. . .. . . . .. . ... .. , . . . 4 
Canneloid coal .............. . ........ . ..... . .. . ... , . . . .. ,. . . .... . 5 
Hard, white, sandy clay... .... . . . . .. ... . ..... .. .. ... .. 3 
Carbonaceous shale.. . . , ... . .. ' . . ' . . . . . . . . . 1 
Hard coal. , .... , . . , . . , .. , ........ . . . , ..... . ........... , . 2 8 

Floor: hard, carbonaceous shale 

Up to the present only a small amount of development work has been 
done and the shipments, which are made intermittently, are largely sold 
for local requirements. The analyses of the coal seam is given in the 
table (page 41). 

The coal seam being mined lies within one-half mile of the Rocky 
Mountain fault scarp which, from the alinement of the Palffiozoic rocks to 
the south and Crowsnest Mountain, formerly stood 3 miles farther east than 
at present, overriding this seam for a distance of at least 2~ miles . A 
number of observations made along the fault contact on the main range 
and Crowsnest Mountain determine the fault plane to have an average 
dip of 6 degrees west. Accordingly, it would lie only a few hundred feet 
above the present outcrop of the seam being worked. The proximity of 
the seam to this fault plane and the intensity of the westerly thrust have 
raised these Upper Cretaceous coals, which at Lundbreck and elsewhere 
are of much lower rank, to almost the same rank as that of the Lower 
Cretaceous Kootenay coals which are many millions of years older. On 
the other hand, the intense folding, faulting, and crushing to which the 
measures have been subjected have proved an obstacle to the profitable 
mining of these deposits. 

ROCKY MOUNTAINS COAL FIELDS 

Tent Mountain Coal Area 
Tent Mountain is a Cretaceous remnant on the east rim of Fernie 

basin. Its summit forms the Alberta-British Columbia boundary at a point 
5~ miles south of Crowsnest Station, or 31 miles north-northwest of Corbin. 
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The mountain is capped by the Blairmore formation which is surrounded 
by a belt of Kootenay rocks varying from -!- to over 1~ miles in width and 
at least 5 miles in length. On the west side of this mountain two seams 
have been prospected, but have not been further developed. On the eastern 
or Alberta slope six seams are said to have been uncovered within 550 feet 
of measures and having thicknesses of 6, 15, 5, 7, 40, and 15 feet, respect­
ively. The measures there have an average strike of north 20 degrees west 
and a dip of 45 degrees west. 

In 1922, Mine No. 1065 was opened on these deposits by the Spokane 
and Alberta Coal and Coke Company. This mine is located on Crowsnest 
Creek at an elevation of 4,900 feet above sea-level, 3~ miles south and 1 
mile west of Crowsnest Station with which it is connected by the Tent Pass 
tr·ail. The development work to date ·con,<;ists of two tUlliools. The one OIl 

the west side of the creek runs in one of the coal seams for a distance of 
570 feet from its outcrop; the other on the east side of the creek is a cross­
measure tunnel run southeasterly to tap some of the other seams. It was 
terminated at a distance of 670 feet from the entrance as a result of encoun­
tering faulted measures. Only a small tonnage of coal has been mined 
and no work is at present being done. 

Michel Head Coal Area 

Michel Head ~ountain, another Kootenay outlier, lies on the west side 
of Michel Creek between Fernie basin and Corbin coal field. A partial 
section of Kootenay sediments measured from the base of the formation 
upward on the eastern side of Michel Head Mountain gave a thickness of 
1,800 feet. Two seams of good bituminous coal, 43 and 10 feet in thickness, 
outcrop high up on this slope directly west of Corbin, but owing to their 
inaccessibility no attempt has been made to develop them. 

Corbin Coal Area 

The Corbin coal area is one of the smallest and at the same time one 
of the most important coal fields in the district. It forms an oval-shaped 
erosion Temnant, 21 miles in length and 4,700 feet in maximum width, with 
its longer axis oriented in a north-south direction. It is situated on the 
east side of Fernie basin and contains the lowermost 1,200 feet of the 
Kootenay coal measures. These contain two seams, the lower of which is 
180 feet in maximum thickness and lies 350 feet above the base of the 
Kootenay formation, and the upper seam is 15 feet in maximum thickness 
and lies 800 feet above the base. Assuming an average total thickness of 
60 feet of workable coal the basin contains an estimated tonnage of 
81,000,000 tons, all of which lies above valley level. The deposits are 
concentrated in three tightly compressed and faulted synclinal troughs, 
resulting in places in a greatly increased thickness of the coal. Operations 
begun in 1908 have been almost continuous to the present. During the 
year 1930 the colliery reached its maximum production of a little over 
266,000 tons of coal. The Corbin colliery is at present one of the largest 
producers in southeastern British Columbia. A detailed report on these 
deposits appears in the Geological Survey, Summary Report 1930, part B. 
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INTRODUCTION 

The Birch Ridge structure lies south of Elbow River between Sec. 2, 
Tp. 23, Range 5, W. 5th Mer., and Sec. 31, Tp. 21, Range 4. It was dis­
covered in 1931 as the result Df mapping on a scale Df 2 inches to 1 mile 
and a preliminary report was published in Summary Report 1931, part B. 
In 1932 detailed mapping was carried out on a scale Df 10 inches to the 
mile and as a result some modification of the f,ormer map was found tv be 
necessary, particularly in the north part of the structure (See Figure 10) 
where the well of Elbow Oils, Limited, is being drilled. As a result of this 
new mapping some modificatiDn Df the conclusions set forth in Summary 
Report 1931, part B, in regard to Elbow Oils, Limited, well are now neces­
sary. 

STRATIGRAPHY 

The stratigraphic section is shown in the following table. 

Formations 

Upper Alberta shale ........ .... .. . .. . .. .. .... . . . . ... .... . .... .. .. .. . 
Cardium sandstone and shale member .... . . ..... . .............. . 

Lower Alberta shale .......................... . .. .... . . . .. . ....... . . 
Blairmore ....................................... . ........ . ........ . 

¥~~l:~~~'::: ::::::::::: ::: :::::::::::: : ::::::: : :::::::: : : : ::::::: :} 
Palreozoic limestone 

Thickness 
in feet 
1,600 

350 
850 

1.600 (?) 
550 (?) 

Only the higher formations down to the upper part of the Blairmore 
are exposed in the Birch Ridge struoture. The thicknesses Df the lower 
formations are, therefore, not exactly known. Weston Elbow River, how-

'Geological maps with cross·sections on the scale of 5 inches to 1 mile have been prepared of the Fisher Creek 
and Two Pine structures. These maps are very large and cannot be issued in the ordinary way. but copies will 
be supplied at cost to tbose applying for them to the Director, Geological Survey, Dttawa. Copies can be provided 
either coloured by hond or uncoloured. The latter will be cheaper and can readily be coloured with crayons by the 
recipient. 
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P.VBr, on the east flank of Moose Moun:bain, the BI.airmorecorus1:sts of 1,630 
feet of strata with shales and sandstones predominating in the upper part, 
underlain by several hundred feet of sandy and brown, limy beds inter­
bedded with dark shales and resting on the basal Blairmore conglomerate. 
As the Blairmore thins eastward a tentative thickness of 1,600 feet is here 
ascribed to it in the Birch Ridge area. This is probably a maximum rather 
than a minimum thickness. 

