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INTRODUCTION 

During the field season of 1933 two importact coal fields in the Crows- 
nest district of British Columbia and Alberta were examined and geologi- 
cally mapped on a scale of 1 inch to 800 feet. These two areas are the 
Michcl coal area, British Columbia, which is the most important coal field 
in western Canada and which has been under de~relopment for the past 
thirty-four years by the Crow's Nest Pass Coal Company, and the Colemnn 
South coal area, one of the most important coal fields in southern 
Alberta, which has been under development for about thirty years by the 
International Coal and Coke Company. The  position of these areas in 
relation to one another and to the four other coal areas previously mapped 
in detail is shown on Figure 1. In  addition to this report hand-coloured 
geological maps and a transparent, coloured, celluloid structure-section 
model of each area, showing on natural scale the underground structure 
of the formations and coal seams and the extent of mine workings, were 
supplied to the respective coal companies a t  n nominal charge. 
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LIST OF COLLIERIES (See Figure 1) 

Operating Collieries, Kootenay Coal Deposits, Alberta 

l. International Coal and Coke Company 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. Leiltch Collieries mine. 
12. West Canadian Collieries, Lille mine. 
13. West Canadian Collieries, Grassy Mountain mines. 
14. Maple Leaf Coal Company mine. 
15. Burmis Mining Co~npnny mine. 
17. Spokane and Alberta Coal and Coke Company mines. 

Operating Collie~ies, ICootenay Coal Deposits, British Colzimbia 

16. Corbin Collieries mines. 
18. Crow's Nest Pass Coal Company, Michel colliery. 
19. Crow's Nest Pass Coal Company, Coal Creek colliery. 



MICI-IEL COAL AREA 

GEKERAL STATEXEXT hiVD ACKNOWLEDGlIEXTS 

Michel coal area is the most important coal field in western Canada, 
being characterized by numerous thick deposits of high cluality bituminous 
coal, most of which are easily accessible. This arca has attracted attention 
recently through its coal winning its nray into the M7innipeg market and 
replacing large tonnages of high-grade coal from the United States. The 
Michel colliery, from which this coal was obtained, is operated by the Cronr's 
Nest Pass Coal Company, Limited, and is situated on Michel Creek a t  a 
point 24 miles northeast of Fernie and 4 miles above the junction of 
Michel Creek and Elk River. The existence of coal in the area was men- 
tioned by G. M. Dawson in Geological Survey Report 1885, page 69B. 
The coal was discovered through the denudation of Michel Creek which 
had cut its channel deeply into the Kootenay measures and exposed a 
number of seams on the opposite sides of thc valley. With the opening 
up of railway communications in the Kootenay mining district by the 
Canadian Pacific Railway the Crow's Nest Pass Coal Company was 
formed to develop these deposits. This company began operations in 
1899, and, with the exccption of short periods during adjustment of agree- 
ments between the workmen and employers, coal mining has been can-ied 
on continuously since the start. 

The colliery consists of two groups of mines, one group being locatecl' 
on the southwest side of Michel Creek and the other on the east side. The 
area underlain by mining operations is approximately 4 square miles and 
i~ bisected along a northwesterly direction by Michel Creek, along which 
runs the Crowsnest Branch of the Canadian Pacific Railway. The coal 
seams, where observed on both sides of the valley, dip 15 degrees to 20 
degrees to the west, and this regularity of dip obtains over most of the 
mine workings, the deviations being due to the presence of ,a few minor 
folds and faults of small displacement,. Notwithstanding the large amount 
of mining and prospecting work done in the area no satisfactory correlation 
had been made of the coal seams under development on the opposite sides 
of the valley. Various opinions were held, of which the most common was 
that  the coal seams in the east side represented an older series, the upper- 
most of which, No. 9 seam, lay approximately 500 feet below No. 5 sesm, 
the lowest coal seam exposed on the west side. Others maintained that 
No. 8 seam, the middle and most largely developed seam on the east side, 
was the same as No. 5 seam, on the west side, and still others held that 
this seam correlated with old No. 3 seam, which lay approximately 200 
feet stratigraphically above No. 5 coal seam. 

The correlation problem, although of considerable importance, became 
of secondary consideration when, in 1329, entirely unforeseen difficulties 
were encountered in the mine workings on the west side of Michel Creek. 
At a distance of approximately 3,000 feet from the mouth of the main 
crosscut tunnel a zone of faults and badly disturbed gound was encoun- 
tered which not only disarranged mining operations but resulted in a 
large expenditure of capital in underground tunnelling and other prospecting. 
Finally, after tunnelling through a zone of over 200 feet of badly faulted 



l SECTION ALONG LINE A B  

Figure 2. Crow's Nest Pass Coal Company, Limited, coal area, Michel, British Columbia 
(only certain of the coal sealns being mined are represented in the cross-section). 
Blairmore shown by diagonal ruling; Kootenay shown by blank areas. 





ground, coal seams were again encountered, but dipping in the opposite 
direction with dips as 'high as 45 degrees. These unexpected c;tructml 
conditions not only resulted in a disarrangement of development plans and 
a heavy increase in mining costs, but caused so much concern on the part 
of the management with respect to the future development of this group 
of mines that early in 1931 an urgent request was made by the Crow's Nest 
Coal Company to the Department of Mines for a geological examination 
of the locality. Accordingly, in 1932 an area of 11.4 square miles, or 3+ 
miles east and west and 3% miles north and south with Michel colliery as 
centre, was topographically mapped on a scale of 1 inch to 800 feet, and with 
a contour interval of 25 feet, by a party under J. A. Macdonald of the Topo- 
graphical Division. This map served as a base for the geological mapping 
that was undertaken by a party under the writer's direction in 1933. The 
coal company aided materially in the carrying out of the investigation by 
furnishing office facilities, material, and mine data, and by supplying miners 
and a proper supervisor to carry out the necessary prospecting work. 
Thanks are especially due to Mr. H .  P. Wilson, General Manager, Mr. R. L. 
Bonner, Colliery Manager, and Mr. John Heney, Mine Safety Inspector, of 
the Crow's Nest Coal Company, and to numerous other officers of the com- 
pany's staff and to residents of the area for assistance rendered during the 
course of the work. The writer was assisted in the mapping by his colleague 
C. Evans, and by N. H.  Fraser, J. M. Cummings, and R. L. Hewitt, who 
were attached to the party as student assistants, all of whom carried out 
the duties assigned them in a most efficient manner. 

STRATIGRAPHY 

There is exposed in Michel map-area (See Figure 2) a thick, conform- 
able series of freshwater sediments of Lower Cretaceous age, as determined 
by the fossil plants that occur in the carbonaceous layers distributed 
throughout the series. The beds have a total thickness within the map-area 
of over 6,000 feet and were, in 1902, divided by James McEvoy on his 
map of the Crowsnest coal fields into two formations, the Cromsnest coal 
beds below, and the Elk conglomerates above. These formations conform 
in stratigraphic position, in flora content, and in their main lithological 
characters to the Kootenay and Blairmore formations, respectively, of 
Crowsnest district of Alberta (See Summary Report 1932, P a ~ t  B, page 30), 
although in Michel area each has a much greater development. Since 
conglomerates form only a part of the upper formation and whereas the 
formations are undoubtedly the equivalents of the Blairmore and Kootenay 
formations, it appears advisable to use the latter formation names in 
describing them. The )boundary between the Kootenay and Blairmore 
formations in this area is purely an arbitrary one, and is drawn a t  the base 
of the lowest massive conglomerate which persists over the map-area. All 
the commercial coal seams of the district lie below this conglomerate. 

Kootenav Formation 
The Kootenay formation (Crowsnest coal beds) consists of a th,ick 

series of interbedded, soft, sandy, grey and black, rusty-weathering shales, 
]massive, coarse-grained, crossbedded, brown-weathering sandstones, with 



lenses and beds of fine conglomerate composed of pebbles of chert and 
qusrtzite of various hues firmly cemented in a sandy matrix. The formation 
contains in the neighbourhoocl of twenty-two workable coal seams, some of 
which have a thickness of 30 feet. The formation is of subaerial origin, 
as evidenced by the crossbedded and ripple-marked sandstones and by the 
innumerable dinosaur footprints observable over estensive areas on the 
roofs of some of the coal seams. Within some of the coal seams occur, - 
individually or collectivdy in small nests of three or more, highly polished, 
smooth, waterwo~n chert and quartzite pebbles of various shapes ranging 
up to 5 inches in greatest diameter. A collection of fossil plants from the 
roof of Upper 3 coal seam were submitted to W. A. Bell, who reports as 
follows : 

"The fol~lowing five species were recognized: 
Coniopteris sp. 
Cladophlebis virginiensis Fontaine 
Ptilophyllum arcticurn (Heer) 
Nilssonia schaumburgensis (Dunker) 
Pityophyllum graminuefolium (Knowlton) 

All species with tihe exception of the first are common components 
of the Kootenay flora. The species of Coniopteris occurs elsewhere 
sparingly in the Kootenay, but ranges upward into the Lower Blairmore 
flora where it is more common." 

The most complete section of the formation occurs on the east side 
of Natal Ridge between the summit and Erickson Creek, which lies 
just beyond the northern border of the map-area. A section measured 
from the base of the massive conglomerate, falten as  the boundmy between 
the Blairmore and Kootenay formations, to within a few hundred feet of 
the fault contact with the Palsozoic gave a thickness of 3,610 feet with 206 
feet of coal, and is as follows. 

Section of Koo tenay Formation 

(As measured, in descending order, on east. side of Na,tal Ridge, between 
summit of ridge and Erickson Creek) 

Thickness 
in feet and 

inches Description of beds 
70 Coarse, crosabedded, medium grey, light greyish weathering sandstone, 

with conglomer&te lenses 
16 Conglomerate, composed of chert and quartzite pebbles f to  inch in 

dia.meter, firmly cemented in a siliceoue matrix; pebbles well rounded 
and predominantly light in colour; weat.hers light grey a.nd red 

7 Shale 
4 Coal in dark, sandy shnle 

86 Hard, medium grey, sandy shale, weathering a light brownish grey 
7 7 Coal, Erickson No. 1 seant. T o p 3 0  inches coal. 19 inches coaly shale, 

6 inches coal, 9 inches coaly shale, 15 inches coal, 4 inches grey shale, 
8 inchea coal, base 

45 Hard, light bluish grey, rusty-weathering, sandy shale 
24 2 Coal, Erickson No. 2 seam. Top-15 inches coal, 33 inches shale and coaly 

shale, 140 inches cool, 12 inches shale, 90 inches coal, bass 
43 Hard, medium grey, rusty-weathering, sandy shale 



Thickness 
in feet and 

inches Descri~tion of beds 
Carbonaccous shale, containing &inch layer of coal 
Hard, medium grey shale 
Sandy shale, grading into fine, brownish grey wcathering, hard, black and 

tan sandstone 
Coarse grey sandstone, fine pebble conglomerate 
Conglomerate, composed of chert and quartzite pebbles, 2 to inch in 

diameter, firmly cemented in siliceous matrix; bed contains lenses of 
coarse, dark grey sandstones 

Hard, dark grey, 11ght grey, and rusty-wcathering, sandy shale 
Coal, D,.ickson No. S seam. Top-S inches coal, 12 inchcs st~alr,  69 inches 

coal, base 
Dark grey shale 
Covered interval 
Medium-grained, brownish grey weathering, bhck and tan, crossbedded 

sandstone 
Covered interval 
Dark grey, rusty-weathering, sandy shale 
Covered interval 
Dark grey, shaly sandstone and sandy shale 
Shale 
Coal, Erickson No. 4 scam. Top-XI inches coal, 12 inches coaly shalc, 

157 inches coal, base 
Dark grey, sandy shale 
Covered interval 
Medium-grained, brownish grey weathering, black and tan, crossbedded 

sandstone 
Covered interval 
Shale 
Dark, carbonaceous shale containing 5-inch coal seam 
Rusty-weathering, hard, grey, sandy shale 
Covered interval 
Medium-grained, rusty-~veathering, black and tan sandstone 
Covered interval 
Dark, grey, rusty-weathering, sandy shale 
Coal, Erickson No. 6 scam. Top--152 inches coal, base 
Carbonaceous shale 
Darlc bluish grey, light grey, and rusty-weathering, sandy shale 
Covered interval 
Coarse, rustyiweathering, black and t.an sandstone 
Dark bluish grey, brownish-weathering, hard, sandy shale 
Covered intcr.c,al 
Dark sandy, light grey weathering shale 
Coal, Erickson No. 6 seam. T o p 1 4  inches coal, 16 inches co:dy shale, 

60 inches coal, base 
Dakk sandy, light grey, and brown-menthering shale 
Covered interval 
Dark grey, hard, rusty-weathering, sandy shale 
Coal. Erickson No. 7 seam. Top-52 inches coal, 24 inches shale, 16 inches 

coal, base 
15 Hard, medium grey, brownish-weathering, sandy shale 

110 Covered i n t e r 4  
18 Dark grey, brownish grey weathering, sandy shale 
40 Covered interval 
10 Hard, fine-grained, light grey weathering sandstone 
65 Covered interval 
35 Darlc bluish grey, light grey weathering, sandy shale 
0 3 Coal 

25 Carbonaceous shale 



Thickness 
in feet and 

inches Description of beds 
1 Coal and coaly shale 

15 Bluish grey, rusty-weathering shale 
70 Covered interval 
20 Dark grey, rusty-weathering, sandy shale 
1.5 5 Coal, Erickson No.  8 seam. T o m  inches coal, 12 inches shale, 72 inches 

coal, 18 inches shale, 43 inches coal, base 
80 Medium grey, rusty-weathering, ~ ~ ~ n d y  shale 
80 Covered interval 
35 Carbonaceous shale 
3 Coal, Ericksm~ No. 9 seam. Top-30 inches coal, 3 inches shale, 3 inches 

coal, base 
Dark grey, brownish weathering, shaly sandstone 
Fine, bluish grey, rusty-weathering sandstone 
Covered interval 
Carbonaceous shale, containing thin layers of coal and coaly shale 
Covered intervztl 
Fine. brownish rrrev. brown-weathering. shalv sandstone - ,  -. 
Covered interva 
Carbonaceous shale, containing 2-inch coal seam in centre 
Covered interval 
Dark shale 
Covered interval 
Dark grey, rusty-weathering, sandy shale 
Coal, Ericlison No.  10 seam. Top-21 fect 5 iliches coal, base 
Dark grey, rusty-weathering, sandy &.ale 
Massive, coarse, dark grey, rusty and light grey weathering sandstone, 

with lenses of fine pebble conglomerate in places 
Coal, with top unexposed, and floor of dark grey, shaly sandstone 
Coarse, dark grey sandstone 
Coarse, grey sandstone, with conglomerate lenses 
Coarse, black and tan to light grey, reddish-weathering sandstone, with 

lenses of fine, pebble conglomerate 
Coal 
Medium-grained, black and tan weathering sandstone 
Dark grey, sandy shale 
Coal 
Dark shale 
Coal 
Dark shale 
Covered interval 
Dark, brownish grey weabhering, sandy shale 
Coal, Erickson No.  l 1  seam. T o p 2 0  inches coal, 10 inches shale, 8 inches 

coal, 6 inches shale, 34 inches coal, 6 inches coaly shale, 40 inches 
coal, base 

Dark, rusty-weathering, sandy shale 
Covered interval 
Medium, brownish grey, rusty-weathering, shaly sandstone 
Covered internal 
Dark shale 
Coal, with 4-inch band of shale in centre 
Dsrk shale 
Sandy shale 

1 2  Coal 
30 Dark brownish, shaly sandstone 
12 Dark shale 
6 Coal, Erickson No.  12 seam. T o p 4  feet coal, base 

10 Carbonaceous shale 
40 Covered interval 



Thiclrness 
in feet snd 

inches Description of be& 
15 Coarse-grained, Light grey, reddish-weathering sandstone, with a few lenses 

of fine pebble conglomerate 
80 Covered interval 
10 Dark, brownish-weathering, sha?y sandstone 
6 Coal, Erickson No .  13 seam. fop--6 feet coal, base 
5 Shale 

covered interval 
Coal, Erickson No. I 4  seam. Top--l2 inches coal, 24 inches carbonaceous 

shale, 108 inches coal, 6 inches shale, 20 inches coal, buse 
Dark, brownish grey, brown-weathering, shaly sandstone 
Coal 
Shale 
Coal 
Covered interval 
Shale 
Coal, E~ickson N o .  16 seam. Top-38 inches coal, 30 inches dark shale, 

8 inches coal, 6 inches shale, 30 inches coal, base 
Covered interval 
Shale 
Coal, Erickson N o .  16 seam. T o H 0  inches coal, 24 inches shale, 110 

inches coal, base 
Shale 
Covered interval 
Shale 
Coal, E~ickson No.  l7 seam. Top--24 inches coal, 18 inches shale, 45 

inches coal, base 
Shale 

SO covered interval 
10 Coal, Ericlcson No.  18 seam. Shale, with coal bloom, not sectioned 
50 Covered interval, base of Kootenay formation unexposed 

3,576 4 Total thickness of ICowknay formation 

The Kootenay formation is exposed over a little more than half of the 
map-area, being concentrated largely in the northern part of Michel 
Valley, the eastern slope of Natal Ridge, and the northern end and 
western slope of Sparwood Ridge. The irregular 'boundary of the area 
occupied by the formation is determined by the combin~ation of the 
2,800 feet of relief of the area, the course of Michel Creek Valley, and the 
southerly plunge of the folds in the sediments. Where the Kootenay 
formation is exposed valleys and gullies were easily cut into it, as illus- 
trated in the large gullies opposite Natal. Erosion of the Blairmore for- 
mation in the valleys of two small streams located 4,300 feet southeast 
and south-southeast of Michel Station has exposed two, small, elliptical 
areas or " windows " of Kootenay rocks. 

Blairmore Formation 
The younger formation in Michel map-area is made up of alhernat- 

ing, hard, grey, greenish, and yellowish sandstones, massive conglomerates, 
soft, light brown weathering shales, thin coal seams, and, in the uppcr 
part, two or more t.hin beds of freshwater limestone. Although many of 
the sandstones and conglomerates grade laterally into one another, there 
are six massive beds of conglomerate ranging from 20 feet t o  80 feet in 



thickness which are sufficiently persistent to be traced. The formation is 
estimated to have a total thickness in the basin of over 6,500 feet, only the 
lowermost 2,400 feet of which occurs within the borders of 3Iichel map-area. 
This maximum thickness occurs a t  the southern border of the area in the 
centre of the southerly plunging syncline a mile east of the southwest corner 
of the sheet. Of the six conglomerates the lowest occurs a t  the base of the 
forn~ation and the others occur a t  approximately 360 feet, 1,280 feet, 1,530 
feet, 1,660 feet, and 1,800 feet above the base. Each of these conglomerates 
is made up of pebbles of quartzite and chert of various hues and of dimen- 
sions ranging up to 5 inches in dialnetcr. They are so firmly cemented in 
the sandy matris that when broken the cleavages cut across pebble and 
matrix aliltc. 

Formerly the Blairmore formation completely covered the area and i t  
is due to the resistance to weathering of its hard, massive conglomerate 
beds that the coal deposits have been preserved over so much of the area 
and have been protected from being crushed in the southerly plunging 
Sparwood syncline. Michel Creek has cut completely through the Blairmore 
formation except for a distance of approximately 2,000 feet, so that the 
formation now underlies two main areas, one lying east and the other west 
of the creek. 

STRUCTURE 

Micllel map-area covers the northern and narrow end of the pear- 
shaped Crowsnest coal basin, which in the vicinity of Michel is abouc 
5 miles wide and plunges southward a t  the rate of about 100 feet in 800 
feet. The northern trough of the basin is designated the Sparnlood syn- 
cline. I ts  southerly trending axis crosses Michel Creelc a t  Natal townsite 
a t  the northern border of the map-area. Lying close to and paralleling 
the axis of the syncline are several closely spaced, normal faults of com- 
paratively small displacement. The western limb of the syncline has an 
average uniform dip of 25 degrees east, the eastern limb is more gentle 
and is modified by an anticlinal fold mhose eastern limb is faulted and .the 
west fault block has been thrust several hundred feet upward ancl east- 
ward. The axis of this anticlinal fold is observable in the small creek 
channel on the hillslope east of Natal townsite, a t  Michel road bridge, and 
in the worlting of 3-East mine a half mile south of the bridge. Traced 
southward the fold gradually dies out. The thrust fault is less clearly 
defined, owing to the heavy blanket of glacial drift, but its position is 
indicated by the abrupt change in dips of the beds observed a t  intervals 
along its course. Farther up the eastern limb of the main synclinal fold 
occurs a shallo~v, southerly plunging, anticlinal fold, which in turn is suc- 
ceeded by a gentle, southerly plunging syncline, the axis of which passes 
through the summit of Natal Ridge. A few faults of small displacement 
occur on this limb. 

Over much of the area no structural data could be obtained owing 
to the bedrock being concealed by a heavy mantle of boulder clay or talus 
and by forest growth. The strongly crossbedded character and the mass- 
iveness of the coarse sandstones and conglomerates made difficult the 
determination of their correct inclination. The rapid variation in beds 
made the correlation of different sections almost impossible unless these 



are checked by the stratigraphic interval from some persistent horizon 
such as a sh,al.e bed or a coal seam. Wherever possible the horizons were 
instrumentally traced and the intervals between them and some major 
horizon accurately determined, and this interval was used in checking the 
dip readings and in determining the correction that  should be applied to 
them to ascertain the true inclination of the crossbedded sediments. I n  
some cases a reduction of as much as 10 degrees had to be applied to the 
observed clip of the foreset beds. 

MINING DEVELOPMENT AND COAL DEPOSITS 

Mining operations began a t  Michel in 1899, and are carried on in two 
groups of mines. Those on the east side of Michel Creek comprise No. 8 
mine, No. 9 mine, and No. 7 mine, each of which is located on a seam 
designated by the same number, No. 9 seam being the uppermost seam 
worked and No. 7 seam being the lowest. These seams outcrop a t  intervals 
on bhe northeaetern part of the map-area lhigh up on the hillslope to the 
east of Natal townsite. No. 8 seam was the first to be opened up, and on 
i t  have been developed two mines which have a combined area of almost a 
square mile. No. 9 seam lies approximately 90 feet st~atigraphically above 
No. 8 seam, from which it was reached by a crosscut tunnel. Very little 
development work has 'been done on this seam. No. 7 aeam where prospected 
lies approximately 170 feet stratigraphically below No. 8 seam. It was 
reached by a tunnel 450 feet in length driven from No. 8 seam. It was later 
opened up by levels driven no r thn~a~d  and southward from the seam outcrop 
on a meek a t  a point 2,000 feet north of the tipple. 

On the west side of Michel Creelr mines have been opened up on eight 
coal seams, all of which, with the exception of the uppermost seam, 
designated " B  'l seam, are intersected by a main cross-measure tunnel. 
I n  ascending order these are: No. 5 seam, 8 feet thick, intersected a t  240 
feet from the entry; No. 4 seam, 12 feet thick, intersected a t  600 feet; 
Lower 3 seam, 64 feet thick, cut a t  960 feet; Upper 3 seam, 12 feet thick, 
intersected a t  1,540 feet; No. 2 seam, 7 feet thick, intersected a t  1,740 feet; 
No. 1 seam, 119 feet thick, cut a t  1,800 feet; A seam, 18 feet thick, cut %t 
2,700 feet; and B seam, 6 feet thick, and lying 120 feet stratigraphically 
above A seam, reached by an incline driven from A seam where i t  is cut 
by the tunnel. An undeveloped seam, 2 feet in thickness, lies 36 feet 
stratigra.phically above " B " seam and approximately 150 feet below the 
top of the Kootenay formation. Brief descriptions of the mine workings 
on each of the above-mentioned seams follow. 

No. 8 Mine 

No. 8 mine is the largest mine in the colliery, underlying an area of 
almost 1 square mile. It is locatcd on the east side of Michel Creek. The 
coal seam ranges from 4 to 30 feet in thickness, averages 12 feet thick, 
and dips 15 to 30 degrees west. The coal is an excellent steam and coking 
coal. Mining began in 1899 by an ndit driven into the seam a t  tipple 
elevation 48 feet above Michel Crcelr. The main or No. 1 level was driven 
southeasterly in the seam and the  seam was blocked out by levels, inclines, 



and rooms to a height of 470 feet above the maln level, covering an area 
about 1,500 feet wide .and 6,800 feet long. On May 15,1911, a fire, thought 
to have been caused by spontaneous combustion, was discovered in the 
abandoned workings of No. 3 east level. This spread so rapidly through 
the workings that the mine had to be sealed off, and these workings htave 
never been reopened. In  1913 the upper and northern part of No. 8 seam, 
known as New No. 8 mine, was opened by a prospect tunnel 400 feet long, 
driven a t  a point 535 feet above the tipple and 2,300 feet north of it. The 
seam here has an average dip of 15 degrees west. About 12 feet of the 
seam is mined. This mine has been in operation allmost continuously from 
1913 to 1932 and for many years it ranked as one of the best producers in 
the colliery. An area about 5,000 feet along the s t~ ike  and 3,500 feet up 
the dip has been developed to date. The loaded oars from the mine were 
weighed a t  the top of the incline where the coal was dumped into bunkers, 
then loaded into skips and lowered by gravity to where it was again dumped 
into bunkers situated a t  the bottom of the incline. Here i t  was loaded into 
mine cars which were conveyed to the tipple by endless rope haulage. No. 8 
mine is nonr permanently abandoned, but the coal seam can be readily 
reopened a t  another point should conditions warrant it. 