Below the Blairmore at Moose Mountain are 350 feet of Kootenay, and 
about 200 feet of Fernie, beds. Undoubtedly the thickness of the Kootenay 
also decreases eastward, but the oombined thickness of the Kootenay and 
Fernie is not likely to be less than 550 feet. The Kootenay consists of dark 
shales and sandstones with coal underlain by more massive, brown sand­
stones, whereas the Fernie is. for the mO'St part composed of dark to black 
shales with lime bands, but very thinly bedded (ribboned), brown sand­
stones immediately overlie the Kootenay. Throughout this general area, of 
which the Birch Ridge area is a part, there are, so far as kn{)wn, no Triassic 
beds and the Fernie rests on an eroded surface of Palffiozoic limestones. 
These limestones, known to be 1,400 feet thick in Moose Mountain, belong 
to the Rundle formation which is mostly Mississippian in age although the 
upper part may be Pennsylvanian. 

STRUCTURE 

In Birch Ridge area Blairmore strata outcrop in a long, narrow strip 
not'more than a quarter of a mile wide but extending 7 miles from Sec. 31, 
Tp. 21, Range 4, to Sec. 2, Tp. 23, Range 5. The strip is bounded on the 
east by a fault along which the Blairmore has been thrust over Alberta 
shales varying somewhat in stratigraphic horizon throughout the length of 
the structure, but being for the most part either just above or below the 
Cardium zone. Along the west side of the strip the Blairmore strata dip 
westerly beneath A'1bertJa stra.ta, and rut each end the BI1airmoreapparently 
plunges under Lower Alberta shales, and for this reason Lower Alberta 
shales appear on the strike of the structure on Elbow River in Sec. 2, 
Tp. 23, R1linge 5, where a good -seotian is exposed. Here it oan be seen 
that the fault bounding the structure on the east side is not a single break 
but is composed of a number of faults constituting a fault zone (See 
Figure 11). West of the fault zone, between it and the lower Cardium 
band exposed farther west, there are approximately 650 feet of strata 
and, therefore, since the Lower Alberta shale is about 850 feet thick, it is 
believed the lowest exposed horizon is not more than 200 feet above the 
base of the Alberta shale. The main fault of this fault zone appears to 
be almost vertical and along it the lower part of the Lower Alberta shales 
is brought against a higher part which to the east is thrust onto the lowest 
Cardium band. Most of the faults can be readily detected by a band of 
gouge usually grey to black and mostly not more than 2 inches thick. 
The fault zone on the surface is confined to a width of 400 feet. East of 
it, on Elbow River, there is an anticline with the lower Cardium band 
present on both limbs, but it is quite apparent that the westward dipping 
band of the Cardium is cut by a fault. At the top of a high shale bank 
on the north side of the river the full thickness of the Cardium sandstone 
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with its capping of conglomerate is expo.~ed, but at river-level th€ fault 
cuts out the conglomerate because the plane of the fault is steeper than 
the dip of the strata. As a result of this fault, shales that by their con­
tent of nodules over a foot in diameter are known to immediately underlie 
the Cardium band, are thrust over it. The fault is thus of only small 
displacement and is one of many that occur within the fault zone. To 
the east of the anticline, the structure is complicated by numerous small 
faults as shown in Figure 11. 

South of Sec. 2, Tp. 23, Range 5, there is a broad flat without exposures 
and covered by heavy gravel deposits. Within this area on Sec. 35, Tp. 
22, Range 5, the well of Elbow Oils, Limited, is being drilled. The flat is 
apparently a former river valley of Elbow River, although there does not 
appear to be any obvious reason why the river subsequently changed its 
channel to a slightly more northerly course. 

At the south end of the Birch Ridge structure (See Figure 12) in 
Sec. 31, Tp. 21, Range 4, and Sec. 6, Tp. 22, Range 4, the structure west 
of the main fault appears to be less broken by faults than on Elbow River. 
This is a matter of inference rather than direct observation, because across 
a considerable breadth there are no exposures, but it is inferred that the 
structure is underlain by Lower Alberta shales. This assumption is borne 
out by the following facts. On section 31 there are a number of places 
where poorly exposed beds of the II grit" occur dipping to the west. East 
of these there is a normal succession of Blairmore strata down to the 
Stockmen's sandstone band. At some distance west of the II grit" bed, 
beyond the area where there are no exposures, the lowest band of the 
Cardium outcrops in a low series of hills. When the available information 
is plotted in the form of a cross-section (See Figure 11), it is apparent 
that the required thickness of 850 feet of Lower Alberta shales can just 
be accommodated between the II grit" and the Cardium band and thus 
it is inferred that from the Stockmen's sandstone westerly, the dip is uni­
form without repetition by thrust faulting and that the full thickness of 
the Lower Alberta shale is present. This regularity of structure continues 
northward into Sec. 6, Tp. 22, Range 4, but toward the north side of Section 
6 where the McDougal-Segur sandstone beds outcrop and north of it in 
Township 23, the Blairmore is repeated in a series of slices probably some­
what similar to those on Elbow River in the Lower Alberta shales. The 
character of the fault or fault zone on the east side of the structure is not 
definitely known south of the exposures on Elbow River, but at the south 
end on Sec. 31, Tp. 21, Range 4, outcrops of Blairmore beds appear within 
a few feet of a Cardium band and in this case there seems to be but a 
single fault rather than a fault zone. 

OIL AND GAS PROSPECTS 

Outside of Turner Valley much disappointment has followed drilling 
on favourable surface structures within the foothills, due to the fact that 
in many areas that have been drilled low-angle faults have been encoun­
tered above the Palreozoic limestone. These faults caused repetitions of 
the strata and made further drilling futile . Such cases as New Black 
Diamond, Fisher Creek, Jumpingpound, and Wildcat Hills may be cited 
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and it is not without significance that a low-angle fault occurs under Turner 
Valley, although in this case the fault over a large area is below the top 
of the Palreozoic limestone. Low-angle faults at depth, therefore, seem to 
be the rule rather than the exception for this part of the foothills. Where 
these low-angle faults have not been encountered, as in the wells in High­
wood area, it may be that a sufficient depth has not been reached, although 
here again such faults if they do occur must be below the top of the 
Palreozoic limestone since this horizon was reached in several wells. The 
character of the fault or fault zone on the east side of the Birch Ridge 
structure is, therefore, highly important because if the fault or series of 
faults continue to depth with the steepness they exhibit on the surface 
the Birch Ridge structure undoubtedly contains Palreozoic limestone. If, 
however, the fault or fault zone should turn into a low-angle fault at depth 
the lime8tone might not be present itbove it. It has not heen possible to 
arrive at a definite conclusion regarding the presence or absence of a low­
::lingle f'all1t under the Birch Ridge stmctUJ'e. At one Jocality, namelly, on 
Sec. 24, Tp. 22, Range 4, the McDougal-Segur sandstone appears to be 
thrust from east to west onto the Stockmen's sandstone, although the inter­
pretation is somewhat difficult due to some doubt about the interpretation of 
horizons. As already explained 1 SlICh a fault might originate at a point 
of change from 'a high-angled fault to one of less steepness. Faults of this 
type on the Fisher Creek and Two Pine structures are regarded as evidence 
of low-angled faults at depth and in the case of Fisher Creek such a fault 
was encountered in drilling at 2,680 feet. On the Birch Ridge structure, 
however, the best exposed cross-section occurs on Elbow River and at this 
locality all the faults are steep and no evidence was seen that would point 
to any change in the steepness at depth. The fault or fault zone on the 
east side of the structure also appears to follow a straight line on the 
surface regardless of topography, thus confirming the observations of high 
dips for the fault planes. If the steep dip persists to depth, wells located 
west of the fault or fault zone on the west flank of the Birch Ridge struc­
ture, as for example the well of Elbow Oils Limited can reach the Palreo­
zoic limestone at a reasonable depth and thus make' a test of this possibly 
productive horizon: !n such a structure any concentration of oil and gas 
In the westward dlPpmg strata would be sealed against the fault or fault 
z?ne on the east ~ide in any horizons that are sufficiently porous to act as 
oIl or gas reserVOIrs. 