No. 9 Mine 
Only a small amount of development work has been done in No. 9 mine. 

It is located immediately north of Michel Creek, on the seam designated by 
the same number. This seam varies from 8 to 10 feet in thickness. The 
mine was operated from 1900 to 1904, being connected by a cross-measure 
tunnel driven from the main east level in No. 8 mine. It has been idle since 
1904. 

No. 7 Mine 

No. 7 mine is a small mine opened up in No. 7 seam. This seam is of 
hard, strong coal, with a hard roof. It has a thickness of 14 feet and con- 
sists of s 7-foot bench of bottom coal, a 3-foot shale, and a $-foot top coal. 
It was correlated with No. 5 seam on the west side of Michel Creek mine 
and was opened by s cross-measure tunnel driven from a point on main east 
level of No. 8 mine. From 1901 to 1911 levels were carried east ,and west 
from the cross-measure tunnel, a distance of 1,600 feet and 2,000 feet, 
respectively, and a small amount of development work on the dip was done. 
Work ceased on March 31,1911. In  1913 prospect levels were carried in the 
coal from its outcrop in a creek valley. These levels went 800 feet north 
of the tipple, s distance of 700 feet west, and were stopped in 1919. I n  1925 
a prospect, located 1,000 feet west of the entrance of No. 8 mine and knoma 
as No. 8 P.rospect drift, was opened for the purpose of proving No. 7 seam. 
The seam was reached a t  a distance of approximaMy 500 feet from the 
entrance, but did not prove auficiently attractive to warrant development. 

No. 5 Mine 
The operations on the west side of Michel Creek began shortly after 

the beginning of development work in No. 8 seam with the driving of the 
main cross-measure tunnel from track level southwesterly into the hillslope 



to  intersect the several westerly dipping seams whioh had been discovered 
outcropping on this valley slope. 

The tunnel 'cut No. 5 sea.m in 1902 and levels were run to the north 
and south. A slope was sunk in the seam from a point 150 feet south of 
the tunnel intersection and from it levels were run to the north and south. 
Work was in progress in this mine until 1911, with the exception of 1905 
when a strike was on and the mine became flooded. I n  1911 when work was 
terminated through difficulty in coping with water, the slope had been driven 
down a distance of over 1200 feet. The workings extended southward from 
the slope a distance of 2,000 feet and for an 'average depth of 1,000 feet. 
The distance the workings extended northward ranged from 800 feet at 
the lowest level to 2,000 feet at No. 2 west level, work in this direction 
being stopped through the encountering of fiaulted ground. 

The coal seam near the outcrop west of this fault was worked by means 
of a short tunnel driven nrestward of a point on the south bank of Michel 
1,300 feet south of the main tunnel. These workings were started in 1903 
and were designated the No. 6 mine. Operations were carried on in this 
mine until the last few months of 1906 when work nras discontinued. The 
workings consisted mainly of a driving of a level and counter level in the 
coal westerly for a distance of 1,500 feet from the mine opening to where 
i t  was stopped by a fault of considerable magnitude. 

No. 4 Mine 

No. 4 seam, ranging from 8 to 30 feet in thickness and averaging 12 
feet thick, was the second coal seam cut in the cross-measure tunnel. The 
coal was clean and of good quality. The roof in some places is soft, 
whereas in other places ih is so hard that  very little timbering is re- 
quired. Development work began in this seam in 1903 with the driving of 
a level eastward and westward. From a point in this level 30 feet east 
of the tunnel a slope was sunk from which levels were driven and from 
these other slopes were sunk, the lowest level lying about 250 feet below 
the elevation of the top of the slope. The seam was also developed up 
the dip to its outcrop, which lay from 100 to 150 feet above this level. 
These workings were also driven southeasterly and connected up with 
a slope that  was driven westward down the coal seam from the end of a 
160-foot tunnel located a t  a point 1,200 feet east of the mouth of the main 
cross-measure tunnel. 

No.  3 Mine 

This mine operates on Upper No. 3 seam, Lower No. 3 seam, No. 2 
seam, and No. 1 seam. 

Lower No. S Seam. Lower No. 3 seam was the third seam reached in 
the cross-measure tunnel and was entered a t  a distance of 960 feet from 
the tunnel mouth. It has a thickness of 69  feet. Operations began in 
this mine in 1902 and with the exception of the years 1903, 1904, 1905, and 
part of 1906, the mine has been in almost continuous operation, and dur- 
ing 1913 to 1916, inclusive, No. 3 mine and No. 3 East mine were the 
only two producing mines on the west side of Miphel Creek. Mining began 
with the driving of a main level along the seam in both directions from 



the tunnel. From a point 170 feet east of the tlmnel No. 2 slope was sunk 
down the seam, which dipped westward a t  an angle of 15 degrees. This 
slope and the workings west of i t  ultimately reached a distance of 1,600 
feet. From a point on the main level, 1,000 feet north of No. 2 slope, 
another slope, Nb. 3 slope, was driven down the seam. By 1913 this 
slope had reached a distance of over 800 feet. Here, a t  a point approx- 
imately 2,000 feet west of Michel Creek, and near the centre of the 
Sparwood syncline, the coal seam was faulted. This necessitated bhe driving 
of a tunnel westward from the bottom of the slope. I n  1914, after driving 
this tunnel 200 feet, a coal seam was encountered which later proved to be 
Upper No. 3. The slope was continued in Upper No. 3 for 300 feet 
and a second fault was encountered. A horizontal tunnel was driven 
for a distance of 180 feet, and encountered a seam that  later proved 
to be No. 2 seam. Work was continued in the seam until 1916, but  
the friable nature of the coal and the considerable quantities of dust 
produced in mining forbade any blasting ,being carried on in any part of 
the mine that was dry. From 1917 to 1927 practically no development 
work was oarried on in this seam beyond keeping the airways and roadways 
open. I n  1927 the seam was ,again under development and this has continued 
to the present. In  1931 and 1932 the water was allowed to accumulate in 
the dip workings, and that part of the mine has (been temporarily a'bandoned. 

Upper No. S Seam. In  1918 the cross-measure tunnel was continued 
from Lower No. 3 seam 480 feet to intersect Upper No. 3 seam lying 
approximately 150 feet stratigraphically above it. This seam is 12 feet 
thick and consists of hard coal. Levels were driven in both directions 
and s slope driven on the full dip of the seam 70 feet to the south of the 
main tunnel. This slope was driven a distance of 1,300 feet t o  where a 
fault was encountered near the bottom of the Sparwood syncline or 3,800 
feet from Michel Creek. This necessitated the driving of a rock 6unnel 
500 feet long. Pockets of coal were encountered in this tunnel, but they 
did not conform to  the regular seams. At 500 feet a seam was encoun- 
tered dipping 45 degrees east. Levels were driven to the south in this 
seam for a distance of 500 feet, but owing to the faulted conditions en- 
countered work was discontinued in October, 1930. The levels to the 
south in this seam, together with the workings south of the main slope, 
estend about 500 feet from the main slope to a barrier pillar left between 
these workings and those from the same seam worked from No. 3 East 
mine. The west levels encountered a fault a t  2,600 feet: after penetrat- 
ing this, the strike line changed 60 degrees to  the left. The levels were 
extended 800 feet farther when another and larger fault was encountered. 
Between the two faults, inclines were driven to the outcrop and slopes to 
the main fault. A horizontal tunnel 350 feet long, driven from the main 
level, encountered the seam on the west side of the Sparwood syncline, 
the seam dipping 20 degrees to 50 degrees to the east. Levels t o  -the south 
extended 1,800 feet to where faulted ground caused their temporary aban- 
donment. Inclines were driven across the pitch and paralleling the fault 
a distance of 2,300 feet and gained in elevation 700 feet above the main 
level. These inclines will outcrop in Michel Valley about opposite the 
north end of Natal tonmite. Development work in the area is being 
carried on a t  the present time. the method of operation being room and 
pillars. 



Prior to the development of the seam through the main cross-measure 
tunnel in 1902, operations had been begun in the eastern part of this 
seam, known as No. 3 East mine. Work in t.his mine was discontinued 
shortly after, but the mine was reopened in 1910 by a tunnel driven in the 
coal from a point on the west side of Michel Creek 1,900 feet south of 
the tipple. From this tunnel a slope was carried down the full dip of the 
seam, and, after passing through a normal fault of small displacement a t  
a point about 1,200 feet from the tunnel mouth, i t  has now reached a dis- 
tance of 2,500 feet f-rom the tunnel entry. From this slope the main slope on 
the west, and No. 6 slope on the east, side of the developed area have been 
carried along this easterly plunging anticline, the former for a distance of 
3,000 feet and the latter for a distance of 2,000 feet. In  this mine the 
seam averages 10 feet in thickness. The mine was badly wrecked by an 
explosion on August 8, 1916, about 75 per cent of the fcadways being 
caved. Mining operations were carried on in this seam until 1922 when work 
was discontinued. The only attention i t  has received since has been the 
maintenance work ,and the sealing off of areas where heating was in evi- 
dence. 

No. 2 Seam. No. 2 seam lies approximately 60 feet above Upper No. 3 
seam. It varies in thickness from 5 to 6 feet and has 'a shale roof and a 
sandstone floor. Mining operations began in  No. 2 seam in 1923 by the 
driving of a crosscut tunnel approximately 200 feet in lengi5h from the mlain 
east level of Upper No. 3 seam. It was worked until 1926 when work on 
i t  was discontinued. In 1927 i t  wae reopened by the continuation of the 
main tunnel from Upper No. 3 Beam. Only a relatively small amount of 
development work has been done on it. 

No. 1 Mine 

No. l Seam. No. 1 seam was entered in 1925 by a mosscut tunnel, 
100 feet in length, from No. 2 seam main level. Main levels and connexions 
for ventillation purposes were laid off and development work was carried 
on by inclines up the dip of the seam until 1926 when mining operations 
were discontinued. The seam was reopened in 1927 by the continuation of 
the main orasscut tunnel driven from Upper No. 3 seam, and the workings 
of Nos. 1 ,2 ,  (' A,'' and B l' seams were afterwards included under the name 
No. 1 mine. No. l seam was actively developed in 1929 and 1930. 

A Seam. " A " seam, 18-23 feet in thickness, was intersected by the 
cross-meaeure tunnel in 1928 a t  a distance of 2,850 feet from Michel Creek. 
Levels were driven to tihe south for a distance of 600 feet. In  1929 work 
was suspended due to market conditions. The seam consists of two benches 
separated by a zone 3 feet thick of shale, bone, and dirty coal. The lower 
bentoh is 7 to 10 feet thick and the upper bench is 8 to  10 feet thick. The 
soft nature of the coal and tihe great thickness of the seam necessibate the 
coal being mined in benches. 

B Seam. " B  " seam is the uppermost coal Beam being mined and 
averages .from 5 to 54 feet in thickness. It hlas a strong ~ h ~ a l e  roof in which 
"pots" or "bells," having depths ranging up to 4 feet and m~aximum 
diameters of 7 feet, tare of frequent occurrence. It was intersected in 1927 by 
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a 360-foot tunnel driven southerly from the main cross-measure tunnel a t  a 
distance of 3,000 feet from Michel Creek. T.he workings on this seam were 
systematically planned from the commencement of operations with the view 
of introducing tihe retreating long-wall method of mining. From the tunnel, 
levels ,have been driven 1,000 feet to the east land 800 feet to the west, and 
entries are being driven in a no~thwesterly direction parallel to  the Sparwood 
syncline. Inclines in tihe main east level and the )above entries are being 
driven toward the outcrop; one incline was put through for ventilating 
purposes. The coal is extracted on the retreating long-wzll system, the 
mine *bang partly mechanized. 

Total Production 

The yearly production of Michel Colliery from the end of 1933 to the 
commencement of opat ionti  in 1899 is as given -below, tlhe total production 
from this colliery to date being slightly below 9,500,000 tons: 

Year Short tons 
1933.. ............................. 231,382 
(after deducting 4,251 tons of refuse 

from cleaning plant) 
1932.. ............................. 243,405 
1931.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  277,217 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1930.. 297,429 
1929.. ............................. 383,200 
1928.. ............................. 402,693 
1927.. ............................. 399.500 
1920.. ............................. 407,450 
1926.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  360,120 
1924.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165,541 
1923.. . . . . . . . . . . . . . .  .. . . . . . . . . . . . .  289,441 
1922.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  243,029 
1921.. ............................. 311,700 
1920.. ............................. 296,343 
1919 ............................... 193,611 
1918 ............................... 231,183 
1917.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  142,362 
1916 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  273,412 

Year Short tons 

Total production to Dec. 31,1933 9,482,790 

CORRELATION O F  COAL SEAMS 

The extensive mining development work done on the two groups of 
mines on the opposite sides of Michel Creek, the bore-hole records and data 
furnished by numerous surface prospects, together with data obtained from 
the recent geological investigations, have amply demonstrated that $although 
the individual coal s e m s  aye remarkably persistent over extensive areas, 
their ahicknesses and character change laterally and the intervals between 
the coa.1 seams vary greatly within short distances. The variations in the 
distance separating one seam from another are in part due to minor f.ault- 
ing, pinching, and crushing of the measures, and, in part, to the lens-like 
form of the intervening beds of sandstone and shale, which is clearly observ- 
able in th.e field. 

The presence of at  least eleven developed senms of humic coal dis- 
tributed through )a stratigraphic thickness of 1,600 feet of measures offered 
an  exceptional opportunity to test bhe application of Hilt's Law, which 
states thlat the deeper the coal seam the smaller the percentage of volatile 



matt.er contained in the coal. or. in other words. the greater should be the , , 

Fixed carbon 
fuel ratio (F.B.), nlamely 

Volatile matter 
( Accordingly, fresh 

samples from each of these eleven develo~ed seams were collected. T,hess 
have been analysed by the Fuel ~est intg-~aboratories  of the Department 
of Mines and the results are shown in Table I. The fuel ratios are given 
in the following table, in which the coal seams of each group are listed in 
descending order. 

The values of the fuel ratio suggest that  Hilt's Law is applicable to 
Group 2 land, with two exceptions, to Group 1, and that the coal seam 9 
of Group 2 is the equivalent of seams 1 and 2 combined, 8 of U3, and 7 of 
L3, respectively. If such is the case, the areas underlain by fihe two groups 
#must be separated by a fault (along which the seams of Group 1 have been 
thrust up several hundred feet relative to those of Group 2. The existence 
of such a fault was established by field work. 

The best guide to the relative horizons of the coal seams on the oppo- 
site sides of Michel Creek is the persistent, massive conglomerate chosen 
as the base of the (Elk conglomerates) Blairmore formation. This con- 
glomerate has been baced instrumentally wherever exposed throughout the 
map-area. Over much of the area, on both sides of Michel Creek, i t  over- 
lies large areas tha t  have been mined and i t  was possible a t  many places to 
determine the interval between the base of the conglomerate and particu- 
lar mine workings on either side of the creek. Numerous determinations 
were made of the interval between .the conglomerate and the workings in 
No. 8 mine (No. 8 seam) on the east side, and between the conglomerate 
and the workings in Upper 3 mine (Upper 3 seam) on the west side. 
The interval between the basal conglomerate and the two seams wherever 
i t  could be determined was practically the same, i.e. 580 feet to 600 feet, 
so that with the stratigraphic horizons and fuel ratios of these two seams 
checking so well, there appears t o  be little doubt that  they represent the 
same coal seam. 

This correlation of the seams on the two sides of Michel Creek, if 
correct, indicates that  east of Michel Creek there probably are present 
seams lower than those that have been mined. Such a conclusion is also 
supported by the fact that  nearby, a t  Sparwood, there are a t  least twenty- 
two commercial seams. On the east side of Michel Creek, three bore-holes 
were drilled some years ago, but the deepest reached only a short distance 
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Fuel ratio 

2.75 
2.70 
2.80 
2.80 
2.95 
3.05 
3.25 
3.05 
2.80 
2.85 
2.90 

Group 1: west aide of Michel Crcek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Group 2: east side of Michcl Creelc ................................. 

Seam 

'No. B sefl;m 
No.  A ,, 
No. 1 
KO. 2 :: 
KO. 6 3  ,, 
No. L3 ', 
No. 4 
KO. 5 " 

' ~ 0 . 9  " 

'No. 8 " 

.KO. 7 " 
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below the lon-est seam being mined on the west side. The desirability 
of determining the presence or absence of 1011-er seams caused the writer t c  
suggest the prospecting of the east slope of Natal Ridge from its summit to  
Erickson Creek, where, with trenching, an almost complete section of the 
Kootenay measures could be secured. A prospecting party of six miners 
and a competent foreman were placed a t  his disposal to do the necessary 
trenching, and in a period of three weeks a geological section of the Koot- 
enay formation from the top to near its base was obtained, and the exist- 
ence, horizons, and thicknesses of seventeen coal seams of 3 feet or more 
in thickness were established (Sec Details of section, pages 6 to  9) .  

The east slope of Natal Ridge is so covered with talus and boulder 
clay that the seams uncovered could not be traced along the slope for any 
great distance. However, coal bloom indicating the presence of seams was 
observed and instrumentally located a t  a number of these places which, 
when checked by the stratigraphic interval between them and the base of 
the conglomerate marking the top of the Kootenay formation, were found 
to indicate the horizons of a number of the seams. It will d~u~btless  be 
found with further prospecting by trenching or drilling that  some of the 
seams will be found to end or to become non-commwcial, or that  the inter- 
val between bhe seams changes, or that seams appear that  are not indi- 
cated in the section on the east slope of Natal Ridge. For example, in 
this section no trace was found of coal a t  trhe horizons of seams B and 2 of 
the west side of Michel Creek, but the equivalents of these will likely be 
established with further exploration work. 

In  the mine workings on the west side of Michel Creek there exists 
a low-angle thrust fault, on the east side of which are segments of four 
seams, bhe lowest of which is designated as seam 5 (See Figure 2) .  The 
thicknesses and other characteristics of the seams suggest thah No. 5 seam 
is the same as the Lower 3 to the west of this fault and that  No. 4 
(immediately overlying No. 5) seam is the same as Upper 3, and the two 
remaining seams of the group east of the thrust fault are, in ascending 
order, the faulted segments of seams 2 and 1 on the west side of the fault. 
Assuming the above correlation to be correct, as we have every reason t o  
believe it is, the eleven seams on which mines are located represent seg- 
ments of only six seams which, in descending o~de r ,  are B, A, 1, 2, U3, and 
L3. 

COLEMAN SOUTH COAL AREA 

GENWAL STATEMENT AND ACKNOWLEDGMENTS 

In  1933 a detailed investigation was made of the Coleman South coal 
area, which f o ~  the past thirty years has been held and developed by the 
Internationlal Coal and Coke Company, its total coal production approxi- 
mating 7,000,000 tons. 

The Coleman South map-area reaches from the northern boundRry 
of Sec. 8, Tp. 8, Range 4, W. 5th Mer., southward to a little beyond the 
centre line of Secs. 8 and 9, Tp. 7, Range 4, W. 5th Mer., a distance of 
slightly over 6+ miles. This map-area is 2 miles in width and has as its 
centre line the boundary between sections 8 and 9. It covers the outcrops 
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of the several coal seams and, except the northern end, as far down their 
dip as it will be practicable rto mine for many years to come. At the north- 
ern end of the map-area the International Coal and Coke Company prop- 
erty extends a half mile west of the border of the area mapped, and the mine 
workings will be carried probably considerably farther down bhe dip than 
they are a t  present. The coal measures and seams are remarkably uniform 
in strike and dip over the map-area. They strike a little east of south and 
dip from 30 to 40 degrees west (See Figure 4). At Coleman the coal 
measures contain a maximum of five seams designated, in descending order, 
as seams 1, 2, 3, 4, and 5, only two of which, i.e. seams 2 and 4, are of 
sufficient purity to be commercial. 

The problem the International Coal and Coke Company will eventu- 
ally have to contend with is due t o  the convergence southward, and 
increasing dirtiness, of the two seams under development. Over most of 
the area bedrock is concealed beneath a heavy mantle of boulder clay, 
and to determine the character of the two seams south of the mine work- 
ings and the varying interval between them necessitated considerable trench- 
ing. For this work the company assigned a small party of miners to work 
in close co-operation with the Geological Survey party. The seams were 
open at  five localities in Secs. 28, 21, and 16, Tp. 7, Range 4, W. 5th Mer., 
and were sectioned. The trenches were not sunk deep enough to obtain 
fresh coal, and hence analyses of the prospect samples are of limited use. 

The topographic map used as a base for the geological mapping was 
the Blairmore topographic manuscript made in 1912 on a field scale of 
4,000 feet to an inch with a contour interval of 100 feet. This was photo- 
graphically enlarged and transferred to the township section grid plotted 
on a scale of 1 inch to 800 feet. Revisions of the culture, drainage, and 
topography found necessary were made in the course of field work. A 
geological structure model, comprising a series of seventeen geological 
structures crossing the area in an east-wcst direction a t  intervals of one- 
fourth mile, was constructed. As soon as all the data were compiled the 
International Coal and Coke Company wm supplied with a hand-coloured 
geological map and a celluloid structure section model of their area a t  a 
nominal charge. Hand-coloured copies of the map can be obtained a t  a 
reasonable charge on application to the Director of the Geological Survey. 

The writer desires to record his appreciation to the several officials of 
the International Coal and Coke Company, Mr. 0. E. Whiteside, General 
Manager, Mr. J. A. McLeod, Mine Manager, and Mr. L. Lindoe, Engineer, 
for assistance given during the course of the investigations, for office and 
housing accommodation furnished, and for mine data and office material 
supplied. H. H. Beach and G. K. Lowther served as student assistants, 
and were entrusted with the map revision and the collecting of the greater 
amount of the field data. 

STRATIGRAPHY 

The International Coal and Coke Company coal area is underlain by 
Jurassic and Cretaceous sediments and a great thickness of Upper Cre- 
taceoue tuffs and breccias. The various strata involved, with their thick- 



nesses as determined graphically from their width of outcrop and attitude 
of the beds, are as follows: 

Porrnntion 'rllickncss in fcct 

Lower Cretaceous.. . (Blairmore. ...................................... 1, R00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  coo 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Allison (Belly River). 
. .................................. Upper Cretaceous.. Alberta shale.. 

Crowsnest volcanirs.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Jurassic.. ........... Fernic.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 60 1.. . . .  

Fej-nie Formation 

Sort,h 

1,800 
3,100 
l ,  800 

The oldest st,rata exposed in the map-area form a small, elliptical 
outcrop about 1,250 feet long and having a maximum width of 150 feet 
in the channel of York Creek near the western border of Sec. 33, Tp. 7, 
Range 4. These beds are massive, dark shales with a few thin, dark 
sandstones and have an exposed thickness of 60 feet. Because of their 
lithological resemblance to the fossiliferous dark shales and thin sandstones 
of Jurassic age exposed in the old railroad cutting a t  the south end of 
Grassy Mountain, 6 miles to the northeast, these beds are believed to 
represent the uppermost beds of the same series. At Grassy Mountain the 
Fernie formation has a thickness of approximately 700 feet. The nearest 
measured section of the Fernie formation to the west of the map-area is 
that  which occurs on Weaver Creek, 5 miles due west of Corbin. The 
thickness, as measured here by Mr. Leo Telfer, is 923 feet. The total 
thickness of the Fernie in Coleman area probably does not exceed 750 feet. 

South 

............ 

............ 
1.350 

Kootenay Formation 

Overlying conformably the so-called Fernie shales exposed on York 
Creek is a series of freshwater sediments which constitute the Kootenay 
formation. They consist of marse, hard, grey-brown weathering sand- 
stones, thin-bedded, fissile, g!ey and black shales, and several coal seams. 
The following composite sectlon of the Kootenay formation near the mine 
entry gives the thicknesses of the coal seams and separating strata. 

Top of 
format~on 

Feet 
Rock interval.. ....................................................... 22 

.................................................... Coal seam No. 1.. &3 
....................................................... Rock interval.. 30 

..................................................... Coal seam KO. 2.  14; 
....................................................... Rock interval.. 90 

Coal seam No. 4 . .  .................................................... 7-10 
Rock interval.. ....................................................... 220 

.................................................... Coal seam No. 5 . .  17 
Rock interval.. ....................................................... 350 

................... Approximate thickness of ICootenay formation.. 750 



The section exposed in the channel of York Creek measured 58G feet 
and is given in detail on page 45 of Summary Report 1932, Part  B. 

York Creels: is the only locality within the map-area a t  which the 
top and base of the formation are exposed, but, owing to crushing and 
faulting, its thickness cannot be definitely determined. Its thickness in 
the Coleman North area was estimated as 800 feet and in the Coleman 
South area as 600. The Kootenay formation outcrops as  a belt varying 
in m-idth from 300 to 1,200 feet. It crosses Crowsnest River between 
Coleman and West Coleman and trends east of south to the southeastern 
corner of the map-area. It is bounded on the east th~oughout its entire 
length, except m the vicinity of York Creek, by a fault, 'and has a normal 
contact with the Blaiimore formation on the west. Throughout the map- 
area i t  has an average dip of 34 degrees west. 

The formation contains a maximum of five coal seams, only two 
of which are sufficiently tinick and pure to be wolrth mining. These are 
seams Nos. 2 and 4. In  the nortih they are separated by an interval of 
90 feet, but southward this interval decreases markedly. The lowest seam, 
No. 5 seam, has 'been opened a t  several points, but so  fa^ has proved too 
dirty to mine. The remaining two coal seams, seams No. 1 and No. 3, 
are too thin to have much commercial importance. 

No. 1 seam h= been observed a t  only one locality, i.e. near the mine 
mouth on the south side of Crowsnest River. There, i t  is 3 feet thick and 
lies immediately beneabh the massive conglomerate that forms the basal 
member of the Blairmore fornation. It doubtless was originally far more 
extensive, 'but was largely removed by erosion prior to the deposition 
of the B lahore  conglomerate. Coal seam No. 3 ranges from 0 to 3 feet in 
thickness and where present lies about midway between seams Nos. 2 and 
4. It is genmally too high in ash to be of commercial grade and grades 
laterally into a carbonaceous shale. 

Blairmoro Formation 

Overlying the Kootenay formation and separated from i t  by a prom- 
inent erosional unconformity is n thick series of freshwater sandstones, 
shales, and conglomerates. This series has s fairly uniform thickncss over 
the map-area, being 1,850 feet thick a t  the northern end and 1,800 feet 
thick a t  the southern end. It outcrops as  a broad band which varies in 
width with the topography and dip of the formation from 2,200 feet to 
4,000 feet, and extends from the northwestern corner of the map-area to 
east of the centre of the map a t  the soubhern extremity. Throughout this 
distance the beds dip from 30 to 40 degees west and have an average dip 
of 34 degrees west. In addition to the main outcrop, there is also in the 
fault zone a small, wedge-shaped block of Blairmore sediments, approxi- 
mately 4 mile in length and 800 feet in maximum width, the centre of which 
lies 4,000 feet south of York Creek. The basal memlber of the Blairmore 
formation is a massive, hard conglomerate composed of pebbles of chert of 
various hues firmly cemented in a quartzite matrix. This bed averages 
25 feet in thickness and forms the most easily traceable horizon in the 
area. Overlying the conglomerate are greenish and reddish weathering, 
sandy shales and light brown and dark greenish grey, coarse, soft sandstones, 



and a t  least one and probably several thin beds of b~own  weathering, green, 
f r ~ h w a t m  limestone. Near the top of the formation there occurs a bed 
of ~conglomemte, ranging in plaaces up to 12 feet in thickness, which is made 
up of waterworn pebbles up to 1 inch in diameter of chert, limestone, and 
igneous rocks, anbedded in a brown-grey, sandy matrix. This conglomerate 
is overlain by gwmish g e y ,  coarse-grained, massive, mossbedded sand- 
stones. 

Crowsnest Volcanics 

The uppermost, greenish grey, coarse-grained, massive, crossbedded 
sandstone of the Bl&more formation is overlain, without any apparent 
break, by waterlaid, thin-!bedded, dark grey ash beds which grade upward 
into coarse, massive, olive-green tuffs with bombs up to a foot or more 
in diameter, followed by agglomerates and flow lbreocias interstratified with 
waterlaid ash. The tops of some of the flows are characterized by a pro- 
fusion of phenocrysts of pink feldspar ranging up to dimensions of 13 inches 
by 3 inch by 3 inch and o t h m  with large crystals of primary lanalcite. At 
some horizons, there are large, included fragments of a dark green rock 
having a uniformly textured groundmass with amygdules filled with lanalcite, 
leucite, and other wolites. T,he volcanics have their greatest thickness of 
1,800 feet in the northern part of the map-area and thin to  1,350 feet a t  
the southern border. The flow rocks show in  places distinct drag-fdds, 
some of which mlay have been formed before consolidation of the material, 
but othem, f ~ o m  the accompanying slickensiding and faulting, are undoubt- 
edly of more recent date. I n  some of the m a ~ i v e  ,beds the flow structure 
is entirely absent, the only structure apparent being that of vertical jointing 
and faulting. At certain places where the flows were observed to  be inter- 
stratified with wate~laid, green, fine-grained ash, i t  was found that  the 
inclination of the flow beds was as much OaB l 0  degrees greater than that  
of the waterlaid sediment. The most plausible explanation of this is that 
the difference in dips represents trhe original slope of the tops of the flows 
and that the orifice from which trhe material was erupted lay to the east 
of the present main outcrop. I n  places the magnetite content of the vol- 
oanios is such as to seriously interfere with the using of the magnetic needle. 

The Crowsnest volcanics form four outcrqs  in the map-area. The 
main outcrop crosses the western part of 6he map in a southeasterly direc- 
tion, in a belt 3,200 to 4,500 feet in width. A narrow strip of steeply, 
westerly-dipping voloanics f o ~ m s  an eastern belt within the northeastern 
corner of the map-area, and in the fault zone Iare two wedge-s'haped blocks 
of massive flows, each about 300 feet in width and 8,000 feet in length, and 
whioh have been dragged up between the Kootenay and AlIison (Belly 
River) formations. The volcanics in 6he fault zone are greatly crushed 
and slickensided and the attitude of the beds is not apparent. 

- 
Alberta Formation 

Overlying the Crowsnest volcanics is a great thickness of soft, dark, 
massive shales with thin, sandy beds, the fauna of which place them as being 
of Colorado age. The name Alberta has been assigned to these beds in 
Turner Valley area, and is here used. The existence of extensive concealed 
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areas and the crushed nature of the beds prevent any measured section of 
the formation being obtained, but, from its width of outcrop and the average 
dip of the beds, the thickness in the Coleman South area is estimated a t  
3,100 feet. The formation outcrops as two belts; the eastern belt is 4,200 
feet in width and is cult by the eastern border of the map-area, the other 
area occupies the southwestern corner of the map-a~ea. A wedge-shaped 
block of the formation-300 feet wide and 5,000 feet long--occurs in the 
fault zone from Yorlc Creek south. A quartzite sandstone horizon, which 
probajbly represents the Cardium sandstone, of the northern area, outcrops 
in both of the main belts. In  the eastern belt i t  lies 600 feet above the base 
of the formation, and in the western belt 250 feet above its base. 

Allison (Belly River) Formation 

The youngest sediments are soft, light-col-oured sandstones and inter- 
bedded, freshwater, grey and black shales, containing a freshwater fauna. 
These beds constituite the lower part of the Allison (Belly River formation) 
and lie conformably upon the Alberta shales. They are cut off on the west 
by one or more, pronounced, south-southeasterly trending faults along which 
they are brought into contact with several of the underlying Cretaceous for- 
mations. The formation has its maximum width of outcrop of 3,000 feet 
and its maximum thickness of 1,800 feet a t  the northern end of the map- 
area and decreases gradually in width and thickness southward for a dis- 
tance of miles south of Crowsnesit River to where i t  is cut out completely 
by the fault. The formaltion varies in dip from hwrizontal to 58 degrees 
west, its average dip being about 40 degrees west. 

STRUCTURE 

The Coleman South coal area with the exception of the fault zone is 
structurally simple (See Figure 4) .  It consists of a series of Mesozoic sedi- 
ments and associated volcanic tuffs and breccias, having an average westerly 
dip of 35 degrees, which have been cut diagonally across the length of the 
map-area in a direction south 11 degrees east by one or more westerly dip- 
ping thrust faulks trending parallel to the general strike of the form.ations. 
The beds on the west side of this fault zone have been thrust upward and 
eastward over those on the east with a vertical displacement of approxi- 
mately 7,300 feet, thus bringing to the surface on the west side of the fault 
the .coal deposits which normally would be l+ miles beneath the su~face. 

The beds on the east side of the fault plane range from Crowsnest vol- 
canics to Allison (Belly River) inclusive, and those on the west side from 
Fernie to Alberta shale inclusive. The fauIt zone crosses the northern b u n -  
dary of the map-area just east of the centre line of Sec. 8, Tp. 8, Range 4, 
W. 5th Mer., trends south 11 degrees e&, and 6+ miles distant crosses the 
southern end of the map-area, 1,000 feet from the eastern ,border of Sec. 
9, Tp. 7, Range 4, W. 5th Mer. Over most of the length of the area the 
fault zone is narrow, with possibly a single fault, but for a distance of 34 
miles from the centre of Sec. 4, Tp. 8, Range 4, to the southern end of Sec. 
21, Tp. 7, Range 4, the fault zone consists of from two to four or more faults 
whioh at We southern part of Sec. 33, Tp. 7, Range 4, are distributed over 
a width of 800 feet. The fault zone is made up of large, wedge-shaped areas 



of Crowsnest volcanics, Alberta shale, and Blairmore formation. The several 
wedges are fragments that have been dragged up along the fault planes, but, 
so far as could be determined, the strata composing the different ~vedges lie 
in their normal attitude. The inclination of the main fault plane is believed 
to increase in depth. 

MIXING DEVELOPMENT AND C O G  DEPOSITS 

The International Coal and Coke Company acquired the property in 
1903, but i t  was not until 1905 that  large-scale production began. Since 
that date the Dennison Colliery has been in almost continuous operation 
with two mines located on the nlorth and south sides of Cronrsnest River 
(See Figure 3).  At each mine two coal seanls, i.e. seams No. 2 and KO. 4, 
are under development. The Upper or No. 2 seam is the thicker and the 
cleaner, and has !accordingly received the greatest attention (Figure 4). The 
seams are mined mainly by means of separate entries, but the workings on 
the two seams are connected in depth by several tunnels, the lowest of which 
lies 550 feet below river level. I n  1905 a battery of two hundred and sixteen 
colce ovens of the beehive type were erected and forty more were added in 
the yeaT 1908. Up to date the colliery has produced about 7,000,000 tons 
of coal and slightly less than 750,000 tons of coke. The colliery is 
equipped with up-to-date machinery and a modern dry cleaning plant cap- 
able of sizing and cleaning 2,000 tons a shift prepares the product for the 
various market requirements. Compressed air locomotives haul the coal .to 
the hoisting slope where a 700-horsepower winding engine raises i t  to the 
surface. The surface plant is almost completely electrified and electric 
pumps handle the. necessary mine water. 

The development work in North mine is mainly in No. 2 seam, which 
has been blocked out by slopes, levels, and rooms over the area extending 
from Crowsnest River north to the limit of the company's property a t  the 
northern boundary of Sec. 8, Tp. 8, Range 4, W. 5th Mer., a distance of 
2,200 feet, and from the seam outcrop to  the 5th or east level, 1,215 feet 
below the main haulage. Throughout the area the seam is remarkably uni- 
form in composition, thickness, and attitude. It varies from 7 feet 2 inches 
to 10 feet in thickness and has a cap 10 to 12 inches thick of fine, hard 
shale and a shale floor. It dips from 27 degrees to 37 degrees west. The 
work done on No. 4 seam consists largely of the driving of a level and coun- 
ter from 8 tunnel from No. 2 seam a t  B level (elevation 4,085 feet) and the 
driving of a pair of upraises, 700 feet up the dip to  the outcrop. Over most 
of the distance this seam averages only 5 feet in thickness, and has a shale 
roof and false shale floor 5 feet thick. 

A t  South mine, No. 2 warn has been developed for a distance of 23 miles 
south of Crowsnest River, the workings on A level or water-level gangway 
terminating 4,000 feet south of York Creek. To the north of York Creek 
the workings have been extended to near the outcrop and carried to the 4th 
or D level, which lies a t  a depth of 855 feet below A or main water-level. To  
the south of York Creek the seam was first opened up by a level and counter 
level driven in the seam from a point about 50 feet above creek-level. Later 
a dope was sunk on the seam and a lower level estalblished. These workings 
were later connected with the C level workings carried southward from +he 
main mine, and i t  is through this mine thlat !all the coal south of York Creek 
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'Sec Figure 3 for locatioh of several prospect trenches. 
=No. 1 seam observed only a t  centre of Suction 8 whereit  i s3  feet thick and lies immediately beneath the Blair- 

more conglomerate. 

is now being removed. The coal seam on C levd a t  a point 1,200 feet nohh 
of Y o ~ k  Creek, a t  No. 8 crosscut, south of No. 3 slope, measured 9 feet 
11 inches in thickness; it has a cap of 15 inches of fine, sandy shale and dips 
30 degrees west. 

No. 4 seam in South mine was developed by a main h d a g e  level run 
south for 9,000 feet, the end of the worlrings being about 1,500 feet south of 
Yorlt Creek. The workings were carried up the rise of trhe seam to as  near 
the outcrop as i t  was deemed advisable to mine. At a point 1,600 feet from 
the mine mouth the main slope wa.s driven down the dip of the geam. From 
this slope B and C levels have been driven to the south and to the north, 
and a large 'block of coal heneatrh the main water-level haulage h.as been 
blocked out by rooms and pillars. 

Ouly one fault was encountered in the mine workings throughout the 
whole length of the property. This w,as a tranwerse normal f*ault which 
was encountered in South mine. It cuts the two coal seams a t  t h e i ~  outcrop 
approximlately 700 feet south of the ~oa:d 'allowance between Tp. 7 and TQ. 8, 
Range 4, W. 5th Mer., land trends north 102 degrees east. The )beds on 
the south side of this fault have dropped slightly, resulting in an offset in 
the several levels of ,both mines of approximately 50 feet to the east of those 
on the north side of the break. 

Coal seams No. 2 and No. 4, the two commerc.i~a1 seams of the series, 
have been traced throughout the n~.hole length of bhe Intern,ationlal Coal 
and C0k.e Company's property. In  the norkhern pa.rt they lie from 110 to 
90 feet stratig~aphically apart. Tra.ced southward, they gradually converge. 
The thiclrness and the position of these two sea.ms with respect to the 
B1,aimore conglomerate a.nd to one snobher a.re indicated on the accom- 
panying table. It will be noted there thrat the interva.1 bet.ween the con- 
glomerate and No. 2 seam varies from 50 feet to 80 feet, the thickness of 
No. 2 seam ranges from 4 feet to 16.9 feet, the thicltness of No. 4 seam fro~u 
3 feet to 13.5 feet, and the interval between No. 2 and No. 4 seams varies 
from 90 feet a t  the north to 2.9 feet near the southern boundary of the 
company's holdings. Tihe ten localities a t  w,hich stratigraphic intervals 
are distributed over a length of 6 miles ,are a~ranged in order f ~ o m  south 
to north. 

Table Showing Thicknesses and Positions of No. 2 and No. 4 Seams with 
Respect to the Blairmorc Conglomerate and to One Another1 
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centre of 
Sac. 21 
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The sections of the coal measures exposed in the five prospect trenches 
opened up in 1933 are as follom~s: 

Prospect No . 4 
Prospect located 200 feet north of southern boundary of Sec . 16, T p  . 7, 

Range 4, W . 5th Mer . 
Feet 

.................................................. Blnirmorc conglomerate 25+ 
................................................. Brownish weathering shale l 

Dull black. carbonaceous shale ............................................ 4.5 
............................................... Covered. pl-obably sandst.one 16 

................................. Mostly covered. but shale cxposed in places 12 
..................................... Shale. more carbonaceous towards base 22 

Dirty coal ................................................................. 0.7 
Shale ...................................................................... 0-3  
Coal. containing fcw small clay bands up to 1 inch thick in Irower 5 feet (No . 

2 seam) ............................................................... 13 
.................................. Hard. fine-grained. greyish color~red shale 3.5 

Coal (No . 4 seam). small sha.le sbringers occur in lower 19 feet ............ 13.5 
Carbonaceous shale ....................................................... 0.2 
Clay floor 

Prospect No . 5 
Prospect located 1, 150 feet north of centre of Sec . 21, T p  . 7, Range 4, W . 

5th Mer . 
Feet 

Overlying conglomerate . . . . . . . . . . . . . . . . . . . . . . . .  : ......................... 20f 
Covered ................................................................... 29 
Thin-bedded. dark weathering. greyish black sandstone ...................... 16 
Fine-grained. sandy shale becoming mrore argillaceous towards base .......... 6 
Shale. becoming more cnrbona. ceous towards base ............................ 13 
Thinly bedded. dark shaly. fine-gained sandst.one in. tcrbedded with very thin 

beds 9. inch to -,'B inch of carbonaceous shale ............................ 8 
Shale with carbonaceous bands up t. o 2 inches .............................. 6-5 
Dirty coal ................................................................. 0.9 
Coal (No . 2 seam) ........................................................ 15-5 
Sandy shale ............................................................... 1.5 
Poor coal ................................................................. 0.5 
Carbonaceous shale ......................................................... 0.9 
C o a l ( N o . 4 s e a m )  ......................................................... 7 
Carbonaccous shale-floor 

Prospect No . 2 
Prospect located 100 feet south of centre of Sec . 21, Tip . 7, Range 4, W . 

5th Mer . 
Feet 

........................................ Overlying Blsirmore conglomerat.~. 3 0 f  
Covered material consisting of snndstonc and carbonnceo~ls shale ............. 11 

.............................................. Shale. ca~bonaceous in places 5 
Massive sandstone ......................................................... 1 
Brown shale grading in places to cnrbonaccons shale ........................ 7 
lCarbonaceous shale. becoming thinner towi~rds base ........................ 15 
Dirty coal. with shale stringers and sulphur bands ........................... 11 
Coal (No . 2 seam) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16.9 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Sandy shale ............................................................... 1 
Carbonnceous shale ........................................................ 1 
Coal (No . 4 seam) ....................................................... 6.1 

Cod.  2.4; carbonaceous shale. 0-2;  coal. 0.2; shale. 0.4; coal. 3.1 



Prospect N o  . 1 

Prospect located 1. 000 feet norbh of centre of Sec . 21. T p  . 7. Range 4. N . 
5th Mer . 

Feet 
......................................... Overlying Blairmore conglomerate 30f 

Covered. but likely sandstone or conglomerate ............................ 5 
Sandstone. grading downwards into shale into cnrbonaceous shale ............ 2 

................................................ Coal-hard and high in ash 2.1 
....................................................... Carbonaceous shale 7.0 

Covered. but probably sandstone .......................................... 12.0 
Black. thinly bedded. carbonaceous shale .................................... 24.0 
Coal. No . 2 seam-high grade in appearance ................................ 3-8 
Ca~bonaceous shale .................................................... 5 
Sandstone. brown weathering and coarse grained ............................ 9 
Carbonaceous shale ...................................................... 8 

.......................................................... Coal. No . 4 seam 9.6 
Sandstone and shale ..................................................... 11 

............................................................ Coal. very poor 2.1 
........................................................ Carbonaceous shale 1.8 

Coal ...................................................................... 2.0 
Shale floor 

Prospect located 600 feet south of centre of Sec . 28. Tp . 7. Range 
5th Mer . 

Conglomerate ............................................................. 
................................................................... Covered 

Carbonacecrus shale ........................................................ 
Sandstone ................................................................ 
Shale . . . . . . . . . . . . . . . . . . . . . . . .  .. ........................................... 
Covered ................................................................... 
Brown shale ............................................................... 
Carbonaceous shale ........................................................ 

............ Highly carbonaceous. blaclc shale with small stringers dirty coal 
Fairly clean coal ........................................................... 
Dirty coal ................................................................. 
Good coal ................................................................ 
Brownish black shale with stringers of coal ................................ 

................................................................... Covered 
Carbonaceous shale ........................................................ 
Coal. No . 2 seam. clean coal. uniform .throughout ........................... 
Greyish shaIe ............................................................. 
Brownish weathering sandstone ............................................. 
Dirty ooal ................................................................. 
Carbonaceous shale. grading downwards into sandstone ..................... 
Bentonitic clay ............................................................ 
Sandy shale ............................................................... 
Coal. No . 4 seam (very .uniform) ........................................... 
Shale ...................................................................... 

Feet 
25+ 
14 
7.5 
6-0 

10 
3.5 
3.0 
3.5 
3 
1.7 
1 
0.4 
2 
3 
3 
9.5 
4 
8 
1.9 
5 
0.5 
3 
8.2 
4 



The inorease in the thickness of the seams is accompanied by an i n c r e e  
in their ash content, due to tihe presence of thin clay partings in the seams 
and of pyrite balls and a higher percentage of disseminated pyrites in 
the coal. No. 2 seam, however, remains lower in ash than No. 4 seam 
throughout the areas. A representative ana.lysis of the coal being mined 
a t  present in eaoh of these seams is as follows: 

- 

-. 

Moisture.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Vol. mattcr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fixcd carbon.. ............................... 
Ash. ......................................... 
S ............................................. 
Calories. ..................................... 
B.T.U's.. .................................... 
Fuel ratio ..................................... 
Coking properties.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

KO. 4 sea~rl S o .  2 se:m~ 

As rcrcived 

2.4 
22.3 
27.0 
18.3 
0 . 5  

6.570 
11,820 

2.65 
Good 

As rcccived 

1.4 
25.7 
58-8 
14.0 
0 . 5  

6,J60 
12,743 

2.30 
Good 

Dried 

............ 
22.4 
58.4 
18.7 
0 .5  

6,730 
12,110 

2.55 
Good 

Dried 

............ 
f 6 . l  
59.6 
14.2 
0 . 5  

6,450 
l?. 935 

2.30 
Good 
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INTRODUCTION 

The buff and white-burning clays of the Whitemud and Willowbunch 
beds are the most important of the mineral resources of southern Saskat- 
chewan and form the basis of a ceramic induetry. Some of the clays, par- 
ticularly those of the Whitmud formation, have been used for the manu- 
facture of fire-brick, sewer-pipe, art pottery, stoneware pottery, and face 
brick. Some hiave also proved satisfactory for use in the manufacture of 
white tableware and others have been used for the manufacture of sani ta~y 
ware, wall tile, and terra-cotta. For a number of years there h a  been a 
steady production of clay products a t  both Medicine Hlat, Alberta, and 
Claybank, Saskatchewan. At the former locality, artware, stoneware, and 
sewer-pipe are made from Saskatchewan clays, and a t  the latter place 
fire-ibrick and face brick. At Medicine Ha t  the kilns are fired by natural 
gas and a t  Claybank by coal importcd from Alberta. 

These clays havc bcen kno~vn for a long time. In 1885 McConnelI 
noted a white band a t  the bottom of the " Laramie." In 1895 Hoffmann, 
chemist of the Geological Survey, Canada, examined a sample from the 
vicinity of Claybank, and recornmendcd its suitability for fire-brick and 
pottery. I n  1906 Chambers recorded the winter haulage of clay from the 
hills near Wood Mountain to Moose Jaw where i t  was being manufzctured 
into common brick and some fire-brick. - I n  1907 Professor Edu~ard Orton, 
jun., reported on samples from the Dirt  Hills. Between 1912 and 1915 
Ries and Keele published the results of extended sampling, measurements 
of deposits, and laboratory tests. Between 1914 ancl 1916 Rose recorded 
the results of some clay tests on samples collected by him. I n  1916 Davis, 
in a valuable work, described the clays in very considerable detail. Later, 
Professor W. G. MTorcester, working under provincial auspices a t  the Uni- 
versity of Saskatchewan, has madc many contributions. These have 
included sampling in the field, search for special clays, e.g. ball clays, and 
tihe devising of methods of treatment. Only -a small part of his valuable 
work has been published. In  1930 G. M. Hutt  described the fire-clays 



of southern Saskatchewan in an interesting paper. I n  1932 McMahon 
sum~marized the economic possibilities of these clays. 

FIELD WORK AND ACKNOWLEDGMENTS 

P a ~ t s  of five field seasons were given to study and sampling of the clay 
deposits by F. H. McLearn. About four weelcs each were spent by J. F. 
McMahon and R. T. D. Wickenden in the field, in 1931. The following 
field assistants rendered efficient aid: 0. L. Backman, W. A. H. Foulds, 
C. 0. Hage, H. Johnson, E. I. Leith, A. Matheson, A. Pentland, and L. S. 
Rumell. Consulbations were held in the field with Professors W. G. Wor- 
cester and F. H. Edmunds of the University of Saslcatchewan, and Pro- 
fessor P. S. Warren of the University of Alberta. Petrographic examinations 
and mechanical analyses of the sediments hlave been made by F. J. Fraser 
in the laboratory. All elutriation tests cited are by him. Ceramic tests 
h.ave been made by J. G. Phillips and J. F. McMahon. Important advice 
in the preparation of the report has been given by Howells Frechette, Chief 
of the Ceramics Division, Mines Branch. 

GEOLOGICALOCCURRENCE 
The white and buff-burning clays of southern Saskatchewan occur a t  

two levels, in the Whitemud formation and in the Willowbunch member. 
The Whitemud is of late Cretaceous age. The Willowbunch is of early 
Tertiary, Paleocene age, and is high in the Ravenscrag formation. It i6 
more than 400 feet above the Whitemud formation, as  the following table 
~ ihom:  
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A problematical w one, that of Sand E, comes between the Eastend and 
Whitemud beds at eastern localities, as a t  Willows. 

Before describing the Whitemud and Willlowbunch zones, ,attention may 
be called to other imporbant clay deposits in Canada and their relative 
ages. In  central Alberta, on Red Deer River, a zone of light grey clays, 
high in the Cretaceous Edmonton form'ation, has been tentatively correlated 
with the Whitemud. At Gumas Mountain, B.C., are high-grade clsays which 
are of early Tertiary age land possibly of Eocene date. North of McMurray 
in places are clays between the Devonian and the Lower Cretaceous McMur- 
ray formation. They are of la much earlier age than the Whitemud or 
Willowbunch and of not later than e a ~ l y  Lower Cretaceous time. I n  
northern Ontario the clays of the Mattagami series are also of much earlier 
age than the S;bsl~atchewan deposit% ,and of late Jurassic or early Lower 
Cretaceous time. In Musquodoboit and Shubenacadie Valleys, Nova Scotia, 
are similar deposits which have been tentatively dated Lower Cretaceous, 
but bheir exact age ia problematical. The relative ages of these deposits are 
indicated in the following table: 

The dark marine shales of the Bearpaw formation, which contain in 
some places well-preserved marine shells, were the last purely marine 
sediments deposited on the site of the Canadian plains. The overlying 
yellowish, brownish, and grey, very fine sands, silts, and shales of the 
Eastend formation are apparently partly marine and partly non-marine 
and are transitional to the Whitemud formation. By Whiternud time 
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there is abundant evidence, including the occurrence of fossil roots and 
leaves, that  non-marine conditions had become fully established and that 
from Whitemud time to the present no sea has flooded the site of the 
Canadian Great Plains. For a non-marine formation the Whitemud occu- 
pies, or rather once occupied, a fairly large area. From the type area on 
Frenchman (Whitemud) River near the east end of Cypress Hills i t  can 
be traced, with some discontinuity, to the west end of Cypress Hills in 
southeastern Alberta. I t  can also be traced eastward a t  least as far as 
Big Muddy Valley and Claybank, and possibly even to Souris Valley. If 
the Colgate sand, in Blontana, is a continuation of the Whitemud i t  can 
be traced far to the south. Its economic value there has not been estab- 
lished, however. The distribution of the Wlhitemud in southernmost Sas- 
katchewan is shown on the Regina map-sheet (in course of preparation for 
publication). The conditions controlling this distribution are described 
later. Although the Whitemud formation is widely spread i t  is marked 
by local changes that  undoubtedly affect its commercial value. Therefore, 
i t  is advisable to examine the internal structure of the formation and its 
variations. 