Only one gas seepage was observed on the Birch Ridge structure, 
namely {)U Sec. 6, Tp. 22, Range 4. At this locality gas issues with a water 
spring from drift materials lying above Lower Alberta shales. This seepage, 
however, may have no particular significance because it is highly probable 
certain dark shale z.ones in the Lower Alberta formation ·are capable of 
producing small amounts of both <oil and gas. Water is likely to occur in the 
porous horizons in the upper part of the Blairmore beoause these outcrop. 
The Fernie and underlying beds are, however, deeply buried and any oil 
or gas in them is under sufficient cover to be retained. 

lHume. G.S .: Gool. Surv., Canada, Sum. Revt. 1931, pt. B, p. 53. 
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DEPTH OF DRILLING 

The stratigraphic thickness in this area from the Cardium zone to 
the top of the Palreozoic limestone is not abs()lutely known because the 
thicknesses of Blairmore and Kootenay vary from locality to locality. A 
reasonable estimate, however, would be ~s follows: Lower Alberta shale 
850 feet, Blairmore 1,600 feet, Kootenay and Fernie 550 feet, or 'a total 
thickness of 3,000 feet. Elbow Oils, Limited, well penetrated the base of the 
Lower Cardium band at 390 feet and reached the top of the Blairmore at 
2,220 feet, nearly 500 feet lower than would be expected if the dip of the 
stratigraphic thickness of 850 feet of Lower Alberta shale is 50 degrees as 
is indicated by the surface dips on the Cardium band southeast of Elbow 
Oils location. It may be, therefore, that a part of the shales are repeated 
by a small fault such as occurs on Elbow River (See Figure 11). It is 
possible the angle Df dip may decrease somewhat in depth, but it is hardly 
probable that the 'angle will become much less than 45 degrees. On a dip 
of 50 degrees the drilling depth from the top of the Blairmore to the 
Palreozoic limestone would be about 3,450 feet, making the total depth of 
the Elbow well to the Palreozoic limestone 5,670 feet. Ona 45-degree dip 
the drilling thickness for the same stratigraphic thickness would be 
approximately 3,030 feet, making a total drilling depth of 5,250 feet. This 
does not take into consideration any minor faults that may occur. In the 
section of the Blairmore east of Moose Mountain, coal and coaly shales 1 

occur ,about 800 feet below the top of the Blairmore. Black and coaly 
shales occur in the Elb{)w well at 3,356 feet, ()f 1,136 feet below the top of 
the Blairmore. Assuming an angle of dip of 45 degrees, the drilling thick­
ness of 800 feet of strata amounts to ,about 1,130 feet, a thickness equal to 
that encountered in the well. Although the black and coaly shales in the 
well cannot be definitely correlated with those in the Moose Mountain 
secti'on, it is not improbable that they do occur at the same horizon and, if 
so, the strata being drilled at this depth in the Elbow well are dipping 'at 
an angle of approximately 45 degrees. Such a dip is quite in harmony with 
the dips observed on the Cardium band (Figures 10 and 12) on the west 
flank of the Birch Ridge structure and these dips are probably more nearly 
indicative of dips likely to be encountered 'at depth than the dips observed 
in the narrow strip of Blairmore, for these are steeper due to proximity to 
a fault. Thus it follows if the dip in the Elbow well is approximately 45 
degrees the Palreozoic limestone should be reached at a depth of about 5,250 
feet if no faults intervene. 

In the southern part of the Birch Ridge structure {)n Sec. 31, Tp. 21, 
Range 4, and on Sec. 6, Tp. 22, Range 4, it has been shown that there is no 
reason for supposing faults within the Lower Alberta shales. A well starting 
at the outcrop of the Cardium band and encountering dips of 45 degrees 
should, therefore, reach the Palreozoic limestone at a depth Df between 4,000 
and 4,500 feet. An excellent locati{)n for such 'a well is on section 6 on the 
edge of Whisky Creek on a broad flat that occurs in ,this area. At the 
present time, however, no road leads to this area. It could be reached from 
the end of the road to the Cotton belt well at Fisher Creek by constructing 
a road 2 miles long, or it could be reached from a poor trail that runs west 

'See Gool. Surv., Canada, Sum. Rept. 1931, pt. B, p. 47. 
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from the Priddis road at the north side of Sec. 35, Tp. 21, Range 3, to Sec. 
4, Tp. 22, Range 4, on Whisky Creek 2 miles east of the suggested location. 
Perhaps, however, a more satisfactory route would be to follow the road 
from Bragg Creek south to Fish Creek and to the southern boundary of 
Sec. 18, Tp. 22, Range 4. From the end of this road it is 2 miles directly 
south to the proposed location on ·Whisky Creek over a 'father low and in 
part swampy flat bounded by hills on each side. 

CONCLUSIONS 

In spite of unfavourable drilling results in the foothills outside of 
Turner Valley, it is believed that the Birch Ridge structure merits serious 
attention. The completion of Elbow Oils, Limited, well on Sec. 35, Tp. 
22, Range 5, would give definite indications of ,vhat might be expected. It is 
belileved the top of the Palreozoic lrimestone <>an be rea.ched in this w:ell ata 
depth of slightly more than 5,000 feet, if no low angle f~ullt intervenes. 
It is 'alEo thought that the same d~p horizon can be reached 'at a somewhat 
less depth at th€ southern end of the strurctUlrea,t 10C<albi'ons sufficientLy f'ar 
west of the fm11t on the east side of the structme to lavoid penetrating this 
faUllt. The Birch Ridge structure isa westwlrurd dlipping f.ault bl'ock in 
which, if ,accumuLations of oi.land gatS OCCUlr, th€y wiN be found in POI"OW3 

horizons in the higher !structurrul pa:rtagruinst the f.ault on the east side of 
thesbruloture and extending down the dip westward for an U1nknown di",tance 
towau-d the major sync'linal basin which lies to the west. 
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INTRODUCTION 

In southern Saskatchewan the small annual rainfall and the very high 
evaporation loss of surface moisture during the summer months, largely 
due to the hot, dry winds, render the question of water supply one of great 
importance. The supply of water from the deep, soft water wells here 
described is not affected by climatic conditions. In very dry seasons these 
wells are a dependable source of wate.r. The maps and well lists accom­
panying this report provide information to the prospective well driller as 
to the depth at which water may be expected to occur and the approximate 
height to which it will rise. The approximate limits of the flowing well 
areas are also outlined. The water analyses given show the gene.ral nature 
of the water and the limits of its UJSe. From th€ geo1ogil0al ~tandpoinJt the 
data on the wells give information regarding structural conditions in an 
area in which outcrops are largely confined to the valleys of the rivers. 

The work in 1932 was a continuation of that commenced in 1931. 
E. W. Shaw again acted most capably as field assistant. The co-ope.ration 
of many well owners is gratefully acknowledged. The late Mr. Robert 
Cruickshank, pioneer rancher, south of Beechy, extended his hospitality to 
the field party for a few days. Messrs. G. Anderson of Beaver Flat and 
Brunyee of Saskatchewan Landing also assisted in providing facilities for 
field work. The following well drillers co-operated in providing informa­
tion: Messrs. C. Olmen of Riverhurst, H. N. Williamson of Eston, R. 
Midgley of Elbow, G. Kipp of Kenaston, H. W. Hanscam of Hawarden, 
Len Adams of Craik, A. Rankin of Han1ey, M. J. Walfd of Govan, Dunoan 
CampooliL, Jean Sullivan, and A. J. K1argl16der of Davidson, amd E. Oleen of 
Kyle. Mr. R. H. Murray of the Division of Sanitation, Regina, again co­
operated by providing analyses of water from many wells. 



76B 

A few deep tests for oil and gas have been made in the area. The 
Imperial Rush Lake well (Table I, No. 161) was abandoned at 2,335 feet 
and the Hanley Development Company's well (Table II, No. 47) was drilled 
to 2,063 feet. Both of these wells are discharging water and a little gas. 
The Eden Valley Oil Company have put down a deep test south of Out­
look and the Canadian Western Natural Gas, Light, Heat, and Power Com­
pany put down a diamond drill hole to 2,134 feet in L .S. 9, Sec. 28, Tp. 30, 
Range 5, W. 3rd Mer. 

In interpreting the data on wells given in this report the probable 
accuracy of the figures must be considered. Information on wells was col­
lected chiefly from well owners, but a good deal was also contributed by 
the drillers. The Dominion Drilling Company was the only organization 
that has kept written records of the well data, information otherwise 
acquired was given from memory. The depth figure was impressed on the 
owner's memory by the fact that he generally had to pay for the well by 
the foot. When the figures given by driller and owner coincided it was 
considered to be probably accurate, but in some cases the ownership had 
changed since the well was drilled and information was not very reliable. 
Another possible source of error is that the total depth of the well and the 
depth to the top of the water sand do not always coincide. In the wells 
drilled by the Dominion Drilling Company data as to length of the screen 
or of the slotted pipe gave information as to the distance drilled into the 
aquiferl, but in most other cases no information of this nature was obtain­
able. Consequently, it was assumed that the total depth and depth to top 
of aquifer coincided. 

WEST PART OF RUSH LAKE QUADRANGLE 

TOPOGRAPHY 

The west half of Rush Lake quadrangle includes Townships 17 to 24 
and Ranges 8 to 15, west of the third meridian. Much of tne northwest part 
of the laJrea is part of the Ulpl'and known as MissoUtri Coreau amd is h~lLy, 
the highest hills having elevations of about 2,850 feet above the sea or 600 
to 700 feet above the general level below which South Saskatchewan River 
is entrenched. Numerous undrained hollows, many occupied by shallow 
lakes or alkali fiats, lie between the hills. South of South Saskatchewan 
River ·and east of Swiftcurrent Creek much of the country also is hilly, 
the general elevation being somewhat above 2,350 feet. West of Swift­
current Creek the surface has about the same general .elevation, but the 
local relief is much less than in the areas to the east. Two large river valleys 
and many small ones occur. The South Saskatchewan occupies a valley 
thart in some p'M'ts is 500 to 600 feet belLow prairie Ievell. The wli1ley sides 
vary weatly in steepness, there is oC<Jla'&ionMY a steepdesoont wirth bad Ia'lld 
topography, but in general the slopes are only moderate. The elevation of 
South Saskatchewan River is 1,695 feet at the crossing of the southern 
boundary of Township 22 and is 1,788 feet at the crossing of the western 
boundary of Range 15. Coulees, many steep sided and generally with a 
thick growth of bush or small trees, are very nume.rous and in some cases 

lAn aquifer is a rormation, group of formations, or part at a formation that is water bearing. 
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extend back several miles from the river valley. They are occupied by 
watercourses that are generally dry except at times of heavy rainfall or 
in the sp.ring. 

The lower part of the valley of Swiftcurrent Creek is much more 
steep sided than is the valley of South Saskatchewan River. Within the 
limits of Rush Lake quadrangle the creek descends from an elevation of 
nearly 2,350 feet to one of about 1,750 feet. North of Township 18 the 
fall is about 50 feet to the mile, measured in a straight line in the general 
direction of flow. In Township 18 and a little south from it the fall is 
high, but less so than in Township 19. In the southern two-thirds of Town­
ship 17 the f.aLl grea:tly decreaoos 'and meanders are numeroUJS. There aJl'e 

no falls, but in the lower part rapids are very numerous and most of the 
bed of the creek is occupied by boulders or gravel. The flow of the c.reek 
varies greatly. The mean monthly discharge as determined by the Domin­
ion Water Power and Hydrometric Survey for the period 1909-1931 showed 
a maximum of 1,351 cubic feet a second, a minimum of 0, and an average 
of 80·3 or 43,362,000 gallons a day. The ,rate of flow during the months 
of the year shows great variation. For the period stated the average flow 
a month in cubic feet a second, for March and April, was 306, the average 
for the remaining ten months being 35· 2, December showing the lowest 
figure, 11. Within the limits of the .arooa few eprings feed the ~'reek, but 
in the summer they are generally small, some being mere seepages. The 
largest one found yielded about 0·11 cubic feet a second. 

The area is entirely agricultural, Swift Current, ,a few miles south of 
the limit of the quadrangle, being the nearest town. In Coteau district 
no.rth of South Saskatchewan River are located the Matador ranch and 
several other ranches, the soil ;and topography f,avouring l'anchilllg rather 
than farming. 

GENERAL GEOLOGY 

Most of the area is deeply drift covered and exposures of the bedrock 
are confined almost entirely to the banks of the rive.r and coulees. The 
Bearpaw formation of Upper Cretaceous (Montana) age as determined by 
P. S. Warren 1 underlies a great part of the area. Younger formations, 
including the Whitemud beds, form the bedrock in the higher parts of 
Coteau region. The Whitemud beds outcrop on Snake Bite Butte south 
of Beechy, other non-marine beds may lie between the top of the Bearpaw 
and the base of the Whitemud beds, but their presence has not been 
proved. The Belly River formation, or its marine equivalent in the east, 
is believed to underlie the Bearpaw, but no exposure of it occurs in the a.rea. 

Very thick sections of drift are exposed in places in the banks of South 
Saskatchewan River and Swiftcurrent Creek. Sections at places on Swift­
current Creek show at least 150 feet of drift. Good sections of the Bear­
paw formation occur along South Saskatchewan River above the ferry south 
of Beechy and along Swiftcurrent Creek. 

At an elevation of about 1,950 feet on the southwest quarter, Sec. 
30, Tp. 20, Range 10, a spring occurs from which soft water and gas 
are emitted. The spring occurs on a small bench covered with gravel and 

---;a;;;,J. Surv .• Canada, Sum. Rep!. 1926, pt. B, p. 41. 
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boulders and generally free from vegetation, abom 5 feet above the base of 
the nearby stream bed. Analysis of the water showed 93· 2 grains a gallon 
of total solids, chloride, and carbonate of sodium, and there seems no doubt 
that the gas and water are coming from the bedrock and not from the drift. 

DESCRIPTIONS OF WELLS 

(Data on the 'Ivells in the western part of Rush Lake area are given in 
Table 1. Locations of the wells are shown on Figure 13.) 

Swift current Creek Group. Many deep wells occur east and west of 
the lower part of Swiftcurrent Creek. At least two aquifers are present. 
The water is moderately soft, analyses showing types 2 and 3 1 with total 
solids about 100 grains a gallon. 