The ITThitemud has typically four zones: 
( 4 )  Dark shale zone 
(3) White clay zone 
( 2 )  Brown shale zone 
(l) White, sandy clay zone 

At some localities one or more zones are absent. Only the first and third 
are of commercial value. The White sandy clay zone consists principally 
of thick beds of white or light grey weathering, light grey refractory and 
semi-refractory, sandy clays. These consist of grains of quartz, feldspar, 
and black to grey argillite or chert, with white clay in the matrix. Mica 
is also present. The percentage of clay in the sandy clay varies from 
place to place, is in places higher than 50 per cent, and is more or less 
related to the degree of refractoriness. Beds of fine silt, shale, or clay 
occur in this zone, in places. They ,aTe mostly non-refractory or only semi- 
refractory, and where they are present in considerable amount, the sandy 
clays interbedded with them tend to be low in percentage of clay and 
refractoriness. Rarely the entire sandy clay zone passes over into non- 
refractory brown and dark grey shales. In  places, also, the massive, sandy 
clay passes laterally into non-refractory, sandy clays low in percentage of 
clay, or even into grey sand without appreciable clay contents. This seems 
to occur where the overlying Brown shale zone is particularly thick. In 
places the sandy clay of the White sandy clay zone decreases in percentage 
of clay and refractoriness downward. The shales and clays of the Brown 
shale zone are mostly brown or grey in colour, partly carbonaceous, and 
mostly non-refractory. The White clay zone includes mostly refractory 
and semi-refractory clays, silts, and sandy clays, which occur in beds a few 
inches to 5 or more feet thick. The colours are mostly white or pale 
shades of grey, purplish, mauve, brownish, etc. Each bed differs from the 
others in colour, grain, degree of refractoriness, and other ceramic quali- 
ties. There is no uniform change vertically, but in many places the most 
refractory clays rlre a t  or near the fop of t h i ~  zone. Some clays contain 



minutc, ferruginous sphcrules. Clay ironstone nodulcs also occur in places. 
Although locally individual beds have considerable persistence, lateral 
changes take place. The clays changc in ceramic propel-ties and in grade, 
i.e., in grain. Clays may be replaced laterally by silt or sandy clay beds 
may wedge in or out. The uppermost and Darlc shale zone contains clarlc 
grey, non-refractory clays ailcl eilts and has no material of ceramic value. 
I t  is only included in the formation because an unconformity is present 
above i t  and the unconformity is accepted as the upper limit of the 
formation. 

The above-described, internal stxucture of t.he Whitemud formation 
may be better understood if a theory of origin of the formation and its 
refractory clays is explained. The sediments of the Whitemud formation, 
in comnlon with other Cretaceous and early Tertiary sediments, are thought 
to have come mostly from an old land-mass west of the present Rocky Moun- 
tains, to have been transported to the present site of the Great Plains by 
streams, and deposited there on what was then an alluvial plain. That  the 
weathering on this old land-mass was mainly mechanical and that  there 
was little chemical weathering during transportation is demonstrated by the 
abundance of feldspar in the sands. I n  Whitemud time the Whitemud sedi- 
ments were weathered after deposition and more or less contemporaneously, 
i.e., layer by layer or zone by zone, or one layer or zone before the deposition 
of the next. Thc alteration probably took place during temporary falls of 
the water table on the old flood-plain, which created a zone of weathering. 
The alteration was produced 'by downward seeping waters charged with 
organic acids produced by decay of surface vegetation. Alt least a warm 
temperate climate is necessary and considerable time. In  the sandy clay 
zone the leaching action of the downward seeping water altered the feldspar 
grains in part to kaolin which coated the feldspar grains and filled the 
matrices between the grains. So the original feld~pat~hic sands became 
sandy clays or knolinized feldspathic sands. The percentage of clay so pro- 
duced in the sandy clay varied greatly and was higher than 50 per cent in 
places. As the clay is the refractory ingredient in the sandy clay i t  is not 
difficult to understand that the sandy claye high in clay contents tend t o  be 
the most refractory. Where the fine sediments of the overlying Brown shale 
zone art: particularly thick they seem to have blanketed the sands below 
and impcded the do~vnward seepage of leaching water, and have rekarded 
or completely prevented the alteration of the feldspathic sands. This seems 
to be the best explanation of the little alteration of the sands of the sandy 
clay zone n o ~ t h  of the town of Eastend. It is possible that  a t  this locality 
little alteration had taken place before ~nfficien~t fine sediments of the Brown 
shalc zone had accumulated to exert a blanketing effect and prevent further 
alteration. The presence, in places, of numerous beds of shale, fine silt, or 
clay in the sandy clay zone also seems to have a t  least retarded alteration. 
Moreover, these fine sediments, where they occur in the sandy clay zone, 
seem to have suffered only partial alteration themselves; probably due to 
their fine grain and the lack of time for the alteration of such fine sedi- 
m e n t ~ .  Their alterdion nrould take much longer than that  of the sands, 
for they are more impermeable to leaching waters. The most thorough 
leaching and alteration of the sandy clay zone seems to have been where 
there wa's no blanketing by a thick Brown shale zone and where inter- 



bedded clay and fine silt bed5 did not impede do.ivnward seepage of surface 
water. The decrease downward in many deposits of the percentage of clay 
in the sandy clay suppo~-ts the theory of alteration by downward seeping 
waters. The sediments of the Brown shale zone have obviously been little 
altered since deposition. Their fine grain and possibly also too rapid depo- 
sition may account for this. Slow deposition and prolongecl exposure to 
weathering alone mould make possible the alteration of such sediment&. 
This brings us to the problem of the origin of the White clay zone. It 
contains some very fine sediments which arc highly refractory and have 
evidently undergone very considerable alteration. Imt may have been that  
accumulation was very slow or even completely suspended a t  times, so that 
alteration of individual layers before burial by the succeecling layer was 
possible. Such more or less contemporaneous weathering, bed by bed, might 
explain the different ceramic clualities of successive beds, as the leaching of 
one bed might not be of the same order as another, due to different length 
of time of exposure a t  the surface, different degree of permeability of the 
sediment, etc. Another hypothesis, alrcacly proposed, is that the clays of 
this zone are due to reworlting of sandy clays formed ,by the weathering of 
feldspathic sands. The clay might have been re-sorted and redeposited to 
form beds of clay and the sand residue redeposited to form a new felds- 
pathic sand layer, which by further weathering would produce a sandy clay 
layer. Difference in successive layers might be esplained by variable ad- 
mixture with incoming extra-regional and unaltered clay. Possibly both 
penecontemporaneous slonr weathering of fine sediments and reworking of 
feldspathic sandy clays played s part in the origin of (the clays of the White 
clay zone. The sandy clays and silts of the White clay zone, most com- 
mon in Eastend area, are probably, like those in the sandy clay zone, the 
result of weathering of feldspathic sands and silts in place after deposition. 
Lateral variation in ceramic qualities of clay beds may be due t o  unequal 
weathering a t  different places because of different time of exposure a t  the 
surface before burial, to  different groundwater conditions, etc. The pres- 
ence of the highest grade and the most altered clays a t  o r  near the top of the 
White clay zone may point, to  longer exposure of these beds a t  the surface, 
to greater reworking, or less contaminati~n by incoming unaltered sediment 
from the old land-mass in the west. The fine sediments of the Darlt shale 
zone are not altered, possibly because of too rapid deposition and unfavour- 
able gro~~ndwater level and climatic conditions. 

An interval of erosion that followed the deposition of the Whitemud 
beds is of very considerable economic importance, because in that  interval 
large areas of the formation were completely removed so that the overlying 
Ravenscrag formation came to lie on the Eastend or Bearpaw formations. 
In  other places only parts of the Whitemud were removed, so that there 
the Ravenscrag formation came to lie on either the Brown shale or White 
sandy clay zone. Where even merely the White clay zone was removed, 
however, considerable damage wlas done, for the best plnastic cl-ays #are in 
t h i ~  zone. Further details will be given under descriptions 'by localities. 

The second important clay zone, that of the Willonrbunch member, lies 
high in the Ravenscrag formation. The Lower Ravenscrag immediately 
overlies the Whitemud, is very variable in bhickness, is thickest where the 
Whitemud was most removed in the erosional interval and thinnest where 



i t  was least removed. The sediments of the Lower Ravenscrag levelled 
off the irregularities left by the pre-Ravenscrag erosion. The Upper Ravens- 
crag differs from +he Lower in the prssence of numerous coal seams. Over 
much of southernmost Saskatohewan i t  can be divided into two facies, 
a lower grey and an upper cream or !buff. The Willowbunch member lies 
high in the buff facies, about 420 feet above the base of the Upper Ravens- 
crag. It is not 60 continuous as, and is much more variable than, the 
Whitemud formation, and in places is difficult to identify. It is, therefore, 
more difficult to trace, and all zones referred to  i t  may not be a t  exactly the 
same horizon. I n  places there seem to 'be two zones about 40 feet apart. The 
upper of the two is assumed to be the true Willowbunc~h. On the whole the 
material is not so refractory as that  of the JVhitemud, but locally there is 
clay of good grade. Sandy clay has only been found in a few places, and 
where present is a t  the base of the zone as in the Whitemud formation. The 
clays resemble those of the Whitemud in appearance. A mottled clay, 
possibly the result of the filling of rootlets by dark grey clay, is rather 
characteristic of this zone although not everywhere present. The origin is 
probably the same a s  that of the Whitemud. Details are given under 
localities. 

The TVhitemud beds were not only subject to  erosion in the pre- 
Ravenscrag interval, but to later erosion as well, for clay deposits of both 
zones were destroyed by erosion in Tertiary and Recent time. I n  Jurassic, 
Cretaceous, and early Tertiary, i.e. Paleocene time, the site of the Great 
Plains was an aTea of deposition, of a great sinking trough in which 
thousands of feet of sediments, including those described above, accumulated. 
But aftcr Paleoccne and throughout mosl of Tertiary time there was broad 
uplift and erosion and the present plains were gradually carved out of the 
basement of sediments urhicli had piled up in the great trough. In the 
course of this erosion much of the later and uppermost sediments I7:ere 
destroycd. Thus the Whitemud and Ravenscrag, with its ll'illon-bunch 
member, were removcd from all but certain areas favourable to preservation 
in the southern part of Saskatchewan. This is why the \~~liitcmucl and 
Ravenscrag formations are nour confined to bhe old and high wnteralied 
between the ancient Missouri and Saskatchewan drainage basins, including 
the higli Cyprcss Hills, Frenchman Rivcr, Wood Rlountnin, and Rig Muddy 
uplands, to thc high Coteau, and possibly also to the synclinal basin  long 
Souris Rivcr. 

WINNING 
Open pit or quarrying methods have been used most.ly, underground 

operations vcry little. At many localities, hoir-evcr, the ovcrburdcn is too 
thick for opcn pit methods. Operations have so f ~ r  been co~lfined almost 
entirely to deposits with light overburden. 

In  thc location and planning of open pit work, many factors must be 
considered. The  quarry site should be studied. The nature and variations 
of the deposit should be examined in natural exposures, pits, trenches, and 
auger-hole sections. The vertical zoning and lateral variations described 
above must be oarefully invcstignted. Tlle suitability of the olays, singly 
or in combination, for the manufacture of the desired products, must be 
determined by sampling and testing. The Dark shale zone, of course, will 
be removcd with the overburden. I n  thc working of the White clay zone, 



the variations, bed by bed, must be examined. If special clays are required 
the bed or beds containing them should be located by sampling and worked 
on a separate bench or benches. Fortunately a t  many localities the highest 
grade clay is a t  the top of the zone, so that i t  can be removed on la separate 
bench without removing the remaining and underlying beds. If the latter 
are needed for otiher products or for mixing with higher grades they can 
be worked on lower benches. At some localities, and for some purposes, 
all or the greater part of the clay zone can be worked on one bench. If 
plastic clay only is desired the coming in of beds of sandy clay or silt should 
be looked for and considered in the planning of n quarry site. If the sandy 
clay is to be rejected to the dump, its presence in this zone will add to the 
cost of working. Should, hom~ever, the sandy clay be desired as well as the 
plastic clay, the sandy clay can be !removed on a separate bench. 11Torlting 
by several benches, however, will add to the cost of quarrying. The thick- 
ness and persistence of the bed or beds of desired clay should be determined 
as far as posible. The thicker the bed, presumably tile cheaper the cost of 
winning will be and the greator the thickness of overburden that  can be 
removed. The more persistent the bed, the greatcr the expansion and life 
of the quarry will be providing the amount of the overburden permits such 
expansion. In  the study of the quarry sitc the contact between the Rnvens- 
crag and Whitemud should bc examined and i t  should be determined whether 
or not descent of thc contact mill cut off the clays of the clay zone and so 
limit the expansion of the proposed quarry in one or more dircctions. 
Descent of the contact is in many places marked by thick greenish grey 
sand with hard ledges of sandstone, which take the place of the Whitemud 
beds that have been removed. 

As the Brown shale zone has chiefly clay of low grade i t  will be worked 
in few places. 

Where sandy clay is required i t  may be worked on a lower bench after 
the overlying clay zone has been quarried, or, if the clay zone is not worth 
working, after i t  has been removed with the overburden. The tendency of 
the percentage of clay in the sandy clay to decrcase downward toward 
the base of the sandy clay zone must be taken into considcration. It must 
be noted whether silt or clay zones are present 2nd whether in any direction 
the sandy clay tends to pass into unlcached and unaltcred grey sand. 

117th modifications t,he above remarks apply also to tlle \Villowbunch 
member. I t  is, ho~vcvcr, a more variable zone than thc ~4'hitemud. 

CLASSIFICATIOK OF CLAYS 

Clays are composed of hydrous aluminrt silicates which bccome 
p l a~ t i c  when wet, hard when dried, and durable when burned to a suffi- 
ciently high temperature. They may be classified as follows: 

(Refractory ................. Open burning (china clays) 
White-burning ... { { Tight Purning (ball clays) 

............ [ ?;on-refractory Limy brlck clays 
................. r Refractory I ... .  

Open burning (fireclays) 
Ruff-burning 4 Tiglit burninl: (fircrlays-ball clays) 

[ Kon-refr:~ctory ............ Long range (sewer-pipe-stoneware) 1 Short range (limy brick clays) 
Red-b~~rning ..... ?\'on-refractory ............... I T,ong rancc (scwer-pipc,roofing tile) 

2 Qhort range (brick rlnys) 



Clays vary also in morlcing and drying properties. All of these prop- 
erties must be known in order to determine what classes of ceramic products 
can be manufactured from a given clay. 

There was a time when only a single clay was used to produce an article, 
but today, even in the manufacture of some building brick, the blending 
of raw clays is practised. At one time i t  could correctly be assumed that 
any given article nrould be made in some one way, but today this is not so. 
New processes hal-e been invented and some hitherto condemned clays 
are nonr utilized. So today, in order to  recommend a clay as an ingredient 
in the manufacture of any specific product, i t  is necessary to know not only 
its individual properties, but also its behaviour when blended wit,h other 
clays and its adaptability to  various processes. 

It is not possible t o  describe in detail all the properties of each of the 
numerous Saslratcheman clays tested. Instead a classification of the clays 
is proposed and each tested clay is assigned to a numbered type in that  
cl.assification. An explanation of the terms uscd as  a basis for this classifica- 
tion follows. 

Water of Plasticity. The percentage of water added to the dry clay 
to develop best working properties. 

Working Properties. The ease with which the wet clay can be shaped 
and the manner in which the shape is held. 

Drying and Dried Properties. The percentage of linear drying shrink- 
age based on the wet length, the tendency of the clay to crack during 
drying, and the tendency to form a drier scum. 

Bztrning and Bz~rned Properties. The percentage of linear shrinkage 
when burned to  various temperatures calculated on the wet length. The 
colour and the hardness of the resulting products together with their 
absorptions (per cent of water held when the burned product is saturated). 

P.C.E. (Pyrometric cone equivalent). The number of the standard 
cone that indicated the temperature a t  which a tetrahedral-shaped specimen 
of definite dimeneions, when heated a t  n definite rate in an oxidizing .atmo- 
sphere, softened so as to bend and touch the plaque on which i t  was set. 

Classification of the Clays in  the Whitemud and Willowbz~zch Formations 

I. Plastic 

11. Sllort 

Type No. 
(1) 
(2) 
(3) 

-- 

(4) 
(a) 
(6) -- 
(7) 

(8) 
(9) 

(10) 

h. IYhitc-burning 

13. Buff-burning 

Xhitc and buE- 
burning 

l'.C.E.. 2833 

Absorption greater than 
4% at cone (i 

Absorption 4% or less at  
COllC (i 

Clean 
Iron-spotted 
Very iron-spotted 

(:lean 
Iron-spottccl 
Very iron-spotted 

P.C!.R., from 28 to 33 
l'.c!.E.. from 20 to 27 
P.C.I':., bclow 20 



Group I :  Plastic. This group cont.ains the materials highest in clay 
substance and that  are the most important tto the existing ceramic industry. 
Their value is due not only to their plasticity, but also to their dry strength, 
burning properties, and rcfractoriness. 

Sabdiuisior~ A: Wi~itc-hu~ning. This subdivision includes those clays 
that  give most indications of being serviceable in the manufacture of refrac- 
tories and also those that may prove valuable as bond clays for the manu- 
facture of whitewares or pottery in general. 

Type (1). This type includes those clays hhat are most promising 
for use as bond clays in the whiteware industry. 

Type (2). Certain claye of this type might *be usecl as  bond clays in 
the manufacture of whitewares, but the iron concretions would have to be 
removed. This type could be used to good advantage in the manufacture 
of refractories. 

Type (3). This type because of the high content of iron concretions 
is not recommended for use as a whiteware bond clay. Clays of this type 
could be used to  advantage in the manufacture of refractories. 

Subdivision B: Buff-burning. This subdivision includes those clays 
suitable for the production of general pottery lines. Some are sufficiently 
refractory to  be used in the production of firebrick. 

Type (4). Clays of this type could 'be used as bond clays in the manu- 
facture of whiteware, terra-cotta, sanitary ware, etc. 

Type (5). Certain clays of this type might be used for purposes men- 
tioned under type (4), but only after the removal of their iron concretions. 

Type (6). The uses of clays of this type are limited to the manufac- 
ture of coarse pottery or cheaper grades of clay products. 

Type (7).  The clays of this type are suited to  the production of stone- 
ware pottery, sewer-pipe, and general medium-priced, vitrified products. 

Group I I :  Short. This group includes those clays heretofore called 
sandy clays. Due to thcir low clay content, their general working properties 
are poor. They might, however, be moulded in the dry or semi-wet state. 
The percentages of clay substance in clays of this type vary from 10 to 53 
per cent. The refractoriness of these short clays tends to increase with 
the per cent of clay substance. Untreated they have no particular value. 
Treatecl by washing, however, they may be of value as a possible source 
of kaolin. It is understood that  some experiments have been made in 
Saskatchewan, but no information is available a t  present. 

Type (8). Clays of this type contain from 35 to 50 per cent of clay 
substance. Their P.C.E. values suggest their suitability for the manu- 
facture of refractories. However, t.his is not true of all these clays because 
of a high percentage of quartz in the sand and silt grades. The amount 
of quartz present is  apt  to give a poor spalling-resistant brick. Treated 
by washing the clay may prove to be a source of kaolin. 

Type (9). Clays of this type contain from 27 to 55 per cent of clay 
substance, the majority from 30 to 40 per cent. 

Type (10). These clays contain 10 to 51 per cent of clay substance, 
the majority from 20 to 35. 
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COM31ERCIAL CLASSIIPICATTON O F  CLAYS 

The Whitemud and Willowbunch clays when considered according to bhe 
uses that  inay be made of them in the manufacture of clay products may 
be grouped as ba.11 clays, refractorim, clays for general pottery purposes, 
and clays for the manufacture of vitrified products. 

Ball Clays. Those clays that  have high pla.sticity, high refractoriness, 
and burn to a white colour 'are, in tihis report, considered .ball clays. They 
occur mostly a/t the top of the Whitemud formation and, where examined, 
are in beds not thicker than 19 feet. Practically all crack when dried and 
vary in the amount of extraneous materials that they carry. Due to their 
cracking tendency they canot be used alone. They are ideal bond clays 
and -are important from this point of view. 

For clays of this class See Tables 2, 14, 15, 22, 28, 29, 30, 31, 32, 35, 37, 
41, -42, 44, 4.5, 46, 48, 49, 50, 52, 53, 54, 56, 57, 58, 60, 61, 62, 66, 69, 73, 75, 
84. The numbers in italics indicate t,he t.ables dea.ling with clays that seem 
of greater importance. 

W. G. Worcester in his paper1 on the ball clays of Saskatchewan has 
treated this class of c1a.y~ in a very comprehensive fashion. In his selection 
of ball clays, are clays whose natural colours are white, grey, blue, purple, 
chocolate, and .black. Some he describes as plastic, others as gritty. The 
percentage of clay in his selected ball clays varies from 53.1 to 88.7 per cent 
(majority in the neighbourhood of 80 per cent). All his other tests are on 
washed samples. It should be noted that he sta.tes bhat all the clays tested 
by him contained some " iron-bearing mineral " which caused n more or less 
spotty appearance when the clays were burned to cone 8. Five of the clays 
described by him are a t  present being used in the production of whitewnres. 

L. P. Collin%n .a paper dealing with methods of determining the dry 
strength of ball clays, included the res~ilts of tests on certain clays from 
Saskatchewan. 

Clays for the &lccnzc.facture of Refractories. Sufficient work has not 
yet been done to permit malcing definite st.atements regarding the employ- 
ment of the clays of southern Snskat.chen~an in the manufacture of refrac- 
tories. Clay types ( l ) ,  (2) ,  and (3) have high degrees of refractoriness, 
but their drying properties arc such a.s would limit t.he percentage of ram 
clay t.hat might be used in a mix. The clays of Group 11, particularly 
those of type (81, n1thou~;h highly refractory contain such high percent- 
ages of quartz as might cause trouble. 

The ,above remarks relate to bhe use of the clays unmixed. The good 
results obtained (by a manufacturer who is a t  present producing refractories 
from days  of this area by careful selection a,nd preparation indicate to what 
extent ijhey will be of ultimate va,lue. 

For clays having high P.C.E. valucs of 29 .and greater See Tables 
2, 4, 12, 14, 15, 16, 20, 21, 22, 24, 28, 29, 30, 31, 32, 35, 37, 41, 42, 44, 45, 
46, 48, 49, 50, 51, 52, 53, 54, 56, 57, 61, 62, 69, 73, 77, 79, 81, 84. The 
numbers in italics are of tablcs relsting t o  thick deposits. 

1Investiantion of Twmly-one Saskatcllc~an Bd l  Clays: Jour. Am. Ccr. Soc., vol. 12, 1029, p. 360. 
2 Trallsvcrsc Strcngtll of Ball CI:ty-sand and Ball Clay-flint mixtures; In\.estigntions in Ccra~nics 

nnd Rond Materials. 1928-21; Mines Branch, Dept. of h,Ii:lcs, Canncla. 



Clays for General Pottery Purposes (Types (4),  (5), and (6)) .  These 
are all buff-burning; a number of them crack in drying, others show no 
signs of drying cracks. Some burn very clean, whereas others produce 
iron-spotted bodies. All ~lhow good working properties and have an 
absorption greater than 4 per cent a t  cone 6. The per cent of clay substance 
varies from 40 to 100 per cent, the greater number containing from 70 to 100 
per cent. 

For clays of this type See Tables 2, 4, 16, 60, 21, 23, 64, 30, 34, 36, 40, 
44, 50, 51, 54, 56, 61, 66, 64, 66, 67, 70, 71, 72, 74, 75, 78, 79, 80, 81, 82, 
83, 84, 86. The numbers in italics are of tables relating to clays that, 
crack in drying. 

Clays Suitable for Use in the ~lianufacture of Vitrified Prodzccts 
(Type (7 ) ) .  All these clays are plastic, exhibit good drying propertier, 
burn to buff colours up to cone 4 and to grey a t  cone 6, and are vitrified at  
cone 6. Their P.C.E. varies from cone 10 to 26; the average P.C.E. of 
most lies between cones l 5  and 19. Their linear drying shrinkage varies 
from 5.8 to 11 per cent, but of most is in the neighbourhood of 7 per 
cent. All are good working clays and though some crack in drying, most 
of them possess good drying properties. At cone 2 they show a linear 
fire shrinkage of approximately 5 per cent and an absorption of 6 per cent 
(a  number are vitrified a t  this temperature). At cone 4 the linear fire 
shrinkage is about the same as a t  cone 2, though the absorption drops to 
3 per cent in the more open ones and is negligible in a great number of 
them. At cone 6 the linear fire shrinkage increases to 7 per cent and all 
bodies are vitrified. Their burned colours vary from cream to buff to 
grey. Some give good, clean colours but others are spotty or dirty. 