Beaver Flat Group. Wells 103, 150, and 157, south of Beaver Flat, 
are in an aquifer considerably higher than in the case of the previous group; 
the water is soft and aquifer and piezometric surface 2 rise t,o the south. 

Main Centre Group. 'ViTater in well 127 is brown. Water moderately 
soft; one analysis shows total solids 63 grains a gallon of water of type 2. 

Gouldtown Group. Wells 155 and 167. 
Rush Lake and Herbert Wells. The Rush Lake town well and the 

Herbert town well (125) conform fairly well as regards elevation of aquifer 
and piezometric surface. A little gas is recorded in both wells and the water 
of the Herbert town well contains no sulphates. In some of the Herbert 
town wells a hard water aquifer also occurs, the elevation of aquifer and 
piezometric surface being much lower than those of the soft water wells 
and the water being brown. It is difficult to connect the soft water aquifer 
with any aquifer ·of the groups previously described. If it be that which 
supplies wells 120 and 154 (Sunkist group) a rise to the south of lOt feet a 
mile is shown from well 120 to well 125. 

Area in Rush Lake Sheet North of South Saskatchewan River. Most 
of the deep, soft water wells in this area are located within a few miles of 
the Canadian National Railway between Birsay and Beechy. The wells 
can be arranged in fairly well-defined groups. 

Soft Water Wells South of Beechy. A few of these wells located in 
the lower parts are flowing. The records show that the aquifer rises to the 
north, the rise from well 131 to well 122 being 13t feet a mile. The piezo­
metric surface also shows a rise to the north. Well 111 may be on the 
sa-me aquifer as 163. The sand in well 110 is described as being as fine as 
flour and a well on the northwest quarter, Sec. 34, Tp. 21, Range 11, 
obtained no water. These facts suggest that the westerly limits of the 
aquifer 'are not far from well 110. 

Hard Water, Flowing Well Area South of Beechy. Five flowing wells 
were located on this aquifer which is a little over 200 feet above the soft 
water aquifer and probably consists of glacial gravels overlain by boulder 

l,see page 81 for definit.ions of types. 
2 The piezometric surface of an aquifer is the surface to which the water of the aquifer will rise under 

its full head. 
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clay. Levels were run on the most westerly, No. 143, and the two most 
easterly, 104 and 133. The figures show a drop in the aquifer of about 
10 feet a mile towards the east. It seems probable that well 132 is on 
the same aquifer, the fall to the east being about 9 feet a mile from well 104. 

Sunkist Group. "VeIls 120 and 154 do not conform to the group south 
of Beechy, either as regards the elev,ation of the aquifer or the piezometric 
surface. Well 163 is probably on the same aquifer as No. 11I. 

lillCky Lake-Birsay Group. Elevations of aquifer and piezometric 
surface indicate the presence of two aquifers. Of these, the higher shows 
a general dip towards the north, the amount from well No. 108 to well 103, 
Table II, being about 7 feet a mile in a direction 20 degrees east of north. 
Figures on the piezometric surface are rather conflicting, but there appears 
to be a rise to the north amounting in the two wells mentioned to about 
4~ feet a mile. Gas is recorded in well 103, Table II, and the water analysis, 
179 grains a gallon of total solids, shows an increase of 28· 4 grains a gallon 
from a weLl 6! miLes south 3Jnd the composition of the sohd-s-chlmides 
dominant and no sulphates-suggests marginal conditions. Wells 142 and 
123 show a piezometric surface much higher, and the aquifer lower, than 
the previous group. The small number of wells, however, makes conclusions 
difficult. Well No. 145 shows a very high piezometric surf ace, although the 
elevation of the aquifer conforms fairly well with that of the Lucky Lake­
Birsay group. 

EAST PART OF ELBOW QUADRANGLE 
INTRODUCTION 

The -area includes the part of the Elbow qUJadrangle east of South 
Saskatchewan River. Much of the area is nearly level and has a gener.al 
elev'ation of 1,750 to 2,000 fee'tabove the sea. Alilan HiNs in the northeast 
are the highest part and have a maximum elevation of about 2,300 feet. 
Another hilly area lies between Hawarden and South Saskatchewan River. 
Except in the sowt~western part of the area the east bank of Saskatchewan 
River is not very steep and is 100 to 200 feet high. In the southwest the 
bank is fairly steep and is 200 to 300 feet high. The valley of Brightwater 
Creek, in which flowing wells occur, is one of the lowest parts. Dundurn 
Forest Reserve is a sandy, low-lying area in the northwest. The elevation 
of water-level in Saskatchewan River is 1,664 feet at the crossing of the 
north boundary of Township 24 and 1,587 feet at the crossing of the north 
boundary of Township 32. 

The area is largely agricultural and there are many villages and small 
towns, Outlook and Davidson being the largest of these. Dundurn Forest 
Reserve, the area adjacent to it, and the valley of Brightwater Creek are 
well wooded and patches of bush occur both north and south of Outlook 
and on the banks of South Saskatchewan River; other parts are prairie. 
The area is 42 miles from east to west and 48 miles from north to south 
and lies immediately north of the Darmody-Riverhurst 'artesian area. 
The map, Figure 14, accompanying this report, adjoins that published in 
Summary Report 1931, part B. Outcrops are few, but the Bearpaw forma­
tion of Upper Cretaceous (Montana) age is believed to underlie the drift 
over most of the area. Belly River beds probably underlie the northern 
part. 

60182-···6 



80B 

ARTESIAN WATER AREAS 

There is a small, hard water, flowing well area in Rosemae district. 
The 'aquifer probably is in the glacial drift. A deep, soft water area e?Ctends 
from the southern limits of the map-area n()rth to Hawarden and probably 
beyond it. Analyses show the water to be ()f type 1 (See notes on water 
analyses) . There is a deep, moderately soft water area north of Hawarden 
nnd extend1ug north as br 'as well 59. The water is of type 2. A harD 
water area north of this includes wells 72 and 133 and probably extends 
to the northern limits of the map-area. A small, flowing well area south­
east of Hanley yields hard ,and alkaline water, probably from outwash 
sand or gravel in the drift. 

The valley of Brightwater Creek is a flowing well area the approximate 
limits of which are shown on Figure 14. In the southern part, well 114 has 
a flow of about 35 gallons la minute; well 102 has a large flow; most of 
the other wells have comparatively small flows. In the north, well 59 flows 
about 10 gallons a minute, well 133 is reported as having come in with a 
very heavy flow, but is now partly choked up. It is difficult to define the 
limits oJ the ooft w,.r, wrtesia!ll area. Many aquifersappe8ll' to be 
present. In the north, well 59 is the most northerly soft water well, well 
134 obtained water containing 377·6 grains a gallon of total solids, chiefly 
sodium chloride, from an ,aquifer at 1,464 feet elevation. In the west a well 
close to well No. 14 was drilled to an elev,ation of 975 feet and obtained no 
water £,rom horizons 'comparable in elevation to thosealt Strongfie'1d or 
Hawarden. The water in well 81 is of type 6, higher in sodium chloride 
than the normal water; this may indicate submarginal conditions. To the 
south of the qUla,dmngle, in Rush Lake quadrangle, the northern 'part of the 
Darmody-Riverhurst artesian area lies about 12 miles south of the boundary 
between the two quadrangles. No deep wells have been drilled in the area 
between Darmody-Riverhurst and Elbow quadrangle artesian areas and 
the relations between them are not known. The water sand in well 135, 
the most southerly of the Elbow quadrangle, was reported as 15 feet of 
clay and sand with only 3 to 4 feet of pure sand. 

In the east part of the artesian area, water with 406·8 grains of total 
solids a gallon was found in well 76 at an elevation of 1,303 feet. No 
records of deep, soft water wells east of the Canadian National Railway 
from Davidson to Hanley were obtained. The westerly limit of the aquifer 
that supplies wells 16, 26, 71, 141, and 142 apparently lies between these 
wells and 21, 128, and 55, as the three latter wells obtained water at a 
depth of several hundred feet below that of the wells of the previously 
mentioned group. The water sand in well 102 is reported as "normal ", 
but in wells 2, 82, 67, and 68 as shaly. This may indicate that the eastern 
limit of that particular aquifer is not far distant from these wells. 

Information on the water-level in wells is generally less reliable than 
that as to total depth. In the case of flowing wells information as to the 
elevation of the piezometric surface is not usually available unless that 
surface is close to the ground surface. Owners of flowing wells Nos. 23, 
55, 82, 114, and 140 report a decrease in flow, but this may be due to 
sanding up of the wells. Well 59 fill ed a 50-gallon drum in 308 seconds 
on July 18. On September 19 the same drum was filled in 320 seconds, 
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Bhowlnga f'wUing off of about ,a third of a gallion a minute ln three months. 
Of the non-flowing wells in No. 18 the water-level 18 reported to have 
fallen 10 feet since 1910, in No. 105, 5 feet since 1925, in No. 128, 9 feet 
since 1929, in No. 121, 15 feet since 1916, in No. 97, drilled before 1914, 
about 14 feet. In well No. 78 no change of level is recorded since 1926. 
The owners of wells report changes ln the character of the water as follows. 
In well No. 76 water was soft until a cavity was reached during drilling. 
In No. 16 water is harder than orlginally; in a well drilled northeast of 
Hawarden in the drift, the water changed from soft to hard. The aquifer 
for deep, hard water wells in this area being considered as probably in 
the glaclal drift, the fact that the Woodman well 401 feet deep, 2! miles 
southwest of well No. 76, a well opposite well 76, 300 feet deep, and one 
51- miles east of Kenaston, 220 feet deep,all obtained hard water, may 
possibly show a great thickness of drift in this area. 

Character of the Water 

Analyses of water made by the Division of Sanitation, Regina, give 
the total solids in grains a gallon and the relative abundance of the salts. 
Forconvenrrence ln tabu1aking resuLts numbers as undeQ" are '8.ssigned to 
the principal constituents: 1, sodium sulphate; 2, sodium carbonate; 
3, sodium chloride; 4, calcium sulphate; 5, magnesium sulphate; 6, calcium 
chloride; 7, magnesium chloride; 8, calcium carbonate; 9, magnesium car­
bonate. The waters found have been grouped into various types according 
to the principal constituents and their relative abundance. These types 
are listed below, the individual numerals in the columns headed salts indi­
cate the constituents present and their order of relative abundance, the 
first (left hand) figure indicating the most abundant constituent. Increas­
ing hardness, increasing chloride content or decreasing sulphate content, are 
the chief factors on which the classification is based. 

Type No. Salts Type No. Salts Type No. Salts 

1. .... . .. . ........ _ ........... . . _ .. .. . . .... . 123 21 213 31 32 
2 ........ . ............ . ...... . ........ . .... . 12345 22 231 232 32617 

12453 23 23 33 3672 
13245 . . . . . . . . . . .......... .......... .......... 
14253 .......... ...... .. .. . ......... ... . ...... 
14523 . . . . . . . . . . . . . . . . . . . . . . ........ .......... 1:::··:·····:: ·: ···············:···1 

All wells in Rush Lake quadrangle are numbered consecutively, Nos. 1 
to 100 being found in Summary Report 1931, part B, pages 69-71. Wells 
in Elbow quadrangle are in Table II, this report, and are indicated thus, 
103-2. 

Type 1 is the normal type in Darmody-Riverhurst area, and also, 
apparently, in the case of the soft water wells south of Beechy and the 
wells of the south half, at least, of Elbow quadrangle. The relative pro­
portions of the three salts are known ln well 62 to be about 5: 3: 1 and 
in we:LI 85 to be 5: 2: 1. In wdls 8 and 97 the proportions ·areabout 
equal, no information regarding proportions in the waters represented by 
the remalnlng analyses lS available. Water of thls type, as of types 21, 
22, 23, and 31, lS absolutely soft. 

60482-6~ 
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Type 2 is slightly harder than No.1, but the owners of wells yielding 
such water generally consider the water to be soft. It appears to be the 
normal type in the west half of Rush Lake quadrangle south of South 
Saskatchewan River and in the north half of the east half of Elbow 
quadrangle. 

Type 6 is characteristic of the deep, hard water wells, the hard water 
flowing well area south of Beechy being of this type. 

vVater of type 21 occurs in Riverhurst district both in the town well 
No. 84 and in the Mammoth No. 1 well, See below. It seems to be 
a sub-margina:l type. Water of the 23 type, with gas, is found in wells 
125 and 142, in gas spring south of Beechy, and in well 120. It seems to 
be a marginal type. 

Type 31 seems to be marginal in well 91 (mid-western limit of 
Darmody-Riverhurst area) and in wells 46 and 103-2 (northern limit 
of the Lucky Lake-Boirsay group). The only well in type 32 is 76-2, 
which is 731 feet deep. Type 33 is practically entirely sodium chloride 
with only traces of other chlorides; it seems in wells 61 and 68 to mark 
the northeastern limits of Darmody Riverhurst area and in 135-2 to mark 
the mid-northern limit of the Elbow sheet artesian area. 

The relation between the absence of sulphates and the presence of 
gas seems general over all the areas mapped and is in accord with the 
general idea of the reduction of sulphates by organic matter. Analyses 
of the water in the Mammoth No.1 well near Riverhurst, made by the 
Chemical Department of the University of Saskatchewan, are of interest 
and are as follows. 

D epth in feet 

121 .. . . ... . ...... . ............. . . . .. .. .. . . . . .. . . . . .......... . 
215 ........ . .. . .... . ..... . . . ... . . . .. . . ......... . .. . ..... . . . . . 
300 .... . . .. . .. . ........ . ......... .. ..... . .... . ..... . .. . . 
423-432 ........ . .............................. .. ........ .. .. . 
554-568 ... . ..... . .. . . .. . ...... . .. . .. . . . . .. . .. . . . . . . ..... . .. . . 

Water 

Elevation Total solids 

1,647 
1,553 
1,468 

1,336-1,345 
1,200-1,214 

grains Type 
a gallon 

115 ·29 
107·24 
160·72 
95·2 

327 ·67 

21 
31 
31 
22 
31 

The sulphate at 423 to 432 feet is reported as only a trace. Of these 
waters the upper one is the only one that corresponds with that found 
in the Riverhurst town well. Gas was found in this well in small amounts 
at 118 feet and 225 to 245 feet, and a fair flow was found at 554 to 
568 feet. 