For clays of this type See Tables 2, 3, 4, 5, 7, 8, 9, 10, 12, 13, 14, 15, 
16, 17, 18, 19, 21, 22, 25, 34, 36, 58. 62, 67, 71, 72, 77, 80, 82, 85. 

DESCRIPTIONS OF OCCURRENCES 

As a t  most localities only a single section has been sampled, nothing 
more than the mere possibilities of each locality ca-n be dmcribed. Some 
measurements may  be a little high. Detai1:s will vary. The section of one 
part of an exposure may be different from that of another. The details 
will depend on how the section is classified. Not all investigators will give a 
clay the same colour designation. 

Eastend Area 

Quarrying in Eastend area has been confined mostly to the Mrhi te  clay 
zone and to the plastic clays occurring therein. The sandy clay of the lowest 
or sandy clay zone has not been worked. There has been no demand for 
it and much of i t  is of very low grade. There is, however, some sandy 
clay of fair quality in the sandy clay zone s0ut.h and west of Knolllys. 



In  this area the erosional unconformity between the Ravenscrag and 
TJ7hitemud formations has an important influence on the location of pits 
and quarries. For obviously along the un~onfo~mity  where a large part 
or all of the workable clay zone is cut out by descent of the Ravenscrag 
beds, no quarries will be located. Thus there are no quarries and never will 
be any for the winning of plastic clay on the north side of Frenchman 
Valley betwcen near the west boundary of Sec. 30, Tp. 6, Range 22, W. 3rd 
Mer., and the middle of Sec. 29, Tp. 6, Range 22, W. 3rd Mer., and, in 
places, between the latter location and SE. Sec. 6, Tp. 7, Range 21, W. 3rd 
Mer. Very little of the White clay zone remains north of SE. Sec. 8, Tp. 7, 
Range 21, W. 3rd Mer., along the wefit side of Eastend Coul6e and a t  Anxiety 
Butte. Only a few feet of the bottom of the sandy clay zone is left. On 
the south side of the valley, where some good deposits occur, there are also 
places where the clay zone is missing and where no openings for plastic clays 
will ever be possible. 

On the north side of Frenchman Valley between Ravenscrag Butte 
and a little ea+st of the west boundary of Sec. 30, Tp. 6, Range 22, W. 3rd 
Mer., the entire section of the Whitemud formation seems to be preserved. 
At R2venscrag Butte, in about the east part of Sec. 26, Tp. 6, Range 23, 
W. 3rd R/Ier., the JJrhite sandy clay and Brown shale zones were stbmpled. 
The results are given in Table 1. Only low-grde clay occurs here in these 
zones. A little to the cast of the above in NW. Scc. 25, Tp. 6, Range 23, 
TV. 3rd Mer. (See Table 2) ,  the White clay, Brown shale, and sandy d a y  
zones were sampled. The sandy clay sampled, W50, is of low grade and 
contains only 13-8 per cent clay by elutriation test. The thin Brown shale 
zone does not contain any refractory clay. The upper part of the White 
clay zone, however, does carry good clays of types (1) and (4). The clay 
zone along this stretch is, therefore, worthy of investigation. In a section 
in the soutihwestern part of NE. Sec. 25, Tp. 6, Range 23, W. 3rd Mer. 
(Table 3 ) )  only a part of the clay zone was sampled. The sandy clay 
zone was sampled near the top. It is low in percentage of clay, W41 
contains 20.8 per cent clay. About mile east of this, in the southern part 
of NE. Sec. 25, Tp. 6, Range 23, W. 3rd Mer., both the clay and sandy 
clay zones were sampled (Table 4) and tests show clays of types (2) ,  (4),  
( 6 ) )  (7), etc., but the beds are too thin to be of commercial value. Possibly 
there is better clay in some of the outlying, slumped masses down the 
valleyside. W36 contains 34.2 per cent clay by elutriation test, W1675 
contains 25.4 per cent, and W35 contains 19.8. Farther east and on about 
the boundary between KW. Sec. 30 and SW. Sec. 30, Tp. 6, Range 22, W. 
3rd Mer., the section was agnin measured (Table 5). There is a bed Q! 
type (7) clay here. 

About 100 yards east of the afbove section the contact with the overlying 
Ravensc~ag descends and cuts out the White clay zone so that the greenish 
sand of the Ravenscrag resh on some grey clay of the Brown shale zone 
(Table 6). The sandy clay of the sandy clay zone is low in refractoriness 
and in percentage of clay. W1669 contains only 13.8 per cent clay by 
elutriated test. This kind of a section extends some distance to the east. 

At about the west boundary of SE. Sec. 29, Tp. 6, Range 22, W. 3rd Mer.. 
the contact between the Ravensorag and Whitemud riscs so that the White 
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clay zone is again exposed for some distance. Samples collected from the 
clay zone are recorded in Table 7 and tests show 8 feet of type (7) clay. 
The clay zone was also sampled some 800 feet east of the above and in 
about the northern part of SE. Sec. 29, Tp. 6, Range 22, W. 3rd Mer. 
(Table 8) .  There are 8 feet of type (7) clay in this seetion. Not far east 
of this the contact with the Ravenscrag descends and cuts out most or all 
of the clay zone. 

At the end of a ridge on about the boundary between NE. and SE. 
See. 28, Tp. 6, Range 22, 11'. 3rd Mer., a part of the clay zone, which 
reappears there, was sampled (Talble 9). Four feet of type (7) clay occur 
here. 

In the nortihern part of Sec. 34, Tp. 6, Ra.nge 22, W. 3rd Mer., there 
are a few eqosures of tlie clay zone. It was sampled in the northeast 
corner of the section (Table 10). Farther east and about on the boundary 
between NE. and NW. Sec. 35, Tp. 6, Range 22, W. 3rd Mer., the Ravens- 
crag contact descends and cuts out most of the clay zone. 

On the eaat side of a broad side valley northwest of East.end and in 
SE. Sec. 1, Tp. 7, Range 22, W. 3rd Mer., near some coal markings, are some 
poor exposures of sandy clay and clay. 

To the southeast of the above, and along the north side of the main 
valley, the elay zonc is gonc, because of descent of the Ravenscrag, the 
Brown shale zone is thick, and the sandy c1a.y zone is of low grade, as the 
kaolinization has not proceeded very  fa^, which is usual where the Brown 
shale zone is thick. A section was studied in a small, narrow, side canyon in 
the east part of NE. Sec. 35, Tp. 6, Range 22, W. 3rd Mer. (Tablc 11). 
W1635, W1636, and W1637 are from the Brown shale zone. W1638, from 
the sandy clay zone, contains only 12 per cent clay. A little to thc east of 
this and a t  thc fence between NE. Section 35 and NW. Section 36 the 
quality of the sandy clay is a little bctter. 

Somenihat farther east of this, along the same side of the main valley, 
the contact ~r i t l i  thc Ravenscrag rises and all of tlhe White elay zone re- 
appears and is preserved almost as far east as SE. Sec. 6, Tp. 7, Range 22, 
W. 3rd R4er. I t  contains some clay of good quality and it is not, there- 
fore, surprising that several quarries havc been opened along this part 
of t,he vallcy side, i.e. northwest and north of the town of Eastend. The 
sandy clay zone here contains mostly sandy clay very low in clay or 
merely unaltered, grey, feldspathic sand. The Brown shalc zonc is present 
and contains clay of only very poor grade. There is a good seetion of the 
clay zone in a quarry on the side of a cone-shaped hill in tabout the middle 
of NW. Sec. 36, Tp. 6, Range 22, W. 3rd R/ler. (Table 12). Nine feet 3 
inches of typc (3) and 7 feet of type (7) clay occur in this seetion. The 
presence of the highest grade clay at  the top of the clay zone is to be 
noted, as i t  is a conlmon position. The Brown shale and sandy clay zones 
were studied out in front of an old quarry in the northern part of NW. 
Sec. 36, Tp. G, Range 22, W. 3rd MW. (Table 13). W1646 is from the 
bottom of tlie White clay zone, which includes silt beds. The clay that 
was removed from the quarry was above this and was of good grade. 
W1647, W1648, W1649, and W1650, are from the Brown shale zone and are 
of low grade. W1651 from the top of the sandy clay zone contains 25.4 



per cent clay. Below this, (however, the zone consists merely of grey, un- 
altered, unkaolinized feldspathic sand. W604 contains only 6 per cent 
clay by elutriation test and W605 only 3 - 4  per cent. A part of the White 
clay zone was sampled in SE. Sec. 6, Tp. 7, Range 21, W. 3rd Mer. (Table 
14). The best clay is in the upper part of the section and is of type (1) 
quality. Clay of type (7) also occurs in the section. Neither, however, 
IS sufficiently thick to  be economically important. 

To the north and near the east boundary of NE. Sec. 6, Tp. 7, Range 
21, W. 3rd Mer., a quarry has been operated on the White clay zone. Yet 
farther north, in about SE. Sec. 7, Tp .  7, Range 21, W. 3rd Mer., in a 
small side coulee below a farmhouse, a section was sampled (Table 15). 
W407 is a sample from the top of the sandy clay zone. It yields a cone of 
only 14 and contains only 12-5  per cent clay. Above i t  is a zone of brown 
and grey shale, some sandy clay, lignite, etc., all of low grade. Above is 
the clay zonc that contains good clay a t  its top, including about 1 foot 
8 inches of type (1) quality; 5 feet 7 inches of type (7) occurs in a lower 
part of this zone. To the north of this and on the west side of Eastend 
Coulee the contact with the Ravenscrag descends and cuts out the clay 
zone and finally removes even most of the sandy clay zone, so that  a t  
Ansietv Butte only a few feet of the entire formation is left. 

The surface on the east side of Eastend Coulee is too low to carry the 
Whiten~ud formation. 

There are some good deposits of the Whitemud beds on the south 
side of Frenchman Valley, south and west of Ihollys. The White clay 
zone contains some good clays in places. The White sandy clay zone, too, 
contains some fair depos,its of sandy clay. The White clay zone and even 
part of the sandy clay zone are cut out in places and their position taken 
by basal sands, etc., of the Ravenscrag formation; this takes place par- 
ticularly to the south up some of the small tributary coul&es. 

Near the boundary between NE. Sec. 15 and SE. Sec. 22, Tp. 6, Range 
23, \V. 3rd Mer., the section given in Table 16 was measured. At the 
bottom W1682 represents the sandy clay zone, is of low grade, and con- 
tains only 18 per cent of clay. It is overlain by low-grade brown and grey 
shale and clap. The most refractory clay is a t  the top of the clay zone. 
Thr samples are not general, but selected. Clay of type (3) quality is 
indicated and there are 10 feet of type (7).  

I n  the northern part of NW. Sec. 14, Tp. 6, Range 23, W. 3rd Mer., 
the section of Table 17 was measured. W99 is from the top of the sandy 
clay zone. It contains 39-4 per cent clay by elutrjation test and is a fine, 
sandy clay. The Brotvn shale zone is represented only by the 2 feet 3 
inches of black, carbonaceous &hale. The part of the overlying clay zone 
that, was sampled includes no highly refractory clay. Four feet 3 inches 
of type (7) clay are included. 

About 800 feet east of the above, in a side coulke, the section recorded 
in Table 18 was measured. The sandy clay zone was not sampled, but 
appears to carry sandy clay, fairly high in clay. The clay zone is not 
thick. It includes 4 feet of type (7) clay, C67. About 200 yards to the 
~ o u t h ,  up this side coulee, the Ravenscrag beds descend and cut out all 
of the clay zone and the upper part of the sandy clay zone. Along the 
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main valley side, in about the northeast part of Sec. 14, Tp. 6, Range 23, 
W. 3rd Mer., the R,avenscrag sands cut down so deep into t,he sandy clay 
zone that  only about 10 feet of the formation remains. 

Yet farther east the contact rises and near the boundary between 
Secs. 13 and 14, Tp. 6, Range 23, W. 3rd Mer., the clay zone is present, 
but the only bed sampled is pom (Table 19). W93 contains 29.6 of clay 
by elutriation test. East of the above there is a good section in the west 
part of Section 13 which was not sampled. In about the western part 
NE. Sec. 13, Tp. 6, Range 23, W. 3rd Mer., the following section was 
measured: 

Green sand at base of Ravenscrag- Feet Inches 
Light green clay and silty clay. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 
Bluish grey clay, C64.. ..................................... 3 8 
Grcy silt .................................................... 1 0 
Pale green clay.. ............................................ 0 10 
Chocolate clay.. ............................................ 0 8 
Green clay.. ................................................ 0 10 

..................................... Grey, fine, sandy clay.. 0 l 1  
............................... Fine, grey, snndy clny, W92.. 2 9 

Lignite, lignitic shale.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 5 
Fine, brownish, sandy clcry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 
Lignite and lignitic shale.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 10 
Grcy, sandy clay, brown above. .  ........................... 16 0 

At the base is the top of the sandy clay zone followed by lignitic 
shale. Above is a t  least a part of the clay zone. Over i t  is the base of 
the Ravenscrag. Possibly the top of the clay zone is gone. The sandy 
clay zone was not sampled. A fine sandy clay a t  the bottom of the clay 
zone, W92, contains 29.6 per cent clay. Only one bed in the clay zone was 
sampled, C64. I t  gives a P.C.E. of only 14. Southeast of the above, in a 
deep side canyon, the following section was measured: 

Ravenscrng sand- Feet Inches 
C h y ,  sandy c lay . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
(;rccnish cluy. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Pale grcy, snndy clay.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 
C:reenisli cluy, CG3. ......................................... 1 0 
1,igni te . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Brown, carbonaceous sh:~le. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Lignite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 
Grcy, sandy clay, n ' 9 l . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.5 0 

At the base is a thick zone of sandy clay. A sample, W91, taken from 
near the top, has 24.2 per cent clay grade by elutriation test. Above is a 
thin brown shale and lignitic zone. Higher is the lower part of the clay 
zone. The higher part of the clay zone has 'been destroyed and the basal 
sand of the Ravenscrag cuts down into and obliquely aoross it. A sample 
from the bottom of the clay zone, C63, yields a P.C.E. of only 11. A little 
farther east and still in Section 13 the Ravenscrag rests directly on the 
lignite and all of the clay zone is gone. 

I n  the extreme eastern part of Section 13, however, afid on the east 
slope of a deep side coul6e, the contact with the Ravenscrag has risen, so 
that all of the clay zone is preserved (Tafble 20). Up ,and down the coulke, 
however, i.e. north and south, i t  is cut off by local descents of the contact 

with the Ravenscrag. This section includes a p a ~ t  of a thick, sandy clay 
zone, an extremely thin, coaly, and brown shale zone, and a fairly thick clay 



zone. No general samples across measurcd layers \?.ere taken, but the 
select4 samples give an idea of the quality, if not the quantity, of clay a t  
various horizons. The sandy clay zone contains some sandy clay of fairly 
lligh refractoriness and with a moderate percentage of clay grade. Both 
samples \IT1660 and W1661 have a P.C.E. of 26. W1660 contains 29.6 
per cent clay g a d e  by elutriation test and W1661, 35.8 per cent. The 
brown shale, 1'1662, is of no value. The clay zone contains both clay 
(type (4) or (5) indicated) and silt. This section shows more interesting 
rnatcrial than the average. There are more bhan 20 feet of clay, silt, and 
shale, samples of which taken a t  three levels give a P.C.E. of from 26 to 30. 
They have not been tested sufficiently to  definitely state their most economic 
application, but they should prove of interest to manufacturers of refrac- 
tories. This clay zone can be traced across the fence into the westernmost 
part of Scc. 18, Tp. 6, Range 22, W. 3rd Mer., where a good section is exposed 
on the nose of n high spur (Table 21). This is an interesting deposit and has 
poe~ibilitics as it sho\vs 5 feet 8 inches of type (4) clay. As is not uncommon, 
the most refractory clay is a t  the top of the clay zone. Yet farther east, 
across a COUICC and in SW. Sec. 18, Tp. 6, Range 22, W. 3rd Mer., is a good 
section reco~dcd in Table 22. At the base is a part of the sandy clay zone 
that  nras not sampled. Above the coaly layer is much silty clay and some 
sandy clay of which three samples yield only cones of 16 to 18. Above is 
silty and sandy clay of cones 26 to 27. W88 contains 29-8 per cent clay. 
The most important material, a type (1) clay, is a t  the top (C58). 

In  the eastern pnrt of SE. Sec. 18, Tp. 6, Range 22, W. 3rd Mer., the 
Ravenscrag again descends and cuts out the clay zone, so that only a brown 
shale and a sandy clay zone remain or even only the lmatter. At this location, 
on the west side of a valley, about 40 feet of sandy clay ie im,mediately 
overlain by greenish grey sand of the Ravenscrag formation. No clny zone 
is prcscnt. A sample, W84, from the middle of the sandy clay, contains 
27.8 per cent clny grade. On the opposite and east side of the snnle valley 
and east of the boundary between Secs. 17 and 18, Tp.  6, Range 22, W. 3rd 
Mer., the Ravenscrag resB dircctly on a bed of brown, fissile, carbonaceous 
shale. This shale is underlain by sandy, micnceolis clay. There is no clay 
zone here. I n  a southerly direction up this sidc valley the Ravenscrag 
dwcends even farther into the sandy clay zone, so that only a little remains. 

For some distance across Section 17 only a lower pnrt of the formation 
continues to be preserved and there is no clay zone present. However, in 
SE. Sec. 17, Tp. 6, Range 22, W. 3rd Mer., on the cast side of R deep coulCe 
and soubh of Knollys, the Ravenscrag contact rises and a full section of the 
Whitemud formation is present. Thc section is recorded in Table 23. It 
includes mostly sandy clay and vcry little clay. There is no Brown shale 
zone and the White clmay zone is thin. It is chiefly interesting on account 
of its sandy clay. W77 contains 53.8 per cent clay by elutriation test, 
W76 contains 29.2 per cent, and W70 contains 43 per cent. There is no 
uniform decrease downward of clay in the sandy clay a t  this locality. 
A little to the east of this is a second and long coulke about on the boundary 
between Secs. 16 and 17, Tp.  6, Range 22, W. 3rd Mer. On the east side 
of this coulke, and in SE. Sec. 17, Tp. 6, Range 22, W. 3rd Mer., the section 
of Table 24 was measured. This deposit is not of much importance unless 



the sandy clays and silts could be successfully treated by washing. W1658 
contains 29.6 per cent clay by elutrimation test, 1171657 contains 29-4, ,and 
W1656 contains 44.8 per cent. A few hundred yards south of this bhe 
section recorded in Table 25 was measured. There does not seem to be 
any well-defined clay zone here, but there is some fairly good sandy clay. 
The percentage of clay in the sandy cl-ays and silts is as follows: 

Per ccn t 
11'59. ................................................................... 32.0 
1Y80 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37.2 
1T81 ........................ .. ......................................... 32.2 
W82 .................................................................... 24.6 

There is a 2-foot 8-inah bed of type (7) clay in this section. 
On this south side of Frenchman Valley the Whitemud is exposed a t  

intervals as far east as Sec. 25, Tp. 6, Range 22, W. 3rd MW. I t  has not 
been studied in detail ,here, however. 

Whitemud Post Office 

Down Frenohman River, near 1Vhitemud post office, the ,banks on either 
side of the valley are %high enough to cany  the Whitemud formation. It is 
exposed on the east side from about Sec. 9, Tp. 6, Range 20, W. 3rd Mer., 
to about Sec. 19, Tp. 5, Range 19, W. 3rd Nler., and on the west side from 
about Sec. 28, Tp. 5, Range 20, W. 3rd Mer., to about Sec. 13, Tp. 5, Range 
20, W. 3rd Mer. No detailed study of this area was made. There is much 
sandy clay and some plastic clay present. 

Down the ~ ive r ,  bhe entire formation is removed along the erosional 
unconformity and the Ravenscrag rests on the Eastend or Bearpaw forma- 
tions. A sm'all remnant of the basal part of the formation is exposed on 
the east side of Warholes Valley, but i t  is too small and the material is of 
too low a grade to be of any value. 

Pinto Upland 

On the Pinto upland there are a few detached remnants of the White- 
mud formation, survivals of the erosion of pre-Ravenscrag time. They are 
of small size and consist mostly of low grade, whitish-weathering, sandy 
clay and silt. There is a thin deposit in about Sec. 21, Tp. 2, Range 9, 
W. 3rd Mer., and a sample is recorded in Table 26. Another deposit in 
Sec. 24, Tp. 3, Range 10, W. 3rd Mer., was sampled (Table 27). 

The Whitemud seems to be absent from all of thc south border of the 
Wood Mountain upland. 

Fir Mountain 

Along the north border of the Wood Mountain upland the Whitemud 
seems to be everywhere absent in the west and the Ravenscrag mostly rests 
on the Eastend there. It reappears, however, in the vicinity of the village 
of Fir Mountain and extends in intermittent exposures to Wood Mountain 
Station. 

Southeast of Fir i\llountnin, in a coulde, in about SW. Sec. 8, Tp. 5, 
Range 4, W. 3rcl Mer., is a good section of the Whitemud, which is recorded 



in Table 28. This locality is recommended to the attention of manufac- 
turers of refractories and producers of ball clays. I n  this section are 3 feet 
9 inches of type (1) clay, 8 feet 10 inches of type (2),  and 3 feet 6 inches 
of either type (1) or (2).  The sandy clay is of good refractoriness and . 

fair plasticity. W940 contains 45.6 per cent clay by elutriation test and 
W938 contains 43-4 per cent. 

East of Fir Mountain, north of the highway, south of the railway, and 
in S\\'. Sec. 15, Tp. 5, Range 4, TV. 3rd Mer., a section was sampled and 
is recorded in Table 29. Tlierc are 19 feet of type (2) clays. W925 con- 
tains 53.4 per cent clay, W926 cont.ains 56.4 per cent, and W927 contains 
33 per cent. One of the sandy clays (\V926) is not. typically a type (2) 
clay, but because its plasticity is considerably better than most sandy clays 
it is so classified. 

Wood fioz~ntain Creek 

Exposures of the Whitemud formation a.re found on the valley sides 
from about Sec. 16 to about Sec. 34, Tp. 5 ,  Range 3, W. 3rd Mer. 

On the east side of the valley, .on a cone-shaped butte, between NE. 
Sec. 27 and NW. Sec. 26, Tp. 5, Range 3, W. 3rd Mer., is a good section 
of the sandy clay zone (Table 30), with considerable silt in the upper 
part. The sandy clay is fairly highly refractory and contains a fairly high 
percentage of clay, but not as high as a t  some other localities. The per- 
centage of clay gra.de in the samples is as follo~vs: 

Per cent 
R'954.. ................................................................. 41.6 
W951 ................................................................... 43.6 
8955.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35.2 
W957.. ................................................................. 35-2 
W958 ................................................................... 34.6 

The upper part of the formation, including the White clay zone, is not well 
exposed in this locality, but has been sampled about 200 yards to the south 
of t,he butte. The results are recorded in Table 31. Underlying a l-foot 
&inch bed of un'tested silt occurs 9 fect 7 inches of type (2) clay hav- 
ing a P.C.E. value of cone 30. Separating this clay from another 2-foot 
l-inch bed of similar material is a l-foot l-inch bed of iron concretions 
and 8 inches of a grey, friabl:e, untested shale. 

It is possible that  some Nhitenlud underlies the upland t,o the east 
of this locality, and is concealed there by boulder clay, etc. Also on the 
east side of the valley, in a long exposure on a.bout the boundary line 
between SE. Sec. 34 and NE. Sec. 27, Tp. 5, Range 3, W. 3rd Mer., the 
section of Table 32 was measured. This sect.ion was not thoroughly tested, 
but it may be of interest to manufacturers of refractories and possibly of 
bnll clays. Clay of type (1) or (2 ) )  ,having a P.C.E. value of cone 30, is 
indicated. The beds are rather too thin, however, to  be of economic im- 
portance. The sandy clay is refract,ory and cont,ains 57.6 per cent clay. 
The east side of this valley should be further investigated as good material 
might be found. 

To the south and on the west side of the valley some deposits were 
.sampled, but are not so promising as the above. I n  about the southern 



part of NW. Sec. 15, Tp. 5, Range 3, W. 3rd Mer., the section recorded 
in Table 33 was measured. The most promising clay wae tested, with 
poor results. A lit,tle to the west, and on the same low cliff, the section of 
Table 34 was sampled. It includes a sandy clay zone below, a Brown shale 
or clay zone in the middle, and a grey clay zone above. The sandy clay, 
W1704, gives only a cone of 23 and contains 31 per cent clay. The clays 
and shales of the Brown shale zone are poor. Some grey, silty clay gives 
a cone as high as 29. A 1itt.le farther west (See Table 35), below a farm- 
house, the Brown shale zone is gone, the sandy clay zone is thicker, of 
higher quality and greater percentage of clay, and the clay zone, though 
thin, is of high quality. Percentages of clay in t.he sandy clays are as 
follows: 

Per cent 
W1716 .................................................................. 34.4 
W1715 .................................................................. 32.4 

W1718 is of t,ype (2), but the bed is thin. Yet farther west, along the same 
cliff, and west of the farmhouse, is the section recorded in Table 36. The 
sandy clay, Wli19, contains 30.4 per cent clay. Yet farther along this 
cliff trhe entire section of the formation deteriorates and becomes quite 
valueless. 