The deep, soft water of Rush Lake and Elbow quadrangles is suitable 
for drinking and is quite palatable if drunk at the temperature at which 
it issues from the well, usually 45 degrees to 48 degrees. It may have a 
slightly laxative effect when first used or when drunk in large amounts, 
but the well owners prefer it to the hard water after they have become 
accustomed to it. Cattle like it and it seems to suit them better than 
the hard water, the sodium chloride content rendering salt licks unnecessary. 
The water is too high in salts to be used for irrigation. 
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Comparison of Water Composition with That of Other Areas 

Six analyses of water from the southern Alberta artesian area, arranged 
in order of increasing distance from the intake area, showed the first to 
be of type 21, the next three of type 23, and the last two of type 32. Total 
solids vary from 73· 9 to 380· 8 grains a gallon, the carbonate content 
remaining practically stationary and the chloride content increasing as 
distance from the intake area increases. In the well-known Dakota 
artesian basin the aquifer is the Dakota sandstone and possibly Lower 
Cretaceous sandstone. In parts of this basin two waters of different com­
position are found; of these the upper is comparatively soft, approximating 
type 2; the lower is hard and is probably harder than any water in the 
deep wells in Rush Lake and Elbow quadrangles. The average of many 
analyses shows the total solids in the soft and in the hard waters of the 
Dakota basin to be 152·28 and 141·33 grains a gallon respectively. The 
first is aibout 50 per cent higher than the average in Darmody-Riverhurst 
area, but in Elbow quadrangle artesian area the average total solid con­
tent of the deep, soft water wells, 160· 2 grains a gallon, is slightly higher 
than that of the soft water of the Dakota basin. 
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DEEP BORINGS IN THE PRAIRIE PROVINCES 

By W. A. Johnston 

(Geologist-in-Charge, Division of Pleistocene Geology, Water Supply, 
and Borings) 

Borings made in search of oil and gas in the Prairie Provinces in 1932 
were confined largely to Alberta. Through an arrangement with the 
Department of Lands and Mines, of the Government of the Province of 
Alberta, samples and well logs were received from the Petroleum and 
Natural Gas Division of that department. Samples from fifty-five wells, 
including nineteen shallow test holes, were received. These samples and 
logs of the wells are of considerable value in the study of the geology 
of Alberta by officers of the Geological Survey. They form permanent 
records which are available for re-examination in the light of new informa­
tion obtained from time to time and afford a means of supplying informa­
tion to companies prospecting for oil and gas in new fields. The logs of 
the wells also give information regarding the occurrence and character of 
underground water, a question of importance in many places where usable 
supplies of underground water for domestic and other purposes are difficult 
to obtain. 

In Saskatchewan" seismic" tests were carried out in Dirt Hills area, 
which are said to have indicated that some favourable structural condi­
tions occur, but no drilling has been done. The Petroleum Engineering 
Company carried on some test drilling for gas or oil in the vicinity of 
Hudson Bay Junction, and the Blackfoot Oil and Gas Development Com­
pany is reported to have commenced drilling near Wilcox. No samples 
from these wells were received and only a few from water wells. 

The results of ground water investigations in the eastern part of Rush 
Lake sheet area, and in the eastern part of Elbow sheet area in southern 
Saskatchewan, by D. C. Maddox, are given in another part of this report. 
Results of the study by R. T. D. Wickenden of samples from some deep 
wells in Saskatchewan are given in the Trans. Roy. Soc. Canada, vol. 
XXVI, sec. IV (1932). 

Drilling of the Manitou No.2 well of the Commonwealth Petroleum, 
Limited, in Pembina Valley, southern Manitoba, furnished a remarkably 
good section, for the well started in the Upper Cretaceous and extended 
through to the Precambrian. Little was previously known regarding the 
character and thickness of the formations below the Upper Cretaceous in 
this part of Manitoba; the beds are not exposed and no other good well 
sections extending below the Cretaceous are available. The well samples 
were received from the drillers, Messrs. George W. Lea and N. C. Shaver, 
through the courtesy of Hon. E. Michener, President of the company. 
Examination of the samples was made by R. T. D. Wickenden and 
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F. J. Fraser of this division. Notes on the geological interpretation of 
the samples are by R. T. D. "'ickenden. The well is on the valley flat 
of Pembina River and has an elevation of approximately 1,260 feet above 
sea-level. 

Log of Commonwealth Petroleum AI anitou No. 2 

Location: L.S. 8, Sec. 26, Tp. 2, Range 9, W. 1st Mel'. 

Acid 
Formations Depth Lithology and colour Remarks 

Feet Cold Hot 

Glacial drift .......... 0- 20 Pebbles, brown and grey .. 0 5 
20- 30 Clay, dark grey .. ...... ... 2 2 
30- 60 Missing ............. . ..... . . . . . . ...... 
60- 80 Clay, medium grey .. ..... 1 5 
90- 100 Pebbles, brown and grey .. 1 4 

Boyne and Morden .... 100- 140 Missing ............. ..... . .. .... ...... 
(Upper Cretaceous) 140- 180 Shale, dark grey ...... .... 2 3 

180- 200 Missing ....... ...... . .. .. . ...... ...... 
200- 300 Shale, dark grey .. , .... .. . 2 2 Some samples vary 

a little in acid 
reaction 

300- 320 Missing ................ .. . .... . . ...... 
320- 440 Rhale, dark grey . . .. .. .... I 2 Some samples vary 

a little in acid 
reaction 

Assiniboine and Keld 440- 450 Shale, dark grey ........ .. 3 4 
(Upper Cretaceous) 450- 460 Limestone, dark grey . .. .. 5 6 

460- 500 Shale, dark grey ..... .. . . . 4 5 
500- GOO Shale, dark grey ... ... .. . . 3 4 Some samples vary 

a little in acid 
reaction 

- --
Ashville .............. 600- 670 Shale, dark grey . .. .. . . . . . I 2 

(Upper Cretaceous) 670- 700 Missing .............. ..... , . ... . ..... , 

700- 705 Shale, medium grey ....... 0 0 
--

Basal Beds . .. ........ 705- 735 Sand, light grey to white . D D Coarse grained, sub-
(Upper Cretaceous) angular wit h 

occasional rounded 
grain 

Lower Cretaceous? ... 738- 755 Shale, medium grey .. ... .. 0 0 Some pyrite 
755- 764 Shale, light grey .......... 1 1 
764- 780 Shale, light grey and red-

dish brown ............. 1 1 
780- 820 Shale, light grey ... .. . .. .. I 1 
820- 855 Shale, medium grey ... .... 1 1 
855- 860 Shale, reddish brown and 

grey .......... ......... . 1 1 
860- 870 Shale, medium grey ... ... . 1 1 
870- 880 Shale, reddish brown ..... 1 I 
880- 890 Shale, medium grey ....... 1 1 
890- 895 Shale, reddish brown and 

grey .................... 1 1 
895- 900 Sand, light grey to white .. 1 1 

--

Shale, medium grey ...... '1 900- 970 1 3 Samples vary a little 
in the acid re-
action 
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Log oj Commonwealth Petroleum Manitou No.2-Continued 

Location: L.S. 8, Sec. 26, Tp. 2, Range 9, W. 1st Mer. 