Gollier Creek 

There are good exposures of the Whitemud formation in a part of 
Gollier Valley. In the south the Whitemud dips below the Ravenscrag 
formation. I n  the north, toward Twelvemile Lake, i t  is cut out along the 
erosional unconformity and t,he Ravenscrag rests direct.1~ on the Eastend 
formation. 

A deposit on the east side of the valley, north of the highway, in SE. 
Sec. 17, Tp. 5, Range 2, W. 3rd &$er., was measured and the results are 
recorded in Tafble 37. The upper pa,rt of the sancly d a y  zone is represented 
by W901, whiclh contains 33.6 per cent clay by elutriation test. The remain- 
der of the section belongs to the clay zone, except W902 which may represent 
the base of the Ravenscrag. The d a y  zone includes 6 feet 4 inches of type 
(2) and 3 feet 7 inches of type (4). 

On the west side of the valley, in SW. Sec. 17, Tp. 5, Range 2, W. 3rd 
Mm., is a thick exposure of the sandy clay zone. 

Feet Inches 
Sandy clay. .  ................................................... 17 

8'907 from near b11se 
Brown, sandy clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 5 
Sandy clay. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 0 

\1'908 from 10 feet below top 
11'909 from near base 

No ceramic tests were made, but the percentages of clay in the samples. 
of sandy clay are as follows: 

Per cent 
IT907 .................... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48.2 
W008 ................................................................... 36.0 
W909. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.6 



Above this sandy clay and under the boulder clay, a t  t,he top of t,he cliff, 
is a little pale green and purplish c1.a~. This might be found to thicken if 
followed back farther into the hill. The overburclcn is light and the deposit 
might bc further investigated. 

These occurrences on Gollier Creek are worth further study. They 
are, however, situated some dist.ance from the railway. 

Twclve?nilc Lake 

The Whitemud is entirely abscnt. along the erosional unconformity and 
t.he Ravenscrng re& directly on the Eastend in the western part of Twelve- 
mile Lake. It is, however, preserved over muoh of the eastern part of the 
lake. Even there i t  was removed in places along the erosional unconfoimity 
and in a few places is faulted below lake-level. Where present i t  is mostly 
poorly developed and thin. The samples taken are mostly of low grade, 
but, of course, sufficient have not been taken to state positively that  no good 
cl.ays are present. Along the north shore thcre are intermittent exposures 
bet,wecn the east part. of Sec. 22, Tp. 6, Range 2, \lT. 3rd Mcr., and Sec. 9, 
Tp. 6, Range 1, W. 3.rcl Mer., inclusive. On the south ehorc there are inter- 
mittent exposures between the east part of Sec. 11, Tp. 6, Range 2, W. 3rd 
Mer., and the west part of the SW. Sec. 9, Tp. 6, Range 1, 15'. 3rd Mer., 
inclusive. Only a few sections will be given. 

In the middle pa,rt of SW. Sec. 23, Tp. 6, Range 2, W. 3rd Mer., on 
the east side of a bay on the north side of the lake, is the section recorded 
in Table 38. The basal 25 feet belong to a very shaly phase of tihe Eastend. 
The overlying three beds are sandy clays. They have not ,been tested, 
but W714 contains 34 per cent clay and W715 contains 35.6 per cent. 
W716 is a feldspathic sand. 

On the ncxt point to the east of this the Whitemud format,ion is abscnt 
and thc Ravenscrag rests on the Eastencl. 

In about N\V. Sec. 12, Tp. 6, Range 2, W. 3rd Mcr., and on the cast 
side of a fault, thcre is a low cliff of whitish and greenish mndy clay ovcr- 
lain by grey silt, clay, etc. This dips to the east below lakc-level near the 
cast line of NW. Sect,ion 12. Farther east and on the north side of the 
lake some clay is present in the northern part of the YE. Sect,ion 12. A 
cone-shaped butte in t,he northern psrt of Sec. 7, Tp. 6, Range l, W. 3rd 
Mer., hns the following section: 

Pcet 
Grey, sandy clny (\V877). .................................................. 4 
Greenish, sandy clay.. .................................................... 8 
Thin-bedded, greenish, fine sand, silt, grey clay, etc. 

The greenish, sandy, and grcy, sandy, clay apparently belong to the White- 
mud formation, the top part of whi,ch is eroded off here. The thin-bedded 
layers below a.re of the Eastcnd foimation. The sample W877 gives a P.C.E. 
of 18, is fairly plsstic, and has fairly good working properties. It is, how- 
ever, of no value, being full of a soluble salt that melts on the surfac.e. It 
i.s also very sandy. 

A little east of the above and in the western part of NE. Sec. 7, Tp. 6, 
R:~nge 1, W. 3rd Mer., and nea.r the shore is about 64 feet of greenish, sandy 



clay (W874) wibh films of plant debris and vertical roots. The P.C.E. h 
12. It is fairly plastic and the drying behaviour is satidactory. 

For some distance to the east the Whitemud is cut out, so that the 
Ravenscrsg directly overlies the Eastend. 

A little north of the centre of Section 8 and west of a broad valley 
there is about 9 feet of greenish, sandy clay (W870). I t  has a P.C.E. of 17. 
It has some plasticity, but cracks very badly. 

On the same and north side of the lake and on the east side of the 
same broad valley is a long spur a t  the southern end of which \TThitemud 
sandy cllay outcrops. A little to the east the entire section passcs over into 
dark silt, shale, clay, etc., of no value. In the middle of NW. Sec. 9, Tp. 6, 
Range 1, \V. 3rd Mer., however, the Whitemud sandy clay reappears, a 
section of which is given in Table 39. W857 contains 42-4 per cent sand 
grade and 37-6 per cent clay grade. Type (9) is indicated. 

On the south shore of Twelvemile Lake no trace of Whitemud formation 
was found west of NE. Sec. 11, Tp. 6, Range 2, W. 3rd Mer., for Were the 
Ravenscrag rests directly on the Eastend. In the northern part of NW. 
Sec. 1, Tp. 6, Range 2, W. 3rd Mer., about 12 feet of white to grey, sandy 
clay was sampled (W756). It contains only 13 per cent clay. There are 
a number of Whitemud exposures in a valley in WE. and SE. Sec. 1, Tp. 6, 
Range 2, W. 3rd Mer. At one place 10 feet and in another 4 feet of sandy 
clay were measured. I n  the western part of SE. Sec. 7, Tp. 6, Range 1, 
W. 3rd Mer., on the west side of a spur, the Whitemud section is as in 
Table 40. Sixteen feet 9 inches of this material is of type (6) quality. 
W991, of sandy clay, contains 41 per cent clay. In  NE. Sec. 5, Tp. 6, 
Range 1, W. 3rd Mer., the Whitemud section includes: 

4 f& 6 inches whitish clay, minute femginous  glrtirw 
1 foot 6 inclhcs sandy clqr, W803 
W803 contains 45-8 per cent clay 

Thus the Twelvemile Lake deposits are not very promising. 
In  about SW. Sec. 9, Tp. 6, Range 1, W. 3rd Mer., the Whitemud 

formation goes down below lake-level and does not reappear to the east 
anywhere in Twelvemile Lake valley. 

Willows-Readlyn Area 

Somc good deposits have been found in this area. Several quarries 
have been operated. The Whitemud formabion is here about 35 feet 
thick. It shows considerable variation. Typically there is a sandy clay 
zone below and a clay zone above. The best clays are in the top of the 
clay zone. 

An unlvorlted deposit occurs on the cast side of the valley a t  the 
south end of Lake of the Rivers and in SMT. Sec. 7, Tp. 8, Range 28, 
W. 2nd Mer. A section is recorded in Table 41. Just where this section 
was made there ia very little sandy clay a t  the base. I t s  place is mostly 
taken by low-grade clay and silty clay. There is good clay in the clay 
zone, however, which includes 7 feet of type ( l ) ,  8 feet of type (2))  and 
6 feet 8 inches of type (4)) clua.lity. The measurements may be a little 
high. The overburden is not thick a t  this locality. 



Table 42 records the top part  of the  Whitemud section in a small 
quarry, south of the above locality, just north of the  highway and in 
NE. Sec. l, Tp.  8, Range 29, W. 2nd Mer. There are some ferruginous 
concretions in this clay. It is being worked as an upper bench. Clays of 
types ( l )  and (2)  arc found here. This clay is underlain by brown t o  
black, cnrbonnceous clay which was not tested. Below it is a fine, sandy 
clay with fossilized, long, tap-like roots. A small arrlount of i t  has been 
removed on a lower bench. 

Inln~ediately south of the above quarry, and south of the  highway, is 
the quarry from which a large tonnage has been shipped to  Medicine Hat .  
Practically the whole \\'hitemud section was utilized in this quarry and all 
was worked as one bench. The overburden is increasing to the east, under 
the upland. No study was made of this quarry. 

I n  n coulCe northwest of Willows the Whitemud is exposed in a number 
of places and shows much variation. An exposure on the  north side of this 
coul6e, in SW. Sec. 3, Tp.  8, Range 29, W. 2nd aier., shows a good section 
of sandy clay or kaolinized feldspathic sand, which is well developed, and 
is recorded in Table 43. It is of interest t o  note not only the  considerable 
thickness of the sandy clay here, but  the  decrease in degree of refractori- 
ness downnrard and tha t  this decrease is more or less, not exactly, cor- 
related with decrease downward in percentage of clay in the  sandy clay. 
The kaolinization is dying out downward. The  proportion of clay in the  
sandy clays by elutriation test is as follows: 

Pcr cent 
W1207 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.2 
\V1208.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 -8 
\V1209 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33-6 
R-1210 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40.4 
IV1211 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.0 
W1212 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29.0 
W1213 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25-2 

These sandy clays vary in refractoriness from cone 10 to cone 29, are only 
slightly plastic, and are only important when and if the  practice of washing 
the sandy clays is adopted. Alt,hough no good plastic clays are present in 
this section, i t  should be noted that  the top of the  clay zone is not exposed 
here. Excavation back into the  cliff and under the  upland might possibly 
open up better clay. 

A dcposit of Whitemucl sandy clay is exposed near the  railway trestle, 
just west of 7Villows. It was not sampled. 

A good natural exposure of t'he Whitemud occurs in a high cliff in 
SW. Sec. 30, Tp .  7, Range 28, \V. 2nd Mer. A section is  recorded in 
Table 44. There is sandy clay belotv and plastic clay above. This is a 
good locality for the  more important clays. Tests show the deposit t o  
contain 8+ feet of type ( l ) ,  8 fcct of type (2), 2 feet 8 inches of type (3), 
1 foot. 1 inch of type (4),  and 2 feet 6 inches of type ( 6 ) ,  clay. The sandy 
clay samples contain the following percentages of clay by elutriation test: 

Per ccn t 
\V1277 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43.4 
IY1275 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43.0 
W1273 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40.6 
m'1271 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45.8 

The measurements may be a little high. 



A rather thin section, possibly not including the top of the clay wne, 
was measured on the north side of a small coulde west of the highway 
on SE. Sec. 24, Tp. 7, Range 29, W. 2nd Mer. (Table 45). There is sandy 
and silty clay below and clay above. Clays of types (2), (3), (4), and 
(6) are included. They are somewhat ferruginous. All crack to some 
extent. W1354 contains 56.6 per cent clay. 

Clay has been quarried in about the northern part of Sec. 28, Tp. 7, 
Range 28, W. 2nd Mer., and shipped to Estevan. No study was made of 
this deposit. 

Whitemud clays are also exposed in the vicinity of Readlyn, but were 
not sampled. 

Willowbunch Lake Area 

On the east side of the valley, between Readlyn and what is here 
called the Verwood trestle, there are not many exposures of the Whitemud. 
Over much of this stretch i t  seems to lie low on the valley side and west 
of the railway track. On the west side of the valley, in places a t  least, 
i t  may be faulted down below valley level, or is so low that  i t  is covered 
with alluvium, etc. East of the Verwood trestle and north of highway 
13, in SE. Sec. 6, Tp. 7, Range 27, W. 2nd Mer., and a t  the end of a 
high spur the section measured in Table 46 is exposed. Here sandy clay 
is overlain by silty clay and a t  the top is clay. W1214, of sandy clay, 
contains 51 per cent clay. The clay zone includes 8 feet of type (2) clay. 
This deposit is overlain by about 10 feet of grey to grey greenish silt, 
shale, etc., and above i t  is a thin coal seam probably identical with, or 
about a t  the horizon of, the one immediately above the Whitemud in the 
Willows area. Those ~vho favour the alteration of clays by descending 
swamp waters might see in the position of the coal bed a t  Willows a 
confirmation of their view, but would find nothing a t  this locality to 
support it. 

South of the above and just north of highway 13, east of the Verwood 
trestle, is a small pit from which a test shipment hfas been made. Three 
feet of clay (type (4) )  in the upper part of the section gave the results 
recorded in Table 47. It may not be a t  the very top of the formation. 

Along the east side of the valley between the Verwood trestle and bhe 
lake no deposit of t'he Whitemud formation occurs. It is possible that the 
grey sands that outcrop there are of Sand E and underlie the Whitemud 
beds. On the west side of the valley Sand E,  and in places the Eastend 
outcrop on the valley side. What appeared to  be sandy clay a t  the base 
of the Whitemud was found up a side coulCe to the west and there the 
Whitemud should bc sought. 

On the west side, where the lake shore turns eastward a north-south 
coulde enters the main valley. It is west of the highway in Sec. 12, Tp. 6, 
Range 28, W. 2nd Mer. On the west side of this coulCe only a coal seam 
and beds low in the Ravenscrag formation outcrop. On the east side, how- 
ever, the Whitemud is exposed. There is, of course, a fault down the 
centre of the valley. Some clay has been removed in a tunnel and a small 
experimental plant has been operated nearby. There is sandy clay below 
and plastic clay above. This section was not sampled in the course of this 
investigation, but good clay is said to be present. 



Just east of the above, east of the Iiighway, in another coulhe, in 
Sec. 7, Tp. 6, Range 27, IfT. 2nd Mer., and on the south side of Willow- 
bunch Lake, is a good exposure of the Mihitemud formation. A section 
made on t,he east side of this coulde, just. south of a small fault, is recorded 
in Table 48. It includes 3 feet of type ( l ) ,  8 feet of type (3), and 7 feet 
4 inche. of type (4), olay. The bed of 11'1303 in which the small ferru- 
ginous concretions are concentrated v;ould have to be discarded. The 
sandy clays contain the following percentages of clay by elutriation test. 

Per cent 
W1299 .................................................................. 54.4 
\V1298 . . . . . . . . . . . . . . . . . . . .  .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45.2 
\V1207 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38.8 
\\'l296 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37.6 

North of the fault the clays were not tested. 
To the east in another coulke, south of the lake, there are esposures 

of the Whitemud clay. Also, along the south shore of the lake there are 
discontinuous deposits as far east as about SE. Sec. 9, Tp. 6, Range 27, 
W. 2nd Mer. Beyond this the Whitemud goes below lake-level and does 
not reappear on the lake shores to the east. I n  SE. Sec. 9, Tp. 6, Range 
27, W. 2nd IiIer., is the section recorded in Table 49. It i,ncludes a few 
feet of the top of the formation. Only cone tests were made. Highly 
refractory cla.ys are included. The overburden is from 30 to 40 feet and 
increases back into the hill. 

Big Mzlddy Valley 

I t  has been stated that, owing to the regional east dip, the Whitemud 
formation descends and disappears below lake and valley level near the 
east end of Twelvemile Lake in Twelvemile Lalce Valley and near the 
west end of Willowbunch Lake in Lake of the Rivers Valley. It rises 
again and reappears, on a low structural arch, in Big Muddy Valley, 
between Tp. 3, Range 25, W. 2nd Mer., and Big Muddy Lake. The 
total thickness of the formation exposed here is about 35 feet, but the base 
has not been observed. I t  shows considerable variat.ion, but there is mostly 
sandy clay a t  the base, clay above, and the best clay mostly a t  the top 
of the clay zone. At most, if not all, exposures the overburden is too great 
to permit open pit work. 

On the south side of Big Muddy Valley, west of the 'highway (34) 
south from Bengough, and near the centre of Sec. 27, Tp. 3, Range 24, 
W. 2nd Mer., is the section of the Whitemud formation recorded in Table 
50. At the top is 9 feet of type (2) clay having a P.C.E. of +30. Below 
is some 9 feet of very fine, sandy, and somewhat silty clay and clays 
(types (4) and (6))  which burn buff or cream, are less refractory than 
the top 9 feet and less likely to crack. At the base is some 16 feet of 
sandy clay. The percentage of clay in the sandy clay is as follows: 

Per cent 
W1168 .................................................................. 48.8 
W1169 .................................................................. 47.0 
W1170 .................................................................. 43.6 
W1171 .................................................................. 48.0 



About 150 feet to  the east along the cliff the bottom part of the sandy 
clay zone changes a little. The section there is recorded in Table 51. The 
percentage of clay in the sandy clay is a s  follows: 

Per cent 
W1175 ............................................................... 51.6 
W1174 .................................................................. 42.2 

.................................................................. W1172 49.6 

The overburden of Ravenscrag sand, hard sandstone ledges, and clay is 
about 50 feet in the front part of the cliff and more than 100 feet to  the 
rear, on the higher cliff. 

Farther west along the south side of the valley the Whitemud is 
exposed in places, near or a t  the bottom of the high cliffs. I n  about 
SE. Sec. 20, Tp. 3, Range 24, W. 2nd MM., is an exposure of the very 
top of the clay zone of the Whitemud. It is recorded in Table 52. The 
clay is refractory, but none other than P.C.E. tests were made. W1504 
would probably need washing. Although these clays have P.C.E. values of 
31 + and are of type (1) or (2), the beds are very thin. 

Much farther west along the south side of the valley, a t  the end of 
a high spur, in NE. Sec. 24, Tp. 3, Range 25, W. 2nd Mer., the section 
recorded in Table 53 was measured. It includes the top part of the clay 
zone overlain by Ravenscrag carbonaceous  hale and lignite. This material 
is highly refractory and of type (1). 

Yet farther west along the same side of the valley, in about the middle 
of Sec. 25, Tp. 3, Range 25, W. 2nd Mer., a thick: section of the formation 
is exposed in a high cliff. The measurements are recorded in Table 54. 
It shows great variation in refrnctoriness of individual beds. I t  supports the 
theory of weathering and alteration, bed by bed, i.e. penecontcmporane- 
ously with deposition. The most refractory clay is a t  the top of tlhe clay 
zone, lionrever. The sandy clay zone instead of bcing massive is separ- 
ated by many beds of low-grade clay and silty clay. Not much high- 
grade, sandy clay, therefore, occurs in the section. The total thickness is 
below 35 feet. The clays of this section include: 9 feet of type (2) ,  2 feet 
of typc (3), 8 inches of type (4), 2 feet 10 inches of type (6)) and 1 foot 
9 inches of type (6) ,  qualiky, 

On the north side of the valley, in about 6W. Sec. 2, Tp. 4, Range 25, 
TV. 2nd Mer., a section was sampled and is rccwded in Table 55. The 
clays in this section are not very refractory. They burn to  cream and buff 
colours and include types (4) and (5). 

Along the north side of the valley there are few exposures for some 
distance. From Range 24 eastward, howcvcr, there are many exposures 
that should be examined. They are mostly in high cliffs and could hardly 
be quarried. 

From near the crossing of highway 34 to near the west end of Big 
Mudcly Lake there are few exposures of thc Whitemud. T t  appears to go 
below valley level there on both sides. At the wcst cnd of Big Muddy Lake, 
on thc south side are several exposures, mostly of the top beds of the for- 
mation. Thc top beds show in NE. Sec. 15, Tp. 3, Range 23, W. 2nd 
Mer. A sample is recorded in Table 57. A l-foot bed is of type (2) clay. 
On a small butte in Sec. 14, Tp. 3, Range 23, W. 2nd Mer., sandy clay, 



cone 29, is overlain by pale greenish grey clay, cone 28. Jus t  southeast of 
this small butte, a t  the end of a short spur, is a l-foot bed of type (1) clay 
(Table 56). A litt.le sandy clay also shows on the nort,h side of the lake, 
near its western end. 

Other Localities 

The TVhitemud, of course, occurs a t  other loca.lities, bu t  they were 
not st,udied. It has been repo,rted near Brooking. The beds a t  Halbrite 
may represent an eastern extension of the  Whitemud. Extended quarry- 
in$ has been done a t  Claybank and important refractory products manu- 
f.actured. Other deposits include those in the  Cactus Hills south of 
Moose Jaw, west of Moose Jaw, and near Beechy. 

WILLOWBUNCH CLAYS 

The more important Willowbunch clays are, for cera.mic purposes, 
practically all of types (4) ,  (5 ) )  and (6) .  They are buff burning rather 
than white burning, although some are white burning. The Whitemud 
clays seem to  be more of the types ( l ) ,  (2) ,  and (3). 

Willozubunch Area 

I n  Willombunch area the Willowbunch member underlies the high 
upland southwest, south, and southeast of the town of Willowbunch and 
is exposed high in the coulEes heading into the upland from t~11e main 
valley. The upland on the north side of the  valley is too low to carry it. 
It lies just belo~ii the thick Willourbunch coal seam. Exposures extend 
from Sec. 21, Tp .  5, Range 28, W. 2nd Mcr., to Sec. 4, Tp.  5, Range 27, W. 
2nd Mer. 

Most of the section given in Table 58 was measured, south of a fence, 
in NW. Sec. 15, Tp.  5, Range 28, W. 2nd Mer. The two lowest beds were 
measured and sampled a couple of hundred feet to  the northwest, across 
thc fence. At the base is sandy clay. W1063 contains 24 per cent of clay 
by elutriation test. This is one of the few occurrences of sandy clay in 
thc Willombunch member. The grey, very fine sand and silt over i t  was 
not tested. Above there is first low-grade and then higher grade clay of 
types (1) and (4) (indicated). At bhe top are low-grade clays. 

On the west side of a coulCe, below a coal tunnel, southwest of Willow- 
bunch and in the northern part  of SE. Sec. 14, Tp. 5 ,  Range 28, TV. 2nd 
i\/Ier., the section given in Table 59 was sampled. Samples tested show 
poor clays overlying a %foot 4-inch bed of type (4) clay. Only the very 
top of the zone is included in this table. 

A section talten about 100 yardq east of the above is recorded in 
Ta.ble 62 and includes most of the Willowbunch member. This section 
shows 3 feet of type (2) clay, 2 fect 9 inches of type (5), and 2 feet 10 
inches of type (7).  

An exposure of clay north of the bend in the highway in SW. Sec. 7, 
Tp.  5, Range 27, W. 2nd Mer., was measured (Table 60). It consists of 
6 fect 6 inches of type (1) clay. 



West of Bonneau Lake, on the west side of n long coulde, in NE. Sec. 
4, Tp. 5, Range 27, W. 2nd Mer., is the section of the Willowbunc~h mem- 
ber recorded in Table 61. W1320 is a sandy clay and has 26.6 per cent 
clay. W1322 is finer and has 38-8 per cent clay. This section shows that 
3 feet 8 inches of type (1) clay are underlain by 5 feet 3 inches of tvpe 
(9) sandy clay. The remaining clays from this section are of little eco- 
nomic value. 

At a lower horizon in the Ravenscrag, about 120 feet below the Willow- 
bunch member, and down the same coulde on its west side, in about SW. 
Sec. 3, Tp. 5, Range 27, \V. 2nd Mer., is a zone of clay recordcd in Table 63. 
It attracted attention because of its pale weathering colours. Samples, 
however, do not disclose the presence of any refractory clay. 

Harptree 

For some distance east of the above locality the valley sides are not 
high enough to carry the Willowbunch member. South of Harptree, how- 
ever, on the south side of the valley, the high cliffs of the tributary coul4es 
carry the ~~Tillowbunch member. Two clay zones are worthy of considera- 
tion. The higher one contains some fair clay only a t  one locality and is 
difficult to identify elsewhere in the area. The lower onc, 40 feet below it, 
is of wider extent, although variable, and in places is also difficult to recog- 
nize. It was traced from about SW. Sec. 8, Tp. 4, Range 26, W. 2nd Mer., 
to about NE. Sec. 33, Tp. 3, Range 26, W. 2nd Mer. The cliffs on the 
north side of the main valley south of Harptree are not high enough to 
carry the Willowbunch. 

The lower zone was sampled in NW. Sec. 5, Tp. 4, Range 26, W. 2nd 
Mer. A section is given in Table 64. There is no sandy clay zone. Silty 
d a y  is present, however. The section is a very interesting one containing 
as i t  does 2 feet 10 inches of type (3) clay (P.C.E. 27) and 10 feet 2 inches 
of type (4) (P.C.E. 19 to 28), and exhibiting good working, drying, and 
burning properties. 

The same zone was sampled in NE. Sec. 5, Tp. 4, Range 26, W. 2nd 
Mer., and the section is recorded in Table 65. The tests were not compre- 
hensive on these samples, but indications are that clay of types (4) and (9) 
are present in beds of workable size. 

A good section of the lower zone is exposed just west of the road to 
Coronach, in about NE. Sec. 33, Tp. 3, Range 26, W. 2nd Mer., on the 
east side of a coulbe, and a little below We level of the upland. It is recorded 
in Table 66. The tests of materials from the section showed the presence 
of clays of types ( l ) ,  (2), and (4). Tshe clays of types (1) and (2) do 
not crack in drying as is usual with the Whitmud clays. 

The higher zone was sampled in NE. Sec. 5, Tp. 4, Range 26, W. 2nd 
Mer. A section is given in Table 67. Albhough clays of type (4) and type 
(7) are represented in this section, the beds sampled are too thin to be 
worked. 