Acid 
Formations Depth Lithology and colour Remarks 

Feet Cold Hot 

Jurassic .............. 970-1,090 Shale, varigated reddish 
brown, green, white, and 

Some samples vary yellow .. .. ............ .. 3 4 
a lit tIe from this in 
the acid reaction, 
some gypsum 

1,090-1,120 Shale, light grey and 
white ... . ............... 2 4 Some gypsum 

Devonian ...... ... .... 1,120-1,140 Dolomite, light grey ...... 1 6 
1,140-1,200 Shale, light grey .......... 2 3 
1,200-1,210 Missing ................... .. " . . .. 
1,210-1,220 Shale, cream colour. ... '" 1 3 
1,220-1,270 Shale, reddish brown and 

white . . ........ . ........ 1 3 Much gypsum 
1,270-1,280 Shale, grey and reddish 

brown . ................. 1 3 
1,280-1,390 Shale, reddish brown .. .. . 1 3 
1,390-1,400 Sand, quartz, reddish 

stain ................ . ... 1 4 Medium to coarse 
grains, well 
rounded 

1,400-1,430 Shale, reddish brown ..... 4 6 

Silurian ..... .. ........ 1,430-1,450 Limestone, dirty cream .. . 6 6 
1,450-1,470 Dolomite, reddish brown. 3 6 
1,470-1,490 Shale, brick red ...... . .... 2 6 
1,490-1,500 Dolomite ................. 3 6 
1,500-1,510 Limestone, pinkish ........ 5 6 
1,510-1,530 Limestone, light grey ..... 5 6 
1,530-1,540 Dolomite, pink ........... 2 7 
1,540-1,550 Dolomite, cream .......... 2 7 
1,550-1,570 Dolomite, pink ........... 2 7 
1,570-1,580 Limestone, cream colour . . 5 7 

1,590 Dolomite, pink ........... 2 7 
1,595 Limestone, pink ........... 5 7 
1,600 Dolomite, pink ........... 2 7 

1,600-1,620 Limestone, cream colour .. 5 7 
1,630 Limestone, pink ........... .'i 7 

1,635-1,705 Dolomite, pink ......... .. 1 6 
1,705-1,790 Dolomite, cream colour ... 1 6 
1,790-1,800 Shale, brick red, and sand '" ... .. .... Sand grains well 

rounded 
1,800-1,850 Dolomite, pink ... . ....... 1 6 
1,850-1,870 Dolomite. brown and grey 1 6 
1,870-1,890 Sandy dolomite, grey ..... 3 6 
1,890-1,900 Dolomitic sandstone .... .. 3 6 

Stony Mountain .. . ... 1,900-1,910 Sandy dolomite and cal-
well (Ordovician) careous shale ............ 3 6 Sand grains 

rounded 
1,925-1,933 Limestone, medium grey .. 4 6 Sandy with some 

fossils 
1,935 Sand, light grey ........... 1 2 

1,935-1,940 Missing ................ .. . ... ". ..... 
1,940-1,980 Dolomite, light grey ...... 3 5 
1,980-2,000 Dolomite, medium grey .. 1 6 
2,000-2,017 Dolomite, buff and grey .. 1 6 

---------. , 
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Log of Commonwealth Petroleum Manitou No.2-Concluded 

Location: L.S. 8, Sec. 26, Tp. 2, Range 9, W. 1st Mer. 
------

Acid 
Formations Depth Lithology and colour Remarks 

Feet Cold Hot 
--

Red River ............ 2,030 Dolomite, cream .......... 1 G 
(Ordovician) 2,040 Dolomite, medium grey .. 1 6 

2,045 Dolomite, buff and grey .. 1 5 
2,055 Dolomite, light buff ...... 1 6 

2,060-2,080 Dolomite, cream .......... 1 4 
2,080-2,130 Limestone, cream ......... 4 6 
2,145-2,290 Limestone, cream ..... . ... 5 6 Some chert at 2,2GO-

88 feet 
2,290-2,340 Dolomite, cream .......... 2 7 

2,350 Calcareous mud ........... 6 7 
2,360 Limestone, cream colour .. 6 7 
2,370 Ca.lcareous mud ........... 6 6 
2,380 Dolomitic mud ........... 3 7 
2,390 Calcareous mud ........... .5 7 
2,400 Limestone, cream colour .. .5 7 

2,410-2.430 Dolomitic mud. light grey 3 4 
2,440 Calcareous mud ........... 5 6 
2,450 Dolomitic mud . . ...... ... 1 4 

2,460-2,480 Calcareous mud ... ...... 4 6 

\~7innipeg ....... ...... 2,490-2,600 Shale, dull green ..... . .. . . 0 0 The top 30 feet 
(Ordovician) somewhat cal-

careous 
2,600-2, 602 Sand, quartz ...... . .. . . '" 0 0 Medium to coarse 

grained. Su b-
angular and 
rounded 

2,610-2,612 "Arkose," green-grey., ... 0 0 
2,612-2,613 Shale, dull green .......... ...... ...... 

Precam brian .......... 2,615-2,639 "Granite," brown stained. ...... ...... Much decom~sed 
and rusty. uch 
biotite 

The stratigraphic position of the beds from 738 to 900 feet suggests 
that they are Lower Cretaceous in age, but no definite evidence of their 
age was found. The sand at 895 to 900 feet evidently forms the basal 
part of the series. 

There is good evidence for placing in the Jurassic the horizons repre­
sented by the samples from 900 to 1,120 feet; fragments of marine shells 
and Jurassic foraminifera appear in the samples from the upper 80 feet 
of this group; freshwater fossils which belong to genera not known to 
occur in beds that are older than the Jurassic were found in the samples 
from the variegated shales between 980 and 1,120 feet. 

The sample from 1,910 feet contained the following microfossils: 
Scetropora facila Ulrich, Batostoma manitobense (1) Ulrich, Primitia 
parallela Ulrich. These species, as described by Ulrich, are from the 
Stony Mountain formation. No occurrences of these species at any other 
horizon in the Palreozoic of Manitoba are known. 

A notable feature of the well is the occurrence of four sands below 
the basal sandstone of the Upper Cretaceous and above the Winnipeg 
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sandstone. Gas was reported from 491 feet from calcareous shale and at 
705 feet from the basal sandstone of the Upper Cretaceous. Salt water 
under considerable pressure was struck in the lower sandy horizons. A 
sample of the water from a depth of 2,636 feet, according to an analysis 
by F. J. Fraser of this division, has a specific gravity of 1·04 and con­
tains 6·8 per cent solids. Sodium, calcium, chlorides, and sulphates are 
present in the water, and the residue after evaporation effervesces with 
acid. 
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OTHER FIELD WORK 

L. S. RUSSELL. Mr. Russell commenced geological mapping and 
investigation of the Peace River 8-mile map-area. 

R. T. D. WICKENDE~. ::-.:fr. Wickenden continued the study and map­
ping of the surface geology of the Regina 8-mile map-area (latitudes 49 
degrees to 52 degrees; longitudes 102 degrees to 109 degrees), Saskatchewan. 
Further field work is required, particularly in the investigation of the 
underground water resources, before a surface-geology edition of the Regina 
sheet, and a report, can be published. 

60482-1 
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PLATE I 

Me GILLlVRAV CREEK COAL 8 COK E CO LTD. M INES. 

::IIodel of north con I nrea, Colema n, ,"'dbel-tn. (Pages 26, 4S, 49.) 

60482 -8 
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PLATE II 

WEST CANADIAN COLLIERIES LTD. COAL MINES. 
GREENHILL MINE 

BOISJOLI ENTRY 

CARTWRIGHT & THOMASON WEST CANADIAN COLLIERIES LTD 
SUNBURST MINE BLAIRMOR£ SOUTH MINE 
(ABANDON£D) (ABANDONED) 

Mocl€'! of Blairnlol'e coni «re·i! .. \Iheda. (Pag-'" 26. 51.) 
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The annual Summary Report of the Geological Survey is issued 

in parts, referring to particular subjects or districts. This year there 

are five parts, AI, All, B, C, and D. A review of the work of the Geolog­

ical Survey for the year forms part of the Annual Report of the Department 

of Mines. 