Buffalo Gap 
Ref~actory and semi-refractory clays aho occur in the vicinity of 

Buffalo Gap. They appear to 'be at the horizon of the Willowbunclh member. 
Outcrops are few, however, and bhe exact etratigraphic position b difficult 
to determine. On the east side of the road Wrough the gap, and in about 
the soutthm part of Sec. 11, Tp. 3, Range 25, W. 2nd Mer., under burnt 
shale is some grey shale. A sample of i t  is recorded in Table 68. 

About 34 miles norkhwest of Buffalo Gap, near the end of la norbhwd- 
extending qw, and in about Sec. 17, Tp. 3, Range 25, W. 2nd Mer., are fine 
sandstoneis, shales, etc., weathering pale yellowieh, etc. ELgh h the exposed 
section are the clays recorded in Table 69. Although refractory clay of 
probably type (1) or (2) is present the bed is not of sufEcient bhicknsss to 
warrant development. 

Big Muddy Valley 

On the south side of Big Muddy Valley, east of the Bengough (34) 
highway, and in Sec. 13, Tp. 3, Range 24, W. 2nd Mer., a t  a high elevation, 
the section recorded in Table 70 was measured. Tests show it to contain 
3 feet of type (5) clay, 4 feet of type (6), and 4 feet 7 inches of sandy clay 
of type (9). 

Big Muddy Lake 

The Willowbunch member is well exposed on the high escarpment south 
of Big Muddy Lake and on both sides of the valley beheen the lake and 
the International Boundary, except on the west side in the vicinity of Big 
Muddy post office. 

In about NW. Sec. 7, Tp. 2, Range 22, W. 2nd Mer., the section recorded 
in Table 71 was memured. Under a 3-foot overburden of poor quality clay 
are 14 feet of clay of type (5). 

A section, memured on the west side of a coulhe, and di~ectly west of 
the Keogh ranoh house, is recordd in Table 72. Tests show the presence of 
clays of types (5) and (7). 

On the east side of the Big Muddy Valley, south of the lake and in 
NE. Sec. 1, Tp. 2, Range 22, W. 2nd Mer., is the section recorded in Table 
73. There are indications of the presence of type (1) or (2) clay, under- 
lying d a y  of poor quality. 

Legere Coule'e 

' At eeveral localities in Legere Coulh, east of Old Wood Mountain, 
exposures of the Willowbunch cbys  occur on the valley sides. The section 
recorded in Table 74 i6 in about NW. Sec. 18, Tp. 4, Range 2, W. 3rd Mer., 
on the west slope of a high hill. Tests indicate the presence of types (4) 
and (6), but the beds are too bhin to (be of economic importance. 

Yhe section recorded in Table 75 is in NE. Sec. 13, Tp. 4, Range 3, 
W. 3rd Mer. Clay types (1) land (4) occur in the deposit in beds of work- 
able size. 

The section recorded in Table 76 is on a hill, north of the east-west 
road through Legere CouIQ and in Sec. 23, Tp. 4, Range 3, W. 3rd Mer. 
There is no clay of economic importance in Wis outcrop. 
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Canopus to Kildeer 

Between Clanopus and Kildeer, on the sout~h side of the railway, a t  high 
elevations, are exposures of what is probably the W~illowbunch member. 
Just south of the siding, near the Lugenville farm, west of a north-south 
road and in approximately Sec. 36, Tp. 2, Range 3, W. 3rd Mer., is the 
section recorded in Table 77. Clay of type (7) is present, but the beds are 
too thin to !be of economic importance. On the east side of We same road 
a few feet of clay was measured. The results are given in Table 78. Clay 
of type (4) occurs, but the thickness is not recorded. 

Northeast of Kildeer, in SW. Sec. 13, Tp. 2, Range 3, W. 3rd Mer., on 
the south side of a high butte, is a section, recorded in Table 79. Type (4) 
clay is indicated, but the thickness of the bed is too m a l l  to  be of economic 
importance. 

Some clay, a t  a much lower horizon, in Dhe Ravenscrag, was sadmpled 
a t  the turn in the road, in the east part of Sec. 34, Tp. 2, Range 3, W. 3rd 
Mer. This is recorded in Table 80. The one clay tested from this locality is 
of little economic i~mportance. 

At high elevations in the vicinity of Rockglen, is a zone of clays 
resembling those of the Willowbunch member. A second zone below i t  is 
also worth noting. These deposits are on the Coronach branch of the 
Canadian Pacific Railway. 

North of Rockglen, in about the centre of Sec. 11, Tp. 3, Range 30, 
W. 2nd Mer., a t  the top of a cone-shaped hill, is a section of what is prob- 
ably the Willowbunch member. It is recorded in Table 81. The tests 
show the presence of type (6) clay in a bed of workable size. 

Near, but west of, the above, and in about Sec. 11, Tp. 3, Range 30, 
W. 2nd Mer., is the section recorded in Table 82. Although type (5) clay 
is noted here, the thinness of the bed makes i t  of little economic value. 
Clay also occurs a t  a lower horizon, about 80 to 100 feet below the above 
zone, which is apparently the Willowbunch. I t  is in SW. Sec. 11, Tp. 3, 
Range 30, W. 2nd Mer., and is recorded in Table 83. Although clay of 
type (6) occurs here, its thickness (1 foot) makes i t  of little economic 
importance. 

What is also probably a t  a lower horizon is a small zone to the south- 
west of Rockglen, in about SW. Bec. 33, Tp. 2, Range 30, W. 2nd Mer. A 
section is given in Table 84. Types (1) and (4) clays occur here in very 
thin beds. The beds are too thin to be of economic value. 

The higher and probable Willowbunch zone was sampled a t  the east 
end of a high ridge in the southern part of Sec. 26, Tp. 2, Range 30, W. 
2nd Mer. A section is given in Table 85. The showing is poor. 

A good section of the Ravenscrag is exposed on the east side of Rock- 
glen Valley, in 6W. Sec. 29, Tp. 2, Range 29, W. 2nd Mer. At the top 
is what is possibly the Willowbunch zone (Table 86). Clays of types (4) 
and (6) are found here but in too thin beds to work. 



About 10 feet below the above is the section recorded in Table 87. 
Clays tested from the section are poor. 

Albout 25 feet below the above is a section recorded in Table 88. 
Clays tested from the section are of little value. 

Ambout 100 feet below this is the bed recorded in Table 89. Clays 
tested from this seot.ion are of little value. 

Near the International Boundary, in Sec. 2, Tp. 1, Range 24, W. 2nd 
Mer., about 10 to 15 feet of whitish silt is exposed that may be of the Wil- 
lon~bunch member. A sample taken from near $he middle is recorded in 
Table 90. It is of little value. 
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APPENDIX 11: PETROGRAPHY OF T H E  WHITEMUD AND 
WILLOWBUNCH CLAY SA34YLES 

The following description of the clay samples includes sandy samples 
that contain enough clay to make sufficiently plastic to justify their 
examination from an economic standpoint. 

The samples fall into four natural groups: 
(1) Grey and white sands with a high clay content 
(2) White sil,ts and clays 
(3) Dark sandy c1:iys 
(4) Dark clays with little or no sand 

The grey sands contain as essential constituents cluartz, feldspar, chert, 
kaolin, a white micaceous mineral, and clay. Accessory constituents are 
iron canbonates, occasional carbonaceous fragments, and the heavier acces- 
sory minerals, zircon, tourmaline, and rutile; anatase may be prescnt, and 
garnet occurs in the coarser grades of sand. Other minerals include epidote 
and andalusitc, but are not of sufficient importance to justify more than the 
mention of their occuwrence. The coarser gradcs may also include flakes 
of a fresh black mica. 

The quartz is angular and subangular; occasional rounded grains may 
be found, but in no greater proportion than is to be expected from sanlples 
collected over such a wide arca. 

The feldspar grains are badly decomposed ancl very cloudy, oftcn to 
the complete elimination of interference colours under crossed nicols. Clear 
grains showing albitc twinning, and fresh microcline arc persistent in soinc 
of the samples. Some of the clear feldspar grains are beautifully zoned, 
F ~ O I I T  definite traces of crystal form, and arc most certainly authigenous; 
they could never have survived the mechanical and chemical agencies 
that  have broken adown thc feldspar grains with which they arc associ- 
atcd. Rounding of crystal edges on the secondary grains is rcferrcd to 
incipient re-solution. 

The chert grains are dark and worn, and qhov: the dull polish this min- 
eral acquires during transportation. Frcqliently some of thesc grains 
show clear, siliccous veinlets. 

The ka,olin in the coarser grades occurs in thick, white or crcnm-CO:- 
o ~ ~ r e d ,  highly lustrous, platy grains, built i ~ p  of fine lamincc, and S~IOIYF 

a pseudo-columnar habit and curvature along the lenqth. I n  thc finer 
qrades the mineral occurs as thin plates, oftcn \+-it11 a rectangular habit; 
'these thin lam in^ are translucent, becoming cloudy and opacluc ns thc 
thickness increases. I n  the darker clay samplei: the kaolin is b:.o~r-ni~h. 
The white, nlicaccous mineral m-hocc appearancc suggests scricitic mica 
may be in part, or wholly, kaolin or another clav mineral. 

The grey sands owe their colour to the mixture of quartz ant1 fcld- 
spar, ancl to the chert grains; thc darker colour of some of the samples 



is due to iron staining. When the clay is washed out of these samples, 
the residue is a pepper and salt grey owing to the removal of the powdery 
clay coating from the chert grains. In  W33 biotite flakes help to  darken 
the tint, and in W906 the tint is influenced by pink and light brown, 
sharply angular grains; in W1275 the dark grains are in part lignite; in 
W1446, a grey sand, the colour is due to a mixture of quartz, feldspar, 
and chert grains only. A few grey samples, which are so light in colour 
as  to approach a cream or nearly white, are almost or entirely free from 
dark grains; for example, W54 after 11-ashing shov,ls so few darl: grains 
that  they do not influence the colour of the sand grade. W510 and W1377 
contain much large white feldspar and considerable iron carbonate aggre- 
gates which are of varying shades of light brown, although the colour and 
larger size of the latter do not influence the colour either of the original 
sample, or of the sand grade after washing. 

The white silts and clays only differ in appearance in the hand specimen 
from the grey sands in their colour and texture according as they are more 
compact or powdery. Examples are: W37, containing 9.4 per cent of clean, 
sharp sand with few darl: grains; W85, containing 21.4 per cent of simi- 
lar sand; W87 and W509 contain no sand, but a low content of small iron 
spherules; W1656 contains 1 per cent of sand which is high in quartz, and 
some iron aggregates. The freedom of the lighter coloured samples from 
dark grains suggests that  any such hnvc suffered solution in the original 
sediment during the decomposition of the feldspars. The white silts and 
clays contain abundant, white, micaceous flakes whose size is proportional 
to the grade of the sample. The whiteness of some of the clay samples 
may have been causcd by the bleaching action of the carbonaceous frag- 
ments. 

The dark clays and sandy clays vary in colour from darl: brown to 
grey. Those containing lignite fragments contain no sand and only a 
little, clean, superfine sand or coarse silt. The colour of the original 
sample is no guide to  the carbonaceous content; for instance, W1327 and 
W1390, W1389 and W1461 contain lignite fragments, but the first two 
are much lighter in colour than the last two. W659 is an example of a 
dark clay with 16.2 per cent sand. Examples of light-coloured dark clays 
with little or no sand are W1269 and W1403; W659 and W1054 are simi- 
lar, but darker in colour. Intermediate between the whitc silts and clays, 
and the dark silts and clays are all gradations of colour. 

Of particular interest in W1734, the sand gracle of which is aImoet 
entirely composed of kaolin. The colour of the sample is brownish grey 
with no indication of its mineral composition until the fine clay is washed 
away, when the thick, platy, and curved columnar kaolin is easily recog- 
nized under a low magnification. 

The Willowbunch samples are similar to those of the Whitemud and 
appear to have suffered much the same type of decomposition. The white, 
flaky, micaceous mineral is common, the coarser sand grades contain 
chert grains, as in W1063. The clay content is high, and the quartz con- 
tent is higher in the finer sand grades than in the coarser sand grades. 
All the Willowbunch samples are light in colour, and iron is present only 
in the form of spherules or aggregates as in the Whitemud samples. The 
heavy accessory minerals are restricted to  zircon, tourmnline, and rutile. 
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IN MANITOBA 

By R. T. D. Wickenden 

CONTENTS 
Paae 

Introduction .............................................................. 158 
Well logs.. ................................................................ 160 

INTRODUCTION 

To those engaged in drilling for oil and gas, a knowledge of the suc- 
cessions of formations is invaluable. I n  a drift-covered country underlain 
by nearly horizontal strata, such as Manitoba, deep wells furnish the only 
means of studying the sedimentary section for any one locality. The 
results of a study of the records furnished by deep wells in Manitoba are 
presented here. Unfortunately, many details cannot be supplied by such a 
study, and i t  is only by applying the knowledge gained from surface studies 
to the information gained from wells that we are able to visualize the whole 
section. The writer is cognizant of the limited nature of the information 
obtainable from his study, but a t  least i t  is possible to define horizons that 
are recognizable when drilling, which is not always true of horizons defined 
from the study of outcrops only. 

Jurassic formations are considered by many geologists to be the source 
of some of the oil and gas found in the western part of the prairies and in 
the foothills of the Roclry Mountains. The distribution of these beds, there- 
fore, is of interest t o  those searching for oil or gas fields. In Manitoba 
Jurassic #beds are not exposed a t  the surface, but studies of samples from 
deep wells indicate that  Jurassic strata occurring in southern Alberta and 
northern Montana apparently extend across southern Saskatchewan into 
southern Manitoba. Near the shore-lines of the sea in which the Jurassic 
beds were deposited one may expect to find sands that may serve as reser- 
voir beds for oil or gas provided the structure is suitable. 

In  southern Manitoba between the basal beds of the Upper Cretaceous 
and the top of the Palseozoic there is a series of beds that has not been 
recognized in outcrops and has been almost unnoticed in wells. Donllingl 
designated as Jurassic what appears to be the same series in the Neepawa 
well in Manitoba. Recent drilling a t  two localities in Manitoba has yielded 
a fair series of samples from these beds, and these show that  the upper part 
is probably Lower Cretaceous and the lower part is definitely Jurassic. 
The Jurassic consists of w.hat appear to be three members or possibly for- 
mations. The uppermost is a grey, marine shale, the middle is a varie- 

1Dowling, D. B., Slipper. S. E., and BlcLarn, F. H.: Geol. Sum., Canada, Mem. 116, p. 37 (1919). 



gated, non-marine shale, and the lowest is a grey and white, marine shale. 
Samples from the Comn~onwealth Manitou No. 2 well afford the most com- 
pletc series from these beds, but samples from the Dauphin Oil and Gas 
Syndicate well on Vermilion River also afford information regarding the 
Jurassic beds. 

The Palaozoic forlnations of Manitoba are confined to the Ordovician, 
Silurinn, and Devonian periods. The Ordovician rocks have been divided 
into three formations or series named, in ascending order, the Winnipeg, 
Red River, and Stony Mountain. The Winnipeg formation consists of sand 
and shale and rests directly on the Prccambrian. The Red River division 
is made up of dolomite and limestones, and conslsts of three members: the 
Dog Head (Lower Mottled), Cat  Head, and Selkirk (Upper Mottled). 
The Stony Mountain lilnestonc is the uppernlost division of the Ordovician. 
All three are considered to be of Richmond age. The Silurian is repre- 
sented by only one formation, the Stone\vall. The formatio~x of Devonian 
age are, in ascending order, the Elm Point, Winnipegosan, and Manitoban. 
The Elm Point is of hlIiddle Dcoonian, and the others are of Middle or 
Upper Devonian age. 

These Palaeozoic formations have bcen defined from a study of the 
surface esposures. Because the formations are almost flat-lying and the 
surface is practically level, and because many part3 of the formations have 
not bcen seen a t  the surface, considcrnblc doubt esists as to the composi- 
tion ancl limit* of the various formations. In  rio one locality have all the 
forma:lons of any onc period been obqcrved. 

The results obtained by the stutlp of the deep well records are espress- 
ible in columnar sections for three different localities. The section for the 
southernmost locality is based on n well drilled by the Common13-ealth Oil 
and Gas Company near Manitou. A second section i~ for a locality about 
150 miles north arid a little west, in the vicinity of Dauphin and Lake Win- 
nipegosis. No one well in this vicinity was bored complctcly through the 
Palaozoic section which, therefore, ha. bccn constructed by interpolating 
information derived from three wells. the Dauphin, Ochre River, and Win- 
nipegosis \veils. The third and no-thernmo~t section is for a locality about 
120 miles farther north, in the vicinity of Mafeking, where a diamond- 
drilled well and several standard rig wells have yielded samples from all the 
Palzozoic beds in the vicinity. Each sample from these wells was exam- 
ined lithologically and a portion of each was disintegrated and examined 
for micro-fossils. The age determination of the strata assigned to  the 
Jurassic is based on the occurrence of fragments of belemnites, as well as on 
the presence of some of the same species of foraminfera and ostracoda that 
were found in the Jurassic beds in t3askatchewan and Alberta. 



WELL LOGS 

. . . . . .  Devonian 

MANITOU NO . 2 WELL 

Drilled by Commonnrealth Oil and Gas Company 

Location: L.S. 8. Sec . 26. T p  . 2. Range 9. W . 1st Mer . 
The samples from 0-735 feet are from glacial drift and the underlying 

Upper Cretaceous strata down to the basal beds . 

- 

Lower Crctaccous 

Jurassic . . . . . . . . . .  

............. 1)olomitc. light buff anrl grcy 
diialc. light grcy. some a at id a t  1.150-1. 160 

..................................... fcct 
................................... Jiisjing 

..................... Sli.~lc. cream colourcd 
Slxile. rcddish brown. grcy. and white; 

n~rrch gypsum ........................... 
............ i.ihalc. grey and rcddisll brown 

..................... Sh.ric. reddish brown 
................................. hiding.. 

...... Bhnlc. rcdilish brown; mucli gypsum 
Suncl. quartz. reddish stain. mcdiuln to  

.............. cour.cc grains. wcll rounded 
..................... Slialc. redclisli brown 

................... Limestone. dirty cream 
................. Dolomite. nisuve to pink 

.......................... Shalc. brick.rcd 

Shalc. mcdium grcy ....................... 
Shalc. light grey .......................... 
Yhalc. light grcy and reddish brown ...... 
Shtllc. light grcy .......................... 
Shale. 1nccii11rn grey ...................... 
Sh.11~. rctltiish brown and grey ............ 
Shale. mediun~ prey ....................... 
5111~12. rctldish 1,rowni ..................... 
SI~.lle . mctlitnn grey ...................... 
Sl~.~le. redtlislt brown and grcy ............ 
Sand . liglit zrcy t o  white; fine grains; 

c.luart~ .................................. 
Hliale. rncdiurn grcy. containing marine 

fossils ................................... 
Sha$. vnriczatcd. redclivh bro~vn. green. 

nrnltc. and yellow; somcwlitlt calcar- 
eous; cont:lins chaw fruit. smooth 
ostmcods. and matcrworn shcll frag- 
mcnts; sornc gypsum a t  1. 040 feet; non- 

.................................. Inanne 
....... Sliolc. mcdiunl grcy; marinc fossils 

Slitllc. nicciiurn grcy atld rcddish brown; 
........................... marine fossils 

S11.11~. calcareous. sandy. light grey and 
wliitc ................................... 

1.110-1.140 

1.140-1. 200 
1.200-1. 210 
1.210-1. 220 

1.220-1. 270 
1.270-1. 260 
1.2S0-1. 300 
1.300-1. 340 
1.340-1. 390 

1.290-1. 400 
1.400-1. 430 
1.430-1. 450 
1.450-1. 470 
1.470-1.490 

........................... Dolomite. pink 
........................... Lil~icsto~~c. p.irik 

..................... Liniestonc. llgllt grcy 
........................... Dolomitc. pink ................. Dolornitc. crcatn colourcd 
........................... Dolomite. pink 

................ Limestone. cream coloured 

Depth 
Fcc t 

73s-755 
755-764 
764-750 
780-520 
820-853 
855-360 
SfiO-870 
870-880 
XIO-S90 i 
890-895 * j  

595-900 

90&970 

970-1.000 
1.060-1. 070 . . .  

'3 . 1.0704.  090 f 

1.090-1. 110 

1.490-1. 500 
1.500-1.510 
1.510-1. 530 
1.530-1. 540 
1.540-1. 550 
l .  .5.50-l. 570 
1.570-1. 580 



Some of the beds placed in thc Lower Cretaceous are probably marine 
because. at  830 feet. a pelecypod was found that resembles the genera 
Camptoncctes or Lima . If the specimen belongs to one of these genera. or 
a related genus. i t  is probably of rnnrine origin . The reason for assign- 
ing to the Lower Cretaceous the beds from 738 to  900 feet is that  they lie 
above becls determined to be Jurassic ancl below other becls considered to  
be Upper Cretaceous . D r  . S . R . Kirk has stated personally that he has 
found plant evidence of the presence of Lower Crctaceous strata in Mani- 
toba . 

Directly below the sand bed. a t  895-000 feet. are shales that contain 
Jurassic marine micro-fossils including d~arginzclina cf . lacunatn (Ter- 
quem) and Lcnticulina cf . limata (Schwager) . They also hold two species 
of ostracods that are the same as species found in Jurrasic beds in Sas- 
katchewan. and numerous fragments of echinoderms. brachiopods. and 

Depth 
Feet 

1,.5SO.1, G00 
1,600-1, 6'20 
1.620-1. 705 
1.7051, 790 
1.790.1, 800 
1,800.1. 850 
1.850.1. 870 
1.870.1, 890 
1,890.1. 900 

1.000.1. 010 
1.025.1. 9.13 

1. 935 
1.035.1. 940 
1.040.1. 980 
1.080.2.000 
2.000.2.017 

2, 030 
2, 040 
2, 045 
2. 035 

2.060-2. 030 
2.080.2.130 
2.145.2.290 
2.290.2.340 

2, 360 
2, 3130 
2, 370 
2.380 
2.390 
2.400 

2.410-2.430 
2. 440 
2. 450 

2.460-2.480 

2.490.2.600 
2,600.2, 1302 
2,610.2, f i l2 
2,612.2, 613 

2,615.2. G29 

Dolomite, pink ........................... 
Lirncstone, cream colourcd ................ 
Dolomite. pink ........................... 
Dolomite. crcam coloured ................. 
Shale. brick-red; sand. quartz ............ 
1)olomitc. pink ........................... 
Do1omit.c. brown ancl grey ................ 
Sandy dolomite. mcy ..................... 
Dolo~nitic sandstone ...................... 
S:~ndy dolomite 2nd calcnrcous shale ...... 
TJimestone, mediunl grcy .................. 
Sand,, light grcy .......................... 
>#iisslna ................................... 
I)olomite, light grey ...................... 
Dolomite, medium grcy .................. 
Dolornito. b11l'i and grcy .................. 

T>olo~nitc. crcarn .......................... .. t~olornitc, rnediunl grey .................. 
I)olomitc, buff and grey .................. 
Dolornilc. lich t buff ...................... 
I)olomito. c~.c..%m coloorcd ................. 
T.imcxtonc. crcam coloui.cd ................ 
T.in~cstonc. crcxm colourcd ................ 
Dolomite, crcarn colourctl ................. 

........................... Citlc~reous mucl 
Li~ricstone. crcnrn coloured ................ 

........................... (:alcorcous mud 
Dolomitic mud ........................... 

........................... (::~lc:~rcous mud 
[.i~~icst~)ric, cream colourcd ................ 
1lolonlit.i~ mud ........................... 
Caloarcous mud ........................... 
Ilolomitic mud ........................... 
(>alcarcous mud ........................... 
Sliale. dull crecn .......................... 
.-lnntl. mcdiurn gmincd, quartz . . . . . . . . . . . .  
".lrkosr", grccn.grey ..................... 
Yh.tlc, dull jirccn .......................... 
"C+mnitcU. lwown stnincd. much decom- 

..................... posed, much biotite 

... 

....... SiIurian (?) 

........ Ordovician 

Prceamhrinn ...... 

Stony Mountairi . .  

........ Red River 

Winnipeg.. ........ 



belemnites. The variegated beds between 970 and 1,060 feet contain num- 
erous specimens of chara fruit and smooth ostracods. The latter resemble 
the genus Paracypris. These fossils indicate that  the variegated beds are 
probably non-marine. The beds are somewhat calcareous, but this may 
be due to the numerous shell fragments, which, probably, were derived 
from the underlying marine  beds. All the shell fragments have rounded 
edges and many are somewhat polished. 

The contact between the variegated beds and the underlying marine 
member is probably represented in the sample from 1,050-1,060 feet, since 
i t  seems to contain about an equal amount of material typical of both 
the variegated and marine beds. 

The marine beds that  malre up the basal division are somewhat like 
the upper marine horizon of the Jurassic. The best marine fossils were 
found in the samples from 1,080-1,090 feet. They include species of 
Guttulina and also other foraminifera and fragments of fossils such as 
were found in the higher marine division. The beds from 1,090-1,110 
feet contain very few marine fossil fragments and there are many rock 
fragments of medium to fine-grained sand embedded in a calcareous 
matrix. It is evident that these deposits are the basal beds derived from 
the underlying Palzeozoic strata. 

The contact between the Devonian and the Jurassic is placed a t  1,110 
feet because of the change in lithology from soft shales and sand to dolo- 
mite. The first fossils found !below this contact are fragments of brachio- 
pods and some ostracoda a t  1,430-1,440 feet. The ostracoda are exactly 
the same as some found in the upper samples of the Winnipegosis well. 
The great thiclrness of red shale and dolomite bctwceri 1,120 and 1,430 fcet 
possibly represents the bcds in the upper part of the Palaozoic of the  
Dauphin well (330-495 fcet). The succe~sion, be10117 the red shalc, of 
cream-coloured limestone folloved by mauve to pink dolomite, has exactly 
the same colour change as that found below the red shale in the Dauphin 
well (500-550 feet), though in thc  Dauphin n7cll thcrc is dolomite in place 
of the lirncstone. The succession in the two wells is so much alilce that, 
lacking evidence to the contrary, the strata between 1,430 and 1,470 feet 
in the R'Ianitou No. 2 well are correlated nrith those between 500 and 550 
feet in the Dauphin ~vcll. 

In the cace of the Manitou KO. 2 well the base of the Devonian has 
been tentatively drawn a t  1,490 feet'. In thc log of this well published 
in Summary Report 1932, Part  B, i t  m-as placcd a t  the base of the red 
shale (1,400-1,430 feet), but as already statccl the strata between 1,430 
ancl 1,470 feet so closely resemble strata confidently believed to be 
Devonian in the Dauphin well that i t  is clearly evident the contact is still 
lower. It has been placed at  the base of the red shale, a t  1,490 feet, be- 
cause this seems to mark a boundary between a shale and dolomite group 
above and a limestone and dolomite group belon~. There is a possibility, 
however, that this contact may be still lower. No fossils could be found 
in any of the beds tentatively assigned to the Silurian. The compactness 
of the dolomite and its pink colour are features resembling those possessed 
by what appear to be Silurian rocks in the Winnipegosis well. 

If the base of the Devoninn is placed a t  1,490 feet, the assumption 
has to be made that the lower part of the Devonian rocks found in the 



Winnipegosis and Dauphin wells is missing in the Manitou area. If so 
a considerable disconformity exisb between the Devonian and Silurian 
in this area. 

The strata between 1,900 and 1,910 feet belong to the Ordovician ;be- 
cause micro-fossils of the same species as  those found in the Stony Moun- 
tain formation were found in a calcareous bed a t  1,910 feet below a sand- 
stone. These fossils belong to species from the Stony Mountain formation 
identified by Ulrich.1 Among the most easily recognized species are 
Sceptropora facula Ulrich, Batostoma manitobense Ulrich, sand Primitia 
parallels Ulrich. These fossils are also common in the sample representing 
30-115 feet in the Stony Mountain well. 

The division between the Stony Mountain and Red River formations 
is based on a change of colour. The thickness of the beds thus assigned 
to the Stony Mountain also agrees very closely with the estimated thick- 
ness. 

The separation of the various horizons in the Red River formation 
was not attempted because of lack of reliable data. 

The separation of the Winnipeg from the Red River formation is based 
on lithological grounds. 

DAUPHIN WELL 

Drilled by the Dauphin Oil and Gas Syndicate 

Location: SE. 4 gec. 14, Tp. 24, Range 20, W. 1st Mer. 
The samples from 0-130 feet represent the Assiniboine, Keld, and Ash- 

ville beds. 

Basal beds and Lowcr Cretaceous? 
............................. Shale, medium grey, sandy.. 

.......... Jurassic.. 

lUlricb E. 0.: "Contributions to the Micro-Palaontology of the Cumbro-Silurian Rocks of Can- 
ads, Part I1 "; Geol. Surv., Canada, 1889. 

76033-12 

Depth 
Feet 

130460 

............ Dolomite, light grey to white, much anhydrite.. 
Dolomite, buff to brown, with chert, gypsum, and anhydrite. 

................. Shale, reddish brown, with much gypsum.. 
Dolomite, dirty cream ...................................... 
Dolomite, mauve to pink.. .................................. 
Missing. .................................................... 
Dolomite, mauve to  pink.. ................................. 
Dolomite, dirty cream or buff.. ............................ 

................................. Dolomitc, mauve to pink.. 
.............................. Dolomite, light buff and whito 

Dolomite, grey.. ........................................... 
Dolomite, light buff.. ...................................... 

............................ Shale, light grcy, slightly sandy. 
Shale, light grcy, solnewhat calcareous, with worn shell frag- 

ments, smooth ostracods, and chara fruit.. ................ 
Shale, reddish brown and light grey; sandy ................. 

................................ Shale, light grey, some red.. 
.......................................... Shale, light grey.. 

................................ . . . . . . . . . . . . .  Shnle, red. .  .. 
Shale, light to medium grey.. ............................... 
Shale, these samples arc mixed with much material from the 

Keld or Assiniboine beds, probably from the surface, for 
........................ some fragments show weathering.. 

Shale, medium grey, glauconite, and numerous ehell frag- 
ments.. ................................................... 

330-380 
380-390 
390-495 
495-510 
510-520 
520-530 
530-550 
550-590 
590-610 
610-650 
650-670 
67C-680 

160-170 

170-200 
200-210 
210-220 
220-230 
230-240 
240-270 

270-3 10 

310-330 



The uppermost Jurassic in this section appears to  be a correlative of 
the non-marine beds in t.he Manitou well. The sediments and micro-fos- 
sils are exactly the same in both cases. The loulest 20 feet (310-330 feet) 
in the Dauphin well probably represent the lower marine horizon found in 
the Manitou well; a conclusion based chiefly on the occurrence of glau- 
conite. The samples from this horizon do not show contamination as do 
those above. Fragments of a gastropod shell are present but no complete 
specimens, for the shells are rather fragile and have been somewhat crushed 
and distorted in the shale. 

The contact between the Jurassic and the Devonian in this well is based 
on the occurrence of dolomite and chert as in the Manitou No. 2. The 
highest fossil horizon is a t  650-670 feet where only unidentifiable frag- 
ments of brachiopods were found. The best fossil horizon occurs in the 
beds represented by samples from 940-990 feet. Some ostracods and frag- 
ments, both brachiopods and bryozoa, were found here. Among the ostra- 
cods a peculi'ar species of Octonaria is quite common in thc samplcs from 
960-975 feet. It is very probable tha.t i t  is a good guide fo~si l  for this 
horizon. A piece of core from about the same horizon in the Holmes well 
on Ochre River contains a fragment of a large Atrypa which is very prob- 
ably Devonian. A little of the sample was crushed and examined for 
ostracods and other micro-fossils. A few wtracods were found in a sample 
from about 15 feet above the one that contained the brachiopods. The 
ostracod horizon is probably lower than that in which the Octonarin fauna 
was found in the Dauphin well. There is an unrepresented gap of 30 feet 
in the Ochre River well just where the Octonaria fauna would be expected 
to  occur. It is evident from the similarity of the lithological succession in 
the two wells tha t  the Atrypa found in the Ochre River well comes from 
the hmizon represented by the dolomites between 975 and 1,000 feet in t he  

........ Devonian.. 

Silurian.. . . . . . . . . . .  

.................................................... Missing.. 
Dolomite, grey.. ........................................... 
Dolomite, light grey.. ...................................... 
31 issing.. ................................................... 
Dolomite. light grey, some gypsum. ........................ 
Dolomite, buff.. ............................................ 
Dolomite, prnk.. ........................................... 
Dolomite, pink, ilnd limestone. white.. ..................... 
Dolomite, light buff.. ...................................... 
Dolomite, brown.. ......................................... 
Dolomite, and limestone, grey.. ............................ 
Limestone, medium grey.. .................................. 
Dolomite, buff and grey.. .................................. 

Missing.. ................................................... 
................................. Dolomite, reddish brown.. 

JIissing.. ................................................... 
............... Dolomite, grey ancl reddish brown; gypsum.. 

.................... Antlydrite and gypsom, some dolomite.. 
........ Dolomite, buff, with much gypsum and anhydri te . . .  

............................................ Dolomite, buff.. 
........................... Dolomite (?), sample full of rust.. 

............................. Dolomite, light buff or cre:~m.. 
..................................... Shale, reddish brown.. 

Depth 
Feet 

680-690 
690-710 
710-720 
720-730 
730-740 
740-790 
790400 
800-820 
820-920 
920-940 
940-990 

990-1,010 
1,010-1,050 

1,050-1.060 
1,06&1,070 
1,070-1,090 
1,090-1,110 
1,11&1,120 
1,120-1.130 
1,130-1,170 
1,170-1,180 
1.180-1.230 
1,230-1.256 



Dauphin well . The limestone represented by the samples between 990 and 
1. 010 feet in the Dauphin well may be the Elmpoint limestone . It is by 
no means a pure limestone. for a gravity analysis showed .a bout 40 per cent 
dolomite and a little over 50 per cent calcite . 

The contact between the Silurian and Devonian is placed a t  1. 060 
feet. chiefly because this seems to be t.he horizon at  which occurs the most 
marked change in lithology between the horizons bearing Devonian fossils 
and what is probably the Silurian gypsum and anhyd.rite beds a t  1.09 0- 
1. 130 feet . No fossils were found in the samples from the so-called Silurian . 

WINNIPEGOSIS WELL 

Location: Sec . 29. Tp  . 30. Range 17. W . 1st Mer . 
I l l 

. I Depth 

-- I 

Silurian .......... 

Devonian 

Dolomite. reddish brown and buff-red ..... 
Dolomite. buff ............................ 
Dolomite. cream coloured ................. 
Dolomite. dark buff to grey ............... 
Dolomite. cream and reddish brown ....... 
Dolomite. cream and pink ................. 
Dolomite. reddish buff .................... 
Dolomite. cream coloured ................. 
Dolomite. cream and rose ................. 

........... . Dolomite crenm and liaht aink I 

.......................... 

. . 
Dolomite, cream to grey .................. 

........................... Dolomite. pink 
Dolomite. cream to white ................. 

l ~ t o n y  Mountain I~olomite.  medium grey ................... 1 900-1.000 

Missing ................................... 
Limestone. medium grey .................. 
Limestone. brownish grey ................. 

.................. Limestone. medium grey 
Limestone. brownish grey ................. 
Dolomite. cream coloured to white ........ 
Dolomite. grey to brown .................. 

. . 

Red 

0-25 
2.5-40 
40-50 
50-60 
60-70 
70-340 

340-360 

River 

I 

................ I~olomite.  cream coloured . I  
...... I Dolomite. light buff. some limestone 

Dolomitic limestone . liaht buff ............ I 
Dolomite. buff. some likestone ........... 
Dolomitic limestone ...................... 
Dolomite. buff. some limestone ........... 
Sandstone with a little dolomite ........... 

........ Ordovician Shale. grey ............................... 
Shale. brownish grey ...................... 
hfissine ................................... 
Shale. brownish grey ...................... 
Shale . greenish grey ....................... 

Winnipeg .... I l .. 
Sand. buff and brown. some grey shale 
Sand. white quartz . well rounded. coarse .. 
Shale. greenish grey ....................... 
Sand. white quartz. well rounded. coarse .. 
Clay (kaolin ?). light greyish green ........ 
Sandstone. very coarse. quartz ............ 
Sand. medium grain ....................... 

Precambrian ...... 
Clay. light greenish grey. and quartz. 

weathered Precambrian ................. 
Sand. medium grained. buff with some 

brown. iron-stained fragments ........... 
Weathered Precambrian rock. grey ........ 

. ...... Weat,hered Precambrian rock brown 

1.458-1. 462 

1.462-1. 468 
1. 469 

1.469-1.473 



Although the distance between the Winnipegosis and Dauphin wells is 
only about 35 miles, there are marked differences in parts of the Devonian 
and Silurian sections. The Winnipegosis well starts in the Devonian a t  
an horizon believed to correspond to that  a t  670 feet in the Dauphin well. 
The beds a t  the assumed positions of the Devonian-Silurian contact are 
not quite the same, possibly the lower part of the Devonian and the upper 
part of the Silurian as shown in the Dauphin well are missing in the Win- 
nipegosis well. 

The drawing of the boundary between the Silurian and Ordovician is 
based on the change of colour and the occurrence of the same species of 
Sceptropora as were observed in the Stony Mountain formation in the 
Stony Mountain and Manitou wells. Whether the top of the Stony Moun- 
tain is missing or not is uncertain, due to  a gap in the samples between 
870 and 900 feet. Although the Stony Mountain formation appears to 
have about the same thickness in the Manitou and Winnipegosis wells the 
Red River formation is 123 feet thinner in bhe Winnipegosis well. The 
sandstone a t  1,330 to 1,340 feet is assumed to form the basal bed of the 
Red River formation. The contact of the Winnipeg formation with the 
Precambrian is difficult to locate because of the transitional character of 
the rocks, due to weathering. Undoubtedly the last few samples are weath- 
ered Precambrian rock. 

MAFEKING NO. 3 WELL 

Drilled by Edward Doherty and associates 

Location: L.S. 12, Sec. 2, Tp. 43, Range 26, W. 1st Mer. 

The samples from 0 to 220 feet represent the Upper Cretaceous and 
whatever Mesozoic beds may occur in the sand below them. The samples 
from the Palseozoic are all core samples. 

- 

Devonian ......... 

........ Silurian (7) 

- - 

Dolomite, cream coloured.. ............... 
Missing.. ................................. 
Dolomite, light buff.. .................... 
Dolomite, medium grey.. ................. 
Dolomite, dark buff.. .................... 

...... Dolomite and shale, reddish brown.. 
Dolomite, medium grey, shaly.. .......... 
Dolomite, buff to grey, porous.. .......... 
Dolomite, medium grey.. ................. 
Dolomite, shaly, reddish brown. .......... 
Dolomite, medium grey. .................. 
Dolomite, white, very porous.. ........... 
Dolomite, light buff. porous ............... 
Dolomite, light buff.. .................... 
Dolomite, light buff, very porous.. ........ 
Dolomite. cream coloured.. ............... 
Dolomite, medium grey.. ................. 
Dolomite, cream coloured.. ............... 
Dolomite, mottled, brownish grey.. ...... 
Dolomite, cream coloured, slightly porous 

Depth 
feet 

230-300 
310 

320-330 
340 

350-370 
380 

390-470 
480-490 

500 

510-520 
530 
540 
550 

56M40 
650 

660-690 
700 

710-720 
730 

740-800 



I Dcpth 
feet 

Dolomite. reddish brown ................. 
Dolomite. cream coloured.. ............... 
Dolomite. buff. porous .................... 
Dololnite. pink to rose .................... 
Dolomite. light rosc and buff .............. 

.......... Dolomite. strcalced rosc and buff 
Dolomite. light greyish buff. hard. com- 

pact .................................. 
................................... hIissing 

Dolomite. light greyish buff .............. 
Dolomite . white . c o m ~ a c t  . conchoidal . .  

fracture.. ............................. 
IDoloniitc . light greyish buff. canchoidall 

fracture ............................... 
l~olomitc .  cream coloured. compact. con-( 

choidal fmcturc ....................... 
Dolomite. crcam coloured. porous ......... 
Dolomite. light buff. nearly white. com- 

pact .................................. 
Dolomite. light buff. many fine grains of 

s;incl embedded in the matrix ......... 
Dolomite. light buff ...................... 

....... Ordovician ....... Red River 

l~innipeg .......... Isand. buff. grcy ........................... 1 1.520-1.570 

I Dolomite. light buff. but darker than 
above and somewhat inottlcd or 

................... streaked and porous 
............. Dolomite. grey and light buff 

I Dolomite. buff ............................ ........... Dolomitc and limestone. cream 
............................ Dolomite. buff 

Dolomite. buff and whitc ................. 
Dolomite and limestone. buff ............. 

...................... Dololnite. light buff 
Dolonlitc. medium grev ................... 
Dolomitic limestone. light buff ............ 

.......... Dolomite. buff and grey mottled 
................................... Missing 

.......... Dolomite. buff and grey mottled 
......... 1 ~ o l o m i t e .  buff and some mottled 

...... Precambrian 

1.090.1. 170 
1.180-1. 190 

1. 200 
1.210-1.220 
1.230-1. 240 

1. 250 
1.260 

1.270-1. 280 
1. 290 
1. 300 

1.310-1. 330 
1.340 
1. 350 

1.360-1. 520 

The Devonian beds were identified by the presence of Atrypa cf . 
reticularis (determined by E . M . Kindle) in samples a t  340 feet . In  the 
Porcupine well. which passes through a similar section. the samples from 
the Devonian contained a number of distinctive ostracods belonging to a 
species not found in wells studied from other localities . This peculiarity 
of fauna may indicate that the Porcupine well section has certain members 
of the Devonian not represented clsenrliere . The top and bottom of the 
Devonian as found in the Dauphin well are not present in the Mafelcing 
well . 

The position of the boundary between the Devonian and Silurian in 
the Mafeking well is somewhat uncertain . Fossils found a t  540 feet were 
identified by E . M . Kindle ns Glassia variabilis? and Straparollus sp . These 

Gmnitc. pink. foliated ..................... 
Gmnitc. dark grey. foliated ............... 
Granite. pinic. foliated ..................... 
Granite. dark grey. foliated ............... 
Granite. pink. foliated ..................... 

l. 573-1. 580 
1. 590 
1. 600 
1. 610 

1.620-1.630 



fossils suggest a Silurian age for the rocks. If this is the age, the boundary 
probably should be placed a t  the top of the red beds a t  510 feet. Dr. S. R. 
Kirk after esamining the log of this well suggested that  the Devonian-Sil- 
urian contact should be placed a t  the top of the red beds a t  810 feet. This 
would make the thickness of the Silurian agree more closely with the thick- 
ness he has observed for the same beds farther east, and the dip would be 
practically the same as the regional dip observed elsewhere. Some of the 
hard, whitc, compact cloloinite a t  920 feet resembles that  described as the 
lithographic limestone a t  Grand Rapids. 

The position of the contact between the Silurian and Ordovician is 
problematic. A sample from 1,040 feet contains specimens of a large 
Leperditia which resembles those founcl by Tyrrell in the vicinity of Grand 
Rapids. A sample from 1,000 feet is of meclium-grained, ~vell-rounded sand 
in a matrix of dolomite and resembles an horizon noted by Tyrrell.1 The 
buff dolomite between 1,090 and 1,170 feet may be the lowest beds described 
by Tyr re l l v rom the lotvest part of the Silurian observed by him. No 
traces of fossils were found in the samples from this zone. If these beds 
are the same as those seen by Tyrrell, the contact of the Ordovician and 
Silurian is around 1,180 feet. The change in colour from the lighter, typi- 
cal Silurian rock to dark rocks is most marked a t  1,080 feet, and i t  may 
be that this change marks the contnct rbet~velecn the Silurian and Ordovician. 
In  any case the rocks between 1,080 and 1,170 feet resemble those described 
by Tyrrell more than they do the Stony Mountain and there is no indica- 
tion of any Stony Mountain strata beinq present, and, therefore, the beds 
in question are either Silurian or upper Red River. The writer is inclined 
to consider them as belonging to  the former. 

The contact between the Red River and Winnipeg formations prob- 
ably occurs a t  the top of the sand a t  1,520 feet. 

The Winnipeg formation, if present a t  all, is much thinner than in the 
other wells. The complete absence of shale between the sand and the over- 
lying dolomite may indicate that  the Winnipeg formation is not present, 
and that  the sand is a basal bed of the Red River formation. The very 
fresh condition of the Precarnbrian granite is unusual; in all the other 
wells the Precambrian appears to be much weathered. 

ITyrrell, J. B.: Geol. Surv., C:~nsds, Ann. Rept. 1889-90-91, vol. V; pt. E, p. 149 (1892). 

2Tj.mIl. J. B.: Ibid., p. 147. 



DEEP BORINGS IN THE PRAIRIE PROVINCES 

(Gcologist-in-Char& Division of Pleistoccne Geology, Water Supply, 
and Borings) 

In  1933 borings made in search of oil and gas in the Prairie Provinces 
were confincd largely to Alberta, as has been the case for many years. 
Owing to the fact that structural conditions in the bedroclts are more easily 
determined in t,he western part of the Plains region, and to the occurrence 
of well-established fields such M Turner Valley, most of the drilling has 
been done in the west. l'luch of southern Saskatchewan and southern Mani- 
toba is so deeply drift covered that  determinations of favourable struc- 
tures in the bedrocks are difficult or impossible in many places, except by 
test drilling or possibly by geophysical methods. A number of borings, 
however, were undertaken in Saskatchewan in 1933 and when completed 
should furnish considerable information regarding the sub-surface geology, 
and oil and gas possibilities of the region. 

In Alberta forty-five wells were drilled, samples of which were re- 
ceived by the courtesy of the Department of Lands and Mines of the Gov- 
ernment of the Province of Alberta. The s a m p l ~  had been examined by 
that department and logs of the wells supplied to the operators. 

Through an arrangement with the Department of Natural Resources 
of the Government of the Province of Saskatchewan, samples from wells 
being drilled in that  province and the driller's logs were received. The 
samples were examined by this division, and the geological logs of the wells 
supplied to thc Government of the province and to the companies. 

Near Lone Rock, 17 miles southeast of Lloydm~inster, the Manito No. 1 
well is being drilled by the Altoba Gas Exploration Company, Limited, 
and has reached a depth of 1,708 feet. Strong flows of gas were struck a t  
different horizons in the Alberta shale. Samples from the well showed the 
depth to the top of the Alberta shale to be about 1,080 feet. Location of 
the well was made from the results of drilling a number of test wells to  
determine the structure. The structure is described by G. S. Hume in the 
second edition of "Oil and Gas in Western CanadaJ1 under the title of 
the Lone Rock anticline. 

In  the Lloydminster Gas Company's No. 1 well, three-quarters mile 
north of the town on the Saskatchewan side, the top of the Alberta shale was 
reached a t  about 1,030 feet. Judging by the Ribstone field to the south, gas 
flows may be looked for a t  .several horizons in the Alberta shale and in the 
Lower Cretaceous )below. The oil sand in the Lower Cretaceous in the Rib- 
stone field is about 900 feet below the top of the Alberta ehlale. It is  not 
definitely known whether any favourable structure exists in the vicinity of 
Lloydminster as the area is heavily drift  covered, but the records of a few 
shallow wells in the vicinity afford some evidence that the area is struc- 



turally high. A flow of gas having a closed in pressure of 350 pounds was 
struck in the Alberta shale a t  1,380 feet. Drilling is being continued. 

About 6 miles south of Cummings on the Canadian Pacific Railway 
near the Alberta-Saskatchewan boundary, the Twin Provinces oil well No. 
1 is being drilled. In  this area there is a small thickness of the Bearpaw 
shale a t  the surface. The log of the well should approximate that  of the 
Boundary well which, according to an examination of the samples by R. T. 
D. Wickenden, showed the Belly River to be 900 feet thick, the Pakowki 
and Milk River equivalent 870 feet, the Alberta shale 1,300 feet, Lower 
Cretaceous 630 feet, and the Jurassic a t  least 200 feet. In this well sands 
were penetrated in the Belly River and a t  the base of the Alberta shale. 
There was one sandy zone in the Lower Cretaceous and one a t  the base. 
There were no sands in the Jurassic, but the base may not have been 
reached. 

Avonlea No. 1 well, being drilled by Pine Rills Petroleum, Limited, in 
the Dirt Hills 30 miles south of Moose Jaw a t  a locality where geophysical 
tests had indicated favouralble structural conditions a t  depth, reached a 
depth of 2,945 feet when work was suspended for the winter months. Some 
gas was found a t  1,600 feet in sands that probably are the equivalent of 
the Belly River of the western part of the Pllains region. 

The Simpson Oil Company, Limited, who have been producing salt from 
their No. 1 well, have started a second well. 

I n  Riverhurst area a well situated 44 miles north of Riverhurst has 
been started by the Mammoth Oil and Gas Company. 

The McDonald well, located near Bridgeford, was put down to a depth 
of 520 feet. Marine sands 150 feet thick were passed through in the upper 
part of the well, and the lower part was in shale with some sandy horizons. 
The beds appear to belong to the Bearpaw formation. Whether sands 
equivalent to the Belly River occur below the Be~rpaw in this region is not 
definitely known. 

In the Hudson Bay Junction area, near the Saskatchewan-Manitoba 
boundary, drilling was done by the Trail Blazer Oil and Gas Company, 
Limited. Their No. 1 well is located on Red Deer River about 6 miles south- 
east of the Junction. A number of wells have been drilled in this district 
during the past two years with the object of determining structure favour- 
able for the accumulation of oil or gas in the " Dakota " sandstone which 
lies a t  the shallow depths of 150 feet to over 300 feet, the depth gradually 
increasing towards the southwest, and is overlain by the Ashville (Benton) 
shale. No important flows of gas or oil have been reported as yet from 
the area. 

In southern Manitoba drilling is being done by Croyden Developments 
under the direction of G.  A. MacPherson. A number of test borings to 
determine structural conditions were made in the area to  the south of Mani- 
t.ou. A core of the first hole to a depth of 400 feet was obtained, and drill- 
ing is being continued by rotary drill. 

A geological interpretation by R. T. D. Wickenden of recent borings 
in Manitoba is given elsewhere in this report. 



OTHER FIELD WORK 

Geological 

G. S. HUME. Mr. Hume, with R. T. D. Wickenden, mapped a strip of 
country along the trail leading from Morley to Red Deer River, in the foot- 
hills region of western Alberta. The area studied includes the structure on 
Red Deer River being tested for petroleum. 

Topographical 

J. W. SPENCE. Mr. Bpence complet.ed a detailed topographical survey, 
on a scale of 1 inch equals 800 feet, of the Canmore area. 
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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 four parts, A, B, C, and D. A review of the work of the 
Geological Survey for the year forms part of the Annual Report 
of the Department of Mines. 




